
Risk factors associated with surgical site infections following

vascular surgery at a German university hospital

E. OTT 1*, F.-CH. BANGE1, D. SOHR 2, O. TEEBKEN 3# AND F. MATTNER1,4#

1 Institute of Medical Microbiology and Hospital Epidemiology, Hannover Medical School, Hannover, Germany
2 Institute of Hygiene and Environmental Medicine, Charité – University Medicine, Berlin, Germany
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SUMMARY

Surgical site infection (SSI) after vascular surgery is a serious complication increasing morbidity,

mortality, and costs for healthcare systems. A 4-year retrospective cohort study was performed in

a university hospital with patients who had undergone arterial vascular surgery below the aortic

arch. Investigated variables included demographics and clinical data. Forty-four of 756 patients

experienced SSI, 29 of which were superficial, five were deep, and 10 had organ/space infections.

Coagulase-negative staphylococci (22%), enterococci (20%), and Staphylococcus aureus (18%)

were the most common pathogens. Independent risk factors for SSIs were femoral grafting [odds

ratio (OR) 6.7], peripheral atherosclerotic disease, Fontaine stages III–IV (OR 4.1), postoperative

drainage >5 days (OR 3.6), immunosuppression (OR 2.8), duration of operation >214 min

(OR 2.8), and body mass index >29 (OR 2.6). The application of perioperative antibiotic

prophylaxis was an independent protective factor (OR 0.2). Patients with certain risk factors for

SSIs warrant special attention for infection prevention.
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INTRODUCTION

Surgical site infections (SSIs) are a common hospital-

acquired infection. In Germany, SSI has been shown

to be the third most frequent nosocomial infection

with a prevalence of 16% [1] and the second most

frequent in the USA with a prevalence of 24% [2].

Patients who develop SSI usually stay longer in hos-

pital, have an increased mortality rate, and contribute

to increased costs [3, 4]. The German surveillance

system for nosocomial infections (Krankenhaus-

Infektions-Surveillance-System; KISS) showed that

the prolongation of hospital stay due to SSI was

13.4 days, twice as long as due to nosocomial pneu-

monia (6.2 days) [5]. In a large study involving more

than 60000 patients in England, Coello and colleagues

reported that prolongation of hospital stay due to SSI

was 12.2 days and was associated with 10.2 deaths/100

operations, with attributable costs of between £959

and £6103 per patient [6]. A more recent study from

Switzerland found a mean additional hospital cost of

CHF 19638 [7].

The type of surgery influences the frequency of SSI.

Coello et al. [6] reported an incidence of 7.7% in
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vascular surgery while Richet et al. [8] found a higher

incidence of SSI after vascular surgery of the lower

extremities (7.8%), compared to all vascular surgical

procedures (3.4%). Indeed, the incidence of SSI

doubled in patients with implantation of synthetic

prosthesis compared to those that received auto-

logous grafts [9]. SSI contributes significantly to

morbidity and mortality in vascular surgery, particu-

larly after implantation of biografts or synthetic

prosthesis [10, 11] and mortality rates of 14–26%

following graft infection have been reported after

aortic bypass surgery [12, 13].

Few studies investigating risk factors for SSI fol-

lowing vascular surgery are available. Given the high

impact on cost, morbidity and mortality of these in-

fections in vascular surgery, we undertook a retro-

spective cohort study to determine the SSI rate and to

perform a risk factor analysis for SSI in a cohort of

patients with vascular surgical procedures.

METHODS

We conducted a retrospective cohort study at the

Hannover Medical School, a 1400-bed university

hospital. All patients who received arterial vascular

surgery below the aortic arch (thoraco-abdominal,

abdominal, retroperitoneal, iliaco-femoral, femoral,

femoro-distal) between 1 January 2002 and 31

December 2005 were considered for the study. Patients

with pre-existing infections at the operating site

before operation were excluded. For data collection

we reviewed clinical inpatient and outpatient charts,

medical notes, and operating room records. SSI

was determined according to the Centers for Disease

Control and Prevention (CDC) definitions, and sub-

divided into superficial, deep, and organ/space [14].

Preoperative, perioperative and postoperative

characteristics from patients were collected. Pre-

operative characteristics included demographic data

(age, sex), body mass index (BMI), and comorbidities.

