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ABSTRACT 

Introduction: Delayed diagnosis and treatment might cause gangrene perforation and diffuse peritonitis. This makes 
radiological exams easy and sensitive and specific. The radiological examination, which includes ultrasound and picture, 
can be done quickly. In addition to difficult exams like CT scans and barium enemas, these are done.

The aim: This study review imaging for appendicitis.

Methods: For this systematic review, publications that were published from 2012 to 2023 were taken into account during 
the search process. This was achieved through the utilization of numerous online reference sources, such as Pubmed and 
SagePub. The decision was made to exclude review articles, previously published works, and incomplete works.

Result: We found seven studies related to the ability of radiological examination in the diagnosis of appendicitis. The 
research discusses CT scans and ultrasonography.

Conclusion: There are several examinations that can be done, for example US, plain radiology and CT scan. An ultrasound 
examination is an examination that can be carried out quickly and with sufficient accuracy to determine whether a person 
can be diagnosed as a patient with appendicitis.
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INTRODUCTION
Surgical intervention is required immediately in order to prevent major complications from occurring in cases of appendicitis, 
which is the most common emergency case involving abdominal surgery. The patient's morbidity and death rate will increase 
if the appendicitis is not treated in a timely manner.1 Appendicitis is an inflammatory process or inflammation of the 
vermiform appendix organ or also known as the appendix. Acute appendicitis is a medical emergency and is one of the most 
frequently encountered acute abdominal cases.2

Appendicitis usually strikes between 10 and 20. We have 1.4 men to 1 women. According to US studies, men have an 8.6% 
lifetime risk of appendicitis and women 6.7%. Acute appendicitis has been linked to colorectal cancer. Colorectal cancer was 
found in 2.9% of appendicitis patients and 0.1% of non-appendicitis patients.3 A UK survey found that 42,000 to 47,000 
appendix surgeries were conducted annually between 2007 and 2012. Appendicitis complications occur 16.5%–24.4% of the 
time. Appendicitis usually strikes between 10 and 20. We have 1.4 men to 1 women. According to US studies, men have an 
8.6% lifetime risk of appendicitis and women 6.7%.3,4

Acute appendicitis has been linked to colorectal cancer. Colorectal cancer was found in 2.9% of appendicitis patients and 
0.1% of non-appendicitis patients. A UK survey found that 42,000 to 47,000 appendix surgeries were conducted annually 
between 2007 and 2012. Appendicitis complications occur 16.5%–24.4% of the time. For easy treatment, acute appendicitis 
must be diagnosed quickly and precisely. However, delayed identification and treatment might induce gangrene perforation 
and diffuse peritonitis. Due to the reliability of positive values, needless appendectomies (20-30%) are permissible.5–7

Delaying diagnosis and treatment can result in gangrene perforation and diffuse peritonitis. This makes radiological 
examinations easy to carry out with good sensitivity and specificity.8 The radiological examination is a modality that may be 
utilized in a short amount of time, providing options such as the ultrasound examination and the plain photo examination. In 
addition to additional difficult examinations such as computed tomography scans and barium enemas, these tests are also 
performed.9 The utilization of imaging diagnostics for appendicitis is included within the scope of this inquiry.

METHODS
In accordance with PRISMA 2020, all data acquisition, processing, and reporting requirements were fulfilled. The imposition 
of additional restrictions was impacted by a multitude of influencing factors. An analysis of the usage of imaging techniques
in the diagnosis of appendicitis. As per the principal findings of the study, all written materials pertaining to appendicitis 
imaging must be composed in the English language. The current systematic review assessed scholarly articles that were 
published subsequent to 2013 and fulfilled the pre-established criteria for inclusion in the research. Editorials, entries lacking 
a DOI, previously published book reviews, duplicate journal articles that are excessively lengthy, and such materials will be
excluded from the compilation.

