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Abstract

Introduction: Acute appendicitis is one of the most common abdominal surgical
emergencies. The anatomical position of the vermiform appendix varies considerably
among individuals and may influence clinical presentation, diagnostic accuracy, operative
difficulty, and postoperative outcomes. Variations such as retrocecal, pelvic, subcecal, pre-
ileal, and post-ileal positions can produce atypical symptoms and may contribute to
delayed diagnosis or surgical challenges. Aims and objectives: To study various
anatomical positions of the appendix in acute appendicitis and correlate these positions
with clinical features, symptoms, and presentation patterns for improving diagnosis and
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INTRODUCTION

The vermiform appendix is a narrow, worm-like structure present in humans and certain primates. It is considered a
vestigial organ; however, it contains abundant lymphoid tissue and may contribute to immune function. The appendix is
one of the most variable organs in the human body, showing significant variations in length, position, peritoneal attachment,
and relation with surrounding structures.

It originates from the posteromedial wall of the cecum, approximately 2 cm below the ileocecal valve, at the site of
convergence of the three taenia coli. The length of the appendix varies from 2 cm to 20 cm, with an average length of
approximately 9 cm. The base of the appendix remains relatively constant, whereas the position of its tip varies considerably
within the abdominal cavity [1].

Acute appendicitis is one of the most common surgical emergencies and remains the leading cause of acute abdomen
requiring operative management, particularly among young individuals. Although the diagnosis is primarily based on
clinical examination and evaluation, anatomical variations in the position of the appendix often make diagnosis difficult.

The classical clinical presentation includes periumbilical pain migrating to the right lower quadrant, anorexia, nausea,
vomiting, fever, and localized tenderness. However, atypical appendix positions may produce variable clinical signs and
symptoms, leading to delayed diagnosis and increased risk of complications [2].
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The appendix can occupy different anatomical positions, including retrocecal, pelvic, subcecal, pre-ileal, retroileal, and
ectopic locations [3]. These variations influence the clinical manifestations of acute appendicitis and may mimic other
abdominal or pelvic disorders. A pelvic appendix may present with urinary symptoms or resemble pelvic inflammatory
disease, ovarian pathology, torsion of ovarian cyst, or ruptured ectopic pregnancy. A retroileal appendix may mimic ureteric
colic, whereas a subhepatic appendix may resemble hepatobiliary disease [4].

Therefore, knowledge of the anatomical position of the appendix is essential for accurate diagnosis and appropriate
management. The first comprehensive anatomical evaluation of appendix position demonstrated considerable variation
among individuals. Earlier studies based on anatomical dissections and operative observations have reported differences in
the frequency of various appendix positions.

The most common position of the appendix remains controversial, with studies reporting different predominant locations
among different populations. Variations related to age, sex, ethnicity, geographic region, and dietary factors have been
suggested to influence appendix position [3]. Acute appendicitis occurring in an unusual anatomical position may present
with atypical symptoms and may be misdiagnosed, resulting in delayed treatment and increased incidence of perforation
and complications [4].

The clinical course of appendicitis in relation to appendix position remains debated. Some studies have suggested that
retrocecal appendices may have a different clinical presentation, while others have reported no significant difference in
disease progression or complication rates [5]. These variations highlight the importance of understanding the relationship
between appendix anatomy and clinical outcomes.

The position of the appendix is also important from a surgical perspective. Anatomical variations may increase operative
difficulty, prolong operative time, require modification of surgical approach, and influence postoperative recovery. A
misplaced or unusually located appendix may require additional dissection during appendectomy and may increase the risk
of complications. Awareness of these anatomical variations is therefore important for preoperative planning, especially
during laparoscopic procedures [6].

To study various anatomical positions of the appendix in acute appendicitis and correlate these positions with clinical
features, symptoms, and presentation patterns for improving diagnosis and management.

MATERIALS AND METHODS
Study design- Hospital-based, prospective observational study

Place of study- Case selection and research analysis was done in The Department of General Surgery in Calcutta National
Medical College and Hospital, Kolkata.

Study period- 18 months’ duration, starting after getting clearance from hospital ethical committee and acceptance from
the West Bengal University of Health Sciences.

