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Surgical site infection (SSI) poses a significant burden to patients and healthcare resources.
Vascular Quality Initiative (VQI) data identify a higher rate of SSIs for lower extremity
bypass than other vascular procedures. Bundled interventions have successfully reduced
SSIs in other surgical procedures.

We evaluated our institution-specific VQI data for modifiable risk factors associated with
index hospitalization SSI from January 2012 through October 2015. We implemented an
evidence-based lower extremity bypass operation SSI reduction bundle (ie perioperative
chlorhexidine showers and transverse groin incisions) and prospectively enrolled all patients
who had lower extremity bypass procedures, with a target adherence rate of 50% per bundle
component. Bundle adherence and SSI events were measured from March 2016 through
August 2017. We carried out a pre-post evaluation of bundle effectiveness in reducing index
hospitalization SSI.

In the pre-intervention period, 43 of 234 (18%) patients had SSI events. The only risk factors
associated with SSI (ie female sex, diabetes, overweight BMI) were not readily modifiable. In
an 18-month period after introduction of our intervention, adherence rates to preoperative
chlorhexidine showers, a transverse incision, and a postoperative chlorhexidine shower were
71% (52 of 73), 48% (24 of 50), and 88% (64 of 73), respectively. Compliance with all
applicable bundle components was 36% (26 of 73). The SSI rate post-intervention decreased
from 18% to 4% (3 of 73). Intention-to-treat multivariable analysis showed a 97% SSI risk
reduction with the bundle (p = 0.002). As-treated analysis identified 85% (p = 0.02) and
62% (p = 0.047) SSI risk reductions from the preoperative and postoperative chlorhexidine
showers, respectively.

In this evaluation study of the effectiveness of a quality improvement intervention, SSIs were
markedly decreased after implementation of our evidence-based bundle for lower extremity
vascular bypass procedures. (J Am Coll Surg 2019;228:44—53. © 2018 by the American
College of Surgeons. Published by Elsevier Inc. All rights reserved.)
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Surgical site infection (SSI) poses a significant burden to
both patients and healthcare resources. Among vascular
surgery procedures, the lower extremity bypass has the

Disclosure Information: Nothing to disclose.
Support: Dr Hekman is supported by NIH grant 1F32HL137292 and Dr
Blay is supported by NIH grant 5T32HL094293.

Presented at the American College of Surgeons 104™ Annual Clinical
Congress, Scientific Forum, Boston, MA, October 2018.

Received July 1, 2018; Revised October 1, 2018; Accepted October 2,
2018.

From the Division of Vascular Surgery (Hekman, Hoel), Division of Car-
diac Surgery (Michel), Surgical Outcomes and Quality Improvement

© 2018 by the American College of Surgeons. Published by Elsevier Inc.
All rights reserved.

highest rate of SSI, at approximately 10%." These SSI
events lead to prolonged hospital stays and greater
resource use.” More importantly, in the setting of
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concomitant microvascular disease impeding wound heal-
ing, and often the presence an implanted prosthetic
bypass conduit, SSIs can have devastating consequences,
such as loss of limb or even loss of life.’

Several risk factors contributing to SSIs have been iden-
tified for lower extremity bypass patients, including
female sex, diabetes, smoking, obesity, steroid use, and
prosthetic bypass conduit.”” Although many SSI risk
factors are not readily amenable to modification, bundled
interventions targeting modifiable risk factors have suc-
cessfully reduced SSI in other surgical procedures.”®’
Despite the significant sequelac of SSI, a prospectively
validated bundled intervention to reduce SSI for lower
extremity vascular bypass has yet to be described.

Our hypothesis was that a bundled intervention could
be used to target modifiable risk factors for SSI in lower
extremity bypass patients and be implemented success-
fully, reducing SSI events. Our goal in the current study
was 3-fold: First, we aimed to use the Vascular Quality
Initiative (VQI) data from our institution to identify
risk factors for SSI in our lower extremity bypass patients,
and to use these data along with existing literature to
generate a bundled intervention targeting modifiable
risk factors for SSI. Our second goal was to successfully
implement a bundled intervention based on these find-
ings. Third, we aimed to evaluate the efficacy of this
bundled intervention in reducing SSI events.

