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ABSTRACT

Background: Rates of performed caesarean sections have increased globally [1]. Surgical site infections (SSls) following a caesarean section pose a threat to the safety of the

patient. This study intended to determine the current SSI rate after caesarean sections at one community hospital. The rate of incidence of these infections was compared
to benchmark rates from various studies, including a report from the American National Healthcare Safety Network (NHSN). This comparative study provides objective

evidence of performance in relation to SSls.

Method: The primary data collection method included a form completed by the obstetrician-gynecologists of the individual patients at the six-week post-partum follow-up

visit. Demographic data was collected retrospectively through analysis of medical records. Patients who underwent a caesarean section in the seven-month data collection
period (between November 2015 and May 2016) were asked to participate, and consent was obtained.

Results: A total of 118 caesarean sections were reviewed and seven SSls diagnosed. A crude SSI rate was calculated at 5.9%. For further insight, NHSN risk-adjusted SSI
rates were calculated. The NHSN risk-adjusted SSI rate was determined at 6.1% for those patients presenting with a risk index level of 0 and at 5.9% for those with a risk
index level of 1. Both NHSN risk index levels of 2 and 3 were identified to have an adjusted SSI rate of 0.0%.

Conclusion: This study, while limited in scope, does add to the collective literature on SSI rates following caesarean sections. Most significantly, it provides a methodology
for other centres interested in determining their own infection rates and could lead to improved practices and better patient outcomes.
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INTRODUCTION
Healthcare infections can contribute largely to the morbidity
and mortality of hospitalized patients. This study examined
post-caesarean section surgical site infection (SSI) rates at
a community hospital and compared these rates to other
reported benchmarks. Globally, the rate of caesarean sections
performed has increased [1]. In Canada, the 2016-2017 rate of
caesarean sections performed was 28.2% of births, an increase
from the previous 26.7% of births in 2007-2008 [2]. Following
a caesarean section, it has been reported that 3% to 15% of
patients develop an SSI [1, 3].

Many studies have examined and reported benchmark
post-caesarean section SSI rates, with differing results. For

example, the National Healthcare Safety Network (NHSN)
conducts a multitude of studies on SSls using a risk index
classification system. The NHSN risk index is defined as
either a score of 0, 1, 2, or 3, with benchmark rates for post-
caesarean section SSls presenting at 1.46%; 2.43% for level
0 and 1, respectively; and 3.82% for 2 and 3 combined [4].
Additionally, in a study conducted in 14 National Health
Service (NHS) hospitals in England, a crude post-caesarean
section SSI rate of 9.6% was reported [5]. These two published
studies demonstrate some of the research done on post-
caesarean section SSI rates and represent the low and high
ends of reported benchmark SSI rates.
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Obstetric infections pose a threat to post-caesarean section
patients, as they account for approximately 12% of maternal
deaths [6]. Thus, it is important to monitor the rate of infections
within a hospital and to compare the rates of incidence with
other benchmarks. Additionally, there was a perceived increase
of SSls in post-partum patients at the community hospital, which
provided impetus for this study. This study provides another
SSI benchmark that can inform the ongoing understanding of
surgical infection rates after caesarean sections.

METHODS

The purpose of this study was to generate a post-caesarean

SSl rate for the community hospital and to compare it to other
reported SSI rates. The study population was derived from one
community hospital and patients were recruited during a seven-
month time period. Data was collected from patients who were
over the age of 18, who consented to participate in the study,
and who underwent a caesarean section between November
2015 and May 2016 at the community hospital.

The research setting was a community hospital that serves a
large rural area but is situated in a city of approximately 30,000
residents. The hospital is part of an alliance with three other,
smaller community hospitals and provides comprehensive
services with 118 beds [7]. The community hospital performs on
average 250 caesarean sections annually.

There were two main data collection points. The first
consisted of a qualitative survey distributed to the patients’
obstetrician-gynecologists (OB-GYNs) for completion at the
six--week post-operative follow-up appointment. The second
collection period involved a retrospective chart review related
to patient demographics and risk factors. Both data sets were
collated and quantified for analysis. Demographic data and risk
factors gathered in the second collecting period were then used
to assign each patient a NHSN risk index factor. A crude SSI rate
and NHSN SSI rates, separated by NHSN risk index scores, were
calculated. A comparison of the community hospital’s post-
caesarean section SSI rates with other reported post-caesarean
section SSI rates was conducted using statistical evaluations.

