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Laparoscopic appendectomy also known as minimally invasive surgery has revolutionized the
field of surgery by offering patients less invasive alternatives to traditional open procedure.
However, anatomical variations in the location of appendix can prove challenging for
laparoscopic surgeons. Objective: To evaluate the effectiveness and challenges of
laparoscopic appendectomy in patients with anatomical variations in the location of the
appendix. Methods: It was a cross-sectional study conducted at Jinnah international hospital
Abbottabad KPK Pakistan from January 2023 to December 2023. After screening through the
selected criteria 91 patients were included in this study. Data were entered and analyzed using
SPSS version 24.0. P-values of <0.05 will be considered statistically significant. Results: The
mean age of the study population was 49.2 + 5.4years. Among the 91 patients analyzed, the
anterior position was observed in 54 individuals, pelvic position observed in 10 patients, the
retrocecal position observedin 19 patients, and the subhepatic position observed in 8 patients.
Among patients with a retrocecal appendiceal position 19 (13.6%) experienced appendiceal
rupture, while 2.9% had appendiceal bleeding. A notable proportion(11.11%)required conversion
to open surgery. Among patients with a subhepatic appendiceal position 8(17.1%) experienced
appendiceal rupture, while 1.9% had appendiceal bleeding. A considerable proportion (12.5%)
required conversion to open surgery. Conclusions: In conclusion, laparoscopic appendectomy,
while advantageous over open surgery in many aspects, presents specific challenges when
dealingwith anatomical variations of the appendix, particularlyinthe retrocecaland subhepatic
positions. The study found that these variations are associated with higher rates of
intraoperative complicationsand conversionto opensurgery.

INTRODUCTION

Laparoscopic surgery, sometimes referred to as minimally
invasive surgery, has transformed the field of surgery for
patients by offering them less intrusive options that are
used instead of conventional open procedures. By using a
laparoscope, a small video camera, inserted through a
small incision in the patient's skin, that capture a high-
quality magnified image of organs within the abdominal
cavity enabling them to make precise cuts or other
necessary medical manipulations using a screen [1].
Laparoscopic appendectomy is ranked among top
emergency surgical procedures globally. Traditionally,

appendectomy was performed using an open surgical
approach, which involves a larger incision in the abdomen
[2]. Laparoscopic appendectomy has grown in popularity
since early 2000s due to its significant advantages
including smaller incisions than the open method, better
cosmetic outcomes, shorter hospital stay durations and
lower risks of wound infections [3]. Typically, the appendix
isfoundintherightlower quadrant(RLQ)of the abdomen. It
istypically located about one third of the distance between
the anterior superior iliac spine (ASIS) and the umbilicus
which is also known as McBurney's point [4]. It is the place
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where three bands of longitudinal muscles called taeniae
coli converge at the cecum, which is the approximate
location. The appendix differs in size and position; some
appendices are about 20 cm long, being one of the longest
ever recorded [5]. 33% are in retroceccal position but
otherslike pelvic appendix are seen among 28.5% patients
as well as ileal which is also present in 14.5% [6, 7].
Appendices are usually fixed in 32% of normal cases and
22.6% of pathological appendices but this positionislinked
to fixity and complications [8]. Atypical presentations of
appendicitis due to anatomical variations can make it
difficult to diagnose the ailment. Apparent but mild right
lower quadrant pain and tenderness can manifest in
retrocecal appendicitis and may easily be confused with
renal colic or diverticulitis among other conditions.
Moreover, if the appendix is located within the pelvis,
typical signs may only arise from the lower parts hence
creating confusion when trying to distinguish it from
gynecologic or urological problems [9]. A thorough
knowledge of their locations is necessary for efficient
surgical interventions especially because the anatomical
variationsinthe caecumand appendix can pose diagnostic
and surgical challenges[10]. When laparoscopy is used for
appendectomy, anatomical variations in the appendix
make it a challenge but an understanding of these
variations is important in positioning the ports safely and
for optimal performance [11]. Studies have shown that
laparoscopicappendectomyissafeand suitable forvarious
anatomical positions of the inflamed appendix, with a
conversion rate of 4.7% due to other pathologies[12]. The
existing literature has scarce information on the effect of
anatomical variations to surgical outcomes and
complications after doing laparoscopic appendectomy.
Moreover, there is little information on best surgical
practicesin cases of anatomical variations of the appendix
during laparoscopy [13]. Long-term follow-up data on
patients that have undergone laparoscopic appendectomy
for appendicitis with anatomical variations are scarce [ 14].
Filling these voids in literature will add value by aiding in
understanding the difficulties and considerations in lap
appendectomy due to anatomical variations of the
appendix hence leading to better treatment and operative
results.

