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Abstract 

Introduction: Surgical site infections (SSI) constitute a significant source of morbidity and mortality for 
cesarean parturients, with considerable impact on the healthcare system. Although the occurrence of SSIs 
depends on several factors, including those related to the patient, pregnancy complications, surgical 
procedure, and healthcare environment, these infections are largely preventable. The occurrence of SSIs 
may raise questions about the quality and safety of surgical interventions. Prevention of SSIs depends on a 
set of best practices to be applied before, during, and after surgical intervention. The aim of our study is to 
assess the impact of implementing the Pre- and Per-operative Safety Checklist on the incidence of SSIs in 
cesarean women.  Materials and Methods: This was a before-after evaluation study conducted in 2014 and 
2015. Recruitment of parturients took place between February and April of each year, with the 
implementation of the checklist for SSI prevention after the first year of surveillance. Data collection was 
done in real-time (daily) with follow-up until Day 30. Data were entered and analyzed using Epi Info6 version 
6.04 (CDC, Atlanta, USA), and multivariate analysis was performed using Epi Info 7 version 3.5.4. Results: 
A total of 611 cesarean sections were included, 311 in the pre-checklist study and 300 in the post-checklist 
study. The checklist was observed for 60% of procedures, i.e., 179 cesareans were performed with checklist 
application. A total of 66 cases of SSIs were recorded during the study period, of which 59 (89.4%) were 
superficial infections, 6 (9%) were deep SSIs, and 1 case was an organ or cavity infection (endometritis). 
The impact of prevention on reducing the incidence rate of SSIs was demonstrated in our study by applying 
a small number of effective measures to prevent infections, as listed on a Checklist for Patient Safety. A 
significant decrease in the incidence rate between the two study periods was achieved, dropping from 16.7% 
to 4.7% (an 86% reduction), and the risk of SSIs in cesarean parturients was reduced to 0.063 (OR = 0.063, 
95% CI: [0.02-0.2], p <0.00001), meaning it is 15.9 times lower after implementing all prevention measures. 
The utility of such a tool reminding the application of best practices was thus demonstrated, with convincing 
results, which would also lead to healthcare cost savings. The Checklist should now be an integral part of 
daily work for teams, ensuring safer surgery. 

Index Terms: Surgical Site Infections - Caesarean Section - Impact Study - Patient Safety - Check-List, Risk 
Factors.   
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I. INTRODUCTION  

As with any surgical procedure, the risk of surgical site infection (SSI) is present after a 
cesarean section. SSIs represent one of the main causes of morbidity and dissatisfaction 
among parturients, increasing the average length of hospital stay by 2 to 7 days1,2,3. They 
increase the burden of care and are costly4. The incidence rate of SSIs in the Obstetrics 
and Gynecology department at CHU Béni Messous was 5.4% in 2005, reached 10.9% 
in 2006, then decreased to 4.2% in 20075. However, this reduction is relative to the 
follow-up rate at J30, which was 46.2% in 2005, improved to 61% in 2006, and then 
decreased to 58% in 2007. Epidemiological surveillance with feedback to surgeons is 
one of the elements of prevention and evaluation of actions taken; its interest has been 
studied in reducing SSIs6,7,8,9, but it is not sufficient to compensate for the lack of 
resources and rigor in care organization. Scientific literature shows that the 
implementation of process indicators such as Checklists (CL)10 or care bundles has been 
demonstrated to be less costly and more effective in preventing infections compared to 
outcome indicators. This has been tested in 8 countries of different economic levels, and 
its effectiveness has been proven, with mortality rates decreasing from 1.5% to 0.8% 
and complications decreasing by 36%11,12. Will its implementation in the operating 
theater of the obstetrics and gynecology department for cesarean sections have an 
impact on the incidence of SSIs? Therefore, we propose to conduct a comparative study 
before and after the implementation of the CL to estimate the SSI rate among women 
undergoing cesarean sections and evaluate its impact. 

Objectives of the study : To assess the impact of implementing the Patient Safety 
Checklist in pre- and peri-operative care on the incidence of surgical site infections (SSIs) 
in women undergoing cesarean section. 
 
II. MATERIALS AND METHODS 

This is a before-and-after study aimed at evaluating the impact of the Patient Safety 
Checklist in the operating room on the incidence rate of SSIs in women undergoing 
cesarean section. The "initial" situation serves as a reference for evaluating the 
effectiveness of our intervention. The follow-up of women undergoing cesarean section 
is prospective and longitudinal. 

Our study was conducted in the Obstetrics and Gynecology department of CHU Béni 
Messous. Recruitment of parturients was carried out during two periods: from February 
to June 2014 for the pre-implementation study and from February to June 2015 for the 
post-implementation study of the WHO Surgical Safety Checklist. 

Parturients who underwent emergency or scheduled cesarean section, regardless of the 
indication, primiparous or multiparous (including those who had previously undergone 
cesarean section), were included, while those transferred to the Obstetrics and 
Gynecology department postpartum after a cesarean section performed in another facility 
were excluded. 
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The primary outcome measure is the occurrence of a surgical site infection. 

The diagnostic criteria for SSIs used are those from the CDC in Atlanta13,14 and 
recommendations from the French High Council of Public Health. 

