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Purpose: Laparoscopic appendicectomy (LA) has several advantages over conventional open appendicectomy (OA). How-
ever, about 5% to 10% of LA patients still need to be converted to open surgery. Identifying risk factors that contribute to 
conversion to OA allows for early identification of patients who may benefit from primary OA. This study aimed to deter-
mine the conversion rate of LA to OA and to identify its associated risk factors among patients with acute or perforated ap-
pendicitis. 
Methods: A retrospective review of medical records was performed among patients with acute or perforated appendicitis 
who underwent LA between December 2015 and January 2017. With the use of multivariable logistic regression analyses, the 
predictors of conversion from laparoscopic to OA were investigated.
Results: Out of 120 patients, 33 cases were converted to OA which gives a conversion rate of 27.5%. Among 33 patients who 
were converted to OA, 27 patients (81.8%) had perforated appendix, while in the LA group, perforated appendix cases con-
sisted of 34.5% (P < 0.001). Histopathology of the appendix was the predictor of conversion from LA to OA (adjusted odds 
ratio, 8.82; 95% confidence interval, 3.13–24.91; P < 0.001).
Conclusion: The result from our study shows that the overall conversion rate for the study period was high. Patients with 
perforated appendicitis had a higher risk of conversion to OA. Therefore, preoperative diagnosis of perforated appendicitis 
may be paramount in predicting conversion to OA.
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INTRODUCTION

Appendicitis is the inflammation of the appendix and one of the 
most common conditions that require surgery. Worldwide the es-
timated lifetime risk of having appendicitis is 7% to 8%. Intro-
duced by Semm [1] in 1983, laparoscopic appendicectomy (LA) 
has widely been accepted over the last few years as a standard ap-
proach to acute appendicitis. LA accounts for almost 75% of all 
appendicectomies in the United States [2]. The advantages of lap-
aroscopic procedures have been frequently described with many 
factors such as better cosmetic outcome, lower wound infection 
rate, reduced postoperative pain, faster recovery time, and shorter 
stay in hospitals. The disadvantages are increased operative time, 
increased medical costs, and complication rate.

About 5% to 10% of LA patients still undergo a conversion to 
open surgery for multiple reasons [3-7]. Conversion from LA to 
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an open appendicectomy (OA) can occur if intraoperative com-
plications arise during LA or if the severity of the disease hinders 
a safe laparoscopy [3, 4, 8, 9]. Multiple patient and disease factors 
such as male sex, age of > 65 years old, complicated appendicitis 
(purulent with free pus, perforated, and abscess formation) or 
noncomplicated appendicitis, adhesions, technical difficulty, and 
duration of symptoms prior to presentation have all been identi-
fied as risk factors in conversion to open surgery [5, 6, 10, 11].

Conversion from LA to OA not only removes all the beneficial 
attributes of laparoscopic approach as highlighted, but it also in-
creases cost and operating time [12]. This reason makes it benefi-
cial to identify the related factors for conversion to open surgery 
so that the ideal approach can be planned for the high risk for the 
conversion group of patients. Hence, this study is aimed to deter-
mine the conversion rate of LA to OA and to identify its associated 
risk factors among patients with acute or perforated appendicitis.

METHODS

Ethical approval
An ethical clearance was obtained from the Human Research 
Ethics Committee of Universiti Sains Malaysia in Kelantan, Ma-
laysia (No. USM/JEPeM/18040206). Informed consent has been 
waived by the Ethics Committee.

Study design and setting
This is a retrospective review of patients with acute or perforated 
appendicitis who were referred/treated or diagnosed and under-
went LA at Hospital Universiti Sains Malaysia (HUSM) in 
Kubang Kerian, Kelantan, Malaysia from December 2015 until 
January 2017. HUSM is an academic, tertiary care center, and one 
of the largest hospitals in Kelantan.