Pubmed journal database 
search results = 5,213

articles

Search last 2013  = 46
articles

Title screening = 12

Total articles after removing 
the same article 

= 34 articles

- Article review 
= 19

- Duplicate =
11

- No full text = 
3

- Editorial = 2
Articles included in 
review = 7 articles

SagePub database search 
results = 

7,622 articles

Search last 2013= 63
articles

Title screening = 22
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Figure 1. Article search flowchart

The search for studies to be included in the systematic review was carried out from December, 12th 2023 using the PubMed 
and SagePub databases by inputting the words: “imaging” and “appendicitis”. Where ("image"[All Fields] OR "image s"[All 
Fields] OR "imaged"[All Fields] OR "imager"[All Fields] OR "imager s"[All Fields] OR "imagers"[All Fields] OR 
"images"[All Fields] OR "imaging"[All Fields] OR "imaging s"[All Fields] OR "imagings"[All Fields]) AND 
("appendical"[All Fields] OR "appendicitis"[MeSH Terms] OR "appendicitis"[All Fields]) is used as search keywords.

The titles and abstracts of the studies similarly impacted their acceptability. As a consequence, they are compelled to depend 
on historical archives. In light of the consistent nature of research findings, it is mandatory to submit unpublished English
papers. The inclusion criteria were rigorously adhered to throughout the process of selecting studies for the systematic review.
By doing so, the search is restricted to solely those results that satisfy the predetermined criteria. The subsequent sections 
delineate the assessment methodology. An exhaustive examination was conducted of a multitude of variables, encompassing 
authors, dates of publication, geographic locations, activities, and motivations. 

Following the documentation of the search results by EndNote, the database initiated the process of identifying and 
eliminating duplicate articles. Prior to the composition of this article, the titles and abstracts of each paper were assessed by 
two individuals. Prior to making determinations regarding coverage, every author performs an exhaustive evaluation of 
relevant abstracts and article titles. Every paper that meets the pre-established standards for assessment will undergo a 
thorough and meticulous examination. After concluding the investigation, we shall reassess any relevant scientific 
publications that we might have neglected during our initial examination. It was justifiable to exclude extraneous research in 
favor of pertinent research.

RESULT
Kim, et al (2019)10 showed the expense of a lower level of specificity, the pooled sensitivity of the presence of any of the ten 
CT features was found to be higher than that of the gestalt assessment methodology. It is possible to apply the any-of-10-
features criterion in order to reduce the risks of treatment failure that are linked with a false-negative diagnosis of 
complication. This criterion can be utilized for the cautious selection of patients who should get nonoperative treatment for
appendicitis.

Bourcier, et al (2018)11 conducted a study with abdominal pain patients. They showed the diagnosed cases were: appendicitis 
(53), non-specific abdominal pain (48), lymphadenitis (22), ileitis (11), complicated ovarian cysts (7), neoplasias (5), 
inflammatory or infectious colitis (5), inguinal herniations (3), bowel obstructions (2), and salpingitis (2). The accuracy of 
ultrasound diagnoses was 0.89 (95% confidence interval [CI] = 0.84-0.94) versus 0.70 (95% CI = 0.57-0.82) for diagnoses 
based on clinical-laboratory examination only (p < 0.001). Bedsides, ultrasound allows an accurate diagnosis of a surgical 
pathology in 89% of cases, which is more efficient than the clinical-laboratory examination.

Elbanna, et al (2018)12 conducted a study with 209 patients. The sensitivity of 40-kV virtual monoenergetic imaging was 
100% (44/44); specificity, 81.2% (134/165); PPV, 58.7% (44/75); NPV, 100% (134/134); accuracy, 85.2%; and interobserver 
agreement, 0.99.With high sensitivity and specificity, dual-energy computed tomography (CT) that incorporates virtual 
monoenergetic and iodine overlay imaging is an accurate method for verifying and rejecting the presence of gangrenous 
appendicitis in cases where appendicitis is suspected.