Comorbidities were defined as diseases that did not

lead to surgery directly and thus there were two groups

of patients with peripheral atherosclerotic disease

(PAD): those that were operated due to PAD, thus

PAD was the indication for surgery, and those

that were operated for another reason (e.g. embolus

formation, vascular rupture) but had PAD as a

comorbidity. Physical status according to American

Society of Anesthesiologists (ASA) criteria was also

considered as a preoperative characteristic [15]. Fur-

ther preoperative characteristics were anticoagulant

prophylaxis prior to admission, smoking status,

previous vascular surgery at the same operating site,

immunosuppression (due to therapy), indication for

surgery, and blood transfusion. Perioperative charac-

teristics included perioperative antibiotic prophylaxis

(PAP), surgical access, surgical techniques, duration

of operation, type of prosthesis (patches, stent grafts,

bypasses), complexity of surgery (e.g. single vs. mul-

tiple procedures during the same session), use of a

heart-lung machine, and blood transfusion. Post-

operative characteristics included duration of post-

operative drainage, development of haematoma,

length of hospital stay, and blood transfusion. In all

119 parameters were processed in a bivariable analysis.

For all patients with SSI, the microbiological records

were searched for identification of bacterial or fungal

pathogens and resistance profile.

Statistical analysis

The overall SSI rate with 95% confidence intervals

was calculated. The Wilcoxon rank sum test was used

to compare hospital stay of patients with and without

SSI. Patients’ characteristics were transformed into

binary variables to describe risk factors for the devel-

opment of SSI. Unadjusted relative risks and 95%

CIs for SSI were determined, and a Fisher’s exact test

(two-sided) was used to test the association between

risk factor and the development of SSI. A multiple

logistic regression analysis with stepwise variable

selection (forward and backward) was performed with

SSI as the outcome. Patients with a calculated BMI

(n=747) were included in the multivariable analysis.

Adjusted odds ratios (aORs) and 95% CIs for risk

factors in the logistic regression model were calcu-

lated. The significance level for entering a variable

into the model and for removing a variable from

the model was 0.05. Statistical analysis was per-

formed using SAS statistical software version 9.2

(SAS Institute Inc., USA). P<0.05 was considered

significant.

RESULTS

During the observation time period, inclusion criteria

for this study was met by 756 patients and SSIs oc-

curred in 44 (5.8%, 95% CI 4.3–7.7). Patients who

developed SSI remained significantly longer in hospi-

tal after vascular surgery than those without SSI

(mean 21 days vs. 11 days, P<0.001). Of the 44 SSI

cases, 29 were superficial, five were deep, and 10 were
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organ/space SSI (seven graft infections). On average

SSI developed 17 days (range 1–126 days) after

surgery. Superficial infections occurred earliest (mean

14 days), followed by deep (mean 20 days), and or-

gan/space (mean 26 days) SSIs.

The principal surgical access was an inguinal in-

cision, followed by median laparatomy, and thoraco-

retroperitoneal access. More than half of SSIs

occurred in patients with inguinal access, 25%

after abdominal access and 14% after thoraco-

retroperitoneal access (Table 1). Of the 756 patients in

the study, 684 (91%) received PAP. Of these, 13 had

received the first intravenous dose of the antibiotic

more than 120 min prior to incision, 178 patients 120

to 30 min prior to incision, 413 patients 30 to 0 min

prior to incision, and 80 patients after incision during

the operation.

The results of microbiological cultures were avail-

able for 40/44 patients with SSI. Two or more

pathogens were isolated in 26 (59%) cases ; the most

common were coagulase-negative staphylococci

(22%), followed by Enterococcus spp. (20%),

Staphylococcus aureus (18%), Pseudomonas aerugino-

sa (10%), Escherichia coli (7%), and Candida spp.

(5%).

Table 2 shows all parameters that were significantly

associated with SSI by bivariable analysis. Pre-

operative characteristics included >6 days length of

hospital stay prior to operation, a BMI >29, the co-

morbidities PAD, renal failure, immunosuppression,

and an ASA score >2. Of indications for surgery,

PAD (Fontaine stages III–IV) was most associated

with SSI. Among perioperative characteristics fem-

oral grafting, duration of operation >240 min, util-

ization of autologous veins and/or artery, and the

insertion of more than two drainage tubes during

operation were significantly associated with SSI. In

the postoperative period, the presence of drainage

tubes for >5 days, and development of haematoma

were significantly associated with increased risk of

developing SSIs.

Parameters significantly associated with SSI in the

bivariable analysis were subjected to multivariable

analysis. Significant risk factors after adjustment by

multiple logistic regression analysis were femoral

grafting, PAD (Fontaine stages III–IV), post-

operative drainage for >5 days, immunosuppression,

duration of operation >214 min, and BMI >29

(Table 3). The application of PAP was independently

associated with a decreased risk of SSI (Table 3).