Participants
Between December 2015 and January 2017, 120 patients with 
acute or perforated appendicitis who underwent LA met the in-
clusion and exclusion criteria. The inclusion criteria for this study 
were the age of 12 years old and above as the patients below 12 
years old were managed by the pediatric surgery team, hence, ex-
cluded in our study, clinical diagnosis on presentation of either 
acute or perforated appendicitis, and patients who underwent LA 
during the study period. The exclusion criteria were any patients 
who had other acute abdomen diagnosis such as perforated vis-
cus, ectopic pregnancy, pelvic inflammatory disease, cases with 
suspected malignancy, patients with palpable appendicular mass, 
and those with incomplete data or missing data or duplicated en-
tries and loss to follow up.

The diagnosis of appendicitis was based on the presence of posi-
tive history and suggestive clinical examination findings; charac-
teristic migratory abdominal pain, anorexia, nausea, fever, re-
bound tenderness, and leukocytosis. A combination of each of the 
signs and symptoms increases the probability of the diagnosis of 

appendicitis.

Surgical procedure
OA was performed through a Lanz incision and laparoscopic ap-
proach performed through 10-mm infraumbilical camera port 
placement with 2 working ports of 5 mm at the left iliac fossa and 
suprapubic area using the Karl Storz Image1 S Laparoscopic Sys-
tem (Tuttlingen, Germany).

Sample size estimation
The sample size was calculated using 2 means and 2 proportions 
formula for both continuous and categorical variables, respec-
tively to obtain the appropriate sample size for the factors associ-
ated with conversion from LA to OA. The calculation was done 
using the PS (Power and Sample Size Calculations, ver. 3.0.12). 
The final targeted sample size was determined by considering 
20% drop-out rate. The estimated sample size for this study was 
120 samples.

Data collection
This study involved secondary data collection. A retrospective 
medical record review of all patients with acute or perforated ap-
pendicitis who were referred/treated or diagnosed and underwent 
LA at HUSM over a 14-month period (December 2015 to Janu-
ary 2017) was performed. Patients’ medical records were reviewed 
in detail to obtain patient demographics and clinical characteris-
tics. All information needed is recorded in the data collection 
form to reduce bias. Variables that were required for the study 
were age, sex, ethnicity, histopathology of the appendix, tempera-
ture on presentation, duration of symptoms on presentation, and 
total white blood cell.

Statistical analysis
Demographics and clinical data were reported as frequencies or 
proportions for categorical data, means± standard deviations or 
medians (interquartile ranges) for continuous variables, as appro-
priate. Differences in patient demographics and clinical charac-
teristics between groups (LA and OA) were evaluated by the 
Mann-Whitney U-test, Pearson chi-square test, or Fisher exact 
test, as appropriate.

The data were analyzed by univariable analysis (simple logistic 
regression) and multivariable analysis (multiple logistic regres-
sion). Conversion from LA to OA was the outcome variable. In-
dependent variables were possible risk factors for conversion from 
laparoscopic to OA included age, sex, ethnicity, histopathology of 
the appendix, temperature on presentation, duration of symptoms 
on presentation, and total white blood cell. In this study, all the 
independent variables were included for multiple logistic regres-
sion. All odds ratios (ORs) were presented with 95% confidence 
intervals (CI). Statistical analysis was carried out using IBM SPSS 
Statistics for Windows ver. 22.0 (IBM Corp., Armonk, NY, USA). 
The limit of significance was set at 0.05.
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RESULTS

Patient demographics and clinical characteristics
One hundred and twenty patients met the inclusion and exclu-
sion criteria and were included in the study. The total numbers of 
patients with preoperative diagnosis of acute and perforated ap-
pendicitis who underwent LA at HUSM during the study period 
were 83 patients (69.2%) and 37 patients (30.8%), respectively. In 
total, 57 females (47.5%) were included in the study with the age 
of 31.6± 16.98 years old. Exclusion cases were 5 cases, of which 3 
cases were excluded for appendicular mass and 2 cases for pelvic 
inflammatory disease. All 5 cases were treated conservatively with 
antibiotics and hydrations. Postoperative diagnosis is consistent 
with the preoperative diagnosis.