The survey distributed to OB-GYNs at the six-week
follow-up appointment requested the following information:
patient’s hospital identification number, surgeon’s name,
date of the follow-up appointment, and whether the
appointment was scheduled or an emergency visit. OB-GYNs
also reported if the patient had an SSI and, if so, whether
the SSI was classified as either a superficial incisional SSI,

a deep incisional SSI, an organ/space SSI, endometritis, no
infected complications, or other. Attached to the survey form
was a table published by the Centers for Disease Control
and Prevention that classifies superficial incisional SSls, deep
incisional SSls, and organ/space SSls [8].

Patients” demographic data was retrospectively collected
through an analysis of patient medical charts. Factors were
identified as important data collection points following a review
of related literature and so that NHSN risk indexes could be
generated [9-13]. The following factors were recorded: age
of patient, gestational age at time of operation, nature of
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caesarean section (emergency or elective), American Society
of Anesthesiologists (ASA) score, wound class, if prophylactic
antibiotics were used, if the patient experienced premature
rupture of membranes (PROM) or had a predisposing illness,
and length of procedure from cut to close.

Following analysis of both the surveys and the medical
records, each patient’s risk factor was determined using the
NHSN classification method. One point was assigned for each
of the following indicators: an ASA score between 3 and 5,

a wound classification of dirty or contaminated, and/or an
operation that lasted longer than the recommended average
length for the procedure [14]. A target length of 56 minutes
for the caesarean section was chosen, as this is the duration
recommended in the NHSN report [4]. In accordance with
the NHSN process, each of these categories were allocated a
rating of 1, and patients were then ranked with a composite
risk score [4].

Once data was collated, the crude SSI rate and the NHSN
risk-adjusted SSI rates were calculated. The crude SSI rate
was calculated using the following formula: [total number
of infections/total number of caesarean sections performed]

x 100. The NHSN risk indexes that were assigned to each
patient were used to calculate the NHSN risk-adjusted SSI rate.
Each risk-adjusted SSI rate was calculated using the following
formula: [number of infections in each risk index/number of
caesarean sections performed in each risk index] x 100 [15].

In order to compare the community hospital’s SSI rate with
other benchmarks, various other studies were selected from the
literature. Statistical analysis of compared benchmark rates were
calculated using MedCalc and the “N-1" chi-squared test, as
recommended by Campbell (2007) [16] and Richardson (2011)
[17]. The confidence interval was calculated according to the
recommended method given by Altman et al. (2000) [18].

Standard of care following the caesarean section was not
altered for patients participating in this study, as a six-week
post-operative follow-up appointment is the recommended
practice. If a patient developed a complication before the
follow-up visit, they were advised to contact the surgeon’s
office. If the patients were seen at the Emergency department
or family physician’s office, physicians were advised to
contact the patients’ surgeons so that data could be accurately
recorded. The study protocol was approved by the University
of Western Ontario and Huron Perth Healthcare Alliance
ethics review boards.

RESULTS

The study population was derived from one community hospital
and patients were recruited during a seven-month time period.
A total of 123 patients consented at the outset to participate

in the study; however, survey data was not received for five
patients. Therefore, the results of this study represent the 118
patients who underwent caesarean sections in the time period
and for whom surveys were collected. The patients ranged in
age from 20 to 45 years old. The majority (87.3%) delivered at
the gestational age of between 35 and 39 weeks. 75 of the 118
procedures were noted as emergency procedures (63.6%).
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In addition to demographic information, a review of
predisposing illnesses and risk factors was conducted. The
highest reported risk factor in the study population was
gestational diabetes, wherein 8.5%, or ten patients, had
this diagnosis. Three patients were reported to have had
gestational hypertension and one patient was reported to have
had diabetes. Body mass index (BMI) was only recorded for
patients with a BMI above 40, and those patients with scores
between 40 and 50 represented 2.5% of the overall study
population, or three patients. One patient had a recorded
BMI above 50.

Table 1 depicts data that was used to calculate the NHSN
risk index scores for the cohort patient population [4, 14].

Table 2 reports the crude SSI rate and a risk-adjusted SSI
rate for each risk index level [4].

The following observations can be made related to specific
demographic and operational data of the seven patients who
developed SSls. Of particular note is the fact that the majority
of the patients, or five patients in the cohort of those infected,
had developed an SS!I following an emergency caesarean
section. Additionally, although there are four cases of
predisposing illnesses, including gestational diabetes, PROM,
an elevated BMI, and/or diabetes, some patients had more
than one predisposing illness. This information will not be
broken out in order to maintain patient confidentiality.

