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Abstract

Objective: Sparse recent data are available on the epidemiology of surgical site infections (SSls)
in community hospitals. Our objective was to provide updated epidemiology data on complex SSls
in community hospitals and to characterize trends of SSI prevalence rates over time.

Design: Retrospective cohort study.

Methods: SSI data were collected from patients undergoing 26 commonly performed surgical
procedures at 32 community hospitals in the southeastern United States from 2013 to 2018. SSI
prevalence rates were calculated for each year and were stratified by procedure and causative
pathogen.

Results: Over the 6-year study period, 3,561 complex (deep incisional or organ-space) SSls
occurred following 669,467 total surgeries (prevalence rate, 0.53 infections per 100 procedures).
The overall complex SSI prevalence rate did not change significantly during the study period: 0.58
of 100 procedures in 2013 versus 0.53 of 100 procedures in 2018 (prevalence rate ratio [PRR],
0.84; 95% CI, 0.66-1.08; £=.16). Methicillin-sensitive Staphylococcus aureus (MSSA) complex
SSls (n = 480, 13.5%) were more common than complex SSls caused by methicillin-resistant S.
aureus (MRSA; n = 363, 10.2%).

Conclusions: The complex SSI rate did not decrease in our cohort of community hospitals
from 2013 to 2018, which is a change from prior comparisons. The reason for this stagnation is
unclear. Additional research is needed to determine the proportion of or remaining SSls that are
preventable and what measures would be effective to further reduce SSI rates.

Surgical site infections (SSIs) are among the most common and most costly hospital-
acquired infections (HAISs) in the United States, accounting for almost one-quarter of all
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HAIs.1=3 Although the risk of SSI is generally low, SSIs are common due to the volume

of surgical procedures performed across the United States. In 2018, an estimated 10 million
surgical procedures occurred in the United States in nonfederal, inpatient surgical centers,*
and in 2016, another estimated 14 million surgeries occurred in nonfederal, ambulatory
surgical centers.5 SSls occur in 1%—2% of patients undergoing inpatient surgery.6-8

Overall, rates of SSI have been decreasing in the United States. Among 199 hospitals
participating in serial point-prevalence surveys performed by the CDC, the rate of SSI
decreased from 0.97 per 100 procedures in 2011 (n = 11,282 patients reviewed) to 0.56 per
100 procedures in 2015 (n = 12,299 patients reviewed; 2= .001).° Similarly, the publicly
reported rates of SSI following abdominal hysterectomy and colon surgery decreased ~10%
in 2017 compared to the national baseline reported in 2016, though the decreases were not
statistically significant.10

Rates of SSI vary by type of procedure and by setting. The National Healthcare Safety
Network no longer routinely reports national rates of SSI following commonly performed
procedures; therefore, most nationwide estimates currently used are from data reported
almost 10 years ago.

Data on the epidemiology of SSIs in community hospitals are also sparse. Most studies
that have examined SSls in community hospitals are limited by being single center

and retrospective. We completed 2 prior studies that described epidemiology of SSls in
community hospitals from 2000 to 2005 and from 2008 to 2012.11:12 The objectives of this
study were to provide an update on SSI epidemiology in a large network of community
hospitals and to describe SSI trends stratified by pathogens that commonly cause SSls.

These data were collected on patients undergoing 26 commonly performed surgical
procedures at 32 community hospitals in the Duke Infection Control Outreach Network
(DICON). DICON is a network of 60 community hospitals in 6 states in the southeastern
United States.13 Community hospitals within our network have access to expert infection
control consultation, educational services, benchmark data, and detailed data analysis.
Trained and experienced infection preventionists prospectively enter data collected from
patients undergoing 37 types of operative procedures into the DICON Surgical Surveillance
database. The database contains the following information: type of surgical procedure;
hospital; primary surgeon; patient age; procedure date and duration; NHSN risk index
(calculated from the patient’s American Society of Anesthesiologists classification system
score, wound class, and operative duration), and the presence or absence of postoperative
SSl, including causative organism, if a postoperative culture was obtained and was positive.

