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Abstract 
Background: Previous literature comparing the results of open appendectomy with laparoscopic appendectomy have yielded conflicting results. 

The present study aimed to determine the surgical site infection in patients undergoing laparoscopic appendectomy, open appendectomy and 

laparoscopic converted into open appendectomy and to assess the factors associated with surgical site infections among such patients. 

Methodology: The study was conducted as an observational study on patients who underwent appendectomy for acute appendicitis at tertiary  

care center during 18 months period. All the surgeries were performed by single senior experienced surgeon. Decision regarding type of surgery 

performed was decided by operating surgeon based upon condition of patient. Patients were assessed for presence of SSI and their risk factors. 

Results: A total of 88 patients were enrolled, of them 44 cases underwent open surgery whereas 27 cases underwent laparoscopic and 17 cases 

underwent Lap converted to open. Deep surgical site infection was observed in 6.8% and 6.7% cases in open appendectomy group and 

laparoscopy converted to open group respectively. Maximum patients (>95%) had no surgical site infection in laparoscopic appendectomy group. 

The incidence of surgical site infection was observed to be higher in open appendectomy and laparoscopy converted to open group as compared 

to laparoscopy group but the difference was statistically insignificant (p>0.05) Irrespective of type of surgery, independent factors associated 

with risk of surgical site infection were evaluated. Among various factors CRP was most independent predictor of surgical site infections 

(p<0.05). Conclusions: The risk of surgical site infections was higher in laparoscopic converted to open surgery and open appendectomy as 

compared to laparoscopic surgeries. Surgical site infection is associated with superficial and deep infections as well as organ space infections. 

Irrespective of type of surgery, independent factors associated with risk of surgical site infection were evaluated. Among various factors CRP 

was most independent predictor of surgical site infections. 
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Introduction 

Appendix is a hollow organ which is located at tip of caecum in 

right lower quadrant of abdomen. Inflammation of appendix is 

termed appendicitis and is one of the most commonly encountered 

condition in day-to-day surgical practice. The exact incidence of 

acute appendicitis is unknown; approximately 233 per 100000 

population is estimated to be affected by acute appendicitis. 

Incidence in males and females is estimated as 8.6% and 6.7% 

respectively. The diagnosis of acute appendicitis is usually based 

upon typical sign and symptom i.e. pain in abdomen which is 

periumbilical or generalized initially and later localizes to right 

lower quadrant. Pain may be associated with other nonspecific 

symptoms such as anorexia, nausea, vomiting, fever, generalized 

weakness etc. However, patients may present with atypical signs 

and symptoms in few cases masking the clinical features of typical  
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acute appendicitis. This leads to delay in diagnosis of acute 

appendicitis and development of complications such as 

appendicular perforation, small bowel obstruction, peritonitis, 

abdominal abscess, urinary retention, and peritonitis. These 

complications contribute to significant morbidity and mortality 

along with increased financial burden on the patients and their 

families. [1-4] 

Appendectomy is one of the most common surgical proceedure 

performed worldwide. The rate of appendectomy has been 

reported as 7% for acute appendicitis during lifetime. The first 

appendectomy procedure was conducted by Claudius Amyand in 

1736 whereas Hancock successfully drained abscess of appendix 

in 1848.Appendectomy can be performed via various procedure 

such as open appendectomy, laparoscopic appendectomy, single 

incision laparoscopic surgery (SILS)/single port laparoscopy 

(SPL) and via transvaginal route. The conventional open method is 

the most common method used appendectomy, but with the advent 

of laparoscopic surgical procedures, laparoscopic appendectomy is 

preferred. First laparoscopic appendectomy was performed by 

Semm in 1983. [5-8] 

Though, open appendectomy is considered safe and effective 

method for management of acute appendicitis, it is associated with 

complications such as intestinal obstruction, ileus, and wound 
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sepsis. However, laparoscopic appendectomy, being a minimally 

invasive surgery has been considered as an alternative option for 

management of patients with acute appendicitis. Laparoscopic 

appendectomy is associated with less post-operative pain, lower 

incidence of surgical site infection, early return of normal activity, 

significant shorter hospital stay and thus reduced hospital cost. 