This research aimed to determine how anatomical
variations of the appendix (e.qg., retrocecal, pelvic, and
subcecal positions)influence surgical parameters such as
operative time, intraoperative complications, frequency of
conversion to open surgery, hospital stay length, and
postoperative complications. The study seeks to provide
evidence-based guidelines for managing appendicitis in
various anatomical settings, focusing on preoperative
imaging, surgical planning, intraoperative techniques, and
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postoperative care to improve treatment outcomes in
complex cases.

METHODS

A cross-sectional study was performed at Jinnah
International Hospital Abbottabad, KPK, Pakistan from
January 2023 till December 2023 after the approval of
Institutional review board (IRB), Jinnah International
Hospital, Abbottabad (JIHA/QMS/7611). All patients
admitted to surgical ward of Jinnah International Hospital
Abbottabad KPK Pakistan within the chosen period were
screened forinclusion in this research. Patients of all ages
with clinical signs of acute appendicitis (abdominal pain,
tenderness, systemic inflammation) who underwent
laparoscopic appendectomywereincluded. Excluded were
patients with non-appendicitis diagnoses (e.g.,
appendiceal tumor, inflammatory bowel disease),
incomplete records, missing preoperative imaging,
contraindications to laparoscopic surgery (e.g., severe
cardiopulmonary disease, coagulopathy, hemodynamic
instability), prior abdominal surgery, or complications
requiring immediate open surgery. A total of 132 patients
were admitted for laparoscopic appendectomy in surgery
department and after screening through the selected
criteria 91 patients were included in this study. The sample
size was calculated by using population proportion 26.3%.
The confidence interval of 95% and error margin of 6.5%.
The selected sample was provided detailed information
about the steps and procedure involved in this study and
informed consent was taken. Patients were divided into
four groups according to the appendiceal positions
(anterior, retrocecal, pelvic and sub-hepatic). All the
selected participants were evaluated for demographic
variables such as age and gender, clinical variables
including BMI, duration of symptoms, vomiting, diarrhea,
urinary symptoms, fever, and abdominal pain. Anatomical
positions of the appendix (anterior, pelvic, retrocecal,
subhepatic) was considered. Intraoperative variables
include appendiceal rupture, appendiceal bleeding,
conversion to open surgery, and operative time.
Postoperative variables were assessed for the duration of
analgesia therapy, hospital stay, oral refeeding time, and
postoperative complications like bowel obstruction.
Descriptive statistics summarized age, operative time,
anatomical positions, and complications. Chi-square tests
compared intraoperative complications, conversion to
open surgery, and postoperative complications among
different anatomical positions. One-way ANOVA analyzed
differences in operative time and hospital stay length, with
Tukey's test for post-hoc comparisons. P-values <0.05
were statistically significant, and confidence intervals
provided estimate precision. Data were entered and
analyzed using SPSS (Statistical Package for the Social
Sciences)version 24.0. It was presented as mean, standard
deviation, and percentages. P-values of <0.05 will be
considered statistically significant.
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RESULTS

The result of the study has shown that the mean age of the
study population was 49.2 + 5.4years. In terms of gender
distribution, 55 patients (60.44%) were male, while 36
patients(39.56%)were female. The BMI of the study cohort
was 28.3 + 5.6kg/m. Among the included patients, 34
individuals(37.36%) had a documented history of diabetes,
while 31 patients (34.07%) had hypertension. Among the 91
patients analyzed, the anterior position was observed in 54
individuals, pelvic position observed in 10 patients, the
retrocecal position observed in 19 patients, and the
subhepatic position observedin 8 patients(Table1).