METHODS

Study design

This retrospective and prospective chart review was
reviewed and deemed exempt by the IRB at Northwestern
University. Institutional VQI data were used to identify
pre-intervention patients who underwent lower extremity
bypass operations from January 1, 2012 through October
15, 2015. Inclusion criteria were the same as for inclusion
into the VQI lower extremity bypass module.
Institutional VQI data were pulled every 6 months after
implementation of the bundle to track outcomes from
March 1, 2016 through August 31, 2017. Patient demo-
graphics, comorbidities, intraoperative factors, and SSIs
during the index hospitalization were drawn from the
VQI data. Surgical site infection was defined as per the
VQI criteria: the presence of a positive culture or the
use of antibiotics during the index hospitalization.
Bundle compliance was monitored through supplemental
chart review.

Surgical site infection bundle
The SSI bundle was developed through the input of a
mulddisciplinary team, including surgeons, house staff,

clinic nurses, advanced practice providers, unit nurses,
and patient care technicians. The bundle implementation
was coordinated by the lead author (KEH), who met with
the study stakeholders regularly to discuss bundle compli-
ance and SSI outcomes, and to address any barriers to
bundle implementation.

The bundle was devised using evidence-based factors
and practical suggestions from the mulddisciplinary
team. The final bundle included preoperative chlorhexi-
dine showers—one the night before the operation and
one the morning of operation; a transverse groin incision
when clinically applicable; and a chlorhexidine shower
within 2 postoperative days when the dressings were
removed. All study stakeholders were educated on the
importance of preventing SSIs and on the bundle compo-
nents. This was conducted through division quality
improvement meetings for surgeons, house staff, and
inpatient advanced practice providers; through meetings
with clinic advanced practice providers and with unit
nursing leadership; and during morning huddles for
unit nurses and patient care technicians.

For the preoperative chlorhexidine showers, patients
were provided chlorhexidine soap and written instructions
at the time of their clinic visit, following Edmiston and col-
leagues.'’ The scheduling coordinator called all patients the
day before their operation to remind them of the details for
their procedure, including the need to complete the preop-
erative showers. For inpatient showers, chlorhexidine soap
was routinely stocked on the units of our institution before
bundle implementation. Inpatients were also provided a
laminated placard in their room to check off completion
of their shower tasks before and after operation. In circum-
stances where patients had significantly impaired mobility,
particularly in the postoperative period, a “bed-bath” was
substituted for a full shower.

Groin incision type and postoperative shower during
hospitalization were routinely documented in the elec-
tronic medical record before implementation of the
bundle. The preoperative history and physical form was
modified to include a check box for compliance with
the preoperative chlorhexidine shower regimen. Target
compliance was set at 50% per component.

Statistical analysis

The VQI data are reported to the institution without risk
adjustment. To adjust for covariates, a pre-post interven-
tion intention-to-treat analysis was performed to assess
the effect of the bundle on SSI outcomes, in which a
multivariable logistic regression model for SSI was
used that included the prespecified covariates and
also an indicator variable for the intervention period
(post-intervention vs pre-intervention [reference]) as a
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covariable in the model. A secondary analysis using the
bundle components as treated was done to test the effect
of the various components of the bundle on SSI out-
comes. Patients with missing values for covariates were
excluded from the analyses by STATA software (Stata
Corp). Distributions of demographic and baseline
characteristics were compared with Fisher’s exact test.
Odds ratios (ORs) were generated in a univariate analysis
to identify risk factors associated with SSIs in our
pre-intervention group. Pre- and post-intervention hospi-
tal lengths of stay were compared with a 2-sided Student’s
t-test.

