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Abstract: Background: Acute appendicitis is one of the most common surgical presentations worldwide. Acute
appendicitis is complicated with several sequels, of which the perforated appendicitis presents a major health concern.
Perforated appendicitis is profoundly affected with method of wound closure which determines the incidence of wound
infection. Methods: This is a prospective randomized study that included 360 patients presented with acute appendicitis.
Intraoperative recording of the gross pathology of the appendix with assessment of the relation of wound infection and
method of wound closure were performed. Moreover, record of the patients’ postoperative hospital stay period was
assessed. Results: Postoperative assessment of appendectomy revealed that 18.8% was appendicitis negative, 63% was
uncomplicated appendicitis and 18.2% was perforated appendicitis. We considered primary closure of wounds in 36.4%
of patients, delayed wound primary closure in 18.2% of patients and partial closure of wounds in 45.4% of patients.
Incidence of infected surgical wounds was 37.5%, 16.7% and 13.3% in primary, delayed primary and partial wound
closure respectively. Delayed primary closure had the longest hospital stay (8 days) compared to primary wound closure
(7 days) and partial wound closure (4 days). Conclusions: The study on hand provided an evidence on how superior the
partial wound closure compared to primary wound closure and delayed primary wound closure in patients with
appendicitis.
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study aimed to assess the sequels of partial wound
closure in cases of perforated appendicitis.

INTRODUCTION
Acute appendicitis represents one of the most
prevalent causes of abdominal emergency worldwide
[1]. The diagnosis of acute appendicitis is mainly
clinical, and the surgical intervention is a must [2].
Appendectomy is the usual choice but with different
approaches as open or laparoscopic. Acute appendicitis
can be complicated by wound infection, perforation or
abdominal obstruction leading to serious septic
peritonitis with poor prognosis [3].

METHODS
This prospective study was conducted at AlSader Teaching Hospital, Misan, Iraq in aperiod
extending for approximately 3 years (May 2016 to April
2018). We randomly included 360 patients [190 (
53%) males vs. 170 (47%) females] with age ranged
from 5 to 82 years. Diagnosis of acute appendicitis was
performed through clinical assessment (history record
and abdominal examination), laboratory work-up
(complete blood picture and full urine report) with or
without abdominal ultrasound assessment. After
attaining patients’ informed consent, the patients were
operated with classic technique of open appendectomy
(performing gridiron incision after preoperative
preparation with preoperative antibiotics intra-venous
third generation cephalosporin combined with intravenous metronidazole one hour preoperative). The
antibiotic parenteral treatment was continued for 72

One of the major concerns post-appendectomy
is surgical wound infection. Therefore, significant
concerns were shown towards the method of wound
closure in appendectomy [4, 5]. Several options of
closure of wounds were proposed, primary closure of
wounds, delayed primary closure and partial wound
closure are all under continuous debate whether to
choose one of them. Assessment of the pros and cons of
every method is essential in determining the ideal
method in appendectomy patients [6, 7]. The current
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hours in uncomplicated patients and until complete
resolved wound healing in patients presented with
perforated appendicitis.
Intraoperative assessment of gross pathological
state of the appendix was performed. Gross pathology
was divided into either negative appendicitis (normal
morphology)
or
positive
appendicitis
(with
inflammation of appendix). Inflamed appendix was then
subdivided into uncomplicated and perforated
appendicitis. Patients with intra-abdominal pathologies
rather than appendicitis were excluded from this study.
Patients with perforated appendicitis were managed by
either primary closure, delayed primary closure or
partial wound closure. Partial wound closure involved
left of /3-1/2 of the lower part of the wound unsutured.

Signs of surgical wound infection was
followed up (including redness, swelling, pain and
development of purulent discharge and systemic
manifestations that include fever, malaise, and body
aches). Confirmation of wound infection was performed
using bacterial cultures. Patients’ data were recruited,
tabulated and analyzed using SPSS software (version
25. 2017, IBM, USA). We considered statistical test to
be significant if p value was equal to or less than 0.05.

RESULTS
Analysis of data of included patients revealed
that 71.4% of patients presented with acute appendicitis
aged between 15-45 years as presented in (Table 1).

Table-1: Demographic data of included patients presented with appendicitis
Age (years) No. of patients Total number %
Male Female
< 15
32
25
57
15.7
16-30
64
73
137
37.9
31-45
65
55
120
33.7
46-60
23
13
36
10
> 60
7
3
10
2.7
Positive presentation of appendicitis was
evident in 292 (81.2%) patients, on the other hand 68
patients (18.8%) were free of inflamed appendix. Of the
292 patients presented with inflamed appendix, 66
patients (22.5%) presented with perforated appendix.

