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ABSTRACT 
Background: Acute appendicitis is one of the most common surgical emergencies; however, 
differentiating it from gastrointestinal mimickers remains a clinical challenge, particularly in 
resource-limited settings. 
Objective: To evaluate and compare the diagnostic accuracy of computed tomography (CT), 
ultrasonography (US), and clinical scoring systems in differentiating acute appendicitis from 
gastrointestinal mimickers. 
Methods: This prospective cross-sectional diagnostic accuracy study was conducted at department 
of surgery indus medical college, Tando Muhammad Khan from 1st February 2025 to 31st January 
2026, included 231 consecutive patients presenting with suspected acute appendicitis. Clinical 
assessment was performed using the Alvarado and Appendicitis Inflammatory Response (AIR) scores. 
All patients underwent ultrasonography, while CT was performed in cases with inconclusive or 
discordant findings. 
Results: Acute appendicitis was confirmed in 156 (67.5%) patients, while 75 (32.5%) were diagnosed 
with gastrointestinal mimickers. The Alvarado score demonstrated sensitivity of 82.7% and specificity 
of 64.0%, whereas the AIR score showed sensitivity of 85.3% and specificity of 69.3%. Ultrasonography 
achieved sensitivity of 87.2%, specificity of 72.0%, and overall accuracy of 82.7%. CT demonstrated 
the highest diagnostic performance with sensitivity of 95.5%, specificity of 90.0%, overall accuracy 
of 93.3%, and AUC of 0.94. The negative appendectomy rate was 8.8%. 
Conclusion: CT scan showed superior diagnostic accuracy in differentiating acute appendicitis from 
gastrointestinal mimickers, followed by ultrasound. Clinical scoring systems were effective for initial 
risk stratification but insufficient as standalone diagnostic tools. 

Keywords: Acute Appendicitis, Computed Tomography, Ultrasonography, Alvarado Score, Diagnostic 
Accuracy. 

 

INTRODUCTION 

Acute appendicitis is still considered one of the 

most widespread surgical emergencies on the 
international level, and the share of its 

presentations in emergency departments is 
significant in the acute abdomen [1]. Although 

new diagnostic procedures have been 

developed, the issue of prompt and correct 
diagnosis of appendicitis remains a problem, 

especially in patients with non-characteristic 
signs or those having other gastrointestinal 

complications. Late diagnosis is more prone to 

perforation, abscesses, and sepsis, and 
overdiagnosis results in unnecessary 

appendectomies, which puts the patients at risk 
of unnecessary surgery-related complications 

and healthcare expenditures [2]. Historical, 
physical examination, and laboratory findings 
have been the traditional components of clinical 

diagnosis of acute appendicitis. Well-described 

classic symptoms like periumbilical pain, which 
radiates to the right lower quadrant, anorexia, 

nausea, and local tenderness are not universal 
or specific [3]. A number of gastrointestinal 

diseases, such as mesenteric lymphadenitis, 

gastroenteritis, enteritis, an inflammatory 
bowel disease exacerbation, ovarian pathology, 

urinary tract infection, renal colic, and right- 
sided diverticulitis of the colon, can be clinically 

similar to appendicitis [4]. These 
gastrointestinal mimickers tend to show similar 

patterns of abdominal pain, fever, leukocytosis, 
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and elevated inflammatory markers, and can 

only be differentiated on clinical grounds [5]. 

The dilemma in diagnosis is even more acute in 
children, in elderly patients, and female 

patients of reproductive age [6]. Children can 
present with non-specific symptoms, and older 

patients often have a blunted inflammatory 

response,  which  can delay recognition. 
Gynecological pathologies in women, including 

ovarian  torsion, ectopic   pregnancy, or 
inflammatory disease of the pelvis, can cause 

right  lower  quadrant    pain   that    is 

indistinguishable from appendicitis without 
imaging [7]. These differences highlight the 

limitations of relying on clinical assessment 
alone and underscore the need for objective 

diagnostic approaches. To enhance diagnostic 
accuracy, clinical scoring systems have been 

developed, including the Alvarado score and the 

Appendicitis   Inflammatory  Response (AIR) 
score. The tools are used to categorize patients 

into low-, intermediate-, and high-risk based on 
symptoms, signs, and laboratory results [8]. 

Clinical scoring systems also come in handy for 

triaging patients and identifying those who do 
not need imaging immediately. Nevertheless, 

they do not show the same performance in 
different    populations  and  healthcare 

environments. Sensitivity can be sufficient to 
rule out disease in low-risk populations, 

whereas specificity can be inadequate to be 

sure that  gastrointestinal    mimickers  are 
excluded. As a result, the use of clinical scores 

will either overlook abnormal appendicitis or 
cause unnecessary surgery [9]. 