Study population- All patients admitted at surgery emergency with features of acute appendicitis planned for emergency
appendectomy.

Sample size- A total of 115 patients was included in the study. Then patient was evaluated according to the proforma
attached.

Inclusion Criteria:

. Age group-10-65 year

. Al patients presenting to emergency with RIF pain and clinically diagnosed as acute appendicitis after ruling out
other causes of RIF pain.

. Radiologically diagnosed acute appendicitis or its sequelae.

Exclusion Criteria:

. All patients with RIF pain other than appendicitis.

. All patients with well localized appendicular lump.

. All patients with appendicular abscess.

. All Patients unfit for General anesthesia or Spinal anesthesia.
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Study Variable:

Age and Gender

Appendix Position and Length
Clinical Symptoms and Signs
Ultrasonography and Intraoperative Findings
Complicated and Uncomplicated Appendicitis

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using SPSS version 27.0 and GraphPad Prism
version 5. Continuous variables were expressed as mean + standard deviation, while categorical variables were presented

as frequency and percentage.

Independent and paired t-tests were used for comparison of numerical variables. One-way ANOVA was applied for
comparison among multiple groups. Categorical variables were analyzed using Chi-square test or Fisher’s exact test. Non-
parametric data were analyzed using Mann-Whitney U test.

Pearson correlation analysis was used to assess relationships between variables, and logistic regression was performed to
identify associated risk factors. A p-value <0.05 was considered statistically significant.

RESULTS

Table 1: Age and Gender-wise Distribution of Study Participants (N = 115)

Number of Cases (n) | Percentage of Cases (%)

Age Group (Years) | 10-20 48 41.80%

21-30 33 28.70%

31-40 16 14.00%

41-50 8 6.90%

51-60 8 6.90%

61-65 2 1.70%
Gender Male 56 48.70%

Female 59 51.30%

Table 2: Distribution of Appendix Length, Symptoms, and Clinical Signs Among Study Participants (N = 115)

Number of Cases (n) Percentage of Cases (%0)
Appendix Length (cm) | <7 cm 18 15.60%
7-12 cm 71 61.80%
>12 cm 26 22.60%
Symptoms Fever 69 60.00%
Anorexia 85 74.00%
Nausea 47 41.00%
Vomiting 35 30.00%
Clinical Signs Rovsing Sign 41 35.60%
Psoas Test 23 20.00%
Obturator Test 26 22.60%

Table 3: Distribution of Ultrasonography Findings and Atypical Symptoms Among Study Participants (N = 115)

Frequency (n) Percentage (%)
Acute Appendicitis 36 31.30%
o Subacute Appendicitis 34 29.50%
USG Findings
Probe Tenderness 10 8.60%
Not Detected 35 30.40%
Urinary Symptoms 16 13.90%
Atypical Symptoms Gynecological Symptoms 5.20%
Bowel Disturbances 4.30%
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Table 4: Distribution of Site of Maximum Pain, Peritoneal Relation, and Intraoperative Findings Among Study

Participants (N = 115)

Frequency (n) Percentage (%)
Site of Maximum Pain Right lliac Fossa (RIF) 97 84.30%
Right Flank (RF) 11 9.50%
Right Lumbar Region (RL) 5 4.30%
Diffuse Abdomen (D) 2 1.70%
Relation with Peritoneal Cavity Intraperitoneal 101 87.80%
Extraperitoneal 14 12.10%
Intraoperative Findings Inflamed Appendix 110 95.60%
Adhesions 34 29.50%
Distended Appendix 7 6.10%
Fixed Appendix 15 13.00%
Gangrenous Appendix 15 13.00%
Perforation 13 11.30%

Table 5: Association Between Appendix Position and Typical/Atypical Clinical Presentation (N = 115)

Appendix Position Typical (n) Atypical (n) p-value
Pelvic 29 12 <0.0001
Retrocaecal 15 14

Pre-lleal 18 0

Post-lleal 3 10

Paracaecal 8 0

Subcaecal 4 0

Subhepatic 0 2

Left-sided 0 1

Table 6: Association between Appendix Position and Complicated/Uncomplicated Appendicitis (N = 115)

