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Abstract

Background/Objectives: Cesarean section (CS) is among the most common surgical proce-
dures worldwide and is associated with a markedly increased risk of postpartum infection,
including surgical site infection (SSI). International guidelines recommend routine prophy-
laxis for all CSs, but in Slovenia, it has traditionally been reserved for high-risk procedures,
with limited SSI surveillance data. The aim of this study was to determine the incidence
of SSI within 30 days after CS and to evaluate the impact of universal prophylaxis imple-
mented in a regional secondary care teaching hospital. Methods: We conducted a retrospec-
tive observational cohort study including all CS performed during 2023 (risk-based-only
prophylaxis) and 2024 (universal prophylaxis) at Izola General Hospital, Slovenia. SSI was
defined according to ECDC criteria and identified from inpatient and outpatient records
up to 30 days postoperatively. Logistic regression was used to assess associations between
prophylaxis, clinical variables, and SSI. Results: Among 1055 deliveries (208 CS; 99 in 2023,
109 in 2024), the rate of antimicrobial prophylaxis increased from 58.6% to 89.0% (p < 0.001).
The overall 30-day SSI incidence was 7.2%, with no significant difference between the
pre- and post-implementation periods (8.1% vs. 6.4%, p = 0.644). Most infections (86.7%)
were diagnosed after discharge and were superficial incisional SSI (60%). In multivariable
analysis, prophylaxis was independently protective (adjusted OR 0.11; 95% CI 0.02-0.58;
p = 0.009), while prelabor rupture of membranes (PROM) and higher maternal weight
significantly increased SSI risk. Conclusions: Antibiotic prophylaxis was independently
associated with a reduced risk of SSI following SC; however, the absolute infection rate
did not decline significantly and remained moderate after implementation. PROM and
higher maternal weight were additional independent risk factors. These findings support
universal prophylaxis with optimization for high-risk women and ongoing hospital and
national surveillance to improve CS safety.

Keywords: cesarean section; surgical site infection; hospital acquired infections; antibiotic
prophylaxis; epidemiology; Slovenia

1. Introduction

Cesarean section (CS) is among the most frequently performed surgical interventions
worldwide and plays a vital role in perinatal care by preventing maternal and neonatal
morbidity and mortality, particularly in complex clinical situations such as obstructed labor
or fetal distress [1,2]. Globally, the use of CS has increased substantially, rising from 12% of
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births in 2000 to an estimated 21% in 2015, with projections indicating it could reach 29%
by 2030 [3,4]. Significant regional disparities are evident, with rates varying from below
1% in certain low-income countries to exceeding 50% in others, with substantially higher
utilization among women of higher socioeconomic status and in private healthcare settings,
many of which are performed with no medical or obstetric indication [5,6]. In Slovenia,
21.9% of births were performed by CS between 2015 and 2019, placing the country among
those with relatively low prevalence compared to the European average of 26.0%; however,
its use in Slovenia continues to rise, unlike in many European countries where rates have
plateaued [7].

Although essential for safe maternal and neonatal outcomes when clinically indicated,
CS carries up to five times higher risk of postpartum infections compared to vaginal birth
which most commonly comprise surgical site infection (SSI), endometritis and urinary
tract infection [8-10]. The rate of SSI post-CS in high-income countries ranges from below
1% to over 10% and it ranks high in comparison to other surgical procedures [11-13].
Several factors have been shown to contribute to increased risk of SSI after CS among
which emergency surgery, prolonged labor, ruptured membranes, low socioeconomic
status, limited prenatal care, obesity, surgical technique, and others [14]. Preoperative
antimicrobial prophylaxis is one of the most successful interventions for preventing SSI
in surgery and is most effective when given before skin incision [15,16]. It has been
successfully used in CS since the 1980s, initially for CSs with a higher risk of infection and
later, when more data were available, also for lower risk elective cases [14,17,18]. It has
also been shown that an additional advantage is obtained if antibiotics are not withheld
until the cord clamping is performed with no added neonatal risk [19,20]. Currently, most
international guidelines recommend the use of antimicrobial prophylaxis for all cesarean
deliveries [21-23].

In Slovenia, preoperative antibiotic prophylaxis remains largely limited to CSs at
higher risk of SSI, mainly emergency procedures. At the same time, systematic monitoring
of SSI following CS is not routinely performed at a national level. Furthermore, where
surveillance is performed, post-SC SSI rates are mostly reported for the short period until
postpartum hospital discharge and are seldom extended to the full 30-day postoperative
period as recommended internationally for accurate SSI assessment [24,25]. As a result,
existing data are either unavailable or likely underestimate the true burden of infection,
limiting the ability to evaluate maternal outcomes and hindering evidence-based changes
in clinical practice [13].

The primary aim of this study was to determine the incidence of SSI within 30 days
after cesarean delivery during the two-year period before and after the implementation
of universal antibiotic prophylaxis for all cesarean deliveries in a regional secondary care
teaching hospital. The secondary aim was to evaluate the effect of prophylaxis on SSI
occurrence while accounting for potential confounding factors.

2. Materials and Methods
2.1. Study Design and Clinical Setting

We conducted a retrospective observational cohort study in the Department of Obstet-
rics and Gynecology at Izola General Hospital (IGH), a community secondary care regional
teaching hospital with 300 acute-care beds serving a population of 170,000. The department
includes outpatient clinics and labor and gynecology wards with altogether 50 beds and
approximately 550 births per year. Hospital’s CS rate has remained stable over the last
decade at around 20% with around 45% of CS being elective.