Data collection was done in real-time (daily) on a pre-established form in pre-, peri-, and 
post-operative periods, including variables related to the patient (age, obesity, diabetes, 
premature rupture of membranes, ASA score, preoperative skin preparation), intervention 
(surgeon, type of anesthesia, contamination class, number of people present in the 
operating room, duration of intervention, data on antibiotic prophylaxis (number of 
antibiotics administered, name of the molecule, dosage pre- and post-operatively). 

Characteristics of the SSI: date of infection, time of occurrence (during hospitalization or 
follow-up at J30), microorganisms, antibiotic treatment, prolongation of stay or 
rehospitalization,... 

Patient follow-up was carried out in the postpartum unit by the epidemiology service 
physicians until J30. For follow-up until J30, all cesarean section patients were given a 
follow-up letter with telephone reminders. 

Any suspicion of SSI was subject to sampling for bacteriological diagnosis. The identified 
microorganisms were systematically subjected to antibiotic susceptibility testing. 

Treatment and Data Analysis : The data were entered, analyzed, and processed using 
Epi Info6 software version 6.04 CDC, Atlanta, USA, after checking (errors and 
inconsistencies were identified through data cleaning), and multivariate analysis was 
performed using Epi Info 7 software version 3.5.4- July 30, 2012. 

Appropriate statistical tests according to the nature and sizes of the variables were 
calculated. These included the Pearson chi-squared test, Yates-corrected chi-squared 
test, Fisher's exact test with a significance level set at 5%, for comparing two means, a 
Student's t-test was used, and for more than two samples, ANOVA was used for normally 
distributed data with homogeneous variances and a 95% confidence interval. When 
variances differed significantly (Bartlett's test of homogeneity of variances), a non-
parametric test rather than ANOVA was used (Mann-Whitney test or Wilcoxon test). To 
estimate the strength of association, both raw and adjusted Odds Ratios (OR) were 
calculated. 
 
III. ACTION PLAN 

Our action plan consisted of introducing the WHO Surgical Safety Checklist, which we 
adapted to our context by adding certain points deemed necessary in the management 
of surgical infectious risk, such as hand hygiene compliance and preoperative skin 
preparation. 

Meetings were organized with the authorities (the director of the hospital, the head of the 
obstetrics and gynecology department), and after their agreement, the team was 
informed. 
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An assessment was made before the introduction of the checklist by conducting two 
audits: one on surgical hand disinfection (SHD) and the other on preoperative skin 
preparation. Insufficiencies were observed in terms of resources and practices: 

For SHD, these included non-compliance of the handwashing station in the emergency 
operating room, absence of protocols for different SHD techniques, non-compliance with 
pre-SHD recommendations (32.7% of cases for wearing jewelry and 32.7% for attire), 
non-compliance with hand disinfection (in 21.2% of cases), and failure to adhere to the 
overall SHD time (below the time defined by the protocol in 100% of cases). 

For preoperative skin preparation (PSP), these included the absence of a protocol for 
field preparation in the operating room, absence of a written protocol for preoperative 
showering, unavailability of antiseptic soap, and non-compliance with the cleansing 
phase. 

Following this assessment, resources were made available to healthcare professionals. 
A new handwashing station was installed in the emergency operating room, along with 
dispensers for mild soap, hydroalcoholic solution, and single-use hand towels. 

The department was supplied with products for handwashing (mild soap, hydroalcoholic 
solution, single-use hand towels) and products for skin cleansing (antiseptic soap). 
Protocols for various SHD techniques, operating field preparation were established and 
displayed. Brochures for preoperative skin preparation were developed and made 
available to practitioners in the obstetrics and gynecology department at pre-anesthesia 
and prenatal consultations.Training was conducted in January 2015 over a one-month 
period, involving medical and paramedical staff (a total of forty-six individuals), organized 
by six physicians from the hospital hygiene unit. The training program included teaching 
on the fundamental aspects of hygiene, standard precautions, hand hygiene techniques, 
and recommendations for antibiotic prophylaxis prescription. For the checklist, a 
presentation illustrating its importance in hospital hygiene was developed with a 
demonstration of its implementation process. The courses were delivered through oral 
theoretical presentations and practical demonstrations followed by discussions. Staff in 
the operating room were accompanied over a one-month period to encourage and 
promote adherence to care protocols and to ensure the use and proper execution of the 
checklist. The checklist is completed by a coordinator, under the responsibility of the 
surgeon and anesthesiologist in charge of the intervention. In practice, when the patient 
enters the operating room, the checklist coordinator asks questions aloud to verify the list 
of 12 points divided into 3 timeframes and checks off the items on the support (paper), 
and each member of the operating room team carries out the verifications that concern 
them aloud  

1st time before anesthesia induction: 6 items: Verification of patient identity, confirmation 
of intervention and site/awareness of setup/verification of preoperative skin 
preparation/verification of surgical and anesthetic equipment/identification of patient 
and/or intervention-related problems 
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2nd time before surgical incision: New verification of patient identity, side, setup, 
anesthetic or intervention-specific risks to anticipate material and equipment accordingly 
in the room, SHD compliance, operating field, and antibiotic administration 

3rd time after the intervention and before leaving the room: Check of materials and textiles 
to avoid oversights, verification of proper labeling of samples, and if necessary, reporting 
of equipment problems, traceability. 
 
