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ABSTRACT: Acute appendicitis is the most common cause of emergency abdominal surgery 
worldwide. Postoperatively, surgical site infection (SSI) occurs in 3% to 60% of appendicectomized 
patients, depending on pathological state of appendix. SSI is a devastating complication from 
biologic and economic point of view and has enormous impact on patient’s quality of life. 
Objectives: To determine the frequency of surgical site infection after appendicectomy in patients 
presenting as acute appendicitis and correlate it with per-operative morphological appearance 
of appendix. Study Design: Cross-sectional study. Setting: Department of General Surgery, 
Liaquat University of Medical and Health Sciences Jamshoro. Period: March 2015 to February 
2016. Material & Methods: This study was carried out on 200 patients. All male and female 
patients above age of 12 years with clinical diagnosis of acute appendicitis or localized peritonitis 
due to perforated appendix undergoing appendectomy by grid iron incision and whose skin 
closed primarily by interrupted silk 2/0 stitches were included in the study. Operative findings 
were recorded and inflammation of appendix was graded into four categories. Postoperatively 
patients were followed for period of 30 days to check the development of SSI. Results: Out 
of 200 patients, 42 suffered from SSI (21%). On the basis of per-operative morphological 
appearance of appendix, uncomplicated appendicitis was significantly high 135(67.5%) than 
complicated appendicitis 65(32.5%). SSI developed in 12(28.5%) cased of uncomplicated and 
30(71.5%) cases of complicated appendicitis. Conclusion: It was not possible to establish a 
relationship between SSI and per-operative morphological appearance of appendix. Frequency 
of SSI reported here (21%) is comparable with literature. We recommended that avoiding 
delay in diagnosis, use of peri-operative antibiotics, sound surgical technique to avoid wound 
contamination and continuing surveillance is necessary to further reduce SSI rates after open 
appendicectomy.

Key words: Appendix, Acute Appendicitis, Intra-abdominal Abscess, Open 
Appendicectomy, Surgical Site Infection, Wound Infection. 
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INTRODUCTION
Acute appendicitis is the commonest cause 
of acute abdomen.1 The surgeons have been 
confronting the acute appendicitis since it was first 
described in 1886 by R H Fitz12, its diagnosis still 
remains a dilemma to almost all of the surgeons, 
at least some point in their practice.3

Acute appendicitis is classified as simple, 
gangrenous or perforated on basis of operative 
findings and histologic appearance.4 The overall 
mortality rate for appendicitis is less than 1%. 
The morbidity depends on whether the appendix 

is acutely inflamed or perforated.5 The rate of 
perforation varies from 16% - 40%. Appendiceal 
perforation is associated with increased morbidity 
and mortality, compared to non perforating 
appendicitis.6

Early appendicectomy is traditionally considered 
the treatment of choice for acute appendicitis.7 
Risk factors for adverse outcomes after the surgical 
treatment of appendicitis in adults are poorly 
defined.8 The pathological state of appendix is 
the most important determinant of postoperative 
infection.9 Intra-operative appendicitis severity 
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score (IASS: 0 – 3) can identify patients more 
likely to suffer morbidity following emergency 
appendicectomy. Score 0: No inflammation, score 
1: engorged appendix / no peritonitis, score 2: 
peritoneal reaction/exudates, score 3; evidence 
of gangrene, perforation or abscess formation.10

Postoperative complications are typically 
infectious complications.5 Wound infection is 
the most common postoperative complication 
occurring in 5 to 10% of all patients. Wound 
infection after appendicectomy for perforative or 
gangrenous appendicitis is four to five times higher 
than for early disease. Intra-abdominal abscess, 
most commonly pelvic, occur postoperatively in 
about 5% of cases of perforated appendicitis.5

Wound infection has probably always been a 
major complication of surgery and trauma. It has 
been documented for at least 4000 to 5000 years. 
In 1600s, wound infection was so common that 
redness, warmth, and purulence were thought 
to desirable features o wound healing. The pre-
operative use of antimicrobial agents has had 
a greater favorable impact on the prevalence of 
postoperative infection than any other measures 
introduced since the original discovery of 
importance of surgical antisepsis. 

