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ABSTRACT

Background: Acute appendicitis is one of the most frequent surgical emergencies worldwide and remains clinically
challenging due to its variable presentation. Early and accurate diagnosis is essential to prevent complications such as
perforation, abscess formation, and peritonitis. Ultrasonography (USG) is widely recognized as a radiation-free, rapid, and
cost-effective imaging modality, especially beneficial for young adults and pregnant women. Despite its routine use,
variations in operator expertise and patient characteristics necessitate continuous evaluation of its diagnostic performance in
different clinical settings.

Objective: To determine the diagnostic role of ultrasonography in identifying acute appendicitis among young adults presenting
to Mardan Medical Complex.

Methods: A descriptive cross-sectional study was conducted over six months at the Radiology Department of Mardan Medical
Complex. A total of 132 young adults clinically suspected of acute appendicitis were enrolled through non-probability
convenience sampling. Ultrasonographic examinations were performed using Toshiba Xario 100 equipped with a 5—10 MHz
transducer, employing the graded-compression technique for optimal visualization. Data were recorded using a structured
proforma and analyzed using SPSS version 22.0. Descriptive statistics were computed for demographic and sonographic
variables, while chi-square tests were applied to assess associations, with significance set at p < 0.05.

Results: Among 132 participants, 30.3% were male and 69.7% female, with a mean age of 24.13 + 3.9 years. The appendix
was successfully visualized in 92.4% of patients. Sonographic abnormalities included enlarged appendix in 59.1%, wall
thickening in 22.7%, perforation in 11.4%, and normal appendix in 6.8%. Additional findings comprised free fluid in 43.2%,
abscess in 30.3%, and intestinal obstruction in 27.3%. No significant association was observed between appendix appearance
and age, gender, or weight (p > 0.05).

Conclusion: Ultrasonography demonstrated strong diagnostic utility for evaluating acute appendicitis in young adults and
should be prioritized as the first-line imaging modality, particularly in resource-limited healthcare settings.

Keywords: Acute Appendicitis; Appendix; Diagnostic Imaging; Emergency Care; Ultrasonography; Young Adults;
Sonographic Findings.
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INTRODUCTION

Acute appendicitis is one of the most common surgical emergencies worldwide, particularly affecting adolescents and young adults, and
continues to pose a diagnostic challenge despite advances in clinical assessment and imaging modalities (1). Its symptoms frequently
overlap with other causes of acute abdominal pain, including mesenteric adenitis, gastroenteritis, and gynecological conditions, which
often leads to diagnostic uncertainty and delays in timely intervention (2). Early and accurate diagnosis is critical, as untreated or late-
recognized appendicitis can rapidly progress to perforation, peritonitis, sepsis, and prolonged hospitalization, substantially increasing
patient morbidity and healthcare burden. In recent years, attention has shifted toward improving diagnostic pathways to minimize
unnecessary appendectomies while preventing missed cases, underscoring the need for reliable, rapid, and accessible diagnostic tools
(3,4). Ultrasonography has emerged as a preferred first-line imaging modality for suspected appendicitis due to its non-invasive nature,
absence of ionizing radiation, widespread availability, and cost-effectiveness. It provides real-time visualization of the appendix, peri-
appendiceal tissues, and potential complications, making it particularly advantageous in young adults for whom radiation exposure
should be minimized (5-7). The graded-compression technique, a well-established sonographic method, enhances diagnostic accuracy
by gradually displacing bowel gas to improve visualization of the inflamed appendix. Despite its advantages, ultrasonography can be
operator-dependent, and its sensitivity may vary based on patient body habitus and anatomical variations, highlighting the importance
of evaluating its diagnostic reliability in diverse clinical settings (8-10). Given these considerations, there remains a need for context-
specific evidence on the diagnostic utility of ultrasonography in resource-limited and high-volume emergency departments, such as
those in Pakistan, where reliance on cost-effective and radiation-free imaging is essential for optimal patient care. Therefore, this study
was designed to assess the diagnostic performance of ultrasonography in identifying acute appendicitis among young adults presenting
to Mardan Medical Complex, with the objective of determining its accuracy and clinical value within this population.

METHODS

The study was conducted as a descriptive cross-sectional investigation in the Radiology Department of Mardan Medical Complex,
Khyber Pakhtunkhwa, Pakistan, over a period of six months. A total of 132 young adults who presented with clinical suspicion of acute
appendicitis were enrolled through non-probability convenience sampling. All participants who were referred for ultrasonography by
the surgical or emergency teams and fell within the young adult age range were eligible for inclusion. Patients with a prior history of
appendectomy, known abdominal malignancy, or incomplete clinical or imaging records were excluded to maintain diagnostic accuracy
and eliminate potential confounders. Each patient underwent a standardized ultrasonographic examination performed by qualified
radiology personnel using the graded-compression technique, allowing consistent evaluation of appendix morphology and peri-
appendiceal changes (11). Data were collected prospectively using a structured proforma that recorded demographic variables, clinical
presentation, and ultrasonographic findings. All ultrasonography scans were interpreted according to predefined diagnostic criteria for
acute appendicitis, including appendiceal diameter, wall thickness, compressibility, and associated inflammatory features. Ethical
approval was obtained from the Institutional Review Board of Mardan Medical Complex and written informed consent was secured
from all participants prior to enrolment, ensuring adherence to ethical research standards and patient autonomy. Data analysis was carried
out using SPSS version 22.0. Descriptive statistics such as frequencies, percentages, and means were computed to summarize the
demographic and clinical characteristics of the study population. The chi-square test was applied to determine associations between
categorical variables and ultrasonographic findings, with a significance level set at p < 0.05. All findings were interpreted in the context
of the study design and the diagnostic purpose of ultrasonography.

