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Abstract  

Background:  Acute appendicitis is the most common  
cause of acute abdomen in adults. Open appendicectomy is  

the treatment of choice for complicated appendicitis. Perforated  

appendicitis has an infection rate 15-20% post-operative  

surgical site infection can increase morbidity. Thus it can lead  

to increase in post-operative pain, hospital stay, sepsis and  
patient dissatisfaction, Surgical Site Infection (SSI) and its  

associated complications like wound dehiscence, stitch sinuses,  

incisional hernias, hypertrophic scar and keloid formation are  

not only a source of discomfort for the patients but also  

discouraging for the surgeons. These complications prolong  

the post-operative stay of patient and increase the cost of  

treatment.  

Aim of Study:  To compare the efficacy of primary wound  
closure with delayed primary wound closure in terms of wound  

infection after surgery for perforated appendix and get local  

evidence of the effectiveness of either procedure.  

Patients and Methods: This study was done between May  
2018 and December 2018 in the General Surgery Department  

in Ain Shams University Hospital and Damietta General  
Hospital. The study included 50 patients presented with  

complicated appendicitis. The patients were divided into 2  
groups A and B using lottery method. Patient in group-A  
underwent primary closure of the skin immediately after  
surgery while patients in group-B were subjected to delayed  
primary closure of the skin for perforated appendix.  

Results:  In our study, in delayed primary closure there  

was 2 patients with positive signs of superficial surgical  
wound infection but in primary closure there was 11 patients.  

The total post-operative hospital stay in delayed primary  

closure ranges from 4 to 9 days and in primary closure ranges  

from 3 to 9 days with no significant difference between the  

two groups.  

Conclusion:  Our study suggested that patients undergoing  

open appendectomy for complicated appendicitis, DPC was  

the preferable method for wound management than primary  

closure because of a lower incidence of wound infection DPC  
could be considered for wound management in patients with  

perforated appendicitis.  
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Introduction  

THE  most common cause of acute abdomen in  
young adults is acute appendicitis. It is rare in  

infants and elderly but common in early adult life.  

Before puberty the male to female ratio is equal  
which increases to 3:2 at the age of 25 [1] .  

Open appendicectomy was performed through  

right lower quadrant transverse muscle-splitting  

incision. The thread ties were placed on the base  

of the appendix. The tied-off appendiceal stump  

was dunk in again with purse-string suture [2] .  

Appendicectomy is the treatment of choice for  

acute appendicitis. Post-operative wound Infection  

can increase morbidity. Thus it can lead to increase  

in postoperative pain, hospital stay, sepsis and  

patient dissatisfaction. Non-perforated appendicitis  

has a reported wound infection rate of less than  
10% while perforated appendicitis has an infection  

rate 15-20%. Infection is greatest in diffuse peri-
tonitis (35%) [3] .  

In the light of CDC (The Centers for Disease  

Control) reports, the most widespread organism  
responsible for the occurrence and progress of SSI  

is Staphylococcus aureus, followed by Escherichia  
coli, Coagulase Negative Staphylococci (CNS),  

Pseudomonas aeruginosa, Enterococcus species,  

Enterobacter species, Klebsiella pneumoniae, Pro-
teus mirabilis, Candida albicans and Streptococcus.  

Enlarged numbers of SSI cases have been reported  
with Methicillin-Resistant Staphylococcus Aureus  

(MRSA) species [4] .  

Surgical Site Infection (SSI) and its associated  

complications like wound dehiscence, stitch sinus- 
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es, incisional hernias, hypertrophic scar and keloid  
formation are not only a source of discomfort for  

the patients but also discouraging for the surgeons.  

These complications prolong the post-operative  

stay of patient and increase the cost of treatment  

In order to control and reduce the rate of SSI  

various wound closure techniques and prophylactic  

measures have been tried by the surgeons but had  

vague results [5] .  