Recently, the U.S Centres for Disease Control 
and Prevention (CDC) reviewed and revised the 
terminology and definitions of wound infections 
to be consistent with surgical terminology. All 
postoperative surgical infections occurring in 
an operative site are now termed surgical site 
infections (SSIs). For sub-classification SSIs 
are defined as superficial incisional (involving 
only skin and subcutaneous tissue), deep 
incisional (involving fascial and muscle layers of 
incision), and organ space (involving any part 
of anatomy e.g. organs or space, other than the 
incision, that was opened or manipulated during 
operative procedure). Organ space SSIs include 
postoperative intra-abdominal abscesses, 
empema or mediastinitis. 

SSI continues to be a major source of morbidity 
following operative procedures. Despite many 
decades of application of refined surgical 

techniques, environmental changes in operating 
room and the use of preventive antibiotics, 
infection at the surgical site remains a too 
common events.

The purpose of our study was to determine the 
frequency of SSI after appendicectomy and 
correlate it with per-operative morphological 
appearance of the appendix, in Ward-26 (Unit III) 
of Jinnah Postgraduate Medical Centre, Karachi. 
After through search, we found a gap in literature 
on this particular topic and decided to conduct 
our study and the information gained by this 
study has helped us in better management and 
reducing postoperative complications, in patients 
who suffer from this common but potentially 
dangerous disease. 

MATERIAL AND METHODS
This cross-sectional study was carried out on 200 
patients for the period of one year from March 
2015 to February 2016 in the Department of 
General Surgery, Liaquat University of Medical 
and Health Sciences Jamshoro. All male and 
female patients above age of 12 years with clinical 
diagnosis of acute appendicitis or localized 
peritonitis due to perforated appendix undergoing 
appendectomy by grid iron incision and whose 
skin closed primarily by interrupted silk 2/0 
stitches were included in the study. While all male 
and female patients who were having co-morbid 
factors like diabetes mellitus, obesity, pregnancy, 
malnutrition, malignancy, skin infection were 
excluded from study group.

All patients with clinical diagnosis of acute 
appendicitis and localized peritonitis secondary 
to perforated appendix, who fulfilled the inclusion 
criteria were collected through proforma, from 
accident and emergency department of Jinnah 
Postgraduate Medical Centre, Karachi and were 
evaluated by detailed history, clinical examination 
and relevant investigations like blood CP, urine 
D/R, ultrasound pelvis in female patients . In 
all patients pre-operatively 1gram injection 
Ampicilline and 500 mg injection Metronidazole 
were given as prophylactic antibiotics, at the 
time of induction of anesthesia. All patients were 
operated by open appendectomy under general 
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anesthesia. Mean duration of operation was 45 
minutes.

Operative Technique
Skin pre-operative with 1% povidine iodine 
solution. Skin incised by grid iron incision in all 
cases. Subcutaneous fat and fascia were incised. 
The aponeurosis of external oblique muscle was 
incised in the direction of its fibres. The internal 
oblique and transverses abdominis muscle 
were split open. Peritoneum was incised, any 
pus or fluid which came out was immediatelty 
sucked and mopped. Appendix was identified by 
following three taemiae coli of caecum. Appendix 
was delivered into wound and a note was made 
of degree of inflammation of appendix (whether 
acutely inflamed, suppurative, gangrenous or 
perforated). Appendix was held with Babcock 
forceps. The base of mesoappendix was clamped 
in a hemostat, divided and ligated with chromic 
2/0. The base of appendix was crushed, ligated 
with chromi 2/0 and cut above the ligature. The 
mucosa of the appendical stump was fulgurated 
with the electrocautry. Operative field was checked 
for hemostatis. If there was considerable purulent 
fluid in the retro caecal space or in the pelvis, 
then a soft silastic drain was inserted through 
a separate stab incision, in cases of perforated 
appendicitis. Peritoneum closed with continuous 
2/0 chromic. Transversus abdomins and internal 
oblique muscles were closed with interrupted 2/0 
chromic catgut. Aponeurosis of external oblique 
was closed with continuous 2/0 chromic catgut. 
Scarpa’s facia was approximated by interrupted 
2/0 chromic. Skin closed primarily in all cases 
with interrupted silk 2/0 stitches. Dressing done 
with sterile gauze. All appendices were sent for 
histopathological examination.

Postoperative Management 
All patients were put on postoperative antibiotics. 
Only 3 doses of injection Ampicilline 500 mg, 
Injection Metronidazole 500mg and injection 
Gentamycin 80mg intravenously were give in 
cases of acutely inflamed appendix, while in cases 
of supportive, gangrenous or perforated appendix 
3 doses of injection Ampicilline 500mg, injection 
Metronidazole 500mg, injection Gentamycin 
80mg were followed by the broad spectrum oral 

antibiotics for 5 days.