DISCUSSION
The purpose of this study was to critically examine the
crude and risk-adjusted SSI rates after caesarean sections
at a community hospital and to compare these rates with
other benchmarks. Studies from Nova Scotia, Saskatchewan,
England, and Texas were chosen as basis for crude rate
comparison. Statistical analysis was conducted to compare
each of the chosen four benchmarks with the community
hospital’s SSI rate.

The Nova Scotia study consisted of 25,123 patients over
a 16-year period and reported a crude SSI rate of 2.7% [19].
Statistical analysis of this study compared to the community
hospital’s SSI rate shows a difference of 3.2%, a 95%
confidence interval (Cl) of 0.1747 to 9.0023, a chi-squared
value of 4.555, degrees of freedom (DF) of 1, and a significance
level of p = 0.0328 [20]. Saskatchewan performed an
evaluation of eight regional authorities with a combined cohort
of 3,437 patients over a one-year period with a reported crude
SSI rate of 3.5% [15]. Statistical analysis showed a difference
of 2.4%, a 95% Cl of -0.6915 to 8.2266, a chi-squared value
of 1.903, DF of 1, and a significance level of p = 0.1677 [20].
A third study from England collated a study cohort of 4,107
patients from 14 NHS hospitals over a six-month period and
demonstrated a crude SSI rate of 9.6% [5]. Statistical analysis
of this study compared to the community hospital showed

TABLE 1: Data used to calculate the NHSN risk index.

Number of Patients Percentage of Patients

Characteristic SSI developed SSI developed

No (111 patients) Yes (7 patients) No (111 patients) Yes (7 patients)
Wound class
Clean 31 2 27.9% 28.6%
Clean-contaminated 78 5 70.3% 71.4%
Contaminated 0 0 0.0% 0.0%
Dirty 0 0 0.0% 0.0%
Not reported 2 0 1.8% 0.0%
ASA score
ASA 1 40 2 36.0% 28.6%
ASA 2 39 3 35.2% 42.8%
ASA 3 31 2 27.9% 28.6%
ASA 4 1 0 0.9% 0.0%
ASA 5 0 0 0.0% 0.0%
ASA 6 0 0 0.0% 0.0%
Length of procedure
< 56 minutes 106 7 95.5% 100.0%
> 56 minutes 5 0 4.5% 0.0%

TABLE 2: Crude SSI rate vs NHSN risk index-adjusted SSI rate.

Parameter Number of Procedures Number of Infections Surgical Site Infection Rate
Crude SSI calculations 118 7 5.9%

NHSN risk-adjusted SSI calculations

Risk index O 82 5 6.1%

Risk index 1 34 2 5.9%

Risk index 2 2 0 0.0%

Risk index 3 0 0 0.0%
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a difference of 3.7%, a 95% Cl of -2.1631 to 6.8611, a chi-
squared value of 1.827, DF of 1, and a significance level of

p = 0.1765 [20]. The last study used for comparison was from
Texas. It comprised a review of 19 hospitals, representing
57,182 patients over a three-year period, and reported a crude
SSl rate of 6.5% [21]. Statistical analysis for comparison shows
a difference of 0.6%, a 95% Cl of -5.2026 to 3.6253, a chi-
squared value of 0.070, DF of 1, and a significance level of

p = 0.7917 [20]. The community hospital’s crude benchmark
SSl rate of 5.9% lands in the middle of the range of other
benchmark SSI ratings.

Studies were selected from both Saskatchewan and the
NHSN as they offer benchmarks using the risk-adjusted SSI
rates. As noted in Results, the community hospital reports
an SSI rate for risk index 0 as 6.1% (82 procedures), for risk
index 1 as 5.9% (34 procedures), and for risk index 2 and 3
as 0.0% (two procedures). The NHSN study found risk level O
had an SSI rate of 1.46% (20,743 procedures) [4]. Statistically,
this compared to the community hospital’s findings with a
difference value of 4.64%, a 95% Cl of 1.1696 to 12.0368,