Post-operative SSI can be minimized by reduc-
ing risk factors (e.g., smoking, or glucose control),  
or use of established preventive procedures (e.g.,  

prophylactic antibiotics, avoid surgical drain, and  

unnecessary hair removal). Closure of the wound  
with Delayed Primary Closure (DPC) for a con-
taminated wound also affected SSIs. Instead of  

closing a wound primarily [6] .  

Type of skin closure is one of the factors that  

can reduce the SSI thus reducing hospital stay of  

patients and in turn decreasing costs on health  

resources [7] .  

Delayed primary skin closure (DPC) represents  

a technique where no special equipment is required.  

It can be used when contaminated or dirty wounds  

are created, allowing the soft tissues to drain (and  
preventing accumulation of microorganisms in a  
confined space) before closing the skin a few days  

later [8] .  

The procedure was claimed to decrease bacterial  
inoculums and increase local wound resistance  
from increasing wound oxygenation and blood  

supply from developing granulation tissue. It was  
firstly applied to traumatic wounds and later was  

more widely applied to various types of operations  
(e.g. colonic operations, opened tibial fractures,  
gynecologic operations) with demonstration of  
good efficacy. However, these results were mainly  
from observational studies that may be prone to  
selection and confounding biases. In addition, the  
DPC also has its own disadvantages including pain  

from routine dressing, necessity for later wound  

suturing, and increase cost of treatments [6] .  

Recent research shows that even perforated  

appendicitis wound can be closed primarily espe-
cially with the current antimicrobial regimes. Pri-
mary wound closure is better than delayed primary  

closure in terms of cosmetic outcome and patient  

tolerability. The most important reason for contro-
versy between primary versus delayed primary  

closure after perforated appendicitis is post-
operative wound infection. Studies show that in-
fection rates in the primary closure group and  
delayed primary closure are (8% 10 versus 2.7%  

8 respectively) and (19% 11 versus 4.2% 9 respec-
tively [1] .  

Aim of the work:  

The aim of this study was to compare the effi-
cacy of primary wound closure with delayed pri-
mary wound closure in terms of wound infection  
after surgery for perforated appendix and get local  

evidence of the effectiveness of either procedure.  

Patients and Methods  

Patients:  

This study was done between May 2018 and  
December 2018 in the General Surgery Department  
in Ain Shams University Hospital and Damietta  
General Hospital. The study included 50 patients  

presented with complicated appendicitis.  

The patients were divided into 2 groups A and  
B using lottery method. Patient in group-A under-
went primary closure of the skin immediately after  
surgery while patients in group-B were subjected  
to delayed primary closure of the skin for perforated  

appendix.  

Inclusion criteria:  Male and female patients  
with age (15 to 50 years). Patients presented intra-
operative by complicated appendicitis.  

Exclusion criteria:  Pregnant women. Patients  
having a history of malignancy. Long term steroid  
use. Coagulation disorder. Severely disabled pa-
tients. Diabetic patients.  

Method of management:  

Pre-operative assessment:  
Evaluation of patients with acute appendicitis  

whether it is complicated or not according to:  
Clinical picture:  

Symptoms:  The patient presented to the ER  
with diffuse abdominal pain which started 2 or 3  
days before mostly at the right iliac fossa. Fever  

and vomiting in cases of perforated appendicitis  

which lead to generalized peritonitis.  

Signs:  Generalized abdominal tenderness and  
rebound tenderness, fever (temperature >38.5).  

Investigations:  

Radiological evaluation: Abdominal X-ray:  
For detection of perforated viscus which is present-
ed with air under diaphragm. Pelvi-abdominal U/S:  

For detection of intra-peritoneal free fluid or pres-
cence of mass. In females to exclude other gyne-
cological problems.  
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Laboratory evaluation:  CBC was done for  
detection of elevated leukocytic count.  

Operative treatment:  

Timing: All cases involved in this study were  

informed about the surgical procedure, a written  
consent was obtained and all patients were operated  

upon within the first 6 hours after diagnosis of  
complicated appendicitis.  

Surgical technique:  
Position: All patients were operated upon while  

lying in a supine position.  

Anesthesia:  The operation was carried out under  

general anesthesia.  