Right Iliac Fossa (RIF)
Right Flank (RF)

Right Lumbar Region (RL)

Site of Maximum Pain

Intraperitoneal
Extraperitoneal

Diffuse Abdomen (D)
Inflamed Appendix

Relation with
Peritoneal Cavity

Adhesions

Appendix Position Complicated (n) Uncomplicated (n) p-value
Pelvic 13 28 0.2457
Retrocaecal 10 19
Pre-lleal 3 15
Post-lleal 2 11
Paracaecal 1 7
Subcaecal 0 4
Subhepatic 0 2
Left-sided 1 0
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Figure 1: Distribution of Site of Maximum Pain, Peritoneal Relation, and Intraoperative Findings Among Study

Participants
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Figure 2: Association between Appendix Position and Typical/Atypical Clinical Presentation

Age and Gender-wise Distribution of Study Participants

Results:

Among the 115 study participants, the highest number of cases was observed in the 10-20 years age group (48 cases,
41.80%), followed by 21-30 years (33 cases, 28.70%). The distribution of cases decreased progressively with increasing
age, with 16 cases (14.00%) in the 31-40 years group, 8 cases each (6.90%) in the 41-50 years and 51-60 years groups,
and 2 cases (1.70%) in the 61-65 years age group. Regarding gender distribution, female patients constituted 59 cases
(51.30%), whereas male patients accounted for 56 cases (48.70%).

Interpretation:

Acute appendicitis was predominantly observed among younger age groups, with more than two-thirds of cases occurring
between 10-30 years. A slight female predominance was noted, with females representing 51.30% of the study population
compared with 48.70% males.

Distribution of Appendix Length, Symptoms, and Clinical Signs Among Study Participants

Results:

The appendix length was most commonly 7-12 cm, observed in 71 cases (61.80%), followed by >12 cm in 26 cases
(22.60%) and <7 cmin 18 cases (15.60%). Among presenting symptoms, anorexia was the most frequent symptom reported
in 85 cases (74.00%), followed by fever in 69 cases (60.00%), nausea in 47 cases (41.00%), and vomiting in 35 cases
(30.00%). Among clinical signs, Rovsing sign was positive in 41 cases (35.60%), followed by obturator test positivity in
26 cases (22.60%) and psoas test positivity in 23 cases (20.00%).
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Interpretation:

The majority of patients had an appendix length between 7-12 cm. Classical symptoms of acute appendicitis, particularly
anorexia (74.00%) and fever (60.00%), were commonly observed. Clinical signs were present in a smaller proportion of
patients, indicating variability in physical examination findings.

Distribution of Ultrasonography Findings and Atypical Symptoms Among Study Participants

Results:

Ultrasonography findings showed acute appendicitis in 36 cases (31.30%), subacute appendicitis in 34 cases (29.50%), and
probe tenderness in 10 cases (8.60%). In 35 cases (30.40%), ultrasonography did not detect definitive findings. Among
atypical symptoms, urinary symptoms were present in 16 cases (13.90%), followed by gynecological symptoms in 6 cases
(5.20%) and bowel disturbances in 5 cases (4.30%).

Interpretation:

Ultrasonography identified acute or subacute appendicitis in approximately 60% of cases, while nearly one-third of patients
had non-diagnostic findings. Atypical symptoms were less frequent but clinically important due to their potential to mimic
other abdominal or pelvic disorders.

Distribution of Site of Maximum Pain, Peritoneal Relation, and Intraoperative Findings Among Study Participants

Results:

The most common site of maximum pain was the right iliac fossa (97 cases, 84.30%), followed by right flank (11 cases,
9.50%), right lumbar region (5 cases, 4.30%), and diffuse abdominal pain (2 cases, 1.70%). Regarding appendix relation
with the peritoneal cavity, 101 cases (87.80%) were intraperitoneal, while 14 cases (12.10%) were extraperitoneal.
Intraoperative findings revealed inflamed appendix in 110 cases (95.60%), adhesions in 34 cases (29.50%), fixed appendix
in 15 cases (13.00%), gangrenous appendix in 15 cases (13.00%), perforation in 13 cases (11.30%), and distended appendix
in 7 cases (6.10%).