In cases of perforated appendicitis drain was 
taken out on 3rd or 4th postoperative day. Wound 
was examined before discharging the patient. 
Subsequently, the patients were observed on 
5th,7th,15th,21st and 30th day in surgical outpatient 
department for occurrence of SSI. Surgical site 
infections were divided into three categories 
depending on the severity i.e. superficial 
incisional depending on the severity i.e. superficial 
incisional, deep incisional and organ space SSI.

In patients who developed superficial or deep 
SSI, stitches were removed and wound was 
opened for drainage of pus, specimen of pus 
was sent culture and sensitivity. Superficial and 
deep SSI were managed by daily dressing in 
outpatient department, while patients with organ. 
space infection were re-admitted and managed 
by intravenous antibiotics and ultrasound guided 
percutaneous drainage of abscesses.

Statistical Analysis
Data analysis was performed through SPSS 
version-16. M:F was computed to present sex 
distribution. Age of the patient was presented by 
mean ± standard deviation.

Frequency and percentages were computed to 
present patients presenting complaints, signs of 
acute appendicitis, position of appendix, raised 
total leukocyte counts and neutrophil counts, per-
operative morphological appearance of appendix 
and surgical site infections. Chi square test was 
applied to determine any relationship between 
any relationship between surgical site infection 
and morphological appearances of appendix. 
Statistical significance was considered if P < 
0.05.

RESULTS 
Out of total 200 patients of acute appendicitis, 
there were 134 (67%) male and 66 (33%) female 
with 1:2 male to female ratio. Mean age of the 
patients was observed. Mean ± S.D =24.04±9.36 
(ranging from 13 -55 years). Majority of patients 
presented with duration of symptoms lasting for 
48 hours. Abdominal pain was the commonest 
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presenting complaint that was present in all 200 
(100%) followed by nausea (76%), fever (64.5%), 
vomiting (58%) and anorexia (56%). 

Signs of acute appendicitis were evaluated, 
rebound tenderness in RIF was the commonest 
signs that was observed in 176 (88%) patients 
followed by tenderness in RIF in 166 (83%), 
cough sign in 146 (73%) Rovsign sign 66(33%) 
and oburator sign in 24 *(12%) patients. 

Retrocaecal was the commonest position that was 
found in 152 (76%) patients followed by pelvic in 
24 (12%), pre-ileal in 11 (5.5%), subcaecal in 9 
(4.5%) and post-ileal in 3 (1.5%) patients.

Elevated total leukocyte count (TLC > 11000mm3) 
was found in 150(75%) patients while elevated 
neutrophill count (> 70%) was found in 161 
(80.5%) patients. 

Morphological appearances of appendix were 
observed per-operatively. Uncomplicated or low 
risk appendicitis included acutely inflame and 
suppurative appearances while complicated or 
high risk appendicitis included gangrenous and 
perforated appearances. Figure-1

1.  Low risk appendicitis = acute inflammation 
+ suppurative

2.  High risk appendicitis = Gangrenous + 
perforation

Low risk appendicitis were significancy higher 
than high risk appendicitis (67.5% Vs 32.5%, P = 
<0.001).

Surgical site infection occurred in total 42 (21%) 
patients as superficial incisional infection in 
28 (14%), deep incisional infection in 10 (5%), 
while organ / space infection in 28 (14%), deep 
incisional infection in 10 (5%), while organ/space 
infection occurred in only 4(2%) patients in our 
study. Figure-2

Out of 74(37%) acutely inflamed appendicitis, 
5 (6.7%) had superficial SSI. While none had 
organ / space SSI. Out of 61 (30.5%) suppurative 
appendicitis, 6 99.8%) had superficial SSI, 1 
(1.63%) had deep incisional SSI while non 
had organ / space SSI. Out of 31(15.5%) 
gangrenous appendicitis, 8 (25.8%) had super 
ficial SSI, 3(9.7%) had deep SSI. While none had 
organ / space SSI. Out of 34 (17%) perforated 
appendicitis, 9(26.4%) had superficial SSI, 6 
(17.6%) had deep SSI, while 4 (11.8%) had 
organ / space SSI. Data revealed insignificant 
relationship between surgical site infection and 
morphological appearance of appendix (X2 = 
9.173 P=0.164). Table-I

Culture sensitivity of pus from 42 infected wounds 
revealed that most common pathogen isolate was 
E-col (42%), followed by staph-aureus (11.9%), 
psueomonas (9.5%) and klebsiella (4.7%). There 
was no mortality in this study. 