IV. RESULTS 

A total of 611 cesarean sections were included, 311 in the study before and 300 in the 
study after the implementation of the checklist, which was observed for 60% of the 
procedures, totaling 179 cesareans performed with checklist application. Follow-up of the 
parturients was ensured up to day 30. 

The mean age of the parturients was 31.9 years (± 5.8 years, range: 15 to 47 years). The 
majority, 71.5% (437/611), had an ASA score of 1. The mean duration of the cesarean 
section was 57.6 ± 13.57 minutes (range: 30 to 120 minutes), and 55.3% (338/611) of the 
procedures were performed urgently, that is to say during labor. 

Comparing the characteristics of the two study populations, the parturients were not 
statistically different in terms of age, comorbidities (ASA score), urgency of the cesarean 
section, or duration of the procedure. 

A total of 66 cases of SSI were recorded during the study period, of which 59 (89.4%) 
were superficial infections, 6 (9%) were deep SSIs, and 1 case of organ or cavity infection 
(endometritis). The diagnosis of SSI was clinical and/or radiological for 44 cases and 
bacteriological for 18 cases. Forty-two cases (63.6%) underwent pus cytobacteriological 
analysis, 24 SSIs (57%) were decapitated (negative wound culture) due to sampling after 
a mean antibiotic therapy initiation delay of 6.9 days ± 2.8 days; prescribed treatment was 
monotherapy in 76.9% of cases and combination therapy in 23.1%. 

Twenty germs were isolated, 65% were Gram-positive cocci, and 35% were Gram-
negative bacilli (GNB). Staphylococcus aureus was the most frequently isolated pathogen 
(n=9), representing 45% of isolated germs, followed by Streptococcus agalactiae in 20% 
of cases (n=4), Pseudomonas aeruginosa (n=2), and E. coli (n=2) in 10% of cases. 

The mean time to onset of infections was 7 ± 3.9 days (median = 6 days, range: 1 to 19 
days). Of the 66 cases of SSI, 18 (27.3%) were diagnosed during the patient's hospital 
stay, with 13 requiring extended hospitalization for a mean duration of 7 days ± 2.7, and 
48 (72.7%) after hospital discharge. Among them, 16.9% (8/48) required re-
hospitalization for a mean duration of 9.62 days ± 4.86. 

As the checklist was not observed for all cesarean sections performed in the study after 
its implementation, we analyzed the impact of healthcare workers' training without verified 
checklist and that of healthcare workers' training with verified checklist to verify the 
presence or absence of a dose-response relationship (dose-effect): 
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A significant decrease in the incidence of SSI was observed between the study before 
and after the implementation of the action plan. In the study before, 52 SSIs occurred, 
resulting in an incidence rate of 16.7%, and after the implementation of the action plan, 
14 parturients had an SSI, resulting in an incidence rate of 4.7% (p<0.001). A greater 
decrease in incidence was observed when the checklist was adhered to, as 4 SSIs 
occurred among the 179 parturients cesareans with checklist control in the operating 
room, resulting in an incidence rate of 2.23%. The most significant decrease in incidence 
was observed for superficial infections, decreasing from 15.11% (47/311) to 4% (12/300), 
a reduction of 73.5% (p<0.001), while no significant difference was observed in the 
incidence rates of deep SSIs and organ or cavity infections between the two periods. 

During the study, we identified risk factors associated with the occurrence of SSI: 

Premature rupture of membranes more than 12 hours before hospitalization increased 
the risk of SSI by 6 times (crude OR [2.97-12.2], p <0.01), and when adjusted for other 
factors, it remained associated with SSI with an adjusted OR of 5.6 (p = 0.001, 95% CI: 
[2.4; 13.2]). 

An ASA score greater than or equal to 3 was identified as a risk factor for SSI with a crude 
OR of 3.2 (95% CI [2.97-12.2], p<0.01), and it was 3.7 when adjusted with other factors 
(adjusted OR 3.7, 95% CI: [1.8; 7.6], p <0.001). 

Altemeier class ≥ 3 was associated with SSI with a crude OR of 6.78 (95% CI [3.6-12.7], 
p <0.01) and an adjusted OR of 9.9 (95% CI: [4.6; 21.2], p <0.001). 

The number of people present in the operating room, when high (≥ 5), was associated 
with SSI with a crude OR of 2.37 (95% CI [1.09-7.27], p <0.05) and an adjusted OR of 
3.5 (ORa=3.5, 95% CI: [1.3-9.1], p <0.01). 