Interpretation:

Most patients presented with classical right iliac fossa pain (84.30%) and had an intraperitoneal appendix (87.80%).
Intraoperative examination showed inflammation as the predominant finding (95.60%), while advanced pathological
changes such as gangrene and perforation were observed in a smaller proportion.

Association Between Appendix Position and Typical/Atypical Clinical Presentation

Results:

A statistically significant association was observed between appendix position and typical or atypical clinical presentation
(p < 0.0001). The pelvic appendix was the most common position, accounting for 41 cases, of which 29 cases (70.70%)
presented typically and 12 cases (29.30%) presented atypically.

The retrocaecal appendix was observed in 29 cases, with 15 typical presentations (51.70%) and 14 atypical presentations
(48.30%). The pre-ileal appendix showed only typical presentations (18 cases, 100%). The post-ileal appendix
demonstrated predominantly atypical presentations (10 cases, 76.90%), with only 3 typical cases (23.10%). Subhepatic and
left-sided appendix positions were associated exclusively with atypical presentations (2 cases and 1 case, respectively).

Interpretation:

The findings demonstrate that appendix position significantly affects clinical presentation. Unusual positions such as post-
ileal, subhepatic, and left-sided appendix were more commonly associated with atypical symptoms, which may contribute
to delayed diagnosis.

Association Between Appendix Position and Complicated/Uncomplicated Appendicitis

Results:

The association between appendix position and complicated appendicitis was statistically non-significant (p = 0.2457).
Pelvic appendix had 13 complicated cases (31.70%) and 28 uncomplicated cases (68.30%) among 41 cases. Retrocaecal
appendix showed 10 complicated cases (34.50%) and 19 uncomplicated cases (65.50%) among 29 cases. Pre-ileal appendix
had 3 complicated cases (16.70%) and 15 uncomplicated cases (83.30%).
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Post-ileal appendix showed 2 complicated cases (15.40%) and 11 uncomplicated cases (84.60%). Paracaecal appendix had
1 complicated case (12.50%) and 7 uncomplicated cases (87.50%), while subcaecal and subhepatic positions showed no
complicated cases. The left-sided appendix had 1 complicated case (100%), but the sample size was very small.

Interpretation:

Although complication rates varied among different appendix positions, the association was not statistically significant (p
= 0.2457). Therefore, appendix position alone does not appear to be an independent determinant of complications in acute
appendicitis. Other factors such as duration of symptoms, severity of inflammation, and delayed presentation may influence
disease outcome.

DISCUSSION

Acute appendicitis remains one of the most common causes of acute abdomen requiring emergency surgical intervention.
In the present prospective observational study involving 115 patients, acute appendicitis was predominantly observed
among younger individuals, with the highest incidence in the 10-20 years age group (48 cases, 41.80%), followed by 21—
30 years (33 cases, 28.70%).

A slight female predominance was observed, with 59 females (51.30%) and 56 males (48.70%). Similar demographic
patterns have been reported in recent studies, where acute appendicitis showed a higher incidence among adolescents and
young adults. Bhangu et al. emphasized that appendicitis remains a major surgical emergency worldwide, with peak
incidence occurring in younger age groups [7]. Ferris et al. also demonstrated that age-related variation significantly
influences the epidemiology and clinical presentation of appendicitis [8].

The vermiform appendix is considered one of the most variable organs of the gastrointestinal tract, showing considerable
variation in length, position, and relationship with surrounding structures. In the present study, appendix length was most
commonly between 7-12 cm (71 cases, 61.80%), followed by >12 cm (26 cases, 22.60%) and <7 cm (18 cases, 15.60%).
Recent anatomical studies have highlighted that variations in appendix morphology and position may significantly
influence clinical manifestations and surgical approach.

Vieira ED et al. reported that appendiceal location is highly variable and that anatomical differences may contribute to
atypical clinical presentations and diagnostic challenges [9]. In the present study, anorexia was the most frequent symptom
(85 cases, 74.00%), followed by fever (69 cases, 60.00%), nausea (47 cases, 41.00%), and vomiting (35 cases, 30.00%).
Classical symptoms of appendicitis are usually related to inflammatory progression from visceral irritation to localized
peritoneal involvement.