Incision:  In our study we use two incisions:  
Grid iron incision over McBurney's point which  

is located one-third of the way along an imaginary  

line from the anterior superior iliac spine to the  

umbilicus. After incision of the skin and subcuta-
neous tissue the external oblique aponeurosis is  

opened, then the internal oblique muscle and The  
transverse abdominal muscle is divided, then the  

peritoneum is opened to reach the abdominal cavity.  

Midline incision which is done if there is sus-
pected huge appendicular abscess or mass or any  

other complication.  

The incision will cut through the skin, subcu-
taneous tissue, and fascia, the linea alba and tran-
versalis fascia, and the peritoneum before reaching  

the abdominal cavity.  

Operative steps: The appendix was identified,  
bluntly dividing any adhesions. The taenia coli on  
the caecum had been traced to locate the base of  

the appendix. Once mobile, the appendix and cae-
cum had been delivered through the wound.  

The tip of the appendix may be difficult to  
mobilize, particularly with a retrocaecal appendix,  

in which case a retrograde appendicectomy could  

be performed, tying off the base of the appendix  

and mesoappendix first then working distally to  
free the appendix. To remove the appendix a win-
dow was made in the mesoappendix adjacent to  
the base. Two clips were placed across the base of  

the mesoappendix, which was then divided and  

Vicryl ties were applied to ligate the vessels (con-
tains appendicular artery).  

Haemostasis was checked following removal  

of the clips. The base of the appendix was crushed  

with a heavy clip then released and placed 1cm  

higher. The appendix was ligated at the crushed  
base and divided just above.  

In cases of appendicular abscess, pus was evac-
uated with removal of the appendix. In cases of  

appendicular mass no dissection on the mass was  
done, just insertion of drain. In the presence of pus  

an intra-peritoneal washout with warm saline was  
done, then insertion of drain. Then closure of the  

wound in layers.  

The patients were divided into 2 groups:  
• Group A:  Patients underwent primary closure of  

the skin immediately.  

Fig. (1): Primary closure post appendectomy.  

• Group B:  Patients were subjected to delayed  
primary closure. The skin and subcutaneous tissue  

were left open and packed with diluted Betadine  

(0.5% povidone iodine)-soaked gauze that was  

changed daily to prevent excessive collection of  

exudate then 3 to 5 days the skin was closed  
under local anaesthesia.  

Fig. (2): Delayed primary closure post appendectomy.  

Wounds were closed in either technique with  

prolene 2/0 as suture material. The operative time  
was recorded for all patients.  

Post-operative measures:  Intravenous antibiot-
ics (amoxicillin clavulinic acid) had been regularly  

prescribed in all patients for 24 to 48h then switched  

to oral antibiotics for 7 to 10 days. Regular daily  

dressing of the wounds was done, with observing  
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5 very distressing•  

• Strong, deep pain like an average toothache or  
minor trauma to apart of the body  
Strong, deep, piercing pain such as asprained  
ankle when standing on it, or mild back pains  

• Strong, deep, piercing pain so strong that it  
seems to partially dominates your senses  

Groups  t-test  

Delayed primary  
closure  

t  
Pain score  

p-value  Primary  
closure  

–3.383  0.001*  2-4  
2.600±0.645  

2-7  
3.760± 1.589  

Range  
Mean ±  SD  

of signs of surgical site infection as localized  

swelling, purulent discharge, increasing erythema,  

induration, or warmth developed. Monitoring of  
the vital signs of the patient as temperature, pulse  

and blood pressure.  

Methods of evaluation:  SSI was assessed before  
discharging home, at 1-week and 1-month follow-
up.  

Clinical evaluation: A follow-up protocol in-
cluded clinical evaluation for the pain at the surgical  

site, erythema, localized swelling, discharge com-
plications were also identified and managed. This  
was done in the first two weeks then monthly post-
operatively.  

Radiological evaluation: In cases suspected  
with SSI superficial ultrasound was done for de-
tection of collection.  