Table-II Provides comparison of SSI rate of 
present study with other similar studies.
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DISCUSSION
Appendicectomy is the most common 
emergency surgical procedure worldwide.11 
Appendectomy is regarded as a simple operation 
in most cases, after which major complications 
are uncommon.12 The most frequent adverse 
outcomes are surgical would infection and intra-
abdominal complications.13 The reported rates of 
wound infection vary from 3% to as high as 60% 
depending on the pathological state of appendix14, 
whether the appendix is acutely inflamed or 
perforated. When appendix is gangrenous or 
perforated with per-appendicitis the incidence of 
septic complications reaches as much as 30%, 
these include surgical would infection and intra 
abdominal abscess formation.15 Post operative 
would infections have an enormous impact on 
patients quality of life and potential consequences 
for the patient range from increased pain and care 
of an open would to sepsis and even death.16 The 
overall mortality for appendicitis is less than 1%.5

The overall frequency of surgical site infection 
(SSI) at Ward-26 of Jinnah Postgraduate Medical 
Centre, Karachi was found to be 21%.17 The 
hypothesis that there was no correlation between 
surgical site infection after appendectomy with 
per-operative morphological appearance of 

appendix was supported by the data of the present 
study which revealed insignificant relationship 
between surgical site infection and per-operative 
morphological appearance of appendix (X2 = 
9.173, P = 0.164).

The overall SSI rate of 21% in our study is similar to 
the other reported findings by Adesunkanmi AR18, 
Wagner JM19 and Okobia MN20, who reported SSI 
rate 20.4%, 21.2%, and 20.8% respectively. 

Many international and few national studies 
evaluated the correlation of surgical site infection 
after appendicectomy with per-operative 
morphological appearance of appendix and 
reported variable results. One of these studies 
is by Gomes21 on 3,112 patients of acute 
appendicitis. He reported SSI rate of 1.1% in 
acutely inflamed, 17.1% in gangrenous and 36% 
in perforated appendicitis. 

Another similar study by Kell MR et al.10 on 149 
patients of acute appendicitis reported the overall 
SSI rate of 20% and SSI rate of 10% in acutely 
inflamed, 22.4% in gangrenous and 30.6% in 
perforated appendicitis. 

In comparison to these two studies, SSI rate 

Surgical site infection
(n = 21)

Acutely inflamed
(n = 74)

Suppurative
(n = 61)

Gangrenous
(n = 31)

Perforated
(n = 34)

Superficial incisional 
(n = 28) 5(6.7%) 6(9.8%) 8(25.8%) 9(26.4%)

Deep incisional 
(n = 10) 0 1(1.6%) 3(9.6%) 6(17.6%)

Organ / space infection
(n = 04) 0 0 0 4(11.7%)

Table-I. Relationship of morphological appearance of appendix and surgical site infection (n = 200)
                                    Chi square value = 9.173  P value = 0.164

Insignificant (p value < 0.05) relationship between surgical site infection and morphological appearance of appendix

Study Conducted by Total No. of Patients SSI rate in Uncomplicated 
Appendicitis

SSI Rate in Complicated 
Appendicitis

Edino ST (70) 142 28.9% 47.4%
Harahshe M (108) 72 20.0% 51.5%
Alkanderi M (124) 160 7.8% 38.0%
Gulzar S (43) 180 7.4% 30.0%
Present study 200 28.5% 71.5%

Table-II. Comparison of SSI rate uncomplicated and complicated with different studies.
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in our study group was higher in cases of 
gangrenous (35.5%) and perforated (553.9%) 
appendicitis. This is due to the fact that our 
study group included higher number of patients 
with complicated appendicitis as compared to 
abovementioned studies. 

The highest incidence of SSI in our study group was 
among those who had complicated appendicitis, 
and it is similar to other studies which found SSI 
occurring in 5 to 10% of uncomplicated22 and 20 
to 60% of complicated appendicitis.23,24

Intra-abdominal abscess (IAA) formation is 
the most common septical complication after 
perforated appendicitis.25 Studies by Aguilo J et 
al13 and Reid RI12 reported overall IAA formation 
rate of 2.1% and 1.4% respectively in their 
cases of acute appendicitis undergoing open 
appendicectomy. These results are almost similar 
to results of our study which showed overall IAA 
rate of 2%. In cases of perforated appendicitis, IAA 
rate of as low as 2.6%26 and as high as 38% has 
been reported in literature in different studies27 
In our study 11.8% IAA occurred in cases of 
perforated appendicitis, which is consistent with 
the results reported by others. 