DICON SSI surveillance methods have previously been described in detail.14 In brief,
potential SSls are identified through a combination of strategies that may include review of
microbiology culture results, hospital readmissions following surgery, clinical rounds, and
questionnaires sent to surgeons regarding postoperative patients at the discretion of each
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participating hospital. Infection preventionists used NHSN criteria to categorize SSls into
superficial (superficial incisional) and complex (deep incisional or organ-space) SSls.1°

We limited our analysis to hospitals that were within the network from January 2013 through
December 2018 (ie, the study period). We excluded procedures that were performed <4,000
times during the 6-year study period based on primary review of the data. Specifically, upon
reviewing surgical volume, there was a clear inflection point between procedures performed
more or less than 4,000 times during the study period.

We analyzed only complex SSls given the surveillance bias and decreased sensitivity of
surveillance for superficial incisional SSIs.16 We determined the overall prevalence rate of
SSI during the 6-year study period and then stratified all collected data by procedure type
and pathogen responsible for infection. We compared SSI prevalence rates in our network of
hospitals to national data reported by NHSN. Next, we determined the prevalence rate of SSI
for each year of the study from 2013 to 2018. Finally, we stratified annual prevalence rate of
SSI by causative organism. We calculated annual crude prevalence rates and prevalence rate
ratios (PRRs) using unadjusted log-binomial regression. We also constructed a log-binomial
regression model controlling for clustering within hospitals to calculate adjusted annual SSI
prevalence rates.

The Duke University Health System Institutional Review Board approved this research
project. We analyzed all the data using SAS version 9.4 software (SAS Institute, Cary, NC).

In total, 3,561 complex SSls occurred following 669,467 surgeries performed at 32 hospitals
during the 6-year study period. The average age of the patients at the time of surgery was 54
years (SD, 17.9 years), and 432,187 patients (64.6%) in the cohort were female. Moreover,
40,222 patients (6.0%) had ASA scores of 1, 298,398 patients (44.6%) had ASA scores

of 2, 264,555 patients (39.5%) had ASA scores of 3, and 66,292 patients (9.9%) had an
ASA score of 4 or 5. Infection preventionists classified 262,601 (39.2%) wounds as clean—
contaminated, 20,315 (3.0%) as contaminated, and 16,464 (2.5%) as dirty.

The overall prevalence rate was 0.53 complex SSls per 100 procedures (Table 1). Among
the 26 procedures that were performed >4,000 times during the study period, colon surgery
had the highest prevalence rate of complex SSI (2.5 per 100 procedures), followed by
small bowel surgery (1.8 of 100 procedures), craniotomy (1.0 per 100 procedures), and
appendectomy (0.9 per 100 procedures).

For 14 procedure types, the prevalence rates of complex SSIs were similar to prevalence
rates reported by the NHSN in 2018.17 DICON hospitals had higher complex SSI rates

for colon surgery, appendectomy, hip arthroplasty, and knee arthroplasty compared to the
complex SSI rates reported by NHSN for these procedures (Table 1). Conversely, DICON
complex SSI rates were lower for spinal fusion, open reduction of fracture, limb amputation,
breast surgery, herniorrhaphy, gall-bladder surgery, prostate surgery, and thyroid surgery.
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Staphylococcus aureus was the most common organism (0.13 per 100 procedures), causing
843 complex SSls (24%) in our cohort (Table 2). Methicillin-sensitive S. aureus (MSSA)
complex SSls (n = 480, 13%) occurred more frequently than methicillin-resistant S. aureus
(MRSA) complex SSls (n = 363, 10%). Escherichia coli was the most common gram-
negative pathogen isolated (n = 337, 9%). In fact, £. coli SSI was more frequent than MRSA
SSl in the last 2 years of the study period, and 783 complex SSIs (22%) were polymicrobial.
Cultures were either negative or not obtained in 439 cases (12%).

We found no statistically significant change in rates of SSI during the study period: 0.58
infections per 100 procedures in 2013 to 0.53 infections per 100 procedures (PRR, 0.92;
95% confidence interval [Cl], 0.82-1.03) (Table 3). From 2014 to 2017, the SSI prevalence
rates declined each year; however, in 2018, the SSI prevalence rate increased.