a chi-squared value of 12.073, DF of 1, and a significance

level of p = 0.0005 [20]. NHSN risk level 1 had an SSI rate of
2.43% (8,995 procedures); statistical values were calculated
with a difference value of 3.47%, a 95% Cl of -0.8075 to
16.6910, a chi-squared of 1.711, DF of 1, and a significance
level of p = 0.1909 [4, 19]. Risk indexes 2 and 3 from the
NHSN were reported with a combined SSI rate of 3.82%
(1,256 procedures) [4]. Comparative statistical analysis could
not be completed, as the null hypothesis was not comparable.
In the same Saskatchewan study mentioned above, patients
were categorized into NHSN risk indexes and SSI rates were
calculated for each NHSN risk index. For risk index 0, an SSI
rate of 2.8% was reported (2,496 procedures) [15]. Statistical
analysis comparing to the community hospital’s results show a
difference of 3.3%, a 95% Cl of -0.2408 to 10.7178, a chi-
squared value of 3.064, DF of 1, and a significance level of p
= 0.0800 [20]. Risk index 1 reported an SSI rate of 5.1% (692
procedures), with a comparative statistical analysis of difference
of 0.8%, a 95% Cl of -3.8686 to 14.0921, a chi-squared value of
0.042, DF of 1, and a significance value of p = 0.8367 [15, 19].
The Saskatchewan study reported an SSI rate for risk index 2
and 3 of 14.0% (50 procedures) [15]. No statistical analysis was
calculated, as null hypothesis is not comparable. Not included
in the Saskatchewan study NHSN risk index breakdown are
162 procedures with unknown risk indexes with a 4.3%
calculated SSI rate [15].

Both of these study findings demonstrate increasing SSI rates
as risk indexes increase. The studies’ findings would support
the supposition that increased risk indexes would contribute
to an increased likelihood of the development of an SSI post-
caesarean section [4]. This result differs from the findings
of the present study, where a higher SSI incidence rate was
found in those patients identified with the lowest risk level.
These differences could be attributed to the limited number of
patients (118) in the study cohort and, even more significantly,
to the small number of patients (seven) presenting with an SSI.
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It is expected that results could differ if this study duration
was extended and therefore would be able to access a larger
cohort of participants.

Nonetheless, a noteworthy finding is the prevalence of
emergency caesarean sections for patients in this study. At
63.6% (75 procedures), most of the caesarean sections were
performed as emergency procedures. Multiple studies have
concluded that the performance of an emergency caesarean
section increases the risk of the development of an SSI, and this
could have contributed to the elevated rate of SSls for those
who appeared to have low risk factors [22, 23]. In this study,
five of the seven patients (71.4%) presenting with an SSI had
undergone emergency caesarean sections.

This study faced limitations, first and foremost related to
the size of the study cohort. With only seven reported SSs,
the study was limited in its ability to generalize findings.
Additionally, given that part of this study was premised upon
predominantly qualitative information provided through
surveys completed by numerous OB-GYNs, there could also
be questions about the reliability and validity of the data, as
well as limitations reflected in the physicians’ willingness to
complete the surveys. Recall that five surveys from consenting
participants were not received for analysis. Also, patients who
presented to other physicians with normal wound swelling
and inflammation could have been misdiagnosed with an
SSI. Therefore, there is the possibility that some data could
represent false positives. And, finally, there were limitations
in the data collection processes in that information about
some risk factors, such as obesity, were not comprehensively
collected. Specifically, while a BMI above 35 is identified as
obese, the surveys only collated data for those patients with
levels above 40. Studies would identify obesity as a predictive
risk factor and a fulsome collection of this information for
this study could have provided another lens through which to
examine the results [6, 24].

Despite the limitations of the cohort size and data collection
mechanisms, this study adds value by contributing to the
literature on SSI rates and provides opportunities for next steps.
The methodology is replicable and could serve as a means for
this or other community hospitals to develop quality control
indicators. Moreover, there are advantages that resulted from
our methodology. These include improved classification of SSIs
through physician diagnosis and reporting of these infections.
Furthermore, by advising all physicians to refer patients with
suspected SSls to OB-GYNs, both patient records and SSI
information were collated into the centralized hospital database.

Additionally, this study could support the development
of a provincial SSI surveillance program with established
benchmark targets similar to those established in Nova Scotia
and Saskatchewan [15, 20]. A provincial SSI benchmark would
enable hospitals to have evidence-informed comparatives,
which could then be monitored and addressed. An increased
understanding of the SSI rates for caesarean sections across the
province could inform decisions about how to best minimize
patient risks and decrease complications related to this
increasingly prevalent procedure.
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