RESULTS

The study included 132 young adults with a mean age of 24.13 + 3.9 years. The sample predominantly comprised females, who
constituted 69.7% of the participants, while males represented 30.3%. Among female participants, 18.9% were pregnant, whereas 81.1%
were non-pregnant. These distributions reflect the demographic characteristics of individuals presenting with clinically suspected acute
appendicitis during the study period. Ultrasonography findings demonstrated variation in the visualization and appearance of the
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appendix. A proportion of participants had the appendix clearly visualized on ultrasound, while others showed non-visualization,
consistent with common sonographic limitations. The ultrasonographic appearance of the appendix varied across patients, with some
demonstrating typical features of acute inflammation and others showing normal or inconclusive appearances. Additional findings,
including peri-appendiceal fluid, bowel gas interference, or secondary inflammatory signs, were observed in a subset of cases,
contributing to the diagnostic assessment. Ultrasonography successfully visualized the appendix in the majority of participants, with
122 patients demonstrating a clearly visualized appendix, while non-visualization occurred in 10 cases. Among those with a visualized
appendix, enlarged appendices were the most frequently noted abnormality (78 cases), followed by thickened walls in 30 patients and
perforation in 15 patients. Only 9 participants exhibited a normal sonographic appearance of the appendix. Additional ultrasonographic
findings further supported inflammatory processes, including free intraperitoneal fluid in 57 patients, abscess formation in 40 patients,
and features of intestinal obstruction in 36 patients.

Table 1: Baseline Characteristics of Participants

Variable Value

Age (Mean + SD) 24.13+3.9
Gender

Male 30.3%
Female 69.7%
Pregnancy

Pregnant 18.9%
Non-Pregnant 81.1%

Table 2: Sonographic Characteristics of Participants

Parameter Finding Frequency (n) Percentage (%)
Appendix Visualization Visualized 122 92.4%

Not Visualized 10 7.6%
Appearance of Appendix Enlarged 78 59.1%

Thickened 30 22.7%

Perforated 15 11.4%

Normal 9 6.8%
Additional Sonographic Findings Free Fluid 57 43.2%

Abscess 40 30.3%

Intestinal Obstruction 36 27.3%
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Figure 5. Other Sonographic Findings
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DISCUSSION

The findings of the present study indicate that ultrasonography served as a reliable and clinically meaningful diagnostic tool for
evaluating suspected acute appendicitis in young adults. The ability to visualize the appendix in more than 92% of patients reflected a
strong diagnostic yield and aligned with international evidence reporting visualization rates between 85% and 95%. This high rate of
visualization strengthened the credibility of sonographic assessment in settings where radiation-free, rapid, and cost-effective imaging
is essential. The predominance of enlarged and thickened appendices among visualized cases further supported the utility of ultrasound
in identifying key inflammatory features consistent with acute appendicitis (12-14). Secondary findings, including free fluid, abscess
formation, and signs of intestinal obstruction, contributed additional diagnostic value by highlighting associated complications and
aiding clinical decision-making. When interpreted alongside previous literature, these findings reinforced the established role of
ultrasonography as a dependable first-line imaging modality for suspected appendicitis. Earlier research conducted by various authors
also demonstrated that ultrasound provides high diagnostic accuracy, particularly when performed using graded compression techniques
and interpreted by experienced radiology personnel (15-18). The safety profile of ultrasonography remained an important advantage,
especially for pregnant patients and young adults for whom radiation exposure poses significant long-term risks (19). The present study
echoed these observations and further emphasized its feasibility in routine emergency practice.

However, certain limitations of the study deserve recognition. The absence of surgical or clinical confirmation limited the ability to
calculate diagnostic performance indicators such as sensitivity, specificity, or predictive values. The reliance on non-probability
convenience sampling introduced a risk of selection bias, which may restrict generalizability to broader populations. Operator
dependency, a well-acknowledged limitation of ultrasound, may have influenced visualization rates and interpretation of subtle findings.
Furthermore, inter-observer variability was not assessed, and equipment specifications were not reported, both of which could affect
reproducibility of results across different clinical environments. Despite these limitations, the study demonstrated strengths, including a
substantial sample size of young adults, standardized ultrasonographic assessment, and systematic documentation of both primary and
secondary imaging findings. Future research would benefit from incorporating confirmatory surgical or clinical follow-up, enabling
comprehensive assessment of diagnostic accuracy. Multicenter studies with blinding protocols and evaluation of inter-observer
agreement would enhance methodological rigor. Comparative studies evaluating ultrasound against CT or MRI could further delineate
performance differences and refine imaging algorithms for suspected appendicitis (20,21). The present study nonetheless contributes
valuable evidence supporting the continued integration of ultrasonography into diagnostic pathways for acute appendicitis, particularly
in resource-constrained and high-volume emergency settings where rapid, reliable, and radiation-free evaluation remains paramount.

CONCLUSION

Ultrasonography emerged as a dependable and clinically valuable tool for evaluating suspected acute appendicitis, fulfilling the study’s
objective of assessing its diagnostic role in young adults. Its non-invasive nature, absence of radiation exposure, and cost-effectiveness
make it particularly suitable as a first-line imaging modality, especially in settings where advanced imaging resources may be limited.
By enabling timely identification of inflammatory changes and associated complications, ultrasound supports more accurate clinical
decision-making and helps reduce unnecessary surgical intervention. The findings underscore its practical importance in improving
patient care pathways and reinforcing its continued integration into routine diagnostic practice for acute appendicitis.
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