Laboratory evaluation: In cases with wound  
discharge, culture and sensitivity was done for  

detection of the causative organism and the appro-
priate antibiotic.  

Results  

50 patients included in our study, 25 were male  

and 25 were females.  

Table (1): Sex distribution of the study group.  

Groups  

Total  
Chi- 

Square  

N  %  N %  N %  χ2 
 

p-value  

Male  
Female  

0.080  0.777  13  
12  

12  
13  

25  
25  

50.00  
50.00  

52.00  
48.00  

48.00  
52.00  

Total  25  100.00  25  100.00  50  100.00  

Delayed  
primary  
closure  

Primary  
closure  

Sex  

This table shows that the mean age in cases  

with delayed primary closure was 24.7 and the  
mean age in cases with primary closure was 25.2.  

Table (2): Age distribution of the study group.  

The duration of symptoms in cases with delayed  

primary closure range from 1 to 3 days, in cases  

with primary closure range from 2 to 4 days.  

0  

Minor:  
1 very mild  

2 discomforting  

3 tolerable  

Moderate:  
4 distressing  

• Very light, barely noticeable pain  
• You never think about the pain  
• Minor pain like pinching the fold of skin between  

the thumb and first finger with the other hand  
• Very noticeable pain, like a blow to the nose  

• No pain. Feeling normal  

Table (3): Duration of symptoms in study group.  

t-test  Groups  

t  p-value  

–2.066  0.044*  1-4  
2.360±0.860  

Range  
Mean ±  SD  

1-3  
1.880±0.781  

Chi- 
Square  Total  

Primary  
closure  

Delayed  
primary  
closure  

Operative  
time  

N  %  N %  N %  χ2 
 

p-value  

10  
15  

23  
27  

52.00  
48.00  

40.00  
60.00  

46.00  
54.00  

0.725  0.395  13  
12  

<60 minutes  
>60 minutes  

Total  25  100.00  25  100.00  50  100.00  

In our study, the operative time was less than  

60 minutes in 23 patients, and the operative time  
was more than 60 minutes in 27 patients.  

Table (4): Operative time in study group.  

Groups  

Post-operative pain in cases with delayed pri-
mary closure ranges from 2 to 4 and in cases with  
primary closure it ranges from 2 to 7 on pain scale  

0 to 10.  

Duration of  
symptoms  
(days)  

Delayed primary  
closure  

Primary  
closure  

Table (5): Post-operative pain on pain scale (0-10).  

• Same as level 6, except that the pain completely  

dominates your senses  
• Pain is so intense that you can no longer think  

clearly at all  
• Pain is so intense that you can't tolerate it, and  

demand pain killers for it  
• Pain is so intense that you will go unconscious,  

most people will never experience that level of  
pain  

Table (6): Pain score.  

6 intense  

Severe:  
7 very intense  

8 horrible  

9 unbearable  

10 unimaginable  

Groups t-test  

Age 
Delayed primary 

 
Primary t p-value  

closure closure  

Range 15-42 16-40 –0.266 
 

0.791  
Mean ±  SD 

 

24.720±7.840 25.280±7.003  
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N  %  N %  N %  χ
2 

 
p-value  

N %  N 
 

%  χ 2 
 

p-value  

Total  

Chi- 
Square  Primary  

closure  

0.004*  8.420 14  
11  

23  
2  

37  
13  

92.00  
8.00  

56.00  
44.00  

74.00  
26.00  

Negative  
Positive  

Total  25  100.00  25  100.00  50  100.00  

Total  25  100.00  25  100.00 50  100.00  

There were 9 patients with wound swelling in  
the study group which is distributed as follow, 1  

patient with delayed primary closure and 8 patients  
with primary closure.  

Table (7): Post-operative wound swelling in study group.  

Groups  

Delayed  
primary  
closure  

Primary  
closure  

Total  
Chi- 

Square  Swelling  

Table (10): The difference between the two groups of patients  

in superficial surgical wound infection.  