Of the 120 patients who underwent initial LA, 33 cases were 
converted to OA, of which 30 cases were through Lanz incision 
and 3 cases were through midline laparotomy approach, the deci-
sion for midline laparotomy were mainly due to difficult anatomy, 
which the conversion rate was 27.5%. There were no significant 
differences between the LA and OA in terms of age, sex, ethnicity, 
temperature on presentation, duration of symptoms on presenta-
tion, and total white blood cells. However, there was a statistical 
difference in terms of histopathology of the appendix. In 33 pa-
tients who were converted to OA, 27 of them (81.8%) had perfo-
rated appendix, while in the LA group, perforated appendix cases 
consisted of 34.5% (P< 0.001). Table 1 summarizes patient demo-
graphics and clinical characteristics compared between LA and 
OA subgroups.

Predictors of conversion from laparoscopic to open 
appendicectomy 
Table 2 shows univariable and multivariable analyses on the pre-
dictors of conversion from LA to OA in patients with acute or 
perforated appendicitis. Using simple logistic regression, histopa-
thology of the appendix (crude OR, 8.55; 95% CI, 3.18–22.99; P<  
0.001) was seen to be significant with a P-value less than 0.05. 
Simple logistic regression analyses showed that patients presented 
with perforated appendix have 8.55 times higher odds to convert 
to OA if compared to others histopathology.

In this dataset, all variables were included in the multiple logistic 
regression. Multiple logistic regression showed that histopathology 
of the appendix was the predictor of conversion from LA to OA in 
patients with acute or perforated appendicitis. After adjustment 
for age, sex, ethnicity, temperature on presentation, duration of 
symptoms on presentation, and total white blood cells, the result 
showed that perforated appendix resulted in greater odds of con-
verting to OA (adjusted OR, 8.82; 95% CI, 3.13–24.91; P< 0.001).

DISCUSSION

In the current era, advancements in laparoscopic surgery and in-
struments have been exponentially growing. This has led to few 

advantages of LA over conventional OA such as reduced postop-
erative pain, lesser rates of surgical site infections, and shorter 
hospital stay [12-14]. However, this advantages that LA have over 
OA are evened out by the need for longer operating time, more 
instruments with complex setups, and the need for technical 
skills, which all translates into higher costs [15]. This study was 
designed to evaluate the conversion rate and predictors of conver-
sion from LA to OA in patients with acute or perforated appendi-
citis.

Of the 120 patients who underwent initial LA, 33 cases were 
converted to OA, which the conversion rate was 27.5%. The con-
version rate in our population was higher if compared to Austra-
lia and Japan, which were 5.09% and 10%, respectively [5, 16]. We 
believe that this can be due to several factors including patient se-
lection for the laparoscopic approach; the lack of usage in diag-

Table 1. Patient demographics and clinical characteristics

Variable Total LA OAa P-value

No. of patients 120 87 33

Age (yr) 31.6 ± 16.98 24.0 (18.0)b 27.0 (26.0)b 0.609d

Sex

   Male 57 (47.5) 37 (42.5) 20 (60.6) 0.077e

   Female 63 (52.5) 50 (57.5) 13 (39.4)

Ethnicity 

   Malay 118 (98.3) 85 (97.7) 33 (100.0) > 0.999f

   Chinese 2 (1.7) 2 (2.3) 0 (0.0)

Histopathology

   Perforated 57 (47.5) 30 (34.5) 27 (81.8) < 0.001e

   Others 63 (52.5) 57 (65.5) 6 (18.2)c

Temperature on  
presentation (°C)

   ≤ 37.5 84 (70.0) 61 (70.1) 23 (69.7) 0.964e

   > 37.5 36 (30.0) 26 (29.9) 10 (30.3)

Duration of symptoms on 
presentation (hr)

   ≤ 48 89 (74.2) 66 (75.9) 23 (69.7) 0.491e

   > 48 31 (25.8) 21 (24.1) 10 (30.3)

Total white blood cell (x109/L)

   ≤ 20,000 104 (86.7) 77 (88.5) 27 (81.8) 0.372f

   > 20,000 16 (13.3) 10 (11.5) 6 (18.2)