However, anatomical variations may modify symptom localization and severity. Echevarria et al. reported that atypical
presentations of appendicitis are associated with delayed diagnosis and increased diagnostic uncertainty, particularly in
patients with abnormal appendix locations [10].

Ultrasonography findings in the current study showed acute appendicitis in 36 cases (31.30%), subacute appendicitis in 34
cases (29.50%), probe tenderness in 10 cases (8.60%), while 35 cases (30.40%) had no definitive ultrasonographic
detection. These findings demonstrate the diagnostic limitations of ultrasonography in patients with variable appendix
anatomy. Di Saverio et al. highlighted that although imaging plays an important role in appendicitis diagnosis, anatomical
variations and operator dependency may influence diagnostic accuracy [11].

The present study observed that the majority of patients presented with classical right iliac fossa pain (97 cases, 84.30%),
while atypical pain locations including right flank (11 cases, 9.50%) and right lumbar region (5 cases, 4.30%) were also
documented. Most appendices were intraperitoneal (101 cases, 87.80%), whereas 14 cases (12.10%) were extraperitoneal.
Variations in appendix position may alter the site of inflammation and produce symptoms mimicking other abdominal,
urinary, or gynecological disorders. Echevarria et al. emphasized that atypical appendix locations can result in unusual
clinical presentations and may delay appropriate management [10].

Intraoperative evaluation in the present study demonstrated that inflamed appendix was the most common finding (110
cases, 95.60%), followed by adhesions (34 cases, 29.50%), fixed appendix (15 cases, 13.00%), gangrenous appendix (15
cases, 13.00%), perforation (13 cases, 11.30%), and distension (7 cases, 6.10%). These findings indicate the importance of
early diagnosis and intervention to prevent progression to complicated appendicitis. Di Saverio et al. reported that delayed
diagnosis and advanced inflammation are major contributors to perforation and postoperative complications [11].

A major finding of the present study was the statistically significant association between appendix position and
typical/atypical clinical presentation (p <0.0001). The pelvic appendix was the most common position, accounting for 41
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cases, among which 29 cases (70.70%) showed typical presentation and 12 cases (29.30%) showed atypical presentation.
Retrocaecal appendix demonstrated 15 typical cases (51.70%) and 14 atypical cases (48.30%). The post-ileal appendix was
predominantly associated with atypical presentation (10 cases, 76.90%). Subhepatic and left-sided appendix positions also
showed atypical presentations.

Similar findings were reported by Gomes et al., who demonstrated that appendiceal position influences clinical
manifestations and may create diagnostic difficulty [12]. Ferrie et al. also described that retrocaecal and unusual appendix
positions may mimic other abdominal conditions and delay diagnosis [13]. The present study further evaluated the
relationship between appendix position and complicated appendicitis. Although pelvic and retrocaecal positions showed
higher absolute numbers of complications (13 cases and 10 cases respectively), the association was statistically non-
significant (p = 0.2457).

This suggests that appendix position alone may not determine disease severity. Sakpal et al. reported that complications of
appendicitis are multifactorial and are influenced by duration of symptoms, inflammatory severity, and delay in treatment
rather than anatomical position alone [14]. Recent surgical literature has also emphasized that anatomical variations of the
appendix are important during laparoscopic appendectomy.

Sabry AA et al. reported that unusual appendix positions may increase operative complexity and require modification of
surgical technique [15]. Similarly, Kaur et al. highlighted that atypical appendix locations can mimic other abdominal
emergencies and require increased clinical awareness for appropriate diagnosis and surgical planning [16].

CONCLUSION

The present prospective observational study concludes that anatomical variations in the position of the appendix
significantly influence the clinical presentation of acute appendicitis. Pelvic and retrocaecal positions were the most
frequently observed, while atypical appendix locations were associated with unusual symptoms and diagnostic difficulty.

A significant association was found between appendix position and typical or atypical clinical presentation, highlighting
the importance of anatomical knowledge during evaluation. However, appendix position alone was not significantly
associated with complicated appendicitis. Understanding these variations can assist clinicians in improving diagnostic
accuracy, reducing delays in treatment, and planning appropriate surgical management for acute appendicitis.
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