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Abstract

Objective: Surgical site infection (SSI) after open lower extremity revascularization is a
relatively common complication associated with increased hospital stays, graft infection, and in
severe cases, graft loss. Although the short-term effects of SSI can be significant, it has not been
considered a complication that increases major limb amputation. The purpose of this study was to
determine the association of SSI with outcomes in patients undergoing surgical revascularization
for peripheral arterial disease.

Methods: We analyzed nationwide Vascular Quality Initiative (VQI) data from the infrainguinal
bypass module from 2003 to 2017. The cohort included adults who underwent open lower
extremity bypass for symptomatic peripheral arterial disease and had at least one follow-up record.
Weighted Kaplan-Meier curves and Cox proportional hazards regression were used to assess the
association between SSI and 1-year mortality and major limb amputation. Inverse-probability of
treatment weights were used to account for differences in demographics and patient characteristics
and allow for ‘adjusted” Kaplan-Meier curves.

Results: The analysis included 21,639 patients, and 1155 (5%) had a reported SSI within 30 days
of surgery. Patients with SSI were more likely be obese (41% vs 30%), but there were no other
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clinically relevant differences between demographics, comorbidities, and bypass details. After
weighting, patients with SSI were almost twice as likely to undergo major amputation by 6 months
(hazard ratio, 1.84; 95% confidence interval, 1.07-3.17). The association with SSI and increased
amputation rates persisted at 1 year. The association of SSI on amputation was no different based
on preoperative Rutherford class (P=.91). The association between SSI and 1-year mortality rate
was not statistically significant (hazard ratio, 1.15; 95% confidence interval, 0.91-1.46).

Conclusions: SSI is more common in obese patients, and patients who develop an SSI are
observed to have a significantly increased rate of limb amputation after open lower extremity
revascularization.
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Surgical site infection (SSI) is a well-documented complication in vascular surgery. Patients
undergoing lower extremity bypass (LEB) are at a particularly high risk for surgical wound
complications, given their underlying comorbidities and frequent utilization of the groin

for surgical exposure.! Rates of SSls after infrainguinal bypass have been previously
characterized in several large database reviews, ranging from 4.8% at the time of hospital
discharge? to 12.8% within 30 days postoperatively.!

Patient factors that have been shown to be associated with increased risk of SSI include
obesity and metabolic syndrome.3 Many operative factors are also associated with SSI

after LEB, including betadine-only prep, increased operative time, incisional hematoma,
higher transfusion requirement, and adjunctive femoral endarterectomy.* Although these
perioperative variables associated with development of SSI have been identified in prior
studies, the majority of research focusing on outcomes related to SSI has focused mainly on
short-term, or 30-day, outcomes.®

SSI after LEB is a relatively common complication associated with significant short-term
morbidity including increased risk of wound disruption, acute renal failure, pneumonia,

and cardiac arrest®; however, the long-term outcomes are not well-described. Therefore,

the purpose of this study was to examine a national quality registry to determine the
association of SSI with 1-year outcomes in patients undergoing surgical revascularization
for symptomatic peripheral arterial disease (PAD) with the hypothesis that there are likely
underappreciated long-term outcomes in patients who develop SSI after LEB. Specifically,
we chose to evaluate association of SSI with limb loss, graft patency, and mortality at 1 year.

METHODS

Data source.

This study utilized data from the Society for Vascular Surgery Vascular Quality Initiative
(\VQI) registry from the years 2003 through 2017 to evaluate the association of SSI with
1-year outcomes following infrainguinal lower extremity bypass. The VQI registry contains
information on demographic traits, comorbidities, imaging studies, peri-procedural details,
in-hospital complications, and long-term (9-21 months) outcomes. The VQI Research
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Advisory Committee approved this study, and the University of North Carolina Institutional
Review Board waived patient informed consent as only de-identified data was used.

Study design and patient population.