Medical records (i.e., electronic and paper-based) from all CSs performed in the
two-year period from 2023 to 2024 were reviewed. Clinical data previously associated
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with the incidence of SSI were extracted. Among them were maternal age, number of
previous deliveries, maternal weight at delivery, maternal body mass index (BMI), duration
of surgery, surgeon, emergency vs. elective operation, type of anesthesia, surgical antimi-
crobial prophylaxis, prelabor rupture of membranes (PROM) to delivery duration, and
maternal smoking during pregnancy. The study period was selected because of a change in
practice introduced between the two periods. In 2023, only women at high risk, especially
those undergoing emergency CS, received surgical antibiotic prophylaxis, while in 2024,
following a local review of international recommendations, prophylaxis was extended to
all CS cases. Standard antimicrobial prophylaxis consisted of cefazolin (2 g) administered
within 60 min prior to skin incision, with clindamycin (600 mg) used as an alternative in
women with history of beta-lactam allergy and was not withheld until cord clamping.

SSIs were defined according to the European Centre for Disease Prevention and
Control (ECDC) and Centers for Disease Control and Prevention (CDC) definitions, i.e.,
occurring within 30 days of surgery and meeting at least one diagnostic condition for
each SSI type: (i) superficial incisional SSI (purulent drainage, positive culture, local
inflammatory signs with wound opening, or clinician diagnosis), (ii) deep incisional
SSI (purulent drainage, wound dehiscence with fever/pain, abscess, or clinician diag-
nosis), and (iii) organ/space SSI (pelvic or intra-abdominal involvement with purulent
drainage, positive culture, abscess, or clinician diagnosis; i.e., this category included post-
CS endometritis) [24,25]. SSIs were further classified as occurring during hospital stay or
in the post-discharge period, the latter identified through review of medical records up
to one year postpartum for any clinical, diagnostic, or therapeutic evidence of infection
consistent with the definitions. Two of the authors (ACJ and SJ) reviewed medical records
and classified cases. Post-CS urinary tract infections were excluded from the analysis.

2.2. Surgical Site Infection Prevention Bundle and Surgical Technique

Preoperative skin preparation was performed as per hospital protocol by optional
hair clipping and skin disinfection with 70% isopropyl alcohol supplemented with
2% chlorhexidine solution applied three times for a typical contact time of 60 s, which
are used for CS in IGH. Vaginal cleansing was not routinely performed pre-CS. As for the
surgical technique, Pfannenstiel or modified Joel-Cohen laparotomy is used. The subcuta-
neous tissue is dissected, the fascia is incised, and the peritoneal cavity is bluntly entered.
Uterus is entered through a transverse lower uterine incision, membranes are ruptured,
and myometrial incision is bluntly extended. After the fetus is extracted, the uterine cavity
is inspected manually, and the cervix is dilated if necessary. The uterus is repaired with
a single layer continuous suture outside the abdominal cavity. The abdominal cavity is
cleaned without irrigation, and hemostasis is secured with hemostatic sutures if required.
The peritoneum is left unsutured, rectus muscles are approximated optionally, the fascia is
closed in one continuous layer, the subcutaneous tissue is approximated, and the skin is
closed intradermally. Postoperatively, patients are encouraged to take shower on day 1,
the wound is left uncovered from day 3 after which general hygiene measures are advised.
Hospital discharge usually occurs on day 5. Before discharge, patients were instructed
to carefully monitor their surgical wound and to ensure that any wound-related or other
complications occurring within the first month were evaluated at our institution rather
than by another physician.

2.3. Statistical Analysis

Descriptive statistics were used to summarize sample characteristics. SSI incidence
was calculated and stratified by year. Crude odds ratios (ORs) and 95% confidence intervals
(Cls) were estimated using univariable logistic regression. Predictors with a p-value less
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than 0.25 were subsequently included in the multivariable analysis with a forward stepwise
selection method. Only predictors that significantly improved the model were retained in
the final model. Results are reported as crude and adjusted ORs with 95% CI. A p-value less
than 0.05 was considered statistically significant. A post hoc sample size analysis indicated
that 216 patients would be required to detect a reduction from 8% to 1% with an alpha of
0.05 and a study power of 0.70.

3. Results

During the study period, a total of 1055 deliveries were recorded, including 517 before
and 538 after the implementation of universal CS antimicrobial prophylaxis. The proportion
of CS remained similar in both periods (19.1% vs. 20.3%, p = 0.650). Maternal characteristics,
including mean age (31 vs. 30 years), parity, smoking status, BMI, and maternal weight at
delivery, did not differ significantly between groups (Table 1).

Table 1. Demographic and Clinical Characteristics Before and After Implementation of Universal

Antimicrobial Prophylaxis.