Table I: Summarizes the univariate and multivariate analysis of risk factors and 
protective factors for SSI in cesarean section patients in a university hospital 

center 
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V. DISCUSSION  

This study on the impact of implementing a "care-bundle" for the prevention of surgical 
site infections (SSI), specifically the CL safety checklist for pre- and peri-operative care 
coupled with healthcare personnel training, among women undergoing cesarean 
sections, is the first of its kind conducted in Algeria. This prevention strategy was made 
possible through close collaboration between the obstetrics and gynecology department, 
the hospital hygiene unit, and the support of hospital management. It led to a significant 
reduction in the incidence rate of SSIs among women undergoing cesarean sections and 
identified risk factors through multivariate analysis. Four factors remained associated with 
the occurrence of SSIs among these women: 

Premature rupture of membranes, frequently reported in the literature due to the 
increased risk of chorioamnionitis (an infection of the placenta and amniotic fluid)15. The 
longer the duration, the higher the risk of SSI15,17,18. Definitions vary, with some studies 
considering rupture before admission and others considering the duration of rupture 
before labor. This factor is consistently found in multivariate analyses19,20,21,22. This risk 
was also reported in Demisew study23; however, prolonged rupture of the membrane (> 
12 hours) was significantly associated (p < 0.05) with chorioamnionitis, which in turn was 
significantly associated with SSI (p < 0.001). Jido TA. and al.24 found a significantly higher 
incidence rate of SSI after premature rupture of the membranes (11.3% versus 0.4%, p 
< 0.01). Barbut F. and al.25 did not report this factor as a risk for SSI, although it was more 
frequent in patients who had an SSI (5.88% versus 2.36%, p = 0.10), probably due to the 
small sample size and the timeframe considered as a risk for SSI after premature rupture 
of the membranes (more than 6 hours instead of 12 hours). In our study, when the time 
of premature rupture of the membranes was more than 12 hours before hospitalization, 
this factor increased the risk of SSI by 6 times ([2.97-12.2] p < 0.01), and after adjusting 
for other factors, it remained associated with SSI with an ORa of 5.6 (p < 0.001, 95% CI: 
[2.4 ; 13.2]), despite 78% of the parturients being put on antibiotic prophylaxis after 
hospitalization. 

The ASA score, which reflects the presence of comorbidities, has been cited in previous 
studies1,26,27,28. Filbert J.29 demonstrated a significant association between the 
occurrence of a surgical site infection (SSI) and an ASA score greater than 2 in a 
prospective study of women undergoing cesarean sections. Alseny-Gouly C. and al.30 
found, during multivariate analysis, an almost twofold higher risk (adjusted odds ratio 
[ORa] = 1.8 [1.1–3.0]; p < 0.05) when the ASA score was greater than 1. Tang R and al.31 
reported a nearly twofold increased risk of SSI for ASA score 2. In Barbut F. and al.'s 
study25, SSI rates stratified by ASA score were 2.17%, 4.13%, and 6.25% for patients 
with ASA scores of 1, 2, and 3, respectively. In our study, although the majority of our 
patients (89.2%) had a low ASA risk (young and healthy parturients), the SSI incidence 
rate was significantly higher for ASA score ≥ 3 (24.2% versus 9.2% for ASA <3, p < 0.01) 
with an adjusted OR of 3.7 (95% CI [1.8–7.6]). 
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Regarding the contamination class, it is clear that the cleanliness of the operated site 
is linked to the risk of SSI. Contaminated and dirty surgeries are much more exposed to 
the risk of infection than clean surgeries, and this factor often proves significant for 
classes ≥ 3. A meta-analysis, based on WHO databases for the African region with 11 
references, found that Altemeir Class ≥ 3 was cited 4 times as a risk factor for infection. 
Mitt P.32 reported a high risk for classes 3 and 4 (OR 3.8; 95% CI, 1.2–11.8; p < 0.01). 
Tang R et al.31 found an OR of 2.9 for contaminated wounds. Filbert J.29 found a risk of 
SSI in women undergoing cesarean sections of 2.4 (95% CI, [1.1–5.0]; p < 0.05). In 
Morocco, this factor was also found to be associated with SSI33. This risk factor was 
highlighted in our study, with contaminated surgeries (categories ≥3 of the Altemeier 
classification) being more exposed to the risk of SSI with an adjusted OR of 9.9 (95% CI: 
[4.6–21.2], p < 0.001). 

Regarding the number of people in the operating room, the shedding of skin from 
personnel represents a significant amount of microorganism-carrying cells dispersed in 
the air, serving as potential sources of wound contamination34,35,36,37. A systematic 
literature review, including 27 original articles, with 14 articles evaluating the number of 
people in the operating room (ranging from 3 to 20 people), found two studies describing 
a significant association between the number of people and SSI rates38. Another 
retrospective study involving 3259 surgical interventions reported a relationship between 
the number of people in the operating room and the infection rate, which increased 
significantly from 1.5% for <9 people to 6.9% for >16 people39. 

In our study, the presence of ≥5 people in the operating room was significantly associated 
with the occurrence of infection with an adjusted OR of 3.5 (95% CI [1.3–9.1], p < 0.001). 

The evaluation also focused on protective factors, namely the impact of training 
healthcare personnel without completed CL and the impact of training healthcare 
personnel with adherence to the CL. Despite the simplicity of the CL, the completion rate 
did not exceed two-thirds (60.4%). Adherence to the CL was better during daytime hours 
(68.3% during the day versus 31.6% in the evening, p < 0.001), and on weekdays 
(63.14% on weekdays versus 40% on weekends, p < 0.01). This can be explained by the 
significant workload and reduced staffing levels during weekends and nights. However, 
regarding the urgency of the surgical procedure, no difference was observed (56.14% 
(96/171) of CLs were completed for emergency procedures and 65.35% (83/127) for 
scheduled interventions. 