We performed a secondary analysis of prospectively collected nationwide data from the
infrainguinal bypass module from 2003 through 2017. The study cohort was comprised

of adult patients (=18 years old) who underwent lower extremity bypass operations for
symptomatic PAD (n = 37,880). Symptomatic PAD was defined as those patients who had
claudication, rest pain, or tissue loss. Therefore, patients were excluded if they did not have
an indication of claudication, rest pain, or tissue loss for at least one limb (n = 5845) or if
the limb being treated was not the limb diagnosed with PAD (n = 1280). Patients were also
excluded if they did not have at least one long-term follow-up record in the VQI (h = 6947).
Thirty-day SSI was defined as having either a postoperative SSI or SSI within 30 days of
discharge. SSI included exposure sites and vein harvest sites (ipsilateral, contralateral, or
arm). Patients missing data on postoperative SSI were also excluded (n = 32). All-cause
mortality, primary patency, and postoperative amputation was reported to VQI. Follow-up
data on primary patency was missing for 22% of patients (n = 5189), and patients with no
record of major amputation, which was defined as above- or below-knee amputation, were
assumed to have not undergone one. Long-term outcome data was obtained by merging the
index infrainguinal dataset with the long-term follow-up VQI infrainguinal bypass dataset.

Statistical analysis.

x2 and Wilcoxon tests were used to compare patient demographics and surgical
characteristics between patients with and without a 30-day, postoperative SSI. Weighted
Kaplan-Meier curves and Cox proportional hazards regression were used to assess the
association between postoperative SSI and 1-year patency (primary vs primary assist/
secondary/occluded) and 1-year all-cause mortality. For primary patency, patients were
followed until loss of primary patency, death, 365 days after surgery, or the date of their
last follow-up visit where patency was noted, whichever came first. Similarly, for major
amputation, patients were followed until the date of their first major amputation, death,
365 days after surgery, or the date of their last follow-up visit, whichever came first.
Inverse-probability of treatment weights (IPTW) were used to account for differences in
demographics and patient characteristics and allow for ‘adjusted” Kaplan-Meier curves to be
generated.

Briefly, each patient’s propensity (ie, probability) of having a postoperative SSI was
predicted using multivariable logistic regression, adjusting for patient age, sex, race,
comorbidities (diabetes, preoperative smoking, hypertension, coronary artery disease, heart
failure, chronic obstructive pulmonary disease, end-stage renal disease, obesity), indication
(claudication, rest pain, tissue loss), preoperative creatinine, hemoglobin, statin use and
aspirin use, graft artery recipient, material used for graft, and type of skin preparation
used. Age, preoperative creatinine, and preoperative hemoglobin were treated as restricted
quadratic splines. These propensity scores were then scaled by the overall probability of
postoperative SSI in the cohort. Correlation between surgeries done at the same center was
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also accounted for using a cluster-specific random effect. Robust sandwich estimators were
used to account for the weighting and random effects.

All analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS

A total of 23,776 patients who underwent infrainguinal LEB for symptomatic PAD

with long-term follow-up data were available for analysis. The majority of patients who
underwent infrainguinal LEB were white (79.5%) and male (67.6%), with an average

age of 66 years old. Only a small portion of the patients that underwent LEB in this
cohort developed an SSI (5%; n = 1155). When comparing those patients who developed
a postoperative SSI vs those that did not (Table I), there were no clinically meaningful
differences between demographics, comorbidities, and perioperative factors between the
groups. For both groups, hypertension was prevalent (88% vs 89%). There were no
differences in the prevalence of diabetes, coronary artery disease, congestive heart failure,
chronic obstructive pulmonary disease, end-stage renal disease, or smoking history. Obesity
was more common in those with SSI compared with no SSI (41% vs 30%). Additionally,
there was no difference in type of skin preparation utilized or use of prosthetic conduit
between the groups.

Regarding primary and secondary patency, unadjusted analysis showed a 43% and 22%
increased risk of loss of primary/secondary patency for patients with SSI at 6- and 12-month
intervals respectively (6-month: hazard ratio [HR], 1.43; 95% confidence interval [CI],
1.08-1.90; 12-month: HR, 1.22; 95% Cl, 1.05-1.41) (Table I1). After IPTW, the observed
difference was again no longer statistically significant, but did again show a trend towards
higher risk for loss of primary/secondary patency for patient with SSI (6-month: HR, 1.34;
95% Cl, 0.98-1.86; 12-month: HR, 1.14; 95% Cl, 0.96-1.35).