The diagnostic pathway has thus been made to 
focus on imaging modalities. As a non-radiation 

imaging modality, ultrasonography is often 

suggested as the first-line test in children and 
pregnant women because it is less harmful and 

does not expose the subject to radiation [10]. 
The diagnosis is supported by the sonographic 

appearance of a non-compressible, blind- 

ending tubular structure with a diameter 
exceeding 6 mm, periappendiceal fluid, or 

increased vascularity [11]. Nevertheless, 
ultrasound can be very operator-dependent and 

can also produce inconclusive results in obese 
patients or with the presence of a retrocecal 

appendix that could be located retrocecal. It 

can thus exhibit a broad range of sensitivity 
with respect to technical know-how and patient 

factors [12]. Computed tomography (CT) has 
been recognized as the best imaging modality 

in suspected appendicitis. The inflammation of 

the appendix, stranding of fat periappendiceal, 
abscess, or perforation can be clearly outlined 

with contrast-enhanced CT [13]. Notably, CT 

not only diagnoses appendicitis but also other 

diagnoses that cause abdominal pain and thus 
decreases the negative appendectomy rates. 

High sensitivity and specificity of CT in the 
diagnosis of appendicitis have been shown in 

many studies. Nevertheless, the risk of 

exposure to ionizing radiation, especially 
among younger individuals, and the issues of 

cost and access limit its uncontrolled use [14]. 

Objective 

To evaluate and compare the diagnostic 
accuracy of computed tomography (CT), 

ultrasonography (US), and clinical scoring 
systems in differentiating acute appendicitis 

from gastrointestinal mimickers. 

METHODOLOGY 

This was a prospective cross-sectional study 

conducted at department of surgery indus 
medical college, Tando Muhammad Khan from 

1st February 2025 to 31st January 2026. A total 
of 231 consecutive patients presenting to the 

emergency department with right lower 

quadrant abdominal pain and clinical suspicion 
of acute appendicitis were enrolled during the 

study period. Patients aged 15 years and above 
presenting with symptoms suggestive of acute 

appendicitis, including right lower quadrant 
abdominal pain, localized tenderness, rebound 

tenderness, fever, nausea or vomiting, and 

leukocytosis, were considered eligible for 
inclusion. Patients with a prior history of 

appendectomy, hemodynamic instability 
requiring immediate surgery without imaging, 

known inflammatory bowel disease, previously 

confirmed gynecological or urological pathology 
explaining the symptoms, pregnancy where CT 

was contraindicated, or refusal to provide 
informed consent were excluded from the 

study. Consecutive non-probability sampling 
was used to enroll eligible participants. 

Data Collection 

A standardized clinical assessment was done to 

all patients at the time of presentation. There 

was registration of demographic information, 
duration of the symptoms, physical examination 

and laboratory tests (complete blood count and 
C-reactive protein). Each patient was calculated 

using predetermined requirements to calculate 

the clinical scoring systems, the Alvarado score, 
and the Appendicitis Inflammatory Response 

(AIR) score. Using the set cutoff values, 
patients were grouped into low-, intermediate- 

, or high-risk cases of acute appendicitis. As the 
first modality of imaging, all the enroll patients 
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underwent ultrasonography with the help of a 

high-frequency linear transducer. The 

sonographic features of acute appendicitis were 
a non-compressible blind end tubular structure 

whose outermost diameter measures 6 mm and 
above, the accumulation of peri-appendiceal 

fluid, the augmentation of echogenicity in the 

surrounding fat, and the hyperemia on the 
Doppler images. Where the ultrasound results 

were unconclusive or did not match the clinical 
observation, contrast-enhanced CT of the 

abdomen and pelvis was done. CT features of 

appendicitis such as appendiceal diameter more 
than 6 mm, thickening of the wall, peri 

appendiceal fat stranding, appendicolith, 
abscess and perforation were used as CT 

criteria of appendicitis. Clinical scoring results 
were blinded to radiologists who were 

interpreting radiological imaging studies in 

order to reduce observer bias. This was 
ultimately determined by the histopathological 

study of patients who had appendectomy to 
confirm the definitive diagnosis of acute 

appendicitis. Gastrointestinal mimickers were 

determined by imaging results, course and 
resolution of symptoms on two-four weeks 

follow-up of patients who were managed 
conservatively. To analyze the patients in terms 

of appendicitis and non- appendicitis, they were 
categorized into this composite reference 

standard. The most important was the 

diagnostic accuracy of CT, ultrasound, and 
clinical scoring system in the distinction 

between acute appendicitis and gastrointestinal 
mimickers. The parameters of diagnostic 

performance were calculated, such as 

sensitivity, specificity, positive predictive value, 

negative predictive value, and overall accuracy 

of each modality. Negative appendectomy rate 

and alternative diagnosis finding on imaging 
became secondary outcomes. 