In terms of completion quality, the completeness rate was 83.2%, which can be attributed 
to the presence of full-time coordinators in both operating rooms (emergency and cold 
rooms) who received training on CL implementation, were motivated, and actively 
involved in operational risk management. The CL was well followed upon its 
implementation during the months of February and March, but a relaxation was observed 
in April and May (67% versus 48%, p < 0.001). In a study conducted by Fourcade and 
al40. In French centers, they had a CL completion rate of 95.5% and 95.8%, but 
completion rates were 64% and 68%, respectively. Paugam-Burtz and al.41 found CL 
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utilization rates of 88%, 89%, and 76% over three 15-day evaluation periods, with 
completion rates of 90% for pre-induction and pre-incision items and 75% for 
postoperative items. The study by BECRET and al.42 conducted at the Bouffard Medico-
Surgical Hospital (HMCB) in the Republic of Djibouti found a completion rate of 49% but 
very poor completion quality results (24%), despite its mandatory status. 

In our study, the incidence rate of SSIs was 16.72% (52/311) during the first period (in 
2014) and 4.7% (14/300) after the implementation of prevention measures, significantly 
reducing the incidence of SSIs in women undergoing cesarean sections. 

Many studies have reported a link between healthcare personnel training and a decrease 
in rates of healthcare-associated infections (HAIs)43. The first study to truly demonstrate 
the impact of prevention programs in terms of reducing HAIs was the SENIC study 
conducted by the CDC in the 1970s in a representative sample of American hospitals. 
The program involved healthcare personnel training and the implementation of active 
surveillance with HAI reporting. The authors observed a significant reduction in HAIs 
(surgical site infections, urinary tract infections, and bacterial pneumonias) of 26% in 
hospitals that adopted this program, whereas hospitals without the program saw an 18% 
increase in these infections. Aouni and al.44 reported a significant decrease in the 
incidence rate of healthcare-associated pneumonia from 18.4% to 11.1% (p = 0.037) in a 
study conducted in 3 intensive care units at the Central Army Hospital after the 
implementation of a prevention program (healthcare personnel training, provision of 
handwashing materials). Makhlouf45 reported a reduction in the rate of surgical site 
infections in the obstetrics and gynecology department after a training and education 
program for healthcare personnel, decreasing from 5.1% to 4.7% (NS). The 
multidisciplinary team of Rauk PN46 reported an 84% reduction in the rate of surgical site 
infections in cesarean deliveries, decreasing from 7.5% (33/441) in January-July 2006 to 
1.2% (5/436) in January-July 2007 (p < 0.001) after an education and training program 
for personnel. 

Riley MM and al.47 reported a 63.5% reduction in surgical site infection rates in cesarean 
deliveries by ensuring adherence to prevention guidelines and improving skin antisepsis 
(p <0.01). The rate of surgical site infections decreased from 6.27% before the 
implementation of measures to 2.29% after. 

We found similar results, as when evaluating the impact of healthcare personnel training 
with awareness-raising and the implementation of incentive reminders in the workplace 
without adherence to the surgical checklist (CL) in the operating room, we significantly 
reduced the rate of surgical site infections in cesarean deliveries. The risk of a surgical 
site infection was reduced fourfold after adjustment for confounding factors (adjusted 
odds ratio of 0.25, 95% CI: [0.1-0.6], p = 0.002). 

Regarding the impact of adherence to the surgical checklist (CL) in the operating room, 
four surgical site infections occurred among the 179 cesarean deliveries with CL control 
in the operating room, resulting in an incidence rate of 2.23%. 
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The first study to demonstrate the impact of the CL on reducing surgical site infections 
was conducted by the WHO as part of the "The Safe Surgery Saves Lives" program led 
by Haynes and al.48 between October 2007 and September 2008 in eight hospitals in 
eight cities with different economic levels. The results were very conclusive; postoperative 
complications were reduced by 36.4% after the introduction of the checklist (11.0% before 
versus 7.0% after, p < 0.001), and surgical site infections by 45.2% (6.2% before versus 
3.4% after, p < 0.001). 

Ng W. et al.49 observed a significant reduction in the rate of surgical site infections (SSIs) 
in cesarean deliveries by 50% (from 8.2% initially to 4.1%) after implementing a surgical 
safety checklist with a care bundle for SSI prevention, including optimizing the timing of 
antibiotic prophylaxis and improving the surgical site preparation by avoiding 
inappropriate hair removal (through patient education during prenatal consultations). 

Rogier M.P.H. and Crolla50 reported a 36% decrease in the rate of SSIs after adjusting 
for confounding factors following the implementation of a care bundle. This was a 
prospective quasi-experimental cohort study conducted on patients undergoing colorectal 
surgery between 2008 and 2012 (4 years). The bundle of measures included preoperative 
antibiotic prophylaxis, appropriate hair removal before surgery, preoperative 
normothermia, and adherence to operating room discipline. 

A systematic review and meta-analysis conducted by Judith and al.51, based on the 
results of numerous randomized comparative trials focused on "the impact of a care 
bundle on the incidence of SSIs." The list of measures included basic interventions such 
as antibiotic administration, appropriate hair removal, glycemic control, and 
normothermia. Sixteen randomized trials and fifteen cohort studies were included in the 
analysis, with the SSI rate being 7% (328/4649) in the group with the implementation of 
measures and 15% (585/3866) in the control group, resulting in a risk reduction of 0.55 
(95% CI [0.39–0.77], p < 0.01). 