Patients presented with perforated appendix had their
wound sutured with primary wound closure in twentyfour patients, delayed wound primary closure in twelve
patients and partial closure of wounds in thirty patients
as presented in Table 2.

Table-2: Techniques of closure of wounds in included patients
Type of wound closure
Number of cases percentage
Primary wound closure
24
36.4
Open & delayed wound closure 12
18.2
Partial closure of wounds
30
45.4
Table 3 reveals the incidence of surgical
wound infection and the duration of hospitalization
days. On the other hand, table 4 shows the incidence of

surgical wound infection and duration of hospitalization
days in patients presented with perforated appendix.

Table-3: Clinical presentation, incidence of wound infection and duration of hospital stay in included patients
Clinical presentation
Number of
Incidence of infection of wounds
Duration of
patients
hospitalization (days)
Number
%
Free from appendicitis
68
3
4.4
1.5
Uncomplicated appendicitis
226
18
6.2
2
Perforated appendicitis
66
15
22.8
7
Table-4: Type of wound closure, incidence of wound infection and hospitalization days in patient with perforated
appendicitis
Type of closure
Number of Incidence of infection of wounds
Duration of
patients
hospitalization (days)
Number
%
Primary closure
24
9
37.5
7
Open wound
12
2
16.7
8
Partial closure of wounds
30
4
13.3
4
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DISCUSSION
One of the most common complications
encountered with any surgical intervention is surgical
wound infection. Surgical wound infection possesses a
great burden on the healthcare system worldwide [8, 9].
This is due to increased postoperative morbidity and
mortality, longer hospital stay and higher cost of
healthcare services [10]. Surgical wound is classified
into main 4 classes depending on type pf surgical
procedure and bacterial load of the wound. These 4
classes include class one (clean wounds), class two
(clean/contaminated wounds), class three (contaminated
wounds), and class two (dirty/infected wounds) [11].
Inflamed appendix without complications is classified
as class four wound with < 10% infective risk which
came into agreement with our study. In the current
study, wound infection rate in uncomplicated and
negative appendicitis was 6.25% and 4.41%
respectively. On the other hand, perforated appendicitis
is categorized between class III and IV with 20-40%
infective risk [12] which is also in agreement with our
study (22.7% rate of wound infection following
appendectomy for perforated appendicitis). Previous
literature reports mentioned the beneficial role of
antibiotics administration pre and post-operative. It was
reported that antibiotics administration can decrease the
risk of infection up to 3-4% [13]. Unfortunately, despite
using proper antibiotics with patients included in the
current study we didn’t observe this effect. This can be
explained with inclusion of several other risk factors
that affect rate of infection of wounds as patients’
health condition in general, other comorbid chronic
diseases and delay in proper diagnosis and intervention.
Several factors control the incidence of wound
infection in clinical practice. Prophylactic antibiotic use
showed a significant role in decreasing wound infection
as previously mentioned. Other preoperative measures
include choice of proper surgical technique and control
of co-morbid chronic diseases present in operated
patients [14, 15]. Proper surgical technique includes
purulent material drainage, necrotic tissue debridement
and clearance of foreign bodies in wound site [16, 17].
Moreover, type of closure of wounds is very important
in limiting risk of wounds’ infection, especially when
dealing with perforated appendicitis [18]. The selection
of primary wound closure in such situations showed a
drawback of development of closed space infection.
Therefore, an alternative method of wound closure must
be selected with emergence of open wound with
delayed primary closure technique. This technique
involves cleaning and irrigation of wounds with normal
saline then gauze packing with insertion of interrupted
fine nylon sutures. Delayed wound closure is then done
3-5 days postoperative [19-21].