RESULTS
Patient population

During the pre-intervention period examined, 234 pa-
tients underwent lower extremity bypass operation. In

our post-intervention period, 73 patients underwent
lower extremity bypass operation. Patient demographic
and baseline characteristics for the pre- and post-
intervention arms are represented in Table 1. The
difference in sex distribution between our pre- and
post-intervention cohorts was not statistically significant
(60.7% vs 72.6% males; p = 0.07). The groups did not
differ significantly in percentage with diabetes (45.7% vs
47.2%), past or current smokers (78.2% vs 81.9%), pa-
tients with an earlier lower extremity bypass procedure
(37.2% vs 34.7%), or urgency of the index case
(73.5% vs 75.3% elective). The groups did differ in
the distribution of BMI quartiles, as the post-
intervention group had fewer patients in the highest
and lowest BMI quartiles (46% vs 71% in the middle
quartiles, p = 0.002 for distribution among all quar-
tiles). The groups also differed in the distribution of

indications for bypass operation. The post-intervention

Table 1. Demographic and Baseline Characteristics and Surgical Site Infection Outcomes Events of the Pre-Intervention
(January 2012 through October 2015) and Post-Intervention (March 2016 through August 2017) Cohorts

Pre-intervention

Post-intervention

(n = 234) (n = 73)
Variable n % n % p Value
Factor
Male sex 142 60.7 53 72.6 0.07
Diabetes 107 45.7 34/72 47.2 0.89
BMI quartile, kg/m® 0.002*
<235 62 26.5 10/72 13.9
23.5<BMI <26.8 58 24.8 23/72 31.9
26.8<BMI <31.5 49 20.9 28/72 38.9
>31.5 65 27.8 11/72 15.3
Earlier bypass 87 37.2 25/72 34.7 0.78
Dialysis 20 8.5 6/71 8.45 0.99
Smoking' 183 78.2 59172 81.9 0.62
Indication 0.001*
Asymptomatic/claudication 47 20.1 15 20.5
Rest pain 88 37.6 14 19.2
Tissue loss 69 29.5 21 28.8
Acute ischemia 30 12.8 23 31.5
Preoperative hemoglobin, g/dL 0.89
<12 113 48.3 37 50.7
>12 118 51.1 36 49.3
Urgency 0.97
Elective 172 73.5 55 75.3
Urgent 51 21.8 15 20.5
Emergent 11 4.7 3 4.1
Non-autogenous conduit 120 52.3 38 52.1 1.0
Outcome 0.002*
Surgical site infection 43 18.4 3 4.1

*Statistically significant.
"Smoking defined as past or current.
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group had a lower frequency of rest pain and a higher
frequency of acute ischemia compared with the pre-
intervention group (post- vs pre-intervention 19.2% vs
37.6% for rest pain, and 31.5 vs 12.8% for acute
ischemia; p = 0.001).

We evaluated our pre-intervention arm for risk factors
associated with SSI in a univariate analysis. Diabetes
(odds ratio [OR] 2.59; 95% CI 1.29 to 5.18; p =
0.007) and female sex (OR 2.17; 95% CI 1.11 to 4.27;
p = 0.02) were associated with SSIs (Table 2).

Bundle compliance

Bundle compliance rates during an 18-month period after
implementation are shown in Figure 1. Both pre- and
postoperative  shower components achieved 71%
(n = 52 of 73) and 88% (n = 64 of 73) compliance,
meeting the target rate of 50% compliance. The trans-
verse incision component achieved 48% (n = 24 of 50)
compliance, just below the target compliance rate, but
3-fold higher than pre-intervention. Of note, only
35.6% (n = 26 of 73) of patients received all relevant

Table 2. Results from Univariate Logistic Regression Models for Surgical Site Infection as End Point and Selected Risk

Factors as Predictors in the Pre-Intervention Study Population

Factor, category 0Odds ratio 95% Cl p Value
Sex

Male ref ref —

Female 2.17 1.11—4.27 0.02*
Diabetes

None ref ref —

Managed with diet, non-insulin medication, or insulin 2.56 1.29—5.18 0.007*
BMI quartile, kg/rn2