Delay in diagnosis must be avoided in all 
patients. Preoperative delay period, which is 
divided into pre-admission delay (by patient) and 
post admission delay (by surgeon) effects on the 
course and outcome of acute appendicitis33, and 
can be disastrous for the patient28, as it is the 
main cause of gangrene and perforation, leading 
to increased frequency of postoperative wound 
infection.29 Cappendijk VC30 conducted a study 
and divided 130 patients of acute appendicitis into 
group A (diagnostic period within 48 hours) and 
group – B (diagnostic period 48 hours or more). 
Per operatively higher number of perforations 
(71%) and post operatively higher number of SSI 
(78.9%) was noted in group B. Carmen E et al31 
and Ortega LH32 also found a close correlation with 
the development of SSI in appendicectomized 
patients and longer period of time for the disease. 
The results of our study are similar to results of 
these studies as higher number of post-operative 
complications 30(71.4%) occurred in patients 

having gangrenous or perforated appendicitis, 
who presented with duration of symptoms lasting 
for > 48 to >96 hours.

Retrocaecal position of appendix is more prone to 
infection, perforation and gangrene.33 In our study 
76% patients were having retrocaecal appendix 
and 12% were having pelvic appendix. These 
figures correlate with that reported by others34,35 
and most of SSI in our study group developed in 
patients who were having retrocaecal appendix. 

Surgical site infection rate increases with duration 
of operation. A study by Akhtar S36 correlated 
the duration of surgery with postoperative 
wound infection and reported that in emergency 
operations with duration >2 hours to <9 hours, 
wound infection rate rose from 32.69% to 94.75. 
In our study majority of appendicectomies were 
performed by junior residents and duration of 
operation as more (45 min to > 1 hour) than 
usual (25 to 30 min). This was also a contributory 
factor for development of SSI.

Simple ligation of appendix stump is better and 
safe procedure during appendicectomy37 as 
compared to invagination of stump because 
it shortens the operating time and there is less 
incidence of wound infection. This statement 
is supported by studies of Chaudhary IA37 and 
Gomes AA.38 In our study SSI rate was high 
(30%) in patients with invagination of appendiceal 
stump as compared to 20.5% SSI rate in patients 
with simple ligation of appendix stump.

Placement of transperitoneal drain in patients with 
perforated appendicitis is a controversial issue. 
Perovic Z24 conducted a study on 56 patients of 
perforated appendicitis and compared the SSI 
rates I patients with an without transperitoneal 
drain and reported higher rate of SSI (65%) in 
patients with drain as compared to 19% SSI in 
patients without drain placement. Our study 
shows SSI rate of 55.8% in cases of perforated 
appendicitis, where silicon drain was placed in all 
cases of perforated appendicitis. 

Primary closure of skin and subcutaneous 
tissue after appendicectomy for perforated 
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or gangrenous appendicitis is not associated 
with increased risk of incision infection when 
compared with delayed closure.39 Studies by 
Chatwiriyacharoen W40 and Burnweit C41 and 
Rucinski J42 all concluded that lower rates of 
infection fully justifies the policy of primary wound 
closure in cases of perforated appendicitis. 
Results of primary wound closure in all cases of 
complicated appendicitis in our study group were 
significantly better. 

The success of antibiotic prophylaxis is assured 
only when the chosen drug with a targeted 
spectrum is available at the critical moment at the 
correct site and in sufficiently high concentration to 
prevent bacterial contamination of surgical field.43 
In our study group all patients received triple 
therapy as prophylaxis but study by Malik SN44 
reported that monotherapy with metronidazole 
is as effective as triple therapy in cases of non-
perforated acute appendicitis.45 

CONCLUSION
It was not possible to establish a relationship 
between SSI and per-operative morphological 
appearance of appendix. Frequency of SSI 
reported here (21%) is comparable with literature. 
We recommended that avoiding delay in 
diagnosis, use of peri-operative antibiotics, sound 
surgical technique to avoid wound contamination 
and continuing surveillance is necessary to further 
reduce SSI rates after open appendicectomy.

Copyright© 25 May, 2019.
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