Values are presented as number only, mean ± standard deviation, bmedian (inter-
quartile range), or number (%).
LA, laparoscopic appendicectomy; OA, (conversion from LA to) open appendicec-
tomy.
aThirty cases were converted to Lanz and 3 cases were converted to midline lapa-
rotomy. cHistopathological examination of acute appendicitis and suppurative ap-
pendicitis. The reason for conversion was difficult anatomy described as extensive 
adhesions, bowel dilatations with difficulty in identifying the base of the appendix. 
dMann-Whitney U-test. ePearson chi-square test. fFisher exact test.
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nostic scans such as computed tomography (CT) or ultrasound 
and improvement in surgical residents’ learning curve. The pre-
operative radiologic examination (ultrasound scan and CT scan) 
is not routinely done in our center and only in selected cases. 
Currently, we do not routinely practice a preoperative CT scan in 
suspected appendicitis cases. In this study, all the cases were diag-
nosed clinically and subjected to surgery based on that basis 
alone. Cases with clinical findings of mass over the right iliac fossa 
were excluded and managed after an imaging study was done; our 
approach for appendicular mass has been antibiotic therapy and 
surgery was done only for failed medical therapy or recurrent ap-
pendicitis in this groups.

In our setting, most of our laparoscopic appendicectomies are 
performed by trainees with the minimum experience of 2 to 3 
years of postgraduate experience who are honing their skills and 
are in the training process which could contribute to this higher 
conversion rate with their limited technical abilities in compari-
son with senior surgeons. Furthermore, the learning curve of sur-
geon from our protocol is to perform LA is after 10 cases as first 
assistant and 10 cases as the second assistant. Other than that, a 
better selection of patients may reduce the conversion rate as we 

can directly proceed to open surgeries in patients with specific 
criteria.

Our study identified histopathology of the appendix as an inde-
pendent risk factor for conversion from LA to OA in patients with 
acute or perforated appendicitis on multivariable analysis. Patients 
presented with perforated appendix had nearly 9 times higher 
odds to convert to OA if compared to other histopathology. Other 
factors such as age, sex, ethnicity, temperature on presentation, 
duration of symptoms on presentation, and total white blood cells 
were found to have no association with conversion to OA using 
multiple logistic regression (P> 0.05).

As the results show, this can be a challenge as the histopathologi-
cal diagnosis is available only after the surgery has been per-
formed, hence being a limiting factor to rely upon as the early 
identification of this is crucial to reduce the conversion rate and 
better planning of surgery for the patient. However, this brings 
into consideration that, imaging such as ultrasonography (USG) 
abdomen or high-resolution CT preoperatively can be beneficial 
to confirm the diagnosis of complicated appendicitis such as gan-
grenous, phlegmonous, or perforated appendicitis. This can be 
accurately diagnosed particularly with the usage of CT scans. 

Table 2. Predictors of conversion from laparoscopic appendicectomy to open appendicectomy from simple and multiple logistic regression

Variable
Simple logistic regression Multiple logistic regressiona

β Crude OR (95% CI) P-value β Adjusted OR (95% CI) P-value

Age (yr) 0.11 1.01 (0.98–1.04) 0.435 0.02 1.02 (0.99–1.06) 0.192

Sex

   Female 0 1 0 1

   Male 0.73 2.08 (0.92–4.71) 0.079 0.64 1.91 (0.76–4.81) 0.172

Ethnicity

   Malay 0 1 0 1

   Chinese –20.26 NE > 0.999 –19.91 NE > 0.999

Histopathology

   Others 0 1 0 1

   Perforated 2.15 8.55 (3.18–22.99) < 0.001 2.18 8.82 (3.13–24.91) < 0.001

Temperature on presentation (°C)

   ≤ 37.5 0 1 0 1

   > 37.5 0.02 1.02 (0.43–2.44) 0.964 –0.51 0.60 (0.22–1.66) 0.327

Duration of symptoms on presentation (hr) `

   ≤ 48 0 1 0 1

   > 48 0.31 1.37 (0.56– 3.33) 0.492 0.55 1.74 (0.62–4.88) 0.296

Total white blood cell (x109/L)