<235 ref ref —

23.5<BMI<26.8 1.47 0.50—4.37 0.57

26.8<BMI<31.5 2.69 0.97—7.45 0.16

>31.5 2.49 0.94—6.58 0.22
Earlier bypass

No ref ref —

Yes 0.72 0.35—1.47 0.37
Dialysis

Never on dialysis/functioning transplant ref ref —

On dialysis 1.58 0.54—4.61 0.41
Smoking

Never ref ref —

Past or current 0.75 0.35—1.63 0.47
Indication

Asymptomatic/claudication ref ref —

Rest pain 1.00 0.39—2.57 0.53

Tissue loss 0.73 0.26—2.06 0.12

Acute ischemia 2.71 0.92—8.01 0.01
Preoperative hemoglobin, g/dL

>12 ref ref —

<12 1.56 0.79—3.06 0.21
Urgency

Elective ref ref —

Urgent 1.32 0.59—2.95 0.59

Emergent 2.94 0.81—10.71 0.15
Non-autogenous conduit

Autogenous vein ref ref —

Other 0.70 0.37—1.31 0.26

*Statistically significant.
ref, reference value.
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Figure 1. Surgical site infection reduction bundle results. Compliance with each component of
the bundle 18 months after implementation showed a significant increase in use of the bundle
components compared with pre-intervention (p < 0.0001 for each component). Compliance with
all 3 bundle components was 35.6%. In-hospital surgical site infection rates in infra-inguinal
bypass operations fell from 18% to 4% after implementation of the surgical site infection

reduction bundle (p = 0.002).

components of the bundle (preoperative showers with
transverse groin incision and postoperative shower for pa-
tients with a groin incision; pre- and postoperative
showers for patients without a groin incision).

Surgical site infection outcomes

In our pre-intervention period, there were 43 SSI events,
representing an SSI rate of 18.4%. In our post-
intervention group, there were 3 SSI events, representing
an SSI rate of 4.1% (Fig. 1). An intention-to-treat multi-
variable analysis was carried out to evaluate the effect of
the bundle and adjusted for covariates: sex, BMI quartile
(derived from the entire cohort), history of smoking, dia-
betes, dialysis, preoperative hemoglobin, history of
bypass, indication for bypass, type of conduit, and type
of groin incision (when applicable). This multivariable
analysis showed a 97% SSI risk reduction with the bundle
(p = 0.002) (Table 3). Additional variables emerged as
risk factors for SSI in our multivariable model, including
the third BMI quartile (OR 5.08; 95% CI 1.59 to 16.23;
p = 0.008) and female sex (OR 3.09; 95% CI 1.34 to
7.12; p = 0.008). Because the main end point was SSI
during the index hospitalization, we compared the average
length of stay pre- and post-intervention. For patients
without SSIs, there was no significant difference in the
postoperative lengths of stay between pre- and post-
intervention cohorts (mean + SD 7.94 £ 8.32 days vs
7.67 £ 6.24 days; p = 0.80). The occurrence of SSI,

however, was significantly associated with an extended
postoperative length of stay across the entire cohort
(mean + SD with SSI 11.78 4+ 6.01 vs without SSI
7.87 £ 7.81; p = 0.0014).

We next ran our multivariable model, using the same
covariates mentioned, with each of the 3 individual
bundle components as-treated. In the as-treated analysis
for the preoperative chlorhexidine showers alone, the
showers conferred an 85% SSI risk reduction (OR
0.15; 95% CI 0.03 to 0.70; p = 0.02) (Table 4). In
this preoperative shower multivariable model, female
sex (OR 3.07; 95% CI 1.40 to 6.72; p = 0.005) and
the third BMI quartile (OR 2.96; 95% CI 1.03 to
8.54; p = 0.04) remained significant risk factors for
SSI. This individual as-treated analysis for the postoper-
ative chlorhexidine shower element also found female sex
to be a risk factor for SSI, and showed a 62% SSI risk
reduction from the postoperative chlorhexidine showers
(OR 0.38; 95% CI 0.15 to 0.99; p = 0.047). Finally,
the model examining the transverse incision by itself
did not find this element to be associated with a signifi-
cant risk reduction. However, this transverse incision
multivariable model additionally found diabetes to be
associated with SSI (OR 2.75; 95% CI 1.06 to 7.10;
p = 0.04), and current/past smoking (OR 0.29; 95%
CI0.11 to 0.82; p = 0.02) and non-autogenous conduit
(OR 0.37; 95% CI 0.14 to 0.93; p = 0.03) were found
to be protective against SSI.
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Table 3. Results from Multivariable Logistic Regression for Surgical Site Infection as End Point with Selected Risk Factors

and Intention-to-Treat with the Bundled Intervention as an Indicator Covariable (n = 295)