Before (2023) After (2024) p-Value
No. (%) No. (%)
All Deliveries
No. deliveries 517 (100) 538 (100) /
Maternal age, mean (range) 31 (18-47) 30 (17-49) 0.336
Nulliparous 257 (49.7) 268 (49.8) 0.973
Non-smokers 460 (89.0) 467 (86.8) 0.280
Cesarean Sections (CSs)
No. CS (% of all) 99 (19.1) 109 (20.3) 0.650
Maternal age, mean (range) 32 (31-33) 32 (31-33) 0.527
Nulliparous 52 (52.5) 57 (52.3) 0.974
Maternal weight at delivery, mean (range; kg) 86 (63-140) 89 (51-168) 0.236
Maternal body mass index at delivery, mean (range) 31 (23-51) 31 (18-54) 0.591
Duration of CS, mean (range; min) 49 (30-95) 51 (30-165) 0.411
No. surgeons 15 15 /
Emergency operation 60 (60.6) 54 (49.5) 0.110
General anesthesia 45 (45.5) 39 (35.8) 0.156
Regional anesthesia 54 (54.5) 70 (65.4) 0.156
Antimicrobial prophylaxis 58 (58.6) 97 (89.0) <0.001
PROM * duration, mean (range; h) 6.3 (0-81) 3.8 (0-56) 0.124
Surgical Site Infections (SSI)
No. SSI * 8(8.1;3.6-15.3) 7 (6.4;2.6-12.8%) 0.644
Days after surgery 10 (2-18) 12 (4-26) 0.531
Superficial incisional SSI 5(62.5) 4 (57.1) /
Deep incisional SSI 0(0) 0 (0) /
Organ/space SSI 3(37.5) 3 (42.9) /
Pre-discharge diagnosis 2 (25.0) 0(0.0) /
Post-discharge diagnosis 6 (75.0) 7 (100) /
Culture results available 3 (37.5) 1(14.3) /
Antibiotic therapy 8 (100.0) 7 (100.0) /

* PROM prelabor rupture of membranes.

Among women undergoing cesarean delivery, the proportion receiving antimicro-
bial prophylaxis increased markedly from 58.6% before to 89.0% after implementation
(p < 0.001). Other perioperative factors such as emergency operations, type of anesthesia,
and duration of surgery were comparable across the two periods.



J. Clin. Med. 2025, 14, 7232 50f 10

The incidence of SSI was moderate overall (7.2%). It decreased in the second period
of the study, after the implementation of universal antimicrobial prophylaxis, but the
difference did not reach statistical significance (8.1% vs. 6.4%, p = 0.644). Most SSIs
were superficial incisional infections; no deep infections were observed in either period.
Most SSls (87%) were diagnosed after hospital discharge, typically during the second
postoperative week (median 11 days after CS). In the vast majority of cases (73%), no
microbiological culture results were available, and all patients with SSI received systemic
antimicrobial therapy.

In univariate logistic regression analyses, several parameters, such as antimicrobial
prophylaxis, PROM duration, maternal weight, emergency surgery, duration of surgery
and BMI showed borderline associations with SSI (all p < 0.25), while other factors such as
smoking status and type of anesthesia were far from significance cut-off (Table 2).

Table 2. Crude and Adjusted Odds Ratios for Factors Associated with Surgical Site Infection after
Cesarean Section.

Risk Factors Odds Ratio (95% CI)
Crude p-Value Adjusted * p-Value

Antimicrobial prophylaxis 0.35 (0.12-1.04) 0.059 0.11 (0.02-0.58) 0.009

PROM * duration 1.02 (0.99-0.05) 0.213 1.06 (1.01-1.10) 0.009

Maternal weight at delivery 1.02 (1-1.05) 0.067 1.04 (1.01-1.08) 0.014
Emergency operation 0.53 (0.18-1.53) 0.238 / /
Maternal body mass index at delivery 1.05 (0.97-1.14) 0.226 / /
Duration of surgery 1.02 (0.99-1.05) 0.153 / /
General anesthesia 1.32 (0.46-3.78) 0.608 / /
Smoking 0.93 (0.75-1.16) 0.539 / /

* Adjusted odds ratios were derived from a multivariable logistic regression using forward stepwise selection
method; only variables that remained significant were retained in the final model. PROM prelabor rupture of
membranes before cesarean section; CI confidence interval.

After inclusion of all eligible variables in the multivariable logistic regression and
forward stepwise selection, three factors remained independently associated with SSI.
Antimicrobial prophylaxis was associated with a significant reduction in odds of SSI
(adjusted OR 0.11; 0.02-0.58; p = 0.009). Longer PROM duration increased the odds of
SSI (adjusted OR 1.06 per hour; 1.01-1.10; p = 0.009). Higher maternal weight was also
significantly associated with increased odds of SSI (adjusted OR 1.04 per kg; 1.01-1.08;
p = 0.014). No other factors remained in the final adjusted model.

4. Discussion

We report a moderate post-cesarean SSI rate of 7.2% in a community secondary care
regional teaching hospital with a non-significant decrease in infection after the introduction
of universal antimicrobial prophylaxis. Nevertheless, antibiotic prophylaxis significantly
reduced the odds of SSI after cesarean delivery with PROM duration and maternal weight
(but not BMI) as two additional predictors for SSI in the multivariable analysis. Systematic
30-day surveillance was essential for correct estimation of SSI burden as most infections
were detected post-discharge (87%). Majority of infections were superficial incisional SSI
while the reminder comprised endometritis classified under the category organ/space SSI.
Our findings support guideline-concordant universal prophylaxis for cesarean delivery.