The prevalence rate for conversion of laparoscopic appendectomy 

to open appendectomy are estimated to be ranging from 1 to 

10%.Common reasons requiring conversion of laparoscopic 

appendectomy to open appendectomy include presence of 

adhesions or perforation of appendix.[9-11] 

Previous literature comparing the results of open appendectomy 

with laparoscopic appendectomy have yielded conflicting results. 

To best of our knowledge, none of the previous studies have 

separately assessed the complication rates in patients whose 

laparoscopic appendectomy was converted to open appendectomy. 

With the above background, the present study was conducted at 

tertiary care center to determine the surgical site infection in 

patients undergoing laparoscopic appendectomy, open 

appendectomy and laparoscopic converted into open 

appendectomy and to assess the factors associated with surgical 

site infections among such patients. [12-15] 

Materials and Methods 

The study was conducted as an observational study on patients 

who underwent appendectomy for acute appendicitis at 

Department of Surgery, People’s College of Medical Sciences and 

Research Centre and associated People’s Hospital Bhopal during 

the study period of 18 months i.e. from 1st November 2019 to 30th 

April 2021. Patient that were diagnosed with appendicitis who 

underwent appendectomy and giving consent for taking part in 

study were included whereas immunocompromised patients and 

patients with incidental appendectomy in combination with 

another procedure were excluded.  

After obtaining ethical clearance from institute’s ethical 

committee, all the patients fulfilling inclusion criteria were 

enrolled and written consent was obtained. Detailed demographic 

data such as age, gender, socioeconomic status was obtained from 

all the study participants and entered in questionnaire. Detailed 

clinical history regarding their symptoms, its onset, duration etc. 

was enquired from all the study participants. History of previous 

surgery if any and its indication was noted. Further, all the patients 

were subjected to detailed general examination, local examination 

and systemic examination and findings were noted in 

questionnaire.  

Preoperative workup was conducted for all the patients which 

included pre-anaesthetic examination, blood investigations such as 

CBC, RFT, RBS, HIV, HBsAg. Apart from this, Ultrasonography 

of abdomen, Chest Xray, abdominal Xray, ECG and CT abdomen 

(in selected cases).All the surgeries were performed by single 

senior experienced surgeon. Decision regarding type of surgery 

performed was decided by operating surgeon based upon condition 

of patient. Based upon type of surgery performed, patients were 

divided into three groups- 

Group A- Laparoscopic Appendectomy 

Group B- Laparoscopic converted to open appendectomy 

Group C- Open Appendectomy 

OUTCOME DIAGNOSIS OF SSI  

 The standardized surveillance criteria for defining SSI 

as developed by the Centers for Disease Control (CDC) 

and Prevention of the National Nosocomial Infections 

Surveillance (NNIS) were used  

 SSI within 30 days of surgery was categorized into: 

 A) Superficial SSIs Infection involving the skin and 

subcutaneous tissue of incision only. 

 Purulent discharge, with/without laboratory 

confirmation. 

 At least one of the following signs and symptoms: 

Pain, tenderness, local swelling, redness, or raised 

temperature  

 B) Deep SSIs Infection involving deep soft tissues (e.g. fascial 

and muscle layers) of incision.  

1. Purulent drainage from the deep incision 

2. Fever of more than 38 degrees celcius. 

3. Localized pain. 

4. An abscess or other evidence of infection involving the 

deep incision is found on direct examination, during re-

operation or by histopathological or radiological 

examination. 

5. Diagnosis of deep incisional SSI by a surgeon. 

C) Organ SSI Involves any part of the anatomy other than the 

incision, occurs within 30 days postoperatively without implant, 

occurs within 1 year if implant is in place and infection appears to 

be directly related to surgical procedure, and must fulfill one of the 

following: 

1 purulence from a drain that was placed via stab incision 

into the organ/space (infection of drain site is not an 

SSI) 

1. isolated organisms from aseptically obtained fluid or 

tissue from the organ/space 

2. abscess or other evidence of infection involving the 

deep incision is found during examination of incision, 

reoperation, or pathologic or radiologic exam 

3. diagnosis of an organ/space SSI by a surgeon or 

attending physician. 