Factor, category 0Odds ratio 95% CI p Value
Intention-to-treat

Pre-intervention ref ref —

Post-intervention 0.032 0.004—0.277 0.002*
Sex

Male ref ref —

Female 3.09 1.34—7.12 0.008*
Diabetes

None ref ref —

Managed with diet, non-insulin medication, or insulin 1.92 0.85—4.34 0.12
BMI quartile, kg/m2

BMI<23.5 ref ref —

23.5<BMI<26.8 1.28 0.39—4.25 0.21

26.8<BMI<31.5 5.08 1.59—16.23 0.008*

31.5<BMI 2.66 0.88—7.99 0. 40
Earlier bypass

No ref ref —

Yes 0.55 0.23—1.28 0.17
Dialysis

Never on dialysis/functioning transplant ref ref —

On dialysis 1.38 0.73—2.60 0.32
Smoking

Never ref ref —

Past or current 0.57 0.24—1.38 0.21
Indication

Asymptomatic/claudication ref ref —

Rest pain 0.63 0.22—1.82 0.20

Tissue loss 0.48 0.15—1.58 0.06

Acute ischemia 2.77 0.68—11.20 0.02
Preoperative hemoglobin, g/dL

>12 ref ref —

<12 1.04 0.47—2.28 0.93
Urgency

Elective ref ref —

Urgent 1.09 0.41—2.90 0.76

Emergent 1.71 0.30—9.57 0.57
Conduit

Autogenous vein ref ref —

Other 0.66 0.30—1.44 0.29
Groin incision

None ref ref —

Vertical incision 0.81 0.29—2.26 0.28

Transverse incision 1.58 0.44—5.76 0.29

*Statistically significant.
ref, reference value.
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Table 4. Results from Multivariable Logistic Regressions for Surgical Site Infection as End Point with Selected Risk Factors

and Each Bundle Element As-Treated as an Indicator Covariable

Factor, category 0Odds ratio 95% ClI p Value Odds ratio 95% ClI p Value Odds ratio 95% Cl p Value
As-treated
Preoperative chlorhexidine 0.15  0.03—0.70  0.02* — — — — — —
shower (n = 301)
Transverse vs vertical — — — 1.01 0.37—2.80 0.98 — — —
incision (n = 229)
Postoperative chlorhexidine — — — — — — 0.38 0.15—0.99 0.047*
shower (n = 301)
Sex
Male ref ref — ref ref — ref ref —
Female 3.07 1.40—6.72  0.005* 4.66 1.81—12.01 0.002* 2.87 1.33—6.19 0.007*
Diabetes
None ref ref — ref ref — ref ref —
Managed with diet, non-insulin 1.95 0.89—4.27 0.10 2.75 1.06—7.10  0.04* 2.07 0.94—4.57 0.07
medication, or insulin
BMI quartile, kg/m2
BMI<23.5 ref ref — ref ref — ref ref —
23.5<BMI<26.8 0.86 0.28—2.61 0.12 1.17 0.30—4.54 0.39 0.88 0.29—2.63 0.13
26.8<BMI<31.5 2.96 1.03—8.54  0.04* 4.01 1.14—14.14 0.01* 2.81 0.97—8.11 0.048
31.5<BMI 1.97 0.72—5.41 0.36 1.67 0.45—6.16 1.00 1.98 0.72—5.44 0.34
Earlier bypass
No ref ref — ref ref — ref ref —
Yes 0.53 0.24—1.18 0.12 0.93 0.36—2.38 0.88 0.51 0.23—1.14 0.10
Dialysis
Never on dialysis/functioning ref ref — ref ref — ref ref —
transplant
On dialysis 1.32 0.72—2.44 0.37 0.77 0.33—1.82  0.55 1.27 0.69—2.32 0.44
Smoking
Never ref ref — ref ref — ref ref —
Past or current 0.54 0.24—1.23 0.14 0.31 0.12—0.81  0.02* 0.60 0.27—1.35 0.22
Indication
Asymptomatic/claudication ref ref — ref ref — ref ref —
Rest pain 0.74 0.27—2.05 0.53 0.98 0.31-3.16 0.43 0.72 0.26—1.99 0.56
Tissue loss 0.45 0.14—1.43 0.04 0.33 0.08—1.36  0.05 0.42 0.13—1.35 0.04
Acute ischemia 1.99 0.56—7.01  0.048 0.99 0.22—4.51 0.56 1.81 0.52—6.25 0.06
Preoperative hemoglobin, g/dL
>12 ref ref — ref ref — ref ref —
<12 1.25 0.58—2.66 0.57 1.14 0.46—2.79 0.78 1.22 0.57—2.59 0.61
Urgency
Elective ref ref — ref ref — ref ref —
Urgent 1.15 0.46—2.85 0.61 2.32 0.81—6.62 0.96 1.21 0.49—2.99 0.77
Emergent 227 0.49-10.54 032 * * — 1.98  0.44—8.97 0.43
Conduit
Autogenous vein ref ref — ref ref — ref ref —
Other 0.55 0.26—1.15 0.11 0.41 0.17—0.98 0.046* 0.61 0.30—1.27 0.19