Adherence to antimicrobial prophylaxis guidelines varies across clinical settings and
is influenced by institutional policies, as well as individual knowledge, attitudes, and
beliefs [26]. With this in mind, the incidence of SSI is an important quality indicator in
surgery and obstetrics, guiding evidence-based strategies for improvement. However, in
the absence of routine surveillance, the true burden of SSI is often underestimated. The
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ECDC recently reported very low incidence of post-cesarean SSI with only 1.3% based
on reported data from over 100,000 cesarean deliveries [12]. A recent Slovenian study
including data from four Slovenian hospitals reported pooled in-hospital SSIs incidence
of 1.9%, with 2/4 hospitals reported 0% incidence [13]. Importantly, only two of the four
participating hospitals included in this audit reported data on SSI occurring after hospital
discharge which most probably led to an underestimation of actual post-SC SSI rates. This
may partly explain the prevailing perception that post-cesarean SSI are rare in Slovenia and
why antimicrobial prophylaxis has traditionally been reserved for emergency procedures.

To address this gap, we introduced a systematic 30-day surveillance of post-cesarean
SSIin early 2023 at our institution, which revealed an incidence close to 10%, considerably
higher than expected. These findings prompted an institutional action plan, including a
review of international guidelines, resulting in the adoption of universal antimicrobial pro-
phylaxis. In 2024, adherence among 15 surgeons reached approximately 90%. After refining
case definitions and excluding confirmed urinary tract infections, SSI incidence was 8.1%
(95% CI, 3.6-15.3%) before the change and 6.4% (95% CI, 2.6-12.8%) after implementation.
The limited sample size and incomplete adherence to prophylaxis likely reflects why this
reduction did not reach statistical significance.

Our results should be interpreted cautiously, as retrospective studies often have sig-
nificant variability and biases that can greatly influence reported SSI incidence. Published
data are highly heterogeneous due to differences in clinical settings, study designs, case
definitions, and surveillance methods [27]. Nevertheless, there is a general rule, that studies
using standardized 30-day post-discharge follow-up tend to show rates comparable to
ours [9,28-31], while those relying solely on inpatient data substantially underestimate the
true burden as up 70% of SSI could be detected post-discharge in different studies, (87%
in our case) [32-34]. These findings underscore the need for comprehensive surveillance
systems and reveal significant potential for enhancing infection prevention strategies. Nev-
ertheless, certain clinical settings report markedly lower incidence rates (<2%) than those
observed in our study, suggesting that unmeasured local factors—such as surgical tech-
nique, patient characteristics, or follow-up methods—may play a critical role. Our results
further indicate that achieving a reduction is not only possible but also necessary [12,32,35].
Finaly, a Norwegian study reported data from a setting comparable to Slovenia, where
some hospitals used universal prophylaxis and others restricted it to high-risk CSs [30].
They found that hospitals implementing universal prophylaxis achieved higher compliance
and significantly lower rates of superficial SSI in planned CSs. In contrast, no significant
difference was observed in deep SSI rates or among emergency CSs, likely due to the
already high prophylaxis use in these cases.

In a multivariable analysis, three factors were independently associated with the risk
of SSI: antimicrobial prophylaxis, PROM duration, and maternal weight. The protective
effect of antimicrobial prophylaxis in our study supports international recommendations
advocating its routine use for all cesarean deliveries [21,22]. The adjusted odds ratio for
antibiotic prophylaxis is even higher than in most studies, although with a wide confidence
interval (0.11, 95% CI 0.02-0.58). We believe this may be explained by confounding by
indication, as higher prophylaxis rates were achieved in high-risk cases before implemen-
tation, particularly in emergency operations. Precisely for this reason, in clinical settings
where prophylaxis is used primarily for emergency procedures, the protective effect may
initially appear more pronounced in elective operations, as reported in the aforementioned
study [30]. Prolonged PROM was a strong predictor of SSI in our cohort, consistent with
natural pathogenesis of infections, particularly endometritis, which was in our case rep-
resented in organ/space SSIs, representing 40% of all recorded SSIs. Best management of
PROM is still somehow controversial and depends on maturity and clinical setting [36-38].
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In our secondary care hospital, we administer antibiotic prophylaxis with cefazolin after
12 h from PROM at term and wait 48 h for induction. Women with preterm PROM at less
than completed 34 weeks of gestation are transferred to a tertiary perinatal center. Finally,
higher maternal weight was independently associated with SSI, consistent with previous
reports linking obesity to an increased risk of surgical wound complications [39]. This
association may be influenced by various patient- or procedure-related factors. However,
it may also reflect altered pharmacokinetics of prophylactic antibiotics, particularly the
possibility that an adequate prophylactic concentration may not be achieved in the surgical
field in patients with greater mass [40-42]. This interpretation is further supported by the
finding that BMI was not an independent risk factor, even though there is a strong collinear-
ity between weight and BMI. In our analysis, absolute weight served as a more direct
proxy for the volume of distribution of the prophylactic antibiotic reflected also by more
narrow confidence interval in univariate analysis. Among our SSI subgroup of patients,
8/15 had >90 kg at delivery. More data is needed to determine a safe cut-off weight value
and possible higher dose of cefazolin (3 g or higher) [43]. Additionally, other strategies
were used to decrease the SSI in obese patients, such as prolonging antibiotic prophylaxis
to 48 h [44] or extending the spectrum of prophylaxis with additional antibiotics such
as metronidazole or azithromycin [43,44], both with favorable outcomes. Other factors,
including emergency surgery, anesthesia type, smoking status, and surgery duration, were
not significantly associated with SSI in our cohort. This may reflect the relatively uniform
surgical practices and perioperative care at our institution, as well as the limited sample
size, which may have reduced statistical power for detecting smaller effects.

