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Introduction:  
Acute appendicitis is a frequently encountered surgical 
emergency in daily clinical practice. It affects considerable 
number of patients each year as shown by high incidence, 
with an annual occurrence of approximately 233 cases per 
100,000 population and a lifetime risk of 6.7–8.6%, which 
highlights its overall burden on surgical services.

1,2
 Appen-

dectomy remains the definitive treatment of acute appendi-
citis and one of the most widely performed emergency ab-
dominal surgery worldwide.

3
 Despite being a routine proce-

dure and current advances in perioperative care, post-
operative complications still occur, and surgical site infec-

tion (SSI) continues to be the most commonly observed 
post-operative complication. Globally, the frequency of SSI 
following appendectomy is approximately 7%, with higher 
rates seen in low- and middle-income countries (LMICs), 
extending up to 11.1%.

4
 In government operated high-

volume settings, development of SSI results in prolonged 
hospital stay, additional antibiotics, repeated wound care 
visits, adds financial stress on the health care system and 
increased morbidity.

5
 Therefore, SSI prevention is an inte-

gral part of perioperative care. Various intra-operative pre-
ventive strategies such as peritoneal lavage and wound 
irrigation, sometimes with antimicrobial and antiseptic solu-
tions, have traditionally been employed in an effort to mini-
mize the bacterial contamination of the wound, though their 
effectiveness remains variable.

6.7
 Despite these practices, 

infections are still prevalent in a few subsets of patients 
including those with delayed presentation, complicated 
appendicitis, open appendectomies or, where infection-
control practices are difficult to maintain consistently.

8
 

Peri-operative assessment can help in identifying the pa-
tients who are at risk of developing SSI and can guide in 
preemptive measures to control the infection rate. One 
such practice is preoperative antibiotic prophylaxis which is 
considered a key strategy in reducing SSI risk.

9 
Reported 

infection rates vary across different settings, for instance, 
Hussain et al. documented a 4.6% rate of SSI among pa-
tients undergoing open appendectomy who had received 
preoperative antibiotics,

10
 whereby a recent meta-analysis 

from the Indian subcontinent reported a pooled SSI preva-
lence of approximately 5.25%.

11 

Local evidence on the frequency of surgical site infections 
(SSI) following open appendectomy remains scarce. In 
particular, prospective, institution-specific data from public 
sector tertiary care hospitals in Pakistan—using standard-
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ized definitions and follow-up protocols are lacking. This 
gap makes it difficult to objectively assess whether current 
perioperative practices are sufficient. By prospectively fol-
lowing patients and documenting both antibiotic administra-
tion timing and postoperative wound outcomes, the present 
study aims to generate institution-specific data that reflect 
routine clinical practice and highlight areas where perioper-
ative management can be strengthened. 

Objective:  
To determine the frequency of “surgical site infection” (SSI) 
among patients presenting with acute appendicitis who 
underwent open appendectomy. 

Methodology:   
This prospective descriptive observational study was con-
ducted in the Department of Surgery at Dr. Ruth K. M. Pfau 
Civil Hospital, Karachi, between April and July 2026. Ethi-
cal approval was obtained from the Institutional Review 
Board of Dow University of Health Sciences (IRB‑4589/
DUHS/Approval/2026/182), and written informed consent 
was secured from all participants, with family consent pro-
vided for those younger than 18 years. The sample size of 
105 patients was calculated using the single‑proportion 
formula, based on a reported 4.6% frequency of surgical 
site infection (SSI)

10
 following open appendectomy, with a 

95% confidence interval and 4.1% margin of error; partici-
pants were recruited through consecutive non‑probability 
sampling. Eligible patients included males and females 
aged 15–60 years diagnosed with acute appendicitis by 
clinical history, physical examination, or imaging studies 
who underwent open appendectomy. Exclusion criteria 
comprised patients with generalized peritonitis requiring 
laparotomy or conversion to laparotomy, those with immun-
ocompromised status (HIV, malignancy, chemotherapy, or 
prolonged steroid use), pre‑existing local skin infection at 
the incision site, or those receiving antibiotics for more than 
48 hours prior to surgery. All patients diagnosed with acute 
appendicitis in the emergency department who provided 
informed consent were enrolled in the study. Preoperative 
demographic and clinical variables—including age, gender, 
body mass index (BMI), American Society of Anesthesiolo-
gists (ASA) grade, co‑morbidities such as diabetes mellitus 
and hypertension, and smoking history—were systematical-
ly recorded using a structured proforma. 