Thirty-day incidence of SSI was also associated with a significantly higher risk of major
limb amputation at 6- and 12-month intervals for both crude and weighted analyses. After
weighting, SSI was associated with an 86% increased risk of major limb amputation at
6-months and a 49% increased risk of major limb amputation at 1 year (6-month: HR,

1.84; 95% ClI, 1.07-3.17; 12-month: HR, 1.44; 95% CI, 1.10-1.90) (Table III). Fig 1 A and

B shows similar curves for crude and IPTW incidence for major amputation, with rates
increasing substantially for both groups (SSI and no SSI) at approximately postoperative day
280. The association between SSI and major amputation was consistent across indication
(claudication: HR, 1.20; 95% CI, 0.49-2.93; tissue loss: HR, 1.47; 95% CI, 1.04-2.08; rest
pain: HR, 1.48; 95% CI, 0.90-2.44; P= .91).

Prior to accounting for differences in patient demographics and clinical characteristics,
there was a crude association of SSI with all-cause mortality at both 6- and 12-month
intervals, with a statistically significant higher risk of mortality at 1 year for patients with
a SSl as compared with no SSI (HR, 1.23; 95% CI, 1.01-1.50) (Table IV, Fig 2, A). After
cohort weighting with IPTW, the association of SSI with all-cause mortality was no longer
statistically significant (Table IV, Fig 2, B).
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DISCUSSION

Although SSls after LEB have been shown to increase the incidence of short-term
complications like acute renal failure, prolonged ventilation, and mortality within 30 days of
the operation,® there is a paucity of information on the potential impact of SSI on long-term
patient outcomes. We hypothesized that there are likely underappreciated long-term patient
outcomes associated with the development of SSI. We utilized the VQI registry to analyze
23,776 patients undergoing LEB and the effects of 30-day SSI on 6-month and 12-month
patient outcomes. SSI was found to have an increased risk of amputation and decrease in
primary and secondary patency.

SSl is a well-established cause of postoperative morbidity in the in the LEB population.>6
Previous studies have focused on identification of preoperative risk factors and the 30-day
outcomes associated with SSI after LEB using National Surgical Quality Improvement
Program (NSQIP) and Department of Veterans Affairs databases.12:57:8 However, the

VQI and NSQIP database registries have been compared and shown to capture different
populations and outcomes in the LEB population.t In our study, we found a 5% incidence
of SSI, similar to a large review of the VQI database examining LEB from 2003 through
2012 that found an in-hospital SSI rate of 4.8%.2 Interestingly, the largest review of the
NSQIP database found a wound infection rate of 11.1% at 30 days.! Several randomized
control trials describe even higher rates of SSI among the LEB cohort. The Project of
Ex-Vivo Vein Engineering via Transfection (PREVENT I11) trial cited an overall 30-day
wound complication rate of 39.0% and wound infection rate of 20.2% among 1404 patients
undergoing LEB.® The Bypass vs Angioplasty in Severe Ischemia of the Leg (BASIL)

trial reported a 22.8% and 15.6% in-hospital and 30-day wound infection rate.210 These
differences in SSI rates are likely due to differences in patient populations and differing
definitions of postoperative infection.! When compared with previous large prospective
randomized trials, studies in the VQI or NSQIP have been shown to underestimate the
incidence of SSI. Diagnostic criteria for all infections in the VQI database include culture
positivity, purulent drainage, intentional opening of the incision for infection, or declaration
by the surgeon as to the presence of an SSI. Incisions that are opened and found to be
culture-negative are not classified as an SSI. Incisions that are not opened or cultured but
given antibiotics for presumed superficial infections are not necessarily classified as SSI.
This may account for the lower rates of infection when compared with previous randomized
trials.