These findings highlight the importance of universal antibiotic prophylaxis for CS.
Moreover, with the identification of two additional independent risk factors, they support a
reevaluation of optimal strategies for patients with PROM locally and potential adjustments
of prophylactic antibiotic use, particularly for obese patients with either strategy. Our
results also underscore the need for ongoing surveillance of post-cesarean SSIs, ideally at a
national level. The National Perinatal Information System, established in Slovenia in 1987,
currently records over 140 variables in a computerized database, including delivery type.
Incorporating additional data on surgical prophylaxis practices and SSI occurrence would
further strengthen efforts to promote safe CSs. With the current expertise and knowledge,
a realistic goal is to further reduce post-cesarean SSI from the current approximate 6% to
below 3% locally and possibly nationally.

Our study has several limitations. First, it was a relatively small, single-center study
with potential biases inherent to the study, which may limit the generalizability of the
findings. Second, not all surgeons fully adhered to the implemented protocol of universal
prophylaxis. This lack of full compliance may have contributed to the absence of statistical
significance and highlights the challenges of effective change management. Third, we
lacked data on the exact timing of antibiotic administration prior to delivery, which is
critical in SSI prevention. We acknowledge that adherence to administration within 60 min
before incision, as per protocol, may have been better in cases of elective caesarean section.
Fourth, SSIs were identified through medical records rather than direct follow-up (e.g.,
telephone contact) with women within 30 days after CS. This approach may underestimate
the true incidence of SSI, as women with mild superficial wound infections may not have
sought medical attention. Nevertheless, patients were specifically instructed regarding
wound complication evaluations, which may have substantially reduced risk of under-
ascertainment bias. Finally, as this is the first report of its kind in Slovenia, the results should
be interpreted with caution. Nevertheless, they provide valuable evidence supporting the
need for further investigation and potential changes in clinical practice.
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5. Conclusions

Antibiotic prophylaxis was independently associated with a reduced risk of SSI fol-
lowing SC; however, the absolute infection rate did not decline significantly and remained
moderate after implementation. Longer PROM-to-delivery interval and higher maternal
weight were also identified as independent risk factors for SSI. These findings support the
adoption of guideline-recommended universal prophylaxis and underscore the need to
optimize management strategies for high-risk groups, particularly women with PROM
or obesity. Continued surveillance at both the hospital and national levels is essential to
accurately track SSI trends and further enhance the safety of CS.

Author Contributions: Conceptualization, A.C]. and S.J.; methodology, A.C.]. and S.J.; software, S.J.;
validation, J.Z.S. and M.L.; formal analysis, ACJ.andSJ; investigation, A.CJ. and SJ.; resources,
J.Z.S.; data curation, S.J.; writing—original draft preparation, ACT; writing—review and editing,
S.J.,]J.Z.S. and M.L,; supervision, J.Z.S. and M.L.; project administration, AC]; funding acquisition,
J.Z.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by Slovenian Research and Innovation Agency grant
number ARIS J7-4418.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and the protocol was approved by the Institutional Review Board (No. PKO-576-P25; 9
April 2025).

Informed Consent Statement: The requirement for written informed consent was waived by the
approving authority due to the retrospective nature of the study.

Data Availability Statement: The data are not publicly available due to ethical restrictions.

Acknowledgments: We would like to thank the team of surgeons: Komac Andreja, Lovsin Bostjan,
Koci¢ Zorana, Catié¢ Denis, Stopar Nusa, Verem Strahovnik Sabina, Siftar Palancsai Janka, Hirsel
Rebeka, Miklav¢i¢ Jana, Medved Alja, Lipoviek Spela, Hladen Alja, Smajila Andreja and all the
personel from the Department of Obstetrics and Gynecology at I1zola General Hospital.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

CS Cesarean section

SSI Surgical site infection

NPIS The National Perinatal Information System
IGH  Izola General Hospital

References

1.

Sandall, J.; Tribe, R.M.; Avery, L.; Mola, G.; Visser, G.H.; Homer, C.S.; Gibbons, D.; Kelly, N.M.; Kennedy, H.P.; Kidanto, H.; et al.
Short-Term and Long-Term Effects of Caesarean Section on the Health of Women and Children. Lancet 2018, 392, 1349-1357.
[CrossRef]

Keag, O.E.; Norman, J.E.; Stock, S.J. Long-Term Risks and Benefits Associated with Cesarean Delivery for Mother, Baby, and
Subsequent Pregnancies: Systematic Review and Meta-Analysis. PLoS Med. 2018, 15, €1002494. [CrossRef]

Betran, A.P; Ye, J.; Moller, A.-B.; Souza, ].P.; Zhang, J. Trends and Projections of Caesarean Section Rates: Global and Regional
Estimates. BM] Glob. Health 2021, 6, €005671. [CrossRef] [PubMed]

Angolile, C.M.; Max, B.L.; Mushembea, J.; Mashauri, H.L. Global Increased Cesarean Section Rates and Public Health Implications:
A Call to Action. Health Sci. Rep. 2023, 6, e1274. [CrossRef] [PubMed]