An Australian study52 showed a 50% reduction in the SSI rate after implementing a care 
bundle transcribed onto a checklist, with the SSI rate being 15% (95% CI [10.4–20.2]) 
before versus 7% (95% CI [3.4–12.6]) after. 

A Tunisian study53 reported a significant reduction after implementing the WHO checklist, 
with the proportion of SSIs being 13.5% in the study before implementation, decreasing 
to 1.3% afterward. 

In our study, adopting a before-and-after methodology, we observed a decrease in the 
incidence rate of SSIs by introducing the adherence aid tool for preventive measures, the 
"Patient Safety in the Operating Room" checklist with the care bundle for SSI prevention 
including healthcare personnel training, improvement in adherence and quality of surgical 
hand disinfection technique by friction, and improvement in surgical site preparation by 
avoiding inappropriate hair removal. The SSI rate decreased by 86%, and the risk of SSI 
occurrence in cesarean deliveries was 0.063 (95% CI: [0.02–0.2], p < 0.00001), meaning 
it was 15.9 times lower after implementing all measures. 
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VI. CONCLUSION 

Ultimately, it seems that the SSI surveillance program coupled with the implementation 
of the checklist had a protective impact, affirming that infectious risk management 
requires meticulous organization and effective coordination among all stakeholders 
(nurses, surgeons, anesthetists) involved in various technical activities in the operating 
room. The essence of SSI prevention revolves around preventable infections. Other risk 
factors specific to patients remain an intrinsic characteristic and do not provide healthcare 
providers with any  
 
References 

1) Gould D, et al. Nurs Stand. 2007 Apr 18-24; 21(32):57-8, 60, 62 passim. Caesarean section, surgical 
site infection and wound management. PMID: 17479790 DOI:10.7748/ns2007.04.21.32.57.c4498 
[PubMed] 

2) Di Lieto A, Albano G, Cimmino E et al. Retrospective study of postoperative infectious morbidity 
following cesarean section. Minerva Ginecol. 1996 Mar; 48(3):85-92. PMID: 8684692 [PubMed] 

3) Williams CM, Okada DM, Marshall JR, et al. Clinical and microbiologic risk evaluation for post-
cesarean section endometritis by multivariate discriminant analysis: role of intraoperative mycoplasma, 
aerobes, and anaerobes. Am J Obstet Gynecol. 1987 Apr; 156(4):967-74. PMID: 3555082 [PubMed] 

4) Lakehal A, et al. Estimation et prévention des infections du site opératoire chez les femmes césarisées 
du service de gynécologie-obstétrique du CHU de Constantine Avril 2010, 3ème journées 
Maghrébines en hygiène hospitalière, 22-23 Octobre 2010, Faculté de Médecine et de pharmacie, 
Fès, Maroc. 

5) Belkaid R, et al. surveillance des infections du site operatoire au service de gynécologie obstétrique 
du CHU de Béni Messous d’Alger  en 2005, 2006 et 2007 XIXE congrès national de la SFHH - XIXES 
journées nationales SIIHHF - Paris - 5 et 6 juin 2008 

6) Horan TC, Edwards J, Culver DH et al. Risk factors for incisional surgical site infection after caesarean 
section: Results of a 5-year multicenter study. 4th Decennal International Conference on Nosocomial 
and Healthcare-associated Infections, Atlanta, 5-9 mars 2000. 

7) Astagneau P, L’Hériteau F, Daniel F, et al. Reducing surgical site infection incidence through a 
network: results from the French ISO-RAISINsurveillance system. J Hosp Infect. 2009 Jun; 72(2):127–
34. 

8) National Nosocomial Infections Surveillance (NNIS) System Report. Data report from January 1992-
June 2001, issued Auguste 2001. Am J Infect Control 2001; 29: 404-21. 

9) Haley RW, Culver DH, White JW, Meade MW, Emori TG, Munn VP. The efficacy of infection 
surveillance and control programs in preventing nosocomial infections in US hospitals. Am J Epidemiol 
1984; 121: 182-205. 

10) Deuxième défi mondial pour la sécurité des patients - une chirurgie plus sure pour épargner des vies 
alliance mondiale pour la sécurité des patients 
http://www.who.int/patientsafety/challenge/safe.surgery/en/index.html (consulté le 07/02/2016) 

11) Haynes et al. A surgical safety checklist to reduce morbidity and mortality in a global population. New 
England Journal of Medecine 2009; 360:491-9. 

12) HAS, Elaboration de la Check-list version française [en ligne] http://www.has-
sante.fr/portail/jcms/c_1027443/qu-est-ce-que-la-check-list, (consulté le17/02/16) 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 04 | 2024 
DOI: 10.5281/zenodo.11058765 

 

April 2024 | 187 

13) National Nosocomial Infections Surveillance (NNIS) System Report. Data report from January 1992-
June 2001, issued Auguste 2001. Am J Infect Control 2001; 29: 404-21. 

14) Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of surgical site infections, 
1992: a modification of CDC definitions of surgical wound infections. Infect Control Hosp 
Epidemiol1992; 13: 606-8. 