Surgical Procedure:  
All patients received preoperative antibiotic prophylaxis 
(cefuroxime and metronidazole) administered 30 minutes 
prior to the skin incision. Surgery was carried out under 
general anesthesia in supine position. Standard protocol of 
skin prep was done using povidone-iodine surgical scrub 
for 10 minutes and then application of 10% povidone-
iodine solution. Open appendectomy was performed by 
postgraduate trainee (Year 3 or above) using gridiron inci-
sion. Intra-operative findings were noted and findings of 
perforated or gangrenous appendix or localized purulent 
contamination were labelled as complicated appendicitis. 
Appendectomy done using standardized technique. Wound 
class noted according to CDC classification of surgical 
wound. Operative time was recorded from skin incision to 
closure. 
 

Post-operative assessment:  
Post-operatively, all patients were examined for evidence 
of surgical site infection, both in the hospital and in outpa-
tient clinic follow-ups, using Southampton Wound Grading 
System (Fig. 1). SSI defined as Southampton grade II or 

above and examined clinically on postoperative days 2, 7, 
14 and 30 by a senior registrar or above. Clinical outcomes 
such as Southampton grade and time to develop SSI were 
noted. Based on examination SSI classified  into superficial 
SSI, deep SSI, and organ-space SSI as per CDC classifi-
cation. 

Data Analysis:  
Data analysis was performed using SPSS version 26. 
Quantitative variables such as age, body mass index 
(BMI), and operative time were expressed as mean ± 
standard deviation (SD), while qualitative variables includ-
ing gender, smoking status, co‑morbidities (diabetes melli-
tus and hypertension), ASA grade, wound class, type of 
appendicitis, and surgical site infection (SSI) were summa-
rized as frequencies and percentages. The normality of 
quantitative variables (age, BMI, and operative duration) 
was assessed using the Shapiro–Wilk test. Differences in 
mean age, BMI, and operative time between patients with 
and without SSI were evaluated using the independent 
samples t‑test, whereas associations between SSI and 
categorical variables (gender, smoking status, diabetes 
mellitus, hypertension, ASA grade, wound class, and type 
of appendicitis) were analyzed using the Chi‑square test or 
Fisher’s exact test, as appropriate. A two‑tailed p‑value ≤ 
0.05 was considered statistically significant.  

Results: 

Overall, for current study 105 patients underwent open ap-
pendectomy during study period were studied.  The mean 
age was 24.5±9.4 years. There were 78 (74.3%) males 
and 27 (25.7%) females showing male predominance. The 
mean BMI was 21.7±2.7 kg/m². As co-morbidities; diabetes 
mellitus was present in 4 (3.8%) patients, hypertension in 6 
(5.7%), and smoking history in 18 (17.1%) patients. Most 
patients belonged to ASA grade I (75.2%), followed by ASA 
grade II (19%) then ASA grade III (5.7%). The mean opera-
tive time was 41.3±5.9 minutes. Ninety (85.7%) patients 
had simple appendicitis while complicated appendicitis 
seen in 15 (14.3%) patients. Most patients wound was 
classified as clean-contaminated (83.8%) and small pro-
portion of patients (16.2%) had contaminated wound. 

Surgical site infection developed in 13 (12.4%) patients 
(Fig 2.) The association of development of SSI with periop-
erative factors is shown in table no 1. Patients aged >30 
years showed a significantly higher frequency of SSI when 
compared with patients aged ≤30 years (36.4% vs. 6.0%). 
Similarly, patients having BMI >22.5 kg/m² demonstrated a 
significantly greater SSI frequency than those having BMI 
≤22.5 kg/m² (31.6% vs. 1.5%). The mean duration of sur-
gery was found to be comparatively longer in patients who 
subsequently experienced SSI in comparison to those pa-
tients who did not (48.5±5.6 vs. 40.2±4.8 minutes). 