Corson-Knowles, et al (2018)13 showed the rate of appendicitis was 36.8% in those with moderate to high pre-test probability. 
Clinical ultrasound (CUS) were recorded by 33 different emergency physicians (EP). The sensitivity, specificity, and positive
and negative likelihood ratios of EP-performed CUS in patients with moderate to high pre-test probability were 42.8% (95% 
confidence interval [CI] = 25-62.5%), 97.9% (95% CI = 87.5-99.8%), 20.7 (95% CI = 2.8-149.9) and 0.58 (95% CI = 0.42-
0.8), respectively. The 16 false negative scans were all interpreted as indeterminate. There was one false positive CUS 
diagnosis; however, the sonographer reported low confidence of 2/10.

Table 1. The litelature include in this study
Author Origin Method Sample Modality Conclusion

Kim, 201910 Repbulic of 
Korea

Retrospectiv
e study

100 
patients 
with 
suspected 
appendiciti
s

CT scan The pooled sensitivity of the presence of 
any of 10 CT features was higher than that 
of gestalt assessment (92% vs 64%; 
difference, 28% [95% CI, 10-46%]; p < 
0.001), although the pooled specificity 
was lower (43% vs 76%; difference, -33% 
[95% CI, -48% to -17%]; p < 0.001).

Bourcier, 
201811

France Prospective 
cohort study

158 
patients 

Ultrasound Appendicitis (53), non-specific abdominal 
discomfort (48), lymphadenitis (22), ileitis 
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abdominal 
pain

(11), complex ovarian cysts (7), neoplasias 
(5), inflammatory or infectious colitis (5), 
inguinal herniations (3), bowel 
obstructions (2), and salpingitis (2) were 
diagnosed Ultrasound diagnosis accuracy 
was 0.89 (95% CI 0.84-0.94) compared to 
0.70 (95% CI 0.57-0.82) for clinical-
laboratory examination-only diagnoses (p 
< 0.001).

Elbanna, 
201812

Canada Retrospectiv
e study

209 
patients 
with a 
pathologic 
diagnosis 
of 
appendiciti
s

CT scan The sensitivity of 40-kV virtual 
monoenergetic imaging was 100% 
(44/44); specificity, 81.2% (134/165); 
PPV, 58.7% (44/75); NPV, 100% 
(134/134); accuracy, 85.2%; and 
interobserver agreement, 0.99. The 
corresponding values for the iodine 
overlay imaging datasets were 100% 
(44/44), 80.0% (132/165), 57.1% (44/77), 
100% (132/132), 84.2%, and 0.99 and for 
120-kV simulated imaging were 22.7% 
(10/44), 96.4% (159/165), 62.5% (10/16), 
82.4% (159/193), 77.5%, and 0.93.

Corson-
Knowles, 
201813

United State Prospective 
cohort study

105 
patients

Ultrasound Moderate to high pre-test chance was 
36.8% appendicitis. 33 CUS EPs. EP-
performed CUS exhibited 42.8% 
sensitivity, 97.9% specificity, 20.7 
sensitivity, and 0.58 sensitivity in 
moderate to high pre-test likelihood 
patients. All 16 false negatives were 
unsure. One CUS diagnosis was false 
positive, but sonographer reported 2/10 
confidence.

Gungor, 
201714

Turkey Prospective 
cohort study

264 
patients 
suspected 
appendiciti
s

Bedside 
ultrasound

The sensitivity, specificity, PLR, and NLR 
of US examinations were 92.3% (95% 
confidence interval [CI] = 87.2%-95.8%), 
95.8% (89.5%-98.8%), 21.9 (8.4-57.2), 
and 0.08 (0.05-0.1) for POCUS and 76.9% 
(69.8-83%), 97.8% (84.9-99.7%), 36.4 
(9.25-144.3), and 0.24 (0.18-0.31) for 
RADUS

Mallin, 
201515

United State Prospective 
cohort study

97 cases of 
suspected 
appendiciti
s

Bedside 
ultrasound

There was 1 false-positive result, yielding 
a sensitivity of 67.65% (95% confidence 
limits, 49.5%-82.6%) and a specificity of 
98.41% (95% confidence limits, 91.4%-
99.7%).