Table 1: Demographic Characteristics of Study Sample(n=91)

Variables (Mean £SD)/ N (%)
Age (Years) 49.2+5.4
Male 55(60.44 %)
Female 36(39.56 %)
BMI 28.3+5.6

This study has examined the symptoms and signs
presented by patients with different appendiceal
positions. Among patients with the anterior position
(n=54), the mean duration of symptoms was 1.4 days.
Vomiting was reported in 57% of cases, followed by
diarrhea in 15.2% of cases. Urinary symptoms were less
common, occurring in 7.6% of patients. Fever, defined as a
temperature of >38°C, was observed in 37.6% of patients
with an anterior appendiceal position. Abdominal pain was
predominantly localized to the right iliac fossa in 81.9% of
cases, with a smaller proportion reporting widespread
(14.0%) or other locations(4.1%)(P=0.29). In patients with a
pelvic appendiceal position (n=10), the mean duration of
symptoms was slightly longer at 1.7 days. Vomiting
occurred in 67% of cases, while diarrhea was reported in
19.2% of cases. Urinary symptoms were less frequent,
occurring in 4.7% of patients The anatomical variations of
the appendix observed in the study were as follows:
anterior (n=54), pelvic (n=10), retrocecal (n=19), and
subhepatic(n=8)(Table 2).

Table 2: Comparison of Clinical Signsand Symptoms

SYMBLOMS. (y1ca¥SD) (Means $0) (Heans SD) (Mean 501 P
IN(%) IN(%) IN(%) IN(%)
Synﬁ’;;gﬂqog(g;ys) 144001 |1.7+0.034 | 12+0.031 | 1.2+0.04 | 0.29

Vomiting 57% 67% 59% 72% 0.14
Diarrhea 15.2% 19.2% 9.3% 8.4% 0.07
Urinary symptoms 7.6% 4.7% 3.9% 1.1% 0.01
Fever (=382C) 37.6% 49% 29.6% 52.3% 0.06
Abdominal Pain
Right iliac fossa 81.9% 4% 88.8% 81.4%
Widespread 14.0% 22.2% 7.4% 14.8% 0.22
Other locations 4.1% 6.4% 3.8% 3.8%

The intraoperative and postoperative findings among
patients with different appendiceal positions were as
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follows. Among patients with an anterior appendiceal
position (n=54), intraoperative findings revealed that 7%
experienced appendiceal rupture, while 2.1% had
appendiceal bleeding. A small proportion (1.9%) required
conversion to open surgery. The mean operative time for
laparoscopic appendectomy in this group was 55.7
minutes. Postoperatively, patients received analgesia
therapy for an average of 3.4 days, with a hospital stay
averaging 2.7 days. The duration of oral refeeding was
relatively short, with an average of 1.3 days. Additionally,
2.1% of patients experienced postoperative bowel
obstruction. Statistical analysis revealed significant
differences between groups in terms of intraoperative
appendiceal rupture (P = 0.02), appendiceal bleeding (P =
0.03), conversion to open surgery (P = 0.005), operative
time (P =0.006), analgesia therapy duration (P = 0.001), and
oral refeeding duration (P = 0.009). In patients with a pelvic
appendiceal position (n=10), intraoperative findings
showed a slightly higher incidence of appendiceal rupture
(1%)and appendiceal bleeding(3%), with no conversionsto
open surgery. The mean operative time for laparoscopic
appendectomy in this group was 56.9 minutes.
Postoperatively, patientsreceived analgesia therapy foran
average of b.3 days, with a hospital stay averaging 3.5 days.
The duration of oral refeeding was slightly longer, with an
average of 1.5 days. Postoperative bowel obstruction was
observed in 7.7% of patients. Statistical analysis revealed
significant differences between groups in terms of
operative time (P = 0.008), analgesia therapy duration (P =
0.001), and oral refeeding duration (P = 0.009). Among
patients with a retrocecal appendiceal position (n=19),
13.6% experienced appendiceal rupture, while 2.9% had
appendiceal bleeding. A notable proportion (11.11%)
required conversion to open surgery. The mean operative
time for laparoscopic appendectomy in this group was 64.8
minutes. Postoperatively, patients received analgesia
therapy for an average of 2.8 days, with a hospital stay
averaging 2.8 days. The duration of oral refeeding was
relatively short, with an average of 1.1 days. No cases of
postoperative bowel obstruction werereported. Statistical
analysis revealed significant differences between groups
in terms of intraoperative appendiceal rupture (P = 0.02),
conversion to open surgery (P = 0.005), operative time (P =
0.008), and oral refeeding duration (P = 0.009). Among
patients with a subhepatic appendiceal position (n=8),
17.1% experienced appendiceal rupture, while 1.9% had
appendiceal bleeding. A considerable proportion (12.5%)
required conversion to open surgery. The mean operative
time for laparoscopic appendectomy in this group was 79.2
minutes. Postoperatively, patients received analgesia
therapy for an average of 2.1 days, with a hospital stay
averaging 3.1 days. The anatomical variations of the
appendix observed in the study were as follows: anterior
(n=54), pelvic(n=10), retrocecal(n=19), and subhepatic(n=8)
(Table3).
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Table 3: Intra Operative and Post-Operative Findings of the Study