A significantly higher frequency of SSI was observed 
among smokers, patients with co-morbidity such as diabet-
ic and hypertensive, higher ASA grades, complicated ap-
pendicitis and patients with contaminated wounds.  
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Fig. 1 Southampton Wound Grading System. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Frequency of SSI following open appendectomy in 

our setting. 

 
 
 
 
 
 
 
 
 
 
 
 

*p-value <0.05 denotes statistical significance. 

Discussion: 
The results showed that surgical site infection (SSI) follow-
ing open appendectomy are more frequent (12.4%), when 
compared with study of Hussain et al

10
 who reported 4.6% 

Table I. Demographics, clinical and peri-operative varia-
bles of the patients and their association with SSI 
(n=105) 

Variables n (%) 
SSI 

+ve (n) 
SSI 

-ve (n) 
p-value 

Age (years) 

<0.001* 
≤ 30 
years 

83 
(79.0%) 

5 
(6.02%) 

78 
(93.9%) 

>30 years 
22 

(20.9%) 
8 

(36.36%) 
14 

(63.63%) 

BMI (kg/m2) 

<0.001* ≤22.5 
67 

(63.8%) 
1 

(1.49%) 
66 

(98.5%) 

>22.5 
38 

(36.1%) 
12 

(31.5%) 
26 

(68.42%) 

Gender   

Male 
78 

(74.3%) 
10 

(12.8%) 
68 

(87.2%) 
0.76 

Female 
27 

(25.7%) 
3 

(11.1%) 
24 

(88.9%) 

Smoking   

Yes 
18 

(17.1%) 
8 

(44.4%) 
10 

(55.6%) 
<0.001* 

No 
87 

(82.9%) 
5 

(5.7%) 
82 

(94.3%) 

Diabetes mellitus   

Yes 4 (3.8%) 4 (100%) 0 (0%) 

<0.001* 

No 
101 

(96.2%) 
9 

(8.9%) 
92 

(91.1%) 

Hypertension   

Yes 
6 

(5.7%) 
5 

(83.3%) 
1 

(16.7%) 
<0.001* 

No 
99 

(94.3%) 
8 (8.1%) 

91 
(91.9%) 

ASA grades   

ASA I 
79 

(75.2%) 
1 (1.26%) 

78 
(98.7%) 

<0.001* ASA II 20 (19%) 6 (30%) 14 (70%) 

ASA III 6 (5.71%) 6 (100%) 0 (0%) 

Wound class   

Clean-
contami-
nated 

88 
(83.8%) 

8 (9.1%) 
80 

(90.9%) 
0.01* 

Contami-
nated 

17 
(16.2%) 

5 (29.4%) 
12 

(70.6%) 

Type of appendicitis   

Simple 
90 

(85.7%) 
8 (8.9%) 

82 
(91.1%) 

0.01* 
Compli-
cated 

15 
(14.3%) 

5 (33.3%) 
10 

(66.7%) 
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and significantly above the pooled global estimate of ap-
proximately 7% reported by Danwang et al.

4
 However, 

these findings are coherent with studies performed in low-
and middle-income countries (LMICs), where SSI rates 
commonly range between 8% and 15% following open ap-
pendectomy.

4,5
 This higher burden in LMIC settings is 

mostly due to multifactor including delayed presentation, 
increased incidence of complicated appendicitis, over-
crowded emergency services, and limitations in periopera-
tive infection-control resources. Open appendectomy re-
mains the predominant surgical approach in many public 
sector hospitals because of cost considerations and limited 
laparoscopic availability. Studies have shown that patients 
undergoing open appendectomy are more prone to devel-
op wound-related morbidity compared to laparoscopic sur-
gery due to greater tissue handling and direct wound con-
tamination.12 The SSI frequency observed in our study 
therefore reflects the practical realities of emergency surgi-
cal care in a high-volume tertiary care center. During cur-
rent study we found statistically significant correlation was 
between smoking and incidence of SSI. Smokers demon-
strated substantially higher infection rates compared to non
-smokers. Smoking is known to impair neutrophil function, 
tissue oxygenation, collagen synthesis, and microvascular 
circulation, all of which adversely affect wound healing.