Nagy, S.; Papp, Z. Global Approach of the Cesarean Section Rates. . Perinat. Med. 2021, 49, 1-4. [CrossRef]

Euro-Peristat Research Network. European Perinatal Health Report, 2015-2019. Euro-Peristat 2024. Available online:
https:/ /www.europeristat.com/publications/european-perinatal-health-report-2015-2019 (accessed on 9 August 2025).


https://doi.org/10.1016/S0140-6736(18)31930-5
https://doi.org/10.1371/journal.pmed.1002494
https://doi.org/10.1136/bmjgh-2021-005671
https://www.ncbi.nlm.nih.gov/pubmed/34130991
https://doi.org/10.1002/hsr2.1274
https://www.ncbi.nlm.nih.gov/pubmed/37216058
https://doi.org/10.1515/jpm-2020-0463
https://www.europeristat.com/publications/european-perinatal-health-report-2015-2019

J. Clin. Med. 2025, 14, 7232 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gibbs, R.S. Clinical Risk Factors for Puerperal Infection. Obstet. Gynecol. 1980, 55, 1785-183S. [CrossRef]

Leth, R.A.; Moller, ] K.; Thomsen, R.W.; Uldbjerg, N.; Norgaard, M. Risk of Selected Postpartum Infections after Cesarean Section
Compared with Vaginal Birth: A Five-year Cohort Study of 32,468 Women. Acta Obstet. Gynecol. Scand. 2009, 88, 976-983.
[CrossRef]

Moore, J.; Navarro, S.; McCarthy, K.; Rashid, R.B.; Phipps, S.; Amoako, A.; Callaway, L.; Eley, V. State of the Art: Intrapartum
Antibiotics in Cesarean Section, the Infant Microbiota and Allergic Diseases. Acta Obstet. Gynecol. Scand. 2023, 102, 811-820.
[CrossRef]

National Nosocomial Infections Surveillance. National Nosocomial Infections Surveillance (NNIS) System Report, Data Summary
from January 1992 through June 2004, Issued October 2004. Am. ]. Infect. Control 2004, 32, 470-485. [CrossRef]

European Centre for Disease Prevention and Control. Healthcare-associated infections: Surgical site infections. In Annual
Epidemiological Report for 2021-2022; ECDC: Stockholm, Sweden, 2025.

Klavs, I.; Kustec, T.; Serdt, M.; Kolman, J. Surgical Site Infections in Slovenian Acute Care Hospitals: Surveillance Results,
2013-2016. Slov. |. Public Health 2018, 57, 211-217. [CrossRef]

Smaill, EM.; Grivell, R M. Antibiotic Prophylaxis versus No Prophylaxis for Preventing Infection after Cesarean Section. Cochrane
Database Syst. Rev. 2014, 2014, CD007482. [CrossRef]

Classen, D.C.; Evans, R.S.; Pestotnik, S.L.; Horn, S.D.; Menlove, R.L.; Burke, ].P. The Timing of Prophylactic Administration of
Antibiotics and the Risk of Surgical-Wound Infection. N. Engl. |. Med. 1992, 326, 281-286. [CrossRef]

Sommerstein, R.; Troillet, N.; Harbarth, S.; De Kraker, M.E.A.; Vuichard-Gysin, D.; Kuster, S.P.; Widmer, A.F.; Swissnoso Group;
Balmelli, C.; Berthod, D.; et al. Timing of Cefuroxime Surgical Antimicrobial Prophylaxis and Its Association With Surgical Site
Infections. JAMA Netw. Open 2023, 6, €2317370. [CrossRef] [PubMed]

Gall, S.A. The Efficacy of Prophylactic Antibiotics in Cesarean Section. Am. J. Obstet. Gynecol. 1979, 134, 506-511. [CrossRef]
Duff, P. Prophylactic Antibiotics for Cesarean Delivery: A Simple Cost-Effective Strategy for Prevention of Postoperative
Morbidity. Am. J. Obstet. Gynecol. 1987, 157, 794-798. [CrossRef]

Mackeen, A.D.; Packard, R.E.; Ota, E.; Berghella, V.; Baxter, ] K. Timing of Intravenous Prophylactic Antibiotics for Preventing
Postpartum Infectious Morbidity in Women Undergoing Cesarean Delivery. Cochrane Database Syst. Rev. 2014, 2014, CD009516.
[CrossRef]

Bollig, C.; Nothacker, M.; Lehane, C.; Motschall, E.; Lang, B.; Meerpohl, J.J.; Schmucker, C.M. Prophylactic Antibiotics before
Cord Clamping in Cesarean Delivery: A Systematic Review. Acta Obstet. Gynecol. Scand. 2018, 97, 521-535. [CrossRef]

World Health Organization. WHO Recommendation on Prophylactic Antibiotics for Women Undergoing Caesarean Section; World
Health Organization: Geneva, Geneva, 2021.

American College of Obstetricians and Gynecologists. ACOG Practice Bulletin No. 199: Use of Prophylactic Antibiotics in Labor
and Delivery. Obstet. Gynecol. 2018, 132, e103—e119. [CrossRef] [PubMed]

National Institute for Health and Care Excellence. Cesarean Birth. NICE Guideline 192; National Institute for Health and Care
Excellence: Hertfordshire, UK, 2021. Available online: https://www.nice.org.uk/guidance/ng192/resources/caesarean-birth-
pdf-66142078788805 (accessed on 6 October 2025).