Anterior Pelvic  Retrocecal Subhepatic
(Mean £ SD) (Meanz SD) (Mean £ SD) (Mean £ SD) Value
IN(%) IN(%) IN(%) IN(%)

Intra Operative Findings

Symptoms

and Signs

Appendiceal

Rupture 7% 1% 13.6% 171% | 0.02
Appendiceal o o o o

Bloeding 2.1% 3% 2.9% 1.9% 0.03
Conversion to 1.9% 0 n.1% 125% |0.005

Open Surgery

Mean Operative

Time (Minutes) 55.7+5.14 | 56.9+4.32 | 64.8+7.31 | 79.2+6.32 [ 0.006

Post-Operative Findings

Analgesia

Therapy (Days) | 34014 | 63£0.84 | 2.8:0.15

2.1+0.05 | 0.001

Hospital Stay

(Days) 2.7+0.07 | 3.5+0.09 | 2.8+0.074| 3.1£0.031 | 0.05

Oral Refeeding

(Days) 13£0.02 | 15201

1.1+0.01 | 1.56+£0.047 [0.009

Bowel

Obstruction 2.1% 7.7% 0 0 0.083

DISCUSSION

Laparoscopic appendectomy has become the preferred
approach for many cases of appendicitis due to its
minimally invasive nature and associated benefits such as
reduced postoperative pain and faster recovery times.
However, anatomical variations in the position of the
appendix, particularly in pelvic and retrocecal locations,
can present unique challenges during laparoscopic
surgery.Incaseswhere theappendixislocatedinthe pelvic
region, visualization and access may be hindered by
surrounding pelvic structures such as the bladder, uterus,
and rectum which has been reported by literature as well
[15]. It can be hard for the surgeon to handle tools and
successfully expose the operating region because there is
just not enough room in this part of abdomen. In addition,
thisareaisvery smallbecauseitiscrowded with organslike
blood vessels, nerves and intestinal organs. It likely that
some harm will occur accidentally when dissecting/
mobilizing appendicitis. This contributed to prolonged
operation time, increased complexity and an increased
chance of intraoperative complications like appendiceal
rupture[16]. Similarly, a retrocecal appendix also presents
problems for its direct view and during laparoscopic
surgery access. The surgeon could hardly see a retrocecal
appendix based in the retroperitoneal region and it could
limit his laparoscopic motions. Great care must be taken
when dissecting any structure inside the retroperitoneal
space to prevent the ileocecal vessels and ureter from
getting damaged [17]. Furthermore, the angle of approach
in retrocecal area is not favorable for the dissection of
appendix leading to possible difficulties in getting enough
exposure and dissecting it well. To overcome with these
issues, surgeons that perform laparoscopic
appendectomy on pelvic or retrocecal appendix must
carefully handle the anatomicalintricaciesin the pelvisand
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retroperitoneal [18]. By positioning the patient cautiously,
choosing the best place for ports and disassembling the
appendix with careful direct visualization, canincrease the
reliability of useful safety profile of laparoscopic
appendectomy. Furthermore, the laparoscopic
ultrasonography canbe use forlocalizationandimaging the
appendixwhen usual landmarks are invisible[19]. The need
for additional research on how anatomical differences
affect outcomes of laparoscopic appendectomy requires
more extensive studies using larger and diverse patient
pools from future prospective research[20].

CONCLUSIONS

In conclusion, laparoscopic appendectomy has many
advantages compared to open surgery but challenges
brought about by anatomical variation involving pelvic-
retrocecal position of appendices ought to be recognized
and addressed. Surgeons can navigate these challenges
and improve results for patients who undergo laparoscopic
appendectomy by understanding anatomical
complicationsandusing proper surgical methods.
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