The rate of complex S. aureus SSls significantly decreased from 2013 to 2017 (PRR, 0.67;
95% ClI, 0.49-0.90) (Table 4). This change was likely due to the significant decrease in
MRSA complex SSls in 2017 compared to 2013 (PRR, 0.61; 95% CI, 0.42—0.89). Notably,
the S. aureus prevalence rate did increase in 2018. In general, the SSI prevalence rates for
other pathogens appeared to be relatively stable over the study period (Fig. 1).

Discussion

In this large, multicenter, cohort study, we summarized the epidemiology of complex SSls
that occurred over a 6-year period in 32 community hospitals in the southeastern United
States. Importantly, our results demonstrated that complex SSI prevalence rates did not
significantly decrease, suggesting that hospitals may have reached the “glass floor” of SSI
prevention.

The reason behind the increase in SSI prevalence rate from 2017 to 2018 compared to the
consistent decrease SSI prevalence rates in earlier years is not immediately apparent. We
are not aware of any major definitional changes made to SSI surveillance in 2018, nor

do we know of any changes to NHSN procedures categories that would have significantly
affected SSI prevalence rates between 2017 and 2018. Also, SSI prevalence rates remained
stable throughout all 6 years of the study for the 5 most commonly performed procedures:
hysterectomy, cesarean section, laparoscopic cholecystectomy, knee arthroplasty, and breast
surgery. Finally, MSSA, MRSA, E. coli, and Enterococcus spp remained the most common
pathogens that caused SSls throughout the study period.

Although the rate of SSI was low in our cohort, SSls are clinically substantial and warrant
ongoing attention. We identified 3,561 complex SSls over the 6-year period, causing
significant morbidity, mortality, and cost. Badia et al'® demonstrated that the cost of
providing care for patients with SSls in Europe was consistently higher than costs accrued
for patients without SSIs. The CDC estimates that SSls cost the healthcare system an
estimated $3.3 billion per year.1® Umscheid et al20 estimated that the cost of an SSI in the
United States was between $5,600-$12,900 in 2011. Using these estimates, the complex
SSils identified in our cohort would cost between $20 million and $46 million. SSls also
prolong hospital stays, require readmission to hospitals and returns to the operating room,

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Seidelman et al.

Page 5

and have a negative impact on patients’ physical and mental health.1821 Specifically, SSls
that occur in the United States add an estimated 1 million inpatient hospital days annually
to length of stay.3:22 Lastly, SSls area associated with a 3% mortality rate, and 75% of
SSl-associated deaths are directly related to SSI.1°

Consistent with prior studies, MSSA remained the most common cause of SSI,11:23 put the
microbiological epidemiology of SSls changed. MRSA SSis continued to decrease. In fact,
E. coli SSI PRs were higher than MRSA SSI PRs in 2017 and 2018, making MRSA only the
third most prevalent pathogen causing SSlIs. Although prior studies show that MRSA SSls
have been on the decline,23 ours is the first study of SSIs in community hospitals to show £.
colf as the second most prominent SSI pathogen.

SSI reduction has recently stagnated. The Surgical Care Improvement Project (SCIP) started
in 2006 as a core measure to reduce perioperative morbidity and mortality, with many
measures addressing perioperative antibiotic usage and timing.24 High rates of compliance
with SCIP measures as performance affected hospital payment under the Centers for
Medicare & Medicaid Services Value-Based Purchasing Program were observed.2526 After
endorsement, compliance rates were high, and the differences between institutions were

so small that these metrics were retired by the Joint Commission at the end of 2017.27.28
However, a recent study of SCIP compliance in our network of hospitals suggests that
compliance with several core measures for SSI prevention was moderate to poor.2° Early
on, there was a lot of enthusiasm for SCIP, but these measures have become routine and
hospital priorities have shifted to other publicly reported quality metrics, there seems to be
less energy directed toward SSI quality improvement.