Centers for Disease Control and Prevention. National Healthcare Safety Network: Surgical Site Infection. 2025. Available online:
https:/ /www.cdc.gov/nhsn/pdfs/pscmanual /9pscssicurrent.pdf (accessed on 9 August 2025).

European Centre for Disease Prevention and Control. Protocol for the Surveillance of Surgical Site Infections and Prevention Indicators
in European Hospitals: Healthcare Associated Infection Surveillance Network (HAI Net) Surgical Site Infection (SSI) Protocol, Version 2.3;
ECDC: Stockholm, Sweden, 2025.

Ali, N.; Hamouda, R.; Tarek, R.; Abdelhamid, M.; Lashin, A.; Hassan, R.; Gamal, R.; Elfaham, M.; Attia, A.; Abdelaleem, A.; et al.
Non-Adherence to Surgical Antibiotic Prophylaxis Guidelines: Findings from a Mixed-Methods Study in a Developing Country.
Antimicrob. Resist. Infect. Control 2025, 14, 89. [CrossRef] [PubMed]

Leaper, D.J.; Van Goor, H.; Reilly, J.; Petrosillo, N.; Geiss, HK.; Torres, A.]J.; Berger, A. Surgical Site Infection—A European
Perspective of Incidence and Economic Burden. Int. Wound J. 2004, 1, 247-273. [CrossRef]

Opoien, HK,; Valbg, A.; Grinde-Andersen, A.; Walberg, M. Post-cesarean Surgical Site Infections According to CDC Standards:
Rates and Risk Factors. A Prospective Cohort Study. Acta Obstet. Gynecol. Scand. 2007, 86, 1097-1102. [CrossRef]

Ng, W.; Brown, A.; Alexander, D.; Ho, M.E,; Kerr, B.; Amato, M.; Katz, K. A Multifaceted Prevention Program to Reduce Infection
after Cesarean Section: Interventions Assessed Using an Intensive Postdischarge Surveillance System. Am. |. Infect. Control 2015,
43, 805-809. [CrossRef]

Skjeldestad, F.E.; Bjernholt, ].V.; Gran, ].M.; Erisken, H. The Effect of Antibiotic Prophylaxis Guidelines on Surgical-site Infections
Associated with Cesarean Delivery. Intl J. Gynecol. Obstet. 2015, 128, 126-130. [CrossRef]

Chaboyer, W.; Ellwood, D.; Thalib, L.; Kumar, S.; Mahomed, K.; Kang, E.; Gillespie, B.M. Incidence and Predictors of Surgical Site
Infection in Women Who Are Obese and Give Birth by Elective Caesarean Section: A Secondary Analysis. Aust. N. Z. ]. Obstet.
Gynaecol. 2022, 62, 234-240. [CrossRef] [PubMed]


https://doi.org/10.1097/00006250-198003001-00045
https://doi.org/10.1080/00016340903147405
https://doi.org/10.1111/aogs.14577
https://doi.org/10.1016/j.ajic.2004.10.001
https://doi.org/10.2478/sjph-2018-0026
https://doi.org/10.1002/14651858.CD007482.pub3
https://doi.org/10.1056/NEJM199201303260501
https://doi.org/10.1001/jamanetworkopen.2023.17370
https://www.ncbi.nlm.nih.gov/pubmed/37289455
https://doi.org/10.1016/0002-9378(79)90830-5
https://doi.org/10.1016/S0002-9378(87)80057-1
https://doi.org/10.1002/14651858.CD009516.pub2
https://doi.org/10.1111/aogs.13276
https://doi.org/10.1097/AOG.0000000000002833
https://www.ncbi.nlm.nih.gov/pubmed/30134425
https://www.nice.org.uk/guidance/ng192/resources/caesarean-birth-pdf-66142078788805
https://www.nice.org.uk/guidance/ng192/resources/caesarean-birth-pdf-66142078788805
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
https://doi.org/10.1186/s13756-025-01607-5
https://www.ncbi.nlm.nih.gov/pubmed/40660405
https://doi.org/10.1111/j.1742-4801.2004.00067.x
https://doi.org/10.1080/00016340701515225
https://doi.org/10.1016/j.ajic.2015.04.001
https://doi.org/10.1016/j.ijgo.2014.08.018
https://doi.org/10.1111/ajo.13428
https://www.ncbi.nlm.nih.gov/pubmed/34506037

J. Clin. Med. 2025, 14, 7232 10 of 10

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Troillet, N.; Aghayev, E.; Eisenring, M.-C.; Widmer, A.F. Swissnoso First Results of the Swiss National Surgical Site Infection
Surveillance Program: Who Seeks Shall Find. Infect. Control Hosp. Epidemiol. 2017, 38, 697-704. [CrossRef] [PubMed]

Salmanov, A.G.; Vitiuk, A.D.; Ishchak, O.M.; Insarova, K.S.; Chyrva, S.L.; Kuzomenska, M.L.; Golianovsky, O.V. Surgical Site
Infection After Cesarean Section in Ukraine: Results a Multicenter Study. Wiad. Lek. 2021, 74, 934-939. [CrossRef]