reduced the incidence of wound infection. However,
this technique is disadvantageous regarding longer
hospital admission and higher cost of treatment [22].
The current study revealed higher incidence of wound
infection with open wound technique (16.7%)
compared to previous literature (4%). This can be
explained with the fact that open wound method was
applied in our study in only fulminant cases of appendix
perforation that is accompanied with excessive
inflammation and sepsis. Considering the cons of the
open wound technique, and with the usage of powerful
antibiotics, the surgical decision was changed back into
preference of primary wounds’ closure [19, 21, 27, 28].
In addition, mentioned studies had recommended
primary closure of wounds and reported that there was
minimal significant improvement in wound infection
incidence between these two closures. Currently,
primary wounds’ closure is the preferred choice in
patients with perforated appendicitis in pediatric
surgeries [26, 29, 30]. The aforementioned literature in
this field mentioned various rates of wounds’ infection
with the primary way of wound closure. These articles
reported better rates include 44%, 55.7, 48.1%, and
37.1%, while those reporting worse rates were of 0%,
1.5, 7.8%, and 11.1%. [16, 20, 26, 28, 31-33]. The
current study reported very high incidence of wound
infection (37.4%).
In the current study, we also considered
application of partial wound closure in some of patients
presented with perforated appendicitis. Considering that
technique, the wound was scrubbed using normal NaCl
solution and washed by iodine solution then closed by
deep interrupted sutures, and about 50% of the last part
of the wound was left unsutured (to be self-drained) and
covered with aseptic dressing. This way necessitates
full and every-other day on clinic examination of these
wounds from the third day post-operative until the
wound become dry with acceptable cosmetic
appearance. Regarding patients included in our study
and received this type of wound closure, significant
lower infection rates were observed compared to
primary incision closure (13.3% vs. 37.5%) (P value=
0.03) and non-significant lower infection rates rate
compared to delayed incision closure (13.3% vs.
16.7%) (P value = 0.7). Moreover, the partial wound
closure method had less hospitalization days compared
to other techniques (four days) vs. (seven days) in
primary wounds’ closure way and (eight days) in the
open incision with delayed primary closure) and
therefore less health care burden. Included patients who
showed wound sepsis with partial wounds’ closure were
bedside treated by widening of the lowermost part of
the wound edges using an artery forceps then wound
cleaning with an anti-sepsis irrigation and finally
covered by sterile covering.

It was considered that the open surgical wound
with delayed wound’s primary closure is ideal for
management of perforated appendix, as it significantly
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CONCLUSION
The current study revealed the beneficial role
of partial wound closure during appendectomy for
perforated appendicitis. Patients undergoing partial
wound closure exhibited lower wound infection rate,
lower hospital stays duration and higher overall patients
and healthcare provider satisfaction. Moreover, partial
wound closure had very acceptable cosmetic prognosis
with minimal scar formation.
Funding
The current study was self-funded.
Conflict of interest
The authors declared no conflict of interest.

REFERENCES
1.

Reust, C. E., & Williams, A. (2016). Acute
abdominal pain in children. American family
physician, 93(10), 830-836.
2. Lyon, C., & Clark, D. C. (2006). Diagnosis of
acute abdominal pain in older patients. American
family physician, 74(9), 1537-1544.
3. Fitz, R. H. (1886). Perforating inflammation of the
vermiform appendix; with special reference to its
early diagnosis and treatment. 1. The American
Journal of the Medical Sciences (1827-1924),
(184), 321.
4. Williams, N. S., O'Connell, P. R., & McCaskie, A.
(Eds.). (2018). Bailey & Love's short practice of
surgery. CRC press.
5. Li, J., Xu, R., Hu, D. M., Zhang, Y., Gong, T. P., &
Wu, X. L. (2019). Effect of delay to operation on
outcomes in patients with acute appendicitis: A
systematic review and meta-analysis. Journal of
Gastrointestinal Surgery, 23(1), 210-223.
6. Bahar, M. M., Jangjoo, A., Amouzeshi, A., &
Kavianifar, K. (2010). Wound infection incidence
in patients with simple and gangrenous or
perforated appendicitis. Archives of Iranian
medicine, 13(1), 13-16.
7. Andersen, B. R., Kallehave, F. L. F., & Andersen,
H. K. (2003). Antibiotics versus placebo for
prevention of postoperative infection after
appendicectomy. Cochrane Database of systematic
reviews, (2).
8. Gura, K. M. (2004). Incidence and nature of
epidemic nosocomial infections. Journal of
Infusion Nursing, 27(3), 175-180.
9. System, N. N. I. S. (2003). National Nosocomial
Infections Surveillance (NNIS) system report, data
summary from January 1992 through June 2003,
issued August 2003. American Journal of Infection
Control, 31(8), 481-498.
10. Weigelt, J. A., Lipsky, B. A., Tabak, Y. P., Derby,
K. G., Kim, M., & Gupta, V. (2010). Surgical site
infections: causative pathogens and associated
outcomes. American
journal
of
infection
control, 38(2), 112-120.
© 2021 | South Asian Research Publication