Observation Chart 

The study was conducted on a total of 88 patients with appendicitis 

undergoing appendectomy at study area. Out of 88 patients with 

appendicitis, maximum i.e. 44 (50%) patients underwent open 

appendectomy whereas remaining 44 (50%) patients underwent 

laparoscopic appendectomy. Out of 44 patients undergoing 

laparoscopic appendectomy, the procedure was converted to open 

in 15 (17%) cases.  

Table 1: COMPARISON OF BASELINE VARIABLES BETWEEN THE GROUPS 

Baseline variables Laparoscopic 

appendectomy (=29) 

Open appendectomy 

(n=44) 

Laparoscopy converted to open 

(n=15) 

P value 

n % n % n % 

Age ≤20 0 0 4  9.1 1  6.7 0.09 

21-40 20  69 19  43.2 5  33.3 

41-60 9  31 18  40.9 9  60 

>60 0  0 3 6.8 0 0 

Mean 34.41±0.06 40.14±12.58 37.93±11.50 

Gender Male 23 79.3 35 79.5 11 73.3 0.87 

Female 6 20.7 9 20.5 4 26.7 

Diagnosis Acute Appendicitis 28 96.6 26 59.1 9 60 0.001 

Appendicular 

Perforation 
1 3.4 18 40.9 

6 40 
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Smoking 11 62.1 22 50 9 40 0.35 

Alcohol 10 65.5 22 50 5 58 0.32 

 

 
 

Fig. 1: Comparison of SSI between the group 

Table 2: FACTORS ASSOCIATED WITH SURGICAL SITE INFECTION 

Variables Odds Ratio 95% CI P value 

Age >60 3.99 0.25-64.8 0.33 

Gender (Male) 0.54 0.14-2.07 0.37 

Perforation Peritonitis(Appendicular)  
 

1.42 1.13-3.39 0.16 

Smoking 2.06 0.57-7.5 0.27 

Alcohol 1.53 0.86-2.76 0.30 

Hemoglobin <11 0.78 0.03-1.34 0.89 

TLC >11000 0.95 0.56-1.57 0.74 

Platelet <1.5 Lakh/ >4 Lakh 1.12 0.66-1.86 0.43 

CRP >25 2.4 1.4-3.4 0.035 

 

Results  

Mean age of patients who underwent Laparoscopic appendectomy, 

Open appendectomy and Laparoscopy converted to open 

appendectomy was 34.41±0.06, 40.14±12.58 and 37.93±11.50 

years respectively. Majority of patients with appendicitis 

irrespective of the type of surgery were males (>70%). The age 

and gender composition among three groups was statistically 

insignificant (p>0.05). About 62.1% cases who underwent 

laparoscopic appendectomy were smokers whereas 60% cases in 

laparoscopy converted to open group were nonsmokers. We 

observed no significant difference in smoking and alcohol 

addiction between the groups (p>0.05). About 96.6% cases in 

laparoscopic appendicitis group were diagnosed as uncomplicated 

appendicitis whereas 40.9% and 40% cases in open appendectomy 

group and laparoscopy converted to open appendectomy 

respectively had appendicular perforation. The observed difference 

in diagnosis in patients undergoing different type of appendectomy 

was statistically significant (p<0.05). 

Deep surgical site infection was observed in 6.8% and 6.7% cases 

in open appendectomy group and laparoscopy converted to open 

group respectively. However, there was only 1 case of organ space 

infection and superficial infection in laparoscopy converted to 

open group and laparoscopic appendectomy group respectively. 

Maximum patients (>95%) had no surgical site infection in 

laparoscopic appendectomy group. The incidence of surgical site 

infection was observed to be higher in open appendectomy and 

laparoscopy converted to open group as compared to laparoscopy 

group but the difference was statistically insignificant (p>0.05)  

In present study, amongst various factors assessed, CRP was 

significantly associated with higher risk of surgical site infection 

(p<0.05). 

Statistical Analysis 

Data was compiled using MS Excel and analysed using IBM SPSS 

Software version 20. Categorical data was expressed as frequency 

and percentage whereas numerical data was expressed as mean 

and standard deviation. Chi square test was applied to compare the 

surgical site infection rates between three groups. Multivariate 

analysis was done to assess the independent risk factors associated 

with surgical site infections. P value less than 0.05 was considered 

statistically significant.  