Statistical Analysis 

Data were analyzed using SPSS version 26.0 

(IBM Corp., Armonk, NY). Continuous variables 

were expressed as mean ± standard deviation, 
while categorical variables were presented as 

frequencies and percentages. Sensitivity, 
specificity, positive predictive value, and 

negative predictive value were calculated using 

2×2 contingency tables. Receiver Operating 
Characteristic (ROC) curve analysis was 

performed to determine the Area under the 
Curve (AUC) for CT, ultrasound, and clinical 

scoring systems. A p-value less than 0.05 was 

considered statistically significant. 

RESULTS 

Data were collected from 231 patients, 156 
(67.5%) were diagnosed with acute 

appendicitis and 75 (32.5%) with 

gastrointestinal mimickers. The mean age was 
slightly lower in the appendicitis group 

compared to the mimicker group (26.9 ± 10.8 
vs 29.1 ± 12.3 years). A higher proportion of 

males was observed among appendicitis 
patients (65.4%) compared to mimickers 

(48.0%). The mean duration of abdominal pain 

was longer in appendicitis cases (29.6 ± 11.9 
hours) than in mimickers (25.8 ± 13.4 hours). 

Clinical severity was reflected by significantly 
higher mean Alvarado (7.8 ± 1.2 vs 5.3 ± 1.5) 

and AIR scores (8.2 ± 1.4 vs 5.6 ± 1.7) in the 
appendicitis group. 

 
Table 1: Baseline Demographic and Clinical Characteristics (N = 231) 

Variable Appendicitis (n=156) Mimickers (n=75) 

Age (years), mean ± SD 26.9 ± 10.8 29.1 ± 12.3 

Male, n (%) 102 (65.4%) 36 (48.0%) 

Duration of pain (hours), mean ± SD 29.6 ± 11.9 25.8 ± 13.4 

Alvarado score, mean ± SD 7.8 ± 1.2 5.3 ± 1.5 

AIR score, mean ± SD 8.2 ± 1.4 5.6 ± 1.7 
 

Among the 75 patients diagnosed with 

gastrointestinal mimickers, acute 
gastroenteritis was the most frequent 

alternative diagnosis, accounting for 28.0% of 

cases. Gynecological causes represented 

24.0% of diagnoses, followed by mesenteric 
lymphadenitis (21.3%), ileitis (14.7%), and 
right-sided diverticulitis (12.0%). 

 
Table 2: Distribution of Gastrointestinal Mimickers (N = 75) 

Diagnosis n (%) 

Acute gastroenteritis 21 (28.0%) 

Mesenteric lymphadenitis 16 (21.3%) 

Ileitis 11 (14.7%) 

Right-sided diverticulitis 9 (12.0%) 
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Gynecological causes 18 (24.0%) 

 

In diagnostic performance analysis, CT scan 
demonstrated the highest sensitivity (95.5%), 

specificity (90.0%), and overall accuracy 
(93.3%), with statistically significant 

association (p < 0.001). Ultrasound showed 
good sensitivity  (87.2%)  and  moderate 

specificity (72.0%), with overall accuracy of 
82.7%. Among clinical scoring systems, the AIR 

score performed better than the Alvarado score, 
showing sensitivity of 85.3% and specificity of 

69.3% compared to 82.7% and 64.0%, 
respectively. 

 
Table 3: Diagnostic Performance of Clinical Scoring Systems and Imaging Modalities 

Modality 
Sensitivity 

(%) 
Specificity 

(%) 
PPV 
(%) 

NPV (%) 
Accuracy 

(%) 
P-Value* 

Alvarado Score 
(≥7) 82.7 64.0 82.1 65.3 76.2 <0.001 

AIR Score (≥8) 85.3 69.3 85.8 68.4 80.1 <0.001 

Ultrasound 87.2 72.0 90.1 66.7 82.7 <0.001 

CT Scan 95.5 90.0 94.6 91.8 93.3 <0.001 
 

Receiver Operating Characteristic (ROC) curve 
analysis demonstrated superior discriminatory 

ability of CT scan with an AUC of 0.94 (95% CI: 

0.89–0.98). Ultrasound showed good 
performance with an AUC of 0.81 (95% CI: 

0.73–0.89), while AIR (AUC 0.79) and Alvarado 
(AUC 0.76) scores demonstrated moderate 

discrimination. All AUC values were statistically 

significant (p < 0.001). 