Tan, 201516 Singapore Prospective 
cohort study

350 
consecutiv
e patients 
with 
suspected 
appendiciti
s

CT scan Positive likelihood ratio of disease was 
significantly greater than 1 only in patients 
with an AS of 4 and above. An AS of 7 and 
above in males and 9 and above in females 
has a positive likelihood ratio comparable 
to that of CT scan.

Gungor, et al (2017)14 conducted a study comparing point-of-care US (POCUS) and radiology-performed US (RADUS). 
They showed 92.3% (95% confidence interval [CI] = 87.2%-95.8%), 95.8% (89.5%-98.8%), 21.9 (8.4-57.2), and 0.08 (0.05-
0.1) for POCUS, and 76.9% (69.8-83%), 97.8% (84.9-99.7%), 36.4 (9.25-144.3), and 0.24 (0.18-0.31) for RADUS, were the 
sensitivity, specificity, PLR, and NLR of US examinations, respectively. Performing point-of-care ultrasonography in the 
emergency department (ED) for diagnosing acute appendicitis (AA) yields good sensitivity and specificity. This practice 
significantly influences the clinical decision-making process of emergency physicians (EPs).

Mallin, et al (2015)15 were performed US on 97 adult cases susp appendicitis. Twenty-four BUS showed acute appendicitis, 
while eleven were nondiagnostic. Pathology confirmed appendicitis in 23 of 24 positive ultrasounds. Due to one false-positive 
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result, specificity was 98.41% (95% CI = 91.4%-99.7%) and sensitivity was 67.65%. Tan, et al (2015)16 examined 350 
consecutive appendicitis suspects with CT scans. The positive likelihood ratio of disease was substantially more than 1 only 
in AS 4 and above individuals. AS of 7 or higher in males and 9 or higher in females has a favorable likelihood ratio like CT 
scan.

DISCUSSION
The usual appendix length is 8-10 cm (2-20 cm). The normal appendix has five layers: the mucosal surface and lumen, the 
hypoechoic mucosal layer, the submucosal layer, the muscularis propria layer, and the serosal layer. Normal appendices have 
an inner hypoechoic band without folds, distinguishing them from other intestinal structures. Normal appendixes are 
compressible tubular structures with an organ-free apex. The greatest outside diameter of a typical appendix is 6 mm. Gas, 
excrement, and fluid in the intraluminal area can extend this outer diameter.17

Plain Radiology
Plain radiology is generic, expensive, and sometimes deceptive. In <5%, an opaque fecalith may not be visible in the right 
lower quadrant. Simple abdominal radiography can rule out other conditions. In acute appendicitis, the intestine has an 
irregular "gas pattern" that is not identifiable. Fecaliths may confirm the diagnosis.18 Local air fluid level, right lower quadrant 
soft tissue density, psoas line shadow alterations, and free air (rare) if perforation occurs. Except for perforation, intestinal 
obstruction, and urinary tract calculus, plain radiographs are not advised. Plain abdominal radiography is not required for 
acute abdominal pain evaluation.18,19

A barium enema is a diagnostic procedure in which barium is introduced into the colon via the anus for X-ray imaging. The 
use of barium enema is not recommended in cases of suspected acute appendicitis due to the potential risk of contrast entering 
the abdominal cavity and spreading bacteria, as there may be a microperforation present. The use of barium enema is 
recommended for cases of chronic appendicitis. An appendicogram is conducted by orally administering a diluted solution 
of fine powdered BaSO4 contrast, with a ratio of 1:3, approximately 8-10 hours before for children and 10-12 hours before 
for adults.18,19