Patients  
with  
superficial  
surgical  
wound  
infection  

Delayed  
primary  
closure  

N %  

Groups  

1 
24 96.00 17 68.00 41 82.00 6.640 0.010* Table (11): The result of culture from wound discharge.  

4.00 8 32.00 9 18.00  
No  
Yes  

There were 7 patients with wound discharge in  

the study group which is distributed as follows, 1  

patient in delayed primary closure and 6 patients  

in primary closure.  

Table (8): Post-operative wound discharge in study group.  

Groups  

Chi- 
Square  Total  

Primary  
closure  

Delayed  
primary  
closure  

Discharge  

N  %  N %  N %  χ
2 

 
p-value  

0.042*  24  
1  

96.00  
4.00  

No  
Yes  

4.153  43  
7  

19  
6  

86.00  
14.00  

76.00  
24.00  

Total  25  100.00  25  100.00  50  100.00  

The total post-operative hospital stay in delayed  
primary closure ranges from 4 to 9 days and in  

primary closure ranges from 3 to 9 days with no  

significant difference between the two groups.  

Table (9): Total post-operative hospital stay in the study group.  

Groups  t-test  

Primary  
closure  

t  p-value  

Hospital  
stay (days)  Delayed primary  

closure  

–0.623  4-9  
5.000± 1.155  

0.536  3-9  
5.280±1.926  

Range  
Mean ±  SD  

In our study there was 13 patients with super-
ficial surgical wound infection. There was signif-
icant difference between the two groups of patients.  

In delayed primary closure there were 2 patients  

with positive signs of superficial surgical wound  

infection but in primary closure there were 11  
patients.  

The most common organisms cultured from the  
wounds were Escherichia coli (46.1%), Bacteroides  
fragilis (23%), and various Streptococci (15%).  

Groups  

Chi- 
Square  Total  

Delayed  
primary  
closure  

Primary  
closure  

Wound pus  
culture  

χ
2 

 

p- 
value  

N %  N % N %  

• No growth  
• Escherichia coli  
• Bacteroids fragilis  
• Streptococcal  

species  
• Pseudomonas  

aeruginosa  
• Clostridial species  

1  
4  
3  
2  

1  
6  
3  
2  

0  
2  
0  
0  

9.09  
36.36  
27.27  
18.18  

0.318  
0.374  
0.944  
0.682  

0.997  
0.791  
0.005  
0.168  

7.69  
46.15  
23.08  
15.38  

0.00  
100  
0.00  
0.00  

1  1  0  0.997  0.318 7.69  9.09  0.00  

0  – – 0  0.00  0.00  0.00  0  

Discussion  

The aim of work of the present study was to  
compare the efficacy of primary wound closure  

with delayed primary wound closure in terms of  
wound infection after surgery for perforated ap-
pendix and get evidence of the effectiveness of  

either procedure. To achieve this aim 50 patients  
with acute appendicitis were included in the study.  

In the present study, regarding to sex the delayed  
primary closure group and the primary closure  
group were nearly similar with p=0.777, which  
agrees with the study done by Siribumrungwong  

et al. [6]  who found no difference with p=0.42.  

In our study, the mean age in cases with delayed  

primary closure was 24.7 and the mean age in  

cases with primary closure was 25.2 that as nearly  
to the study reported by Chiang et al., [9] which  
found that the mean age in cases with delayed  

primary closure was 38.2 and the mean age in  

cases with primary closure was 37.5.  

Regarding to the duration of symptoms in cases  
with delayed primary closure, it range from 1 to  

3 days but in cases with primary closure, it range  

from 2 to 4 days, in the study done by Meka and  

Anasuri [10]  the mean duration of symptoms before  
admission was 24 hours, with a range of 1 to 4  
days.  
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As regard to the operative time, there was no  
significant difference in between the studied groups  

(DPC, PC) with p=0.395 which in agreement with  
the study done by Meka and Anasuri [10]  who have  
the same results.  

In the current study, there was high significant  

difference in between the two groups as regard to  

post-operative pain on pain scale with p=0.001 but  
in the study done by Siribumrungwong et al., [6]  
the mean post-operative pain scores were not dif-
ferent.  