 Discussion 
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Acute appendicitis is one of the most common condition for which 

patients seek care in surgical Department and thus, appendectomy 

is one of the most common surgical procedure performed 

worldwide. Open appendectomy is conventional surgery which is 

safe but carries the risk of complication especially the risk of 

surgical site infection is high. With the improvement and 

advancement of surgical technique, minimally invasive surgeries 

are preferred as this procedure has certain advantage over open 

procedure. The present study aimed to study of surgical site 

infection in laparoscopic appendectomy vs. open appendectomy 

vs. laparoscopic converted into open appendectomy. Though 

laparoscopic and open appendectomy was conducted in equal 

proportion of cases i.e. 44 cases each, laparoscopy was converted 

to open in 15 (17%) cases. [5-10] 

Appendicitis may be observed in patients belonging any age and 

either gender. However, the incidence is reported to be highest in 

individuals belonging to 5 to 45 years of age. However, 

appendicitis is observed in higher proportions of males as 

compared to females with lifetime prevalence of 8.6% and 6.7% 

respectively in males and females. In present study, mean age of 

patients with appendicitis was approximately 37 years and >75% 

participants were males. Our study findings were similar to 

findings of Elhadidi et al in which mean age of patients with 

appendicitis was 38±11 years. Similarly, mean age of patients in a 

study by Nazir et al was 32±7 years and 34±7 years in the 

laparoscopic appendectomy and open appendectomy group 

respectively. Majority i.e.50.77% cases in laparoscopic group and 

49.23% in open appendectomy group were males. [16-18] 

We included both uncomplicated and complicated cases of 

appendicitis for analysis. Majority of uncomplicated cases were 

managed using laparoscopic appendectomy whereas about 40.9% 

and 40% cases were managed with open appendectomy and 

laparoscopic converted to appendectomy. Thus, in significantly 

higher proportion of complicated cases, open appendectomy was 

procedure of choice (p<0.05). Khiria et al documented that open 

appendectomy is the procedure of choice in complicated 

appendicitis especially in presence of clinical features of 

peritonitis and appendiceal mass. However, Quahet al documented 

the utility of laparoscopic appendectomy in complicated 

appendicitis cases and concluded that complicated appendicitis at 

the time of laparoscopy is not an indication for conversion to open 

appendectomy.[19,20] 

Overall, the incidence of superficial infection was higher in 

laparoscopy converted to open group followed by open 

appendectomy group and laparoscopic appendectomy group. Deep 

infections and organ space infections could be observed in none of 

the patients undergoing laparoscopic appendectomy. Our study 

findings were concordant with the findings of Soltan et al, in 

which the authors suggested that laparoscopic technique is 

associated with significantly less intraoperative as well as 

postoperative complications as compared to open appendectomy 

group. Similarly, Sanwang et al also documented that open 

appendectomy (11.0 per 100 surgical procedures) are associated 

with higher incidence of SSI as compared to laparoscopic 

appendectomy (4.6 per 100 appendectomies) (p=0.0002). Our 

study findings were similar to findings of Deshpande et al, about 

23.82% of cases following open appendectomy and none 

following laparoscopic appendectomy reported SSI.[7,21,22] 

Amongst various factors, CRP was independently associated with 

high risk of surgical site infections. Similarly, These findings were 

supported with the findings of Giesen et al, in which body 

temperature >38°C, complex appendicitis as well as CRP>65. In 

another study by Garcell et al type of surgery, serum albumin, and 

timing of the surgery with respect to onset of symptoms were 

independently associated with the occurrence of SSI. However, 

Koumu et al documented type of surgery, duration of procedure 

and perforated appendix as significant predictors of surgical sit 

infections (p<0.05). [23-25] 

Conclusion 

The risk of surgical site infections was higher in laparoscopic 

converted to open surgery and open appendectomy as compared to 

laparoscopic surgeries. Surgical site infection is associated with 

superficial and deep infections as well as organ space infections. 

Irrespective of type of surgery, independent factors associated with 

risk of surgical site infection were evaluated. Among various 

factors CRP was most independent predictor of surgical site 

infections. 
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