Previous investigation in the NSQIP database has identified the increased risk of developing
SSI in obese patients or those with metabolic syndrome.3¢ Our study of the VQI parallels
this data as patients with SSI were more likely be obese (41% vs 30%; absolute standardized
difference, 0.23). Within our VQI cohort, there were no other clinically relevant differences
in demographics, comorbidities, or bypass details that differed between the SSI and no

SSI groups. Previous studies in the VQI population have demonstrated an increase in SSI

in patients with increased transfusion requirements, longer procedure time, and adding an
adjunctive femoral endarterectomy.2
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Our study demonstrates increased risk of loss of graft patency and major amputation in
patients with SSI after LEB at 1 year, although it makes no distinction based on bypass
conduit. Further investigation into the causative relationship of surgical site infection, graft
failure, and major amputation is needed to determine the best method to interrupt this cycle.
These data suggest the heightened follow-up is merited even after patients have recovered
from the SSI.

Previous research in the field of SSI has focused on infection prevention. This includes
previous analysis of perioperative antibiotic regimens and surgical skin preparation leading
to SSI bundles.11-13 There was no difference in SSI with different surgical site preparation
methods in our cohort, which is likely attributed to the overall low incidence of SSI and the
overwhelming rate of chlorhexidine skin preparation, which has previously been identified
as having the lowest SSI rate.11.14.15 Additionally, management of groin incisions, which are
frequently associated with LEB operations, has gained attention. Augmentation of surgical
closure with an incisional wound vacuum over the closed groin incision has offered some
hope in decreasing the rate of groin SSI in high-risk patients. In a single-center retrospective
review, among patients receiving a vacuum-assisted wound closure, only 6% developed an
SSI in comparison with 30% of patients receiving a traditional closure.12 A prospective
single-center study of 504 patients found the same significant reduction in SSI utilizing a
negative-pressure wound dressing (9.8%) vs 19.0% with standard dressing. Interestingly, in
this study there was also a significant decrease in mortality seen in patients treated with
negative-pressure dressings (5.8% vs 11.2%).13 The focus of future investigation must center
on prevention of SSI as postoperative infection can impact both short-and long-term patient
outcomes. This includes optimizing risk factors, identification of high-risk patients, and
possibly changes in traditional wound closure to decrease the rate of SSI.13.16

Although the correlation of SSI with worse 1-year outcomes is clearly seen in our research,
the underlying causation for this association is uncertain. We believe there are two potential
mechanisms for the correlation between SSI and worse 1-year outcomes. It is possible that
the increased rate of SSI is an indicator of greater overall systemic illness or frailty that

we are unable to measure in this database. It is also possible that SSI causes downstream
complications that lead to decreased patency and lower rates of limb preservation at 1

year. Additional research is needed to elucidate the causal pathways between the short-term
complication and the long-term effects.

This study has several limitations. Certainly, when compared with prospective trials, our
study underestimates the SSI rates. This is likely due to the strict criteria used to define SSI
and loss of patient data if their SSI was treated outside of a VQI center after discharge.

We are also limited in the generalizability of our SSI estimates. The VQI registry does

not include all centers where LEB is performed and is comprised of mostly tertiary

care centers, which may not be representative of all practice locations. Also, due to the
observational nature of our study the results of our study do not imply causality, only the
association between SSI and long-term outcomes. There is also no reporting on why the
bypass procedures were performed, as the VQI includes bypass procedures performed for
multiple indications, including chronic limb-threatening ischemia as well as claudication,
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and possibly a more significant burden of disease could be responsible for the increased SSI
rate.

Although these limitations are associated with database reviews, this study represents a
real-world, multi-institutional (community and academic practices) assessment of SSI rates
and the association between SSI and long-term patient outcomes among those undergoing
LEB. The incidence of SSI in these patients and subsequent consequences would likely
serve as a benchmark for surgeons across multiple practice settings as the follow-up and

rate of complications seen in the VQI should be reflected in clinical practice. These

findings reinforce the need for continued research into the field of SSI prevention. Given

the significant negative outcomes seen in patients who develop an SSI and the possible effect
that SSI has on these outcomes, a high degree of suspicion and prompt intervention could
minimize this impact.