A good result of this examination is indicated by the presence of a non-filling appendix with an indented cecum, which 
suggests the presence of chronic appendicitis. This signifies the existence of inflammation near the cecum. Partial filling, 
resulting in false negative results, was observed in 10% of cases. The routine use of barium enema for examining individuals 
suspected of acute appendicitis has been discontinued.18,19

Ultrasound
In suspected acute appendicitis patients, ultrasonography is affordable, widely available, and accurate. However, histological 
confirmation after appendectomy is still the gold standard for appendicitis diagnosis. Graded compression ultrasonography 
can diagnose acute appendicitis with 44–100% sensitivity and 47–99% specificity. Operator inexperience, increased intestinal 
gas, obesity, anatomical variations, and restrictions in examining the patient with previous laparotomy cause this.6,7

Ultrasound is non-invasive, fast, radiation-free, and can diagnose various stomach discomfort reasons, especially in women 
of childbearing age.20

Ultrasonography should be the first imaging examination for pregnant women and children because radiation exposure is 
harmful. Appendicitis can be diagnosed with 91% sensitivity, 97% specificity, 91% positive predictive value, and 94% 
negative predictive value with ultrasonography.20 Adult acute appendicitis should be diagnosed by ultrasonography initially, 
according to research. At surgery, 71 of 79 patients had positive ultrasound results and 21 had positive CT scan results. 
Thirty-nine individuals with normal CT scans recovered without surgery. This procedure had 100% sensitivity and 86% 
specificity.15

Ultrasound can accurately diagnose acute appendicitis without delaying treatment. Although ultrasound is less accurate than 
CT scans, it can be utilized as the principal imaging modality and avoids radiation. Emergency room patients with suspected 
acute appendicitis may benefit from a beside-bed ultrasonography. Beside bed ultrasonography had 67.65% sensitivity and 
98.41% specificity in one research. Ultrasound relies on operator vision and experience, a drawback. Clinically suspected 
acute appendicitis patients are referred to grading-compression ultrasound initially.15

CT scan
A CT scan is very useful in patients who are suspected of having an inflammatory process in the abdomen and whose 
symptoms are not typical for appendicitis. A normal appendix will show a thin tubular structure in the right lower quadrant 
that can become opaque with contrast. Appendicoliths appear as ring-shaped homogenous calcifications (halo sign), and are 
seen in 25% of the population. Acute appendicitis can be diagnosed based on CT-Scan if an abnormal appendix is found with 
periappendiceal inflammation. The appendix is said to be abnormal if it is distended or thickened and enlarges >5-7 mm.
Meanwhile, periappendiceal inflammation includes abscesses, fluid collections, edema and phlegmon.21,22
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Periappendiceal inflammation or edema is seen as calcification of mesenteric fat ("dirty fat"), local fascia thickening, and 
increased soft tissue density in the right lower quadrant. Slow clinical symptom care (48-72 hours) can lead to phlegmon or 
abscesses, hence CT scans are recommended. Fekaliths are seen, but they do not indicate appendicitis. The arrowhead 
indication from cecum thickening is significant. CT-Scan disadvantages include iodinated-contrast-media allergies, patient 
discomfort from contrast media administration (particularly rectal contrast media), ionizing radiation exposure, cost, and 
pregnancy restrictions.21–23

When compared to ultrasound, computed tomography (CT) scans are more accurate and are typically carried out in hospitals. 
When it comes to acute appendicitis, CT scans have a diagnostic accuracy rate that ranges from 93 to 98 percent. The findings
of the CT scan are more likely to increase the certainty of the diagnosis than the findings of the ultrasound. When it comes 
to the diagnosis of acute appendicitis, the majority of the research literature is heading in the direction of the CT scan 
technique that is considered to be the most effective.21–23

CONCLUSION
There are several examinations that can be done, for example US, plain radiology and CT scan. An ultrasound examination 
is an examination that can be carried out quickly and with sufficient accuracy to determine whether a person can be diagnosed
as a patient with appendicitis.
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