In our study, in post-operative wound discharge  

there was a significant difference in between the  

study groups with p=0.042, which disagrees with  
the study done by Siribumrungwong et al., [6]  who  
stated that there was non-significant difference in  

between the study groups with p=0.77.  

The total post-operative hospital stay in delayed  
primary closure ranges from 4 to 9 days and in  

primary closure ranges from 3 to 9 days with no  

significant difference between the two groups  

(p=0.536), which agrees with the study done by  

Siribumrungwong et al., [6]  who found no signifi-
cant difference between the two groups. But that  

was in contrast to the previous systematic review  

and meta-analysis that found longer LOS in DPC  
than PC [6] .  

As regard to post-operative surgical site infec-
tion, 13 patients shows positive signs for superficial  

surgical site infection with overall rate about 26%  

where in the study done by Meka and Anasuri [10]  
there was 20 patients had superficial incisional  

SSI, overall rate of 23.2%. Korol et al., [11]  findings,  
median SSI incidence was 3.7%, ranging from  
0.1% to 50.4%.  

In the present study, in delayed primary closure  
there was 2 patients with positive signs of superfi-
cial surgical wound infection but in primary closure  

there was 11 patients. Our results are nearly similar  

to findings by Duttaroy et al., [12]  which demon-
strated much higher superficial SSI in PC than  
DPC (i.e, 45.2% vs. 2.7%).  

Our results were different from the previous  

systematic review and meta-analysis, which dem-
onstrated similarly lower superficial SSI in PC  

than in DPC groups, that is, 23% (12%, 33%)  
versus 26% (10%, 42%), respectively [6] .  

These different results might be due to hetero-
geneous patients with different types of operation  

(appendicitis, other procedures), types of patients  

(adult, children), and incision (midline, right lower  

quadrant). As a result, there should be caution in  

applying the results of these findings to patients.  

There was significant difference between the  

two groups of patients regarding to post-operative  

surgical site infection with p=0.004 which was  
different in comparative to the study done by  

Siribumrungwong et al., [6]  where no difference  
between the two groups regarding to post-operative  

surgical site infection with p=0.12.  

In our study, the most common organisms cul-
tured from the wounds were Escherichia coli  
(46.1%), Bacteroides fragilis (23%), and various  
Streptococci (15%) which are similar with the  

study done by Chiang et al., [9]  who found that the  
most common organisms cultured from the wounds  

were Escherichia coli followed by Bacteroides  
fragilis. but in the study done by Siribumrungwong  
et al., [6]  the most common organisms cultured  
from the wounds were P aeruginosa followed by  

Escherichia coli.  

It is also different from the study done by Kache  
et al., [13]  which shows that the most common  
organism cultured from the wounds are E. coli  
13%, Klebsiella 17%, Pseudomonas 21%, Staphy-
lococcus aureus 9%, coagulase negative staphylo-
cocci 4%, enterococci 4% and sterile 36%.  

Bahar et al., [14]  conducted an observational  
study which was carried out on 400 patients with  

gangrenous or perforated (50%) and simple appen-
dicitis (50%). Both groups underwent primary  

wound closure. Patients were followed for wound  
infection for at least one month after surgery. Data  
including age, sex, operating time, pathologic  
report and wound infection were collected. A com-
parison between the studied groups was made using  
Student's t-test for continuous variables and 2 test  

for categorical variables. The median age of the  
patients was 23 years. There were 141 (35.2%)  

females and 259 (64.8%) males. The median oper-
ating time was 30 minutes. Wound infections were  

observed in 15 patients (3.7%), including 6 cases  
of simple and 9 cases of gangrenous or perforated  

appendicitis which was not statistically significant.  

Conclusion:  
Our study suggested that patients undergoing  

open appendectomy for complicated appendicitis,  

DPC was the preferable method for wound man-
agement than primary closure because of a lower  

incidence of wound infection DPC could be con-
sidered for wound management in patients with  

perforated appendicitis.  
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