If the goal is to decrease SSls further, we should ensure that we are implementing
evidence-based practices and we should consider adopting innovative strategies. The current
dogma is that most SSls arise from the microbiome of the patient’s skin or nares,30 and
many evidence-based SSI prevention initiatives target nasal and/or skin antisepsis and
decolonization. Our data demonstrate that the rate of SSls caused by skin organisms like

S. aureus has declined, whereas the rate of infectious caused by enteric pathogens such as £.
coli has remained constant. Thus, considering various mechanisms of SSI pathogenesis will
be important in development of future prevention initiatives. Thus, we may need to focus

on prevention measures that target enteric flora given that £. coli SSls were prevalent in

our data set. In addition, traditional surgical attire and various types of headwear are under
investigation for their benefit in preventing SS1.31 Also, novel surveillance methods using
cell-phone applications and artificial intelligence may allow for earlier SSI detection and
intervention,31:32

Our study had several limitations. This retrospective study was subject to the typical
selection bias and misclassification bias inherent in this type of study. Not all patients with
invasive SSls were identified through our targeted surveillance if their infection diagnosis
was not confirmed with a positive culture, if they presented to an outside facility for care
of their infection, or if their infection was diagnosed >30 or 90 days postoperatively. As
such, our study findings may represent the minimum rates of SSI in our cohort. Also,

the generalizability of our findings to community hospitals outside the southeastern United
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States is uncertain. Moreover, outlier hospitals may have influenced prevalence rates for
certain procedures, but this limitation was minimized by the large numbers of hospitals

included and procedures performed. Finally, the prevalence rates were not risk adjusted

based on patient-specific or procedure-specific risk factors.

With the institution of nationally mandated prevention practices, SSI rates are lower now
than 20 years ago. However, the preventability of the remaining SSls is unknown. The
stagnation of SSI reduction rates over the past decade highlights the need to determine
the proportion of remaining SSls that are preventable and to develop prevention strategies
geared toward these SSls to break the current glass floor of SSI prevention.
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Prevalence of SSI per 100 procedures
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Fig. 1.
Prevalence rates of complex surgical site infections (SSI) by causative organism from 2013
to 2018
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Table 2.

Prevalence of Most Common Organisms Causing Complex Surgical Site Infections (SSIs)

Organism Complex SSIsNo. (%) Prevalence Rate, Complex SSI per 100 procedures
Staphylococcus aureus 843 (23.7) 0.13
MSSA 480 (13.5) 0.07
MRSA 363 (10.2) 0.05
Escherichia coli 337 (9.5) 0.05
Enterococcus spp 180 (5.1) 0.03
Coagulase-negative staphylococci 158 (4.4) 0.02
Kilebsiella spp 99 (2.8) 0.01
Streptococcus spp 106 (3.0) 0.02
Pseudomonas aeruginosa 49 (1.4) 0.01
Enterobacter spp 69 (1.9) 0.01
Fungi 102 (2.9) 0.02
Polymicrobial? 783 (22.0) 0.12
No pathogen identifiedb 439 (12.3) 0.07

Note. MSSA, methicillin-susceptible Staphylococcus aureus, MRSA, methicillin-resisitant Staphylococcus aureus.

a . . . S L
Polymicrobial infections were also included in individual SSI counts for each organism isolated.

b .
Negative cultures or no cultures taken.
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Table 4.
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Prevalence Rates of Complex Surgical Site Infection (SSI) Due to Staphylococcus aureus From 2013 to 2018

at 32 Community Hospitals

Year

S. aureus PRR (95% CI)

MSSA PRR (95% Cl)

MRSA PRR (95% Cl)

2013

1

1

1

2014

0.97 (0.76-1.22)

1.01 (0.76-1.35)

0.91 (0.68-1.21)

2015

0.96 (0.72-1.25)

0.84 (0.61-1.16)

1.10 (0.74-1.61)

2016

0.88 (0.67-1.16)

0.90 (0.59-1.38)

0.86 (0.64-1.15)

2017

0.67 (0.49-0.90)

0.71 (0.47-1.08)

0.61 (0.42-0.89)

2018

0.84 (0.66-1.07)

0.91 (0.66-1.25)

0.76 (0.56-1.03)

Note. CI, confidence interval; MSSA, methicillin-susceptible Staphylococcus aureus, MRSA, methicillin-resisitant Staphylococcus aureus, PRR,
prevalence rate ratio.
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