15) Sarrut S., Charlas J., Vodovar M. [The placenta and bacterial infection]. Arch Anat Cytol Pathol 1983; 
31: 117 – 127. 

16) Linnenmann CC, Nosocomial infections in obstetric patients, in Hospital Epidemiology and infection 
Control, CG M, Editor. 1999, Lippincott Williams et Wilkins Philadelphia. p.729-736. 

17) Newton ER., Prihoda TJ., Gibbs RS. A clinical and microbiologic analysis of risk factors for puerperal 
endometritis. Obstet Gynecol. 1990 Mar; 75(3 Pt 1):402-6. PMID: 2406660 [PubMed] 

18) Mah MW, Pyper AM, Oni GA, et al. Impact of antibiotic prophylaxis on wound infection after cesarean 
section in a situation of expected higger risk. A J Infect Control 2001; 29: 85-8. 

19) Dhar H., Al-Busaidi I., Rathi B., Nimre EA., Sachdeva V., Hamdi I., A study of post-caesarean section 
wound infections in a regional referral hospital, oman - Sultan Qaboos Univ Med J. 2014 
May;14(2):e211-7. Epub 2014 Apr 7. PMID: 24790744 PMCID: PMC3997538 [PubMed] 

20) Gravel-Tropper D, Oxley C, Memish Z, et al. Underestimation of surgical site infection rates in 
obstetrics and gynecology. Am J Infect Control 1995; 23: 22-6. 

21) Nice C, Feeney A, Godwin P, et al. A prospective audit of wound infection rates after caesarean 
section in five West Yorkshire hospitals. J Hosp Infect 1996; 33: 55-61. 

22) Pelle H, Jepsen O B, Larsen S O. Wound infection after cesarean section. Infect Control Hosp 
Epidemiol 1986; 9: 456-61. 

23) Demisew A, Tefera B, and Fitsum A Surgical Site Infection Rate and Risk Factors Among Obstetric 
Cases of Jimma University Specialized Hospital, Southwest Ethiopie / Ethiop J Health Sci. 2011 Jul; 
21(2): 91–100. 

24) Jido TA and Garba ID, Surgical-site Infection Following Cesarean Section in Kano, Nigeria Ann Med 
Health Sci Res. 2012 Jan-Jun; 2(1): 33–36. 

25) Barbut F, Carbonne B, Truchot F, et al. Milliez Infections de site opératoire chez les patientes 
césarisées : bilan de 5 années de surveillance Journal de Gynécologie Obstétrique et Biologie de la 
Reproduction Vol 33, N° 6-C1 - octobre 2004 pp. 487-496. 

26) Vermillion ST, Lamoutte C, Soper DE, Verdeja A. Wound infection after cesarean: effect of 
subcutaneous tissue thickness. Obstet Gynecol 2000; 95: 923-6 

27) Martens MG, Kolrud BL, Faro S, Maccato M, Hammill H. Development of wound infection or 
separation after cesarean delivery. J Reprod Med 1995; 40: 171-5. 

28) Myles TD, Gooch J, Santolaya J. Obesity as an independent risk factor for infectious morbidity in 
patients who undergo cesarean delivery. Obstet Gynecol 2002; 100: 959-6 

29) Filbert J et al. Incidence and predictors of surgical site infections following caesarean sections at 
Bugando Medical Centre, Mwanza, Tanzania Published online 2014 Aug 11. doi: 10.1186/2047-2994-
3-25. 

 

 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 04 | 2024 
DOI: 10.5281/zenodo.11058765 

 

April 2024 | 188 

30) Alseny-Gouly A, A.-H. Botherel b, K. Lebascle b, F. Daniel b, P. Astagneau a, b Les facteurs de risque 
des infections du site opératoire après césarienne « étude cas-témoins » a Département de santé 
publique, faculté de médecine Pierre-et-Marie-Curie Paris-VI, France b CClin Paris-Nord, France 
Revue d'Epidémiologie et de Santé Publique 56S 2008 S259 – S294. 

31) Tang R, Chen HH, Wang YL et al. Risk factors for surgical site infection after elective resection of the 
colon and rectum: a single-center prospective study of 2,809 consecutive patients. Ann Surg. 2001; 
234(2):181. doi: 10.1097/00000658-200108000-00007. [PMC free article] [Pubmed] [Cross Ref] 

32) Mitt P, Lang K, Peri A, Maimets M. Surgical-site infections following cesarean section in an Estonian 
university hospital: postdischarge surveillance and analysis of risk factors.Infect Control Hosp 
Epidemiol. 2005 May; 26(5):449-54. 

33) Chadlia M, Rtabi N, Alkandry S, et al. Incidence of surgical wound infections a prospective study in 
the Rabat Mohamed-V military hospital, Morocco Médecine et Maladies Infectieuses Volume 35, 
Issue 4, April 2005, Pages 218–222. 

34) Ayliffe, G. A. Role of the environment of the operating suite in surgical wound infection. Rev. Infect. 
Dis. 13 Suppl 10, S800–804 (1991). 

35) Tammelin, A., Hambraeus, A. & Ståhle, E. Source and route of methicillin-resistant Staphylococcus 
epidermidis transmitted to the surgical wound during cardio-thoracic surgery. Possibility of preventing 
wound contamination by use of special scrub suits. J. Hosp. Infect. 47, 266–276 (2001). 