*Statistically significant.
"Unable to estimate.
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DISCUSSION

In this analysis, we showed a paucity of modifiable risk
factors for SSI in our patient cohort, successful implemen-
tation of a bundled SSI reduction intervention based on
carlier literature, and SSI risk reduction in our patients
with implementation of this intervention.

Our analysis of the pre-intervention cohort did not
reveal any readily modifiable risk factors for inclusion in
our bundled intervention. In the univariate analysis of
our pre-intervention cohort, only female sex and diabetes
were associated with SSI, and the multivariable analysis,
adjusting for covariates of the entire cohort, additionally
found BMI to be associated with SSIs. We did, however,
identify from the literature that chlorhexidine showers
and transverse groin incisions reduced SSI in other,
similar patient cohorts. Our evidence-based bundle,
therefore, was based on the existing literature.

Implementation of the bundled intervention to reduce
SSIs met our target rate of compliance for the pre- and
postoperative chlorhexidine showers, likely due in part
to the ongoing feedback of compliance rates communi-
cated through regular meetings with stakeholders. Trans-
verse groin incisions, when a groin incision was used, fell
short of the target compliance rate, likely due to
inadequate anatomic exposure for certain types of proced-
ures. Overall compliance with all applicable bundle
components was 35.6%, limited primarily by the low
adherence to the transverse groin incision component.
The SSI rates in our cohort fell from 18.4% to 4.1% after
18 months of bundle implementation. Intention-to-treat
analysis adjusting for covariates showed a 97% SSI risk
reduction with the bundle. The as-treated analysis for
each bundle component individually suggested that the
preoperative and postoperative showers drove the index
hospitalization SSI reduction effect of the bundle. Given
the nature of the quality improvement process, the stake-
holder investment required to implement an initiative
might have contributed to improved awareness and
engagement of the treatment team about SSI prevention.
This might have contributed non-measurable effects to
the SSI reduction seen here. These results showed signif-
icant SSI risk reduction after implementation of our
evidence-based bundle in our lower extremity vascular
bypass patient population.