CONCLUSIONS

SSl is a well-known complication in patients undergoing lower extremity bypass. In
addition to the known short-term consequences of SSI, there are possible long-term sequelae
affecting patient outcomes. In this VQI analysis of LEB, patients that developed an SSI

at 30 days had worse 1-year outcomes, including increased risk of major limb amputation
and graft loss. Future investigation should focus on better identification of high-risk patients
and mitigation of their risk factors, with attention to the role of increased follow-up and
surveillance. Overall reduction in incisional complications and SSI in LEB patients should
be aggressively pursued, given the associated long-lasting negative outcomes.
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. Type of Research: Retrospective, multi-institutional national quality registry

. Key Findings: Surgical site infection (SSI) occurred in 5% of patients

. Take Home Message: SSI after open lower extremity revascularization

ARTICLE HIGHLIGHTS

cohort analysis

undergoing lower extremity bypass operations in this Vascular Quality
Initiative analysis. Patients that developed SSI were more likely to be obese
and to undergo major limb amputation at 6 and 12 months.

almost doubles the rate of major limb amputation.
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Table Il.

Crude and weighted association between postoperative surgical site infection (SS/) and primary assist or
secondary patency

Loss of primary patency, %

ssl No SSI HR (95% CI)  Pvalue
Crude
6-month 6.2 36 143(1.08-1.90) .01
12-month 248 20.4 1.22(1.05-1.41) .01
PTW?
6-month 56 34 1.34(0.98-1.86) .07
12-month 23.1 20.1 114 (0.96-1.35) .13

Cl, Confidence interval; HR, hazard ratio; /PTWV, inverse probability of treatment weights.

a . . . . . S . -
IPTW were calculated using logistic regression; models included patient age, sex, race, comorbidities, indication, preoperative creatinine,
hemoglobin, statin use and aspirin use, admission type, graft artery recipient, material used for graft, and type of skin preparation used.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

J Vasc Surg. Author manuscript; available in PMC 2023 October 01.



1duosnuey Joyiny

Pherson et al. Page 16

Table Ill.

Crude and weighted association between postoperative surgical site infection (SS/) and major amputation

Amputation, %
SSI No SSI HR (95% CI)  Pvalue

Crude

6-month 2.2 0.9 2.20 (1.43-3.38) .0004

12-month 8.1 54  155(122-1.96)  .0003

1PTW?

g-month 1.6 08  1.84(L07-317) .03

12-month 7.1 5.0 1.44 (1.10-1.90) .008

Cl, Confidence interval; HR, hazard ratio; /PTW, inverse probability of treatment weights.

a . - . . . S . -
IPTW were calculated using logistic regression; models included patient age, sex, race, comorbidities, indication, preoperative creatinine,
hemoglobin, statin use and aspirin use, admission type, graft artery recipient, material used for graft, and type of skin preparation used.
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Table IV.
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Crude and weighted association between postoperative surgical site infection (SS/) and all-cause mortality

Mortality, %

SSI NoSSI  HR(95%CI)  Pvalue
Crude
6-month 5.6 45 1.28 (0.99-1.65) .06
12-month 9.2 75  1.23(1.01-1.50) .04
1PTW?
6-month 44 3.8 1.16 (0.85-1.58) .36
12-month 7.2 6.5 1.13 (0.89-1.44) .32

Cl, Confidence interval; HR, hazard ratio; /PTW, inverse probability of treatment weights.

a . - . . . S . -
IPTW were calculated using logistic regression; models included patient age, sex, race, comorbidities, indication, preoperative creatinine,
hemoglobin, statin use and aspirin use, admission type, graft artery recipient, material used for graft, and type of skin preparation used.

J Vasc Surg. Author manuscript; available in PMC 2023 October 01.



	Abstract
	METHODS
	Data source.
	Study design and patient population.
	Statistical analysis.

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Fig 1.
	Fig 2.
	Table I.
	Table II.
	Table III.
	Table IV.