 
Table 4: Roc Curve Comparison 

Modality AUC 95% CI P-Value (AUC Vs. 0.5) 

CT Scan 0.94 0.89 – 0.98 <0.001 

Ultrasound 0.81 0.73 – 0.89 <0.001 

Alvarado Score 0.76 0.68 – 0.84 <0.001 

AIR Score 0.79 0.71 – 0.87 <0.001 

 

 

DISCUSSION 

The current paper compared and contrasted 
the diagnostic accuracies of computed 

tomography (CT), ultrasonography (US), and 
clinical scoring systems for distinguishing acute 

appendicitis from gastrointestinal mimickers at 

a tertiary care hospital in Pakistan. 67.5% of 
the patients were diagnosed with acute 

appendicitis, and 32.5% were diagnosed with 

other gastrointestinal or gynecological 
complications. Such results represent the 

clinical dilemma usually faced in emergency 
departments, especially in under-resourced 

environments, where reliance on clinical 

opinion alone can lead to incorrect 
ascertainment. Clinical scoring systems were 

found to have a reasonable sensitivity but 
moderate specificity. The Alvarado score has a 
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sensitivity of 82.7% and a specificity of 64.0%, 

while the AIR score has slightly better 

diagnostic performance, with a sensitivity of 
85.3% and a specificity of 69.3%. These tools 

are useful for initial risk stratification, but their 
specificity is low; thus, they cannot reliably 

distinguish appendicitis from mimickers [15]. 

This is especially relevant in our population, 
where inflammatory diseases such as 

gastroenteritis and mesenteric lymphadenitis 
are prevalent and can increase leukocyte 

counts, thereby inflating clinical scores. The 

results of these studies provide the rationale for 
considering clinical scoring more as a 

supplementary instrument for diagnosis than as 
a conclusive outcome [16]. The 

ultrasonography showed positive sensitivity 
(87.2) but relatively low specificity (72.0). This 

is in line with prior regional and international 

research showing that ultrasound has a good 
capacity to detect appendicitis, but challenges 

in ruling out other pathologies that mimic it. 
Continuous dependencies of operators, the 

absence of visualization of the appendix, and 

factors associated with patients, like obesity or 
excessive bowel gas, probably played a role in 

inconclusive results in about 9 percent of cases 
[17]. Nevertheless, ultrasound can be 

effectively used as the first-line imaging 
modality in situations where radiation or 

financial constraints preclude CT. CT scan had 

the best diagnostic performance among the 
modalities tested, with a sensitivity of 95.5, 

specificity of 90.0, and overall accuracy of 93.3. 
The AUC at 0.94 is another indication of its 

excellent discriminative power [18]. CT was 

able to both prove appendicitis and effectively 
pick up alternate diagnoses, thus minimizing 

unnecessary surgeries. Our study has a 
negative appendectomy rate of 8.8, which is 

relatively low, and this can be attributed to 

increased use of imaging before surgery. This 
rate aligns with modern evidence that cross- 

sectional imaging significantly reduces negative 
appendectomy rates compared with clinical 

examination alone [19,20]. The superiority of 
CT over ultrasound and clinical scoring systems 

in our cohort indicates the value of imaging- 

based confirmation, especially in cases of 
equivocality. Its use, however, needs to be 

weighed against cost and radiation exposure 
considerations. Financial constraints can limit 

universal use of CT in the Pakistani healthcare 

setting, where it can be seen that borderline 
patients have been operated on without CT 

because of financial reasons. This highlights the 
importance of context-sensitive diagnostic 

algorithms that integrate clinical evaluation with 

selective imaging. A number of limitations must 

be mentioned. This was a single-center study, 
which may limit generalizability. Sampling can 

be biased due to non-probability sampling. 
Also, not every patient underwent CT imaging, 

which could affect comparative estimates. In 

spite of these shortcomings, the study reflects 
actual practice in an emergency department in 

a developing country and provides clinically 
significant data. 

CONCLUSION 

It is concluded that computed tomography 
demonstrated the highest diagnostic accuracy 

in differentiating acute appendicitis from 
gastrointestinal mimickers in patients 

presenting with right lower quadrant abdominal 
pain. Ultrasonography showed good sensitivity 

and remains a valuable first-line imaging 

modality, particularly in resource-limited 
settings, while clinical scoring systems such as 

the Alvarado and AIR scores were useful for 
initial risk stratification but lacked sufficient 

specificity for definitive diagnosis. 
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