The SSI risk factors in our population—female sex,
diabetes, and BMI—concur with those in previously pub-
lished studies.””” However, our analysis did not find
significant association between SSIs and other commonly
cited risk factors in lower extremity bypass patients, such
as smoking, dialysis, or procedure indication. These
earlier studies, however, examined 30-day infection rates,

and there might be a different subset of risk factors for SSI
events that occur during the index hospitalization vs
within 30 days of operation. In addition, several of these
studies examined only subsets of lower extremity bypass
patients undergoing specific approaches and reported
30-day SSI risk factors, including critical limb ischemia,
carlier bypass operation, use of non-autogenous grafts,
in situ autogenous technique, and location of distal bypass
target (anterior tibial or dorsalis pedis arteries).”>*'""?
This might reflect a difference due to the inclusion of
different technical approaches besides the in situ approach
in our cohort.

In a larger study looking at index hospitalization SSIs,
Kalish and colleagues” used the VQI database to analyze
risk factors in 7,908 lower extremity bypass cases across
45 states. In univariate analysis, they found associations
between SSI and obesity, dialysis, preoperative tissue
loss, and vein graft conduit. Although earlier reports con-
flict on the positive vs negative association between SSI
and non-autogenous bypass conduit, our as-treated results
corroborate the findings of Kalish and colleagues,””'* that
non-autogenous conduit does not significantly affect SSI
risk. However, we found no association with dialysis
and preoperative tissue loss. This unique set of risk factors
for SSI might be a consequence of the smaller sample size
in our study. These differences could also relate to
regional variation in demographics and risk factors, as
our study is limited to a single institution.

Our study is also the first to report efficacy of chlorhex-
idine showers for reducing SSIs in vascular patients,
although it has been shown to be an effective component
of Staphylococcus aureus decolonization before certain or-
thopaedic procedures.'*'® Most studies evaluating chlor-
hexidine showering across diverse populations of
surgical patents have not identified a significant SSI
risk reduction.” This might have been due to a lower
baseline rate of SSIs, lack of an optimized showering
regimen, differences in patient populations, heterogeneity
of procedures to which the showers were applied, or that
the preoperative shower was not used in conjunction with
routine postoperative showering, as in our bundled
approach."

There are several limitations to our study. These
include being a single-center study and the small sample
size. The small sample size impacted our study in 2
ways. First, it likely impaired our ability to identify SSI
risk factors specific to our patient population. Second,
with only 3 SSI events in the post-intervention period,
this low rate of SSIs significantly limited our ability to
apply and interpret conventional parametric statistical
evaluations. In addition, our pre- and post-intervention
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cohorts were not identical, with significant differences in
distributions of BMI and indication for operation. As for
BMI, the third quartile was associated with SSIs, and the
post-intervention population had a higher percentage of
patients in this quartile, suggesting this difference would
be unlikely to skew our post-intervention SSI rate
down. As for indication for operation, there was a trend
toward fewer patients with rest pain and more with acute
ischemia in the post-intervention period. It is difficult to
interpret the impact this shift might have had on the SSI
rate, as our study did not identify an association between
any indication category and SSIs. Earlier studies identified
tissue loss or limb salvage as risk factors, but this category
remained steady between pre- and post-intervention
cohorts. Lastly, the VQI SSI metric is defined as an SSI
that occurs during the index hospitalization, which does
not capture all clinically significant SSIs and renders
comparison of our findings with the existing literature
more difficule. The index hospitalization SSI metric,
however, is uniformly captured, facilitating more reliable
analyses. With no significant difference in the postopera-
tive lengths of stay before and after our intervention, this
metric captured the same SSI risk window pre- and post-
intervention. In addition, in our cohort of 307 patients,
only 185 had 30-day SSI outcomes in the VQI database,
impeding meaningful analysis. This was partly because
the 30-day outcomes metric in VQI was initiated midway
through our evaluation period. Analyzing the index hospi-
talization SSI rate allowed us to accurately track our target
outcomes throughout the duration of our evaluation
period.

CONCLUSIONS

Our study represents a successful systematic implemen-
tation of an evidence-based SSI reduction bundled inter-
vention. Furthermore, our results suggest that pre- and
postoperative chlorhexidine showers can be used to
decrease SSIs in lower extremity bypass patients. Impor-
tantly, these findings also show that institution-level
quality improvement data can be evaluated for risk fac-
tors, and that a bundled intervention can be successfully
implemented to decrease SSIs in vascular bypass
patients.
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