Basany, K.; Chaudhuri, S.; Shailaja, P.L.; Agiwal, V.; Angaali, N.; Nirupama, A.Y.; Shailendra, D.; Haggerty, C.; Reddy, P.S.
Prospective Cohort Study of Surgical Site Infections Following Single Dose Antibiotic Prophylaxis in Caesarean Section at a
Tertiary Care Teaching Hospital in Medchal, India. PLoS ONE 2024, 19, e0286165. [CrossRef]

Baklola, M.; Terra, M.; Elsehrawy, M.G.; Alali, H.; Aljohani, S.S.; Alomireeni, A.A.; Alqahtani, R M.; Albalawi, N.M.; Jafail, K.A.;
Mohammed, A.J; et al. Epidemiology of Surgical Site Infections Post-Cesarean Section in Africa: A Comprehensive Systematic
Review and Meta-Analysis. BMC Pregnancy Childbirth 2025, 25, 465. [CrossRef]

American College of Obstetricians and Gynecologists. ACOG Practice Bulletin No. 217: ACOG Prelabor Rupture of Membranes.
Obstet. Gynecol. 2020, 135, e80-e97. [CrossRef] [PubMed]

Middleton, P.; Shepherd, E.; Flenady, V.; McBain, R.D.; Crowther, C.A. Planned Early Birth versus Expectant Management
(Waiting) for Prelabour Rupture of Membranes at Term (37 Weeks or More). Cochrane Database Syst. Rev. 2017, 2017, CD005302.
[CrossRef]

Wojcieszek, A.M.; Stock, O.M.; Flenady, V. Antibiotics for Prelabour Rupture of Membranes at or near Term. Cochrane Database
Syst. Rev. 2014, 2014, CD001807. [CrossRef]

Wiloch, C.; Wilson, J.; Lamagni, T.; Harrington, P.; Charlett, A.; Sheridan, E. Risk Factors for Surgical Site Infection Following
Caesarean Section in England: Results from a Multicentre Cohort Study. BJOG 2012, 119, 1324-1333. [CrossRef] [PubMed]
Pevzner, L.; Swank, M.; Krepel, C.; Wing, D.A.; Chan, K.; Edmiston, C.E. Effects of Maternal Obesity on Tissue Concentrations of
Prophylactic Cefazolin During Cesarean Delivery. Obstet. Gynecol. 2011, 117, 877-882. [CrossRef] [PubMed]

Stitely, M.; Sweet, M.; Slain, D.; Alons, L.; Holls, W.; Hochberg, C.; Briggs, F. Plasma and Tissue Cefazolin Concentrations in Obese
Patients Undergoing Cesarean Delivery and Receiving Differing Pre-Operative Doses of Drug. Surg. Infect. 2013, 14, 455-459.
[CrossRef]

Swank, M.L.; Wing, D.A; Nicolau, D.P.; McNulty, J.A. Increased 3-Gram Cefazolin Dosing for Cesarean Delivery Prophylaxis in
Obese Women. Am. |. Obstet. Gynecol. 2015, 213, 415.e1-415.e8. [CrossRef]

Kram, J.].F; Greer, D.M.; Cabrera, O.; Burlage, R.; Forgie, M.M.; Siddiqui, D.S. Does Current Cefazolin Dosing Achieve Adequate
Tissue and Blood Concentrations in Obese Women Undergoing Cesarean Section? Eur. J. Obstet. Gynecol. Reprod. Biol. 2017, 210,
334-341. [CrossRef]

Valent, A.M.; DeArmond, C.; Houston, ].M.; Reddy, S.; Masters, H.R.; Gold, A.; Boldt, M.; DeFranco, E.; Evans, A.T.; Warshak,
C.R. Effect of Post—Cesarean Delivery Oral Cephalexin and Metronidazole on Surgical Site Infection Among Obese Women: A
Randomized Clinical Trial. JAMA 2017, 318, 1026. [CrossRef]

Tita, A.T.N.; Szychowski, ] M.; Boggess, K.; Saade, G.; Longo, S.; Clark, E.; Esplin, S.; Cleary, K.; Wapner, R.; Letson, K.; et al.
Adjunctive Azithromycin Prophylaxis for Cesarean Delivery. N. Engl. . Med. 2016, 375, 1231-1241. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/ice.2017.55
https://www.ncbi.nlm.nih.gov/pubmed/28558862
https://doi.org/10.36740/WLek202104123
https://doi.org/10.1371/journal.pone.0286165
https://doi.org/10.1186/s12884-025-07526-y
https://doi.org/10.1097/AOG.0000000000003700
https://www.ncbi.nlm.nih.gov/pubmed/32080050
https://doi.org/10.1002/14651858.CD005302.pub3
https://doi.org/10.1002/14651858.CD001807.pub2
https://doi.org/10.1111/j.1471-0528.2012.03452.x
https://www.ncbi.nlm.nih.gov/pubmed/22857605
https://doi.org/10.1097/AOG.0b013e31820b95e4
https://www.ncbi.nlm.nih.gov/pubmed/21422859
https://doi.org/10.1089/sur.2012.040
https://doi.org/10.1016/j.ajog.2015.05.030
https://doi.org/10.1016/j.ejogrb.2017.01.022
https://doi.org/10.1001/jama.2017.10567
https://doi.org/10.1056/NEJMoa1602044
https://www.ncbi.nlm.nih.gov/pubmed/27682034

	Introduction 
	Materials and Methods 
	Study Design and Clinical Setting 
	Surgical Site Infection Prevention Bundle and Surgical Technique 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