11. Mangram, A. J., Horan, T. C., Pearson, M. L.,
Silver, L. C., Jarvis, W. R., & Hospital Infection
Control Practices Advisory Committee. (1999).
Guideline for prevention of surgical site infection,
1999. Infection
Control
&
Hospital
Epidemiology, 20(4), 247-280.
12. Prystowsky, J. B., Pugh, C. M., & Nagle, A. P.
(2005). Current problems in surgery. Appendicitis
Curr Probl Surg, 42(10), 688-742.
13. Solomkin, J. S., Mazuski, J. E., Baron, E. J.,
Sawyer, R. G., Nathens, A. B., DiPiro, J. T., ... &
Bartlett, J. (2003). Guidelines for the selection of
anti-infective agents for complicated intraabdominal
infections. Clinical
Infectious
Diseases, 37(8), 997-1005.
14. Sganga, G. (2002). New perspectives in antibiotic
prophylaxis for intra-abdominal surgery. Journal of
Hospital Infection, 50, S17-S21.
15. Guglielmo, B. J., Hohn, D. C., Koo, P. J., Hunt, T.
K., Sweet, R. L., & Conte, J. E. (1983). Antibiotic
prophylaxis in surgical procedures: a critical
analysis
of
the
literature. Archives
of
Surgery, 118(8), 943-955.
16. Chiang, R. A., Chen, S. L., Tsai, Y. C., & Bair, M.
J. (2006). Comparison of primary wound closure
versus open wound management in perforated
appendicitis. Journal of the Formosan Medical
Association, 105(10), 791-795.
17. Marshall, J. C. (2010). Principles of source control
in the early management of sepsis. Current
infectious disease reports, 12(5), 345-353.
18. Lewis, F. R., Holcroft, J. W., Boey, J., & Dunphy,
J. E. (1975). Appendicitis: a critical review of
diagnosis and treatment in 1,000 cases. Archives of
surgery, 110(5), 677-684.
19. Henry, M. C., & Moss, R. L. (2005). Primary
versus delayed wound closure in complicated
appendicitis: an international systematic review and
meta-analysis. Pediatric
surgery
international, 21(8), 625-630.
20. Cohn, S. M., Giannotti, G., Ong, A. W., Varela, J.
E., Shatz, D. V., McKenney, M. G., ... & Namias,
N. (2001). Prospective randomized trial of two
wound management strategies for dirty abdominal
wounds. Annals of surgery, 233(3), 409.
21. Siribumrungwong, B., Noorit, P., Wilasrusmee, C.,
& Thakkinstian, A. (2014). A systematic review
and meta-analysis of randomised controlled trials
of delayed primary wound closure in contaminated
abdominal wounds. World Journal of Emergency
Surgery, 9(1), 1-8.
22. Hepburn, H. H. (1919). Delayed primary suture of
wounds. British medical journal, 1(3033), 181.
23. Mangram, A. J., Horan, T. C., Pearson, M. L.,
Silver, L. C., Jarvis, W. R., & Hospital Infection
Control Practices Advisory Committee. (1999).
Guideline for prevention of surgical site infection,
1999. Infection
Control
&
Hospital
Epidemiology, 20(4), 247-280.

44

Saddam Ali Abbas & Ali Laibi Zamil; SAR J Med Biochem; Vol-2, Iss- 4 (July-Aug, 2021): 41-45.

24. Alexander, J. W., Solomkin, J. S., & Edwards, M.
J. (2011). Updated recommendations for control of
surgical site infections. Annals of surgery, 253(6),
1082-1093.
25. Garner, J. S. (1986). CDC guideline for prevention
of surgical wound infections, 1985. Infection
Control & Hospital Epidemiology, 7(3), 193-200.
26. Burnweit, C., Bilik, R., & Shandling, B. (1991).
Primary closure of contaminated wounds in
perforated appendicitis. Journal of pediatric
surgery, 26(12), 1362-1365.
27. Rucinski, J., Fabian, T., Panagopoulos, G., Schein,
M., & Wise, L. (2000). Gangrenous and perforated
appendicitis: a meta-analytic study of 2532 patients
indicates that the incision should be closed
primarily. Surgery, 127(2), 136-141.
28. Pettigrew, R. A. (1981). Delayed primary wound
closure
in
gangrenous
and
perforated
appendicitis. Journal of British Surgery, 68(9), 635638.
29. Tsang, T. M., Tam, P. K., & Saing, H. (1992).
Delayed primary wound closure using skin tapes

© 2021 | South Asian Research Publication

30.

31.

32.

33.

for advanced appendicitis in children: a
prospective,
controlled
study. Archives
of
Surgery, 127(4), 451-453.
Serour, F., Efrati, Y., Klin, B., Barr, J., Gorenstein,
A., & Vinograd, I. (1996). Subcuticular skin
closure as a standard approach to emergency
appendectomy in children: prospective clinical
trial. World journal of surgery, 20(1), 38-42.
Elmore, J. R., Dibbins, A. W., & Curci, M. R.
(1987). The treatment of complicated appendicitis
in children: What is the gold standard?. Archives of
Surgery, 122(4), 424-427.
Schwartz, M. Z., Tapper, D. A. V. I. D., &
Solenberger, R. I. (1983). Management of
perforated
appendicitis in children. The
controversy continues. Annals of surgery, 197(4),
407.
Siribumrungwong, B., Srikuea, K., & Thakkinstian,
A. (2014). Comparison of superficial surgical site
infection between delayed primary and primary
wound closures in ruptured appendicitis. Asian
journal of surgery, 37(3), 120-124.

45