13
 

Almost identical findings have been reported in many stud-
ies evaluating postoperative wound complications.

14
 

Also, we found strong association between Diabetes melli-
tus and hypertension and development of SSI. Hyperglyce-
mia impairs leukocyte chemotaxis and phagocytic activity, 
increasing susceptibility to infection and delaying wound 
healing.15,20 The markedly elevated SSI frequency among 
diabetic patients in our cohort emphasizes the importance 
of perioperative glycemic optimization. Hypertension was 
also associated with increased SSI frequency in our study, 
a finding that has been reported in previous studies evalu-
ating postoperative outcomes among surgical patients.

16,17
 

Patients with contaminated wounds and complicated ap-
pendicitis demonstrated significantly increased SSI fre-
quency. These findings are expected, as complicated ap-
pendicitis is associated with perforation, tissue necrosis, 
bacterial spillage, and increased inflammatory burden.

18, 19 

Walêdziak et al.
20

 similarly identified complicated appendi-
citis and intra-abdominal contamination as important pre-
dictors of postoperative morbidity following appendectomy. 

It was also noted that patients having higher ASA grade 
are more likely to develop SSI. Notably, all patients with 
ASA grade III developed SSI. The ASA classification re-
flects the patient’s baseline physiological reserve and 
comorbidity burden and has been widely used as a predic-
tor of postoperative morbidity and mortality.

21-23
 Similar as-

sociations between higher ASA grades and postoperative 
infectious complications have been reported in emergency 
general surgery literature.

16 
Operative duration was signifi-

cantly longer among patients who developed SSI. Pro-
longed surgical duration increases tissue exposure, bacte-
rial contamination, tissue desiccation, and operative manip-
ulation, thereby increasing infection risk.

24
 Previous studies 

evaluating abdominal surgeries have consistently demon-
strated longer operative time as an independent predictor 
of SSI.

17 
The outcomes of this study reinforce the im-

portance of identifying high-risk patients preoperatively and 
implementing targeted infection-prevention strategies. Op-
timization of modifiable risk factors such as smoking cessa-
tion, glycemic control, perioperative antibiotic stewardship, 

and strict compliance to aseptic technique may help reduce 
postoperative wound complications.

 

Despite standardized operative technique and antibiotic 
prophylaxis, SSI remains a clinically relevant complication 
following open appendectomy in our setting. Future multi- 
studies with larger sample sizes are recommended to fur-
ther validate these findings and guide institutional infection-
control policies. 

Conclusion: 
At our institution, surgical site infection (SSI) following open 
appendectomy was identified as a common postoperative 
complication, with an incidence rate of 12.4%. Significant 
associations were observed between SSI development and 
patient‑related or perioperative factors, including smoking, 
diabetes mellitus, hypertension, higher ASA grades, con-
taminated wound class, complicated appendicitis, and pro-
longed operative duration. These findings underscore the 
importance of early recognition of high‑risk patients and 
strict adherence to infection‑control measures to reduce 
postoperative wound infections. Further prospective stud-
ies are warranted to explore contributory risk factors in 
greater depth and to develop targeted strategies aimed at 
minimizing SSI rates in this setting. 

Limitation: 
The generalizability of these findings is limited, as the 
study was conducted in a single tertiary care center in Pa-
kistan. The relatively modest sample size further restricts 
the representativeness of the results, and larger multicen-
ter studies would be more informative in establishing relia-
ble estimates of SSI frequency. Although key demographic 
and perioperative confounding factors were assessed and 
statistically analyzed, the possibility of residual confound-
ing cannot be entirely excluded. 
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