36) Société Francaise d’Hygiène Hospitalière. Gestion préopératoire du risque infectieux. http : 
wwwsf2hnet publications-SF2H recommandationsgestion-Preoperatoire--Risque-Infect. 
(2013).(accessed 12th may 2016) 

37) National institute for health and clinical excellence. Surgical site infection: Prevention and treatment 
of surgical site infection. http://wwwniceorguk/nicemedia/live/11743/42379/42379pdf (2008). 
(Accessed 12th may 2016). 

38) Babkin, Y. et al. Incidence and risk factors for surgical infection after total knee replacement. Scand. 
J. Infect. Dis. 39, 890–895 (2007). 

39) Pryor, F. & Messmer, P. R. The effect of traffic patterns in the OR on surgical siteinfections. AORN 
J. 68, 649–660 (1998). 

40) Fourcade A, Minvielle E, Blache J-L, Bourgain J-L. Evaluation et applicabilité de la check-list HAS au 
quotidien: expérience des centres de lutte contre le cancer. Ann Fr Anesth Reanim 2011; 30: 495-
500. 

41) Paugam-Burtz, C; GUERRERO O check-list sécurité au bloc opératoire: le bilan après un an de 
déploiement à l'hôpital Beaujon Annales Françaises d'Anesthésie et de Réanimation. Volume 30, n° 
6 pages 475-478 (juin 2011). 

42) Becret A, Clapson P, Andro C, Chapelier X, Gauthier J, Kaiser E. Etude de la faisabilité et de la 
pertinence de la check-list au bloc opératoire pour un pays en développement: exemple d’un hôpital 
français a` Djibouti. Med Sante Trop 2013; 23: 417-420. doi: 10.1684/mst.2013.0257. 

43) Kock R, Becker K, Cookson B et al. Systematic literature analysis and review of targeted preventive 
measures to limit healthcare-associated infections by meticillin-resistant Staphylococcus aureus. 
Euro Surveill. 2014 Jul 24; 19(29). 

44) Aouni M A Pneumopathies associées aux soins dans les services de réanimation de l’hôpital central 
de l’Arme: approche épidémiologique, préventive et recommandations, Thèse pour l'obtention du 
doctorat en sciences médicales Soutenue publiquement 2015 (Polycopié). 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 04 | 2024 
DOI: 10.5281/zenodo.11058765 

 

April 2024 | 189 

45) Makhlouf F. et al. Etude de l’impact de l’hygiène des mains sur l’incidence des ISO au niveau des 
services de chirurgie du CHU Bab El Oued (2010 – 2011) Thèse pour l'obtention du doctorat en 
sciences médicales Soutenue publiquement 2016 (Polycopié). 

46) Rauk PN.Am J Infect Control. 2010 May; 38(4):319-23. Epub 2010 Feb 19.Educational intervention, 
revised instrument sterilization methods, and comprehensive preoperative skin preparation protocol 
reduce cesarean section surgical site infections. 

47) Riley MM, Suda D, Tabsh K, Flood A, Pegues DA.Am J Infect Control. 2012 Nov; 40(9):820-5. Epub 
2012 Mar 13Reduction of surgical site infections in low transverse cesarean section at a university 
hospital. 

48) Haynes et al. A surgical safety checklist to reduce morbidity and mortality in a global population. New 
England Journal of Medecine 2009; 360:491-9. 

49) Ng W1, Brown A2, Alexander D2 et al. multifaceted prevention program to reduce infection after 
cesarean section: Interventions assessed using an intensive postdischarge surveillance system. Am 
J Infect Control. 2015 Aug; 43(8):805-9. doi: 10.1016/j.ajic.2015.04.001. Epub 2015 May 7. 

50) Rogier M. P. H. Crolla, Lijckle van der Laan, Eelco J. Veen, Yvonne Hendriks, Reduction of Surgical 
Site Infections after Implementation of a Bundle of Care Caroline van Schendel, Jan Kluytmans 
Published: September 4, 2012http://dx.doi.org/10.1371/journal.pone.0044599. 

51) Tanner J, Padley W, Assadian O, Leaper D, Kiernan M, Edmiston C, Do surgical care bundles reduce 
the risk of surgical site infections in patients undergoing colorectal surgery? A systematic review and 
cohort meta-analysis of 8515 patients, July 2015Volume 158, Issue 1, Pages 66–77. 

52) Bull a, Wilson J, Worth LJ, Stuart RL, Gillespie E, et al. (2011) A bundle of care to reduce colorectal 
surgical infections: an Australian experience. J Hosp Infect 78: 297–301. doi: 
10.1016/j.jhin.2011.03.029  View Article PubMed/NCBI Google Scholar. 

53) Sana El Mhamdi, Mondher Letaief, Yosra Cherif, Ines Bouanene, Wassim Kallel, Abdelaziz Hamdi 
Implémentation de la liste de contrôle chirurgical de l’Organisation Mondiale de la Santé au niveau 
de l’hôpital universitaire de Monastir (Tunisie) Service de Médecine Préventive et d'Epidémiologie - 
CHU de Monastir, Tunisie Faculté de Médecine de Monastir LA TUNISIE MEDICALE - 2014 ; Vol 92 
(n°06) : 385-390. 

 

 

 