   ≤ 20,000 0 1 0 1

   > 20,000 0.54 1.71 (0.57–5.16) 0.340 0.40 1.49 (0.42–5.24) 0.538

β, regression coefficient; OR, odds ratio; CI, confidence interval; NE, not estimable.
Hosmer-Lemshow test (P = 0.727), classification table (overall correctly classified percentage = 73.3%) and Nagelkerke R2 (0.307) were applied to check the model fit-
ness.
aAll variables were included in the multiple logistic regression.
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USG is preferred mainly in children and pregnant women due to 
the reduced risk of ionizing radiation and intravenous contrast 
usage. A meta-analysis by Keyzer et al. [17] showed that ability of 
USG to diagnose appendicitis has a sensitivity of 85% (95% CI, 
79%–90%) and a specificity of 90% (95% CI, 93%–95%). The ad-
vantages of ultrasound include the lack of ionizing radiation and 
intravenous contrast. Unlike CT or magnetic resonance imaging 
(MRI), ultrasound can be performed at the bedside. The disad-
vantage is that ultrasound demonstrates lower diagnostic accu-
racy than CT or MRI [18]. The ability of CT to diagnose appendi-
citis in adults reported a sensitivity of 95% (95% CI, 95%–97%) 
and a specificity of 96% (95% CI, 93%–97%) [18]. CT demon-
strates higher diagnostic accuracy than ultrasound or MRI. The 
advantages of CT include less variability in diagnostic perfor-
mance than ultrasound or MRI. CT scanners and radiologist ex-
pertise are more readily available, and the examination is better 
tolerated by most patients [19]. The disadvantages of CT are pa-
tient exposure to ionizing radiation and iodinated contrast [20]. 
The ability to recognize patients at the highest risk of conversion 
can help surgeons in selecting patients who may benefit from pri-
mary OA, thereby potentially reducing operative time, morbidity, 
and costs. Although the decision to convert from LA to OA in the 
operating theatre can be subjective and dependent on individual 
surgeon skill, and furthermore the cases were primarily con-
ducted by senior registrars in training who have a minimum ex-
perience of 2 to 3 years of postgraduate training, identifying ob-
jective preoperative predictors associated with conversion to OA 
can provide a lower threshold for proceeding with the potentially 
inevitable open approach, mitigating costs and morbidity. Several 
studies have demonstrated the role of C-reactive protein (CRP) 
for the diagnosis of acute appendicitis was 40% to 87%; the speci-
ficity was 53% to 82%. Significantly elevated CRP level with aver-
age readings of 9.76 mg/dL was shown in complicated appendici-
tis according to a study by Moon et al. [21]. Based on the results 
of our study, patients who have been confirmed to have perfo-
rated appendicitis may undergo direct open surgery which can 
significantly reduce the conversion rate and reduce operating 
time.

We recognize the limitations of this study. This study is focused 
on acute or perforated appendicitis patients in a single tertiary 
center and it could be expanded to other centers for future stud-
ies. We are also limited by the retrospective nature of this study. 
Future research is needed to identify other predictors of conver-
sion to OA such as the location of the appendix or any previous 
abdominal surgeries as well as biomarkers usage such as CRP. As 
we do not perform CRP biomarker tests and preoperative radio-
logic examination for our appendicitis cases, we recommended 
that these methods should be considered for future studies. The 
usage of CRP readings and preoperative imaging such as USG or 
CT abdomen, which is objective, relatively inexpensive, simple, 
and effective can identify this high-risk group of patients and po-
tentially reduce the conversion rate. In this study, we did not cap-

ture the parameters for surgical outcomes, for example operation 
time, postoperative hospital stay, and postoperative complication 
as we analyzed the conversion rate and its risk factors. Therefore, 
we are unable to compare these parameters between both groups.

In conclusion, the results showed that the conversion rate was 
high and perforated appendicitis was the predictor for conversion 
to open in LA. The conversion rate can be improved by proper 
identification of the high-risk patients. 
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