The application of stent graft by minimal invasive

surgery was significantly associated with a decreased

risk for SSI (P=0.004) in the bivariable analysis.

However, as none of the patients with stent grafts by

minimal invasive surgery developed a SSI, application

of stent grafts could not be subjected to the multi-

variable analysis and a 95% CI could not be provided

(Table 2).

DISCUSSION

As expected, Gram-positive bacteria dominated the

spectrum of pathogens isolated from SSIs in this

study (67.4%). Whereas S. aureus was the most fre-

quently isolated Gram-positive organism in other

studies [16], here, this species was ranked third among

all organisms.

Several studies have reported incidences of SSI

following vascular surgery of between 2.4% and

8.5% [17–20] and thus the incidence of 5.8% in our

patient cohort is within the expected range. Notable

independent risk factors for SSI were PAD (Fontaine

stages III–IV), and obesity (BMI>29). The latter has

been reported as an independent risk factor for the

development of SSI after colorectal, gynaecological,

cardiac [21–23] and vascular surgery [16, 24].

Similarly, PAD has been linked with increased risk of

SSI after vascular surgery [25].

Table 1. Surgical site infection (SSI) following different surgical access

Principal surgical access
No. of
operations

Superficial
SSI

Deep
SSI

Organ/
space SSI

Total (%)
(n=44)

Thoraco-retroperitoneal 80 4 2 0 6 (14)

Laparotomy 286 5 2 5 11 (25)
Retroperitoneal 18 0 0 0 0 (0)

Inguinal 310 17 1 5 23 (52)

Lower extremity 80 3 1 0 4 (9)
Distal thigh 57 3 1 0 4 (9)
Lower leg 23 0 0 0 0 (0)
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Table 2. Bivariable analysis of investigated factors increasing or decreasing relative risk for surgical site infection

following vascular surgery in 756 patients

Parameters

No. of

patients

No. of patients

with SSI, n (%) RR 95% CI P value*

Age >66 years (mean) 400 24 (6.0) 1.07 0.6–1.9 0.877

Sex, male 583 35 (6.0) 1.15 0.57–2.35 0.854

Preoperative length of stay >6 days 146 14 (9.6) 1.95 1.06–3.58 0.046
Comorbidities

Immunosuppression 73 9 (12.3) 2.41 1.21–4.81 0.029

PAD 237 24 (10.1) 2.63 1.48–4.66 0.001

Renal failure 66 9 (13.6) 2.69 1.35–5.35 0.010

Body mass index# >29 187 17 (9.1) 1.89 1.05–3.38 0.047
Diabetes 131 11 (8.4) 1.59 0.83–3.06 0.121

ASA score >2 615 42 (6.8) 4.82 1.18–19.7 0.009

Anticoagulation prior to admission 543 31 (5.7) 0.94 0.5–1.75 0.863

Transfusion of >5 units red blood cells 211 21 (10) 2.36 1.33–4.17 0.005
Perioperative antibiotic prophylaxis 684 36 (5.3) 0.47 0.23–0.98 0.059

Indication for surgery$

PAD (Fontaine stage IIb) 136 8 (5.9) 1.01 0.48–2.13 1.000

PAD (Fontaine stages III–IV) 92 14 (15.2) 3.37 1.86–6.11 <0.001
Dissection 50 5 (10) 1.81 0.75–4.39 0.203

Aneurysm 446 17 (3.8) 0.44 0.24–0.79 0.007

Embolism 86 4 (4.7) 0.78 0.28–2.12 0.808

Surgical access
Thoraco-retroperitoneal 80 6 (7.5) 1.33 0.58–3.06 0.452

Laparotomy 286 11 (3.9) 0.55 0.28–1.07 0.079

Inguinal 310 23 (7.4) 1.58 0.89–2.8 0.154

Lower extremity 80 4 (5) 0.85 0.31–2.3 1.000

Emergency surgery 94 7 (7.5) 1.33 0.61–2.9 0.478

Complex surgery· 43 4 (9.3) 1.66 0.62–4.42 0.306

Previous vascular surgery at the same site 75 6 (8) 1.43 0.63–3.28 0.431

Revision 88 5 (5.7) 0.97 0.39–2.4 0.594
Prosthetic material

Autologous vein/artery 128 13 (10.1) 2.06 1.11–3.82 0.035

Stent graft (minimal invasive) 92 0 (0) 0 n.d. 0.004

Polytetrafluorethylene 52 4 (7.7) 1.35 0.50–3.64 0.535

Dacron 377 23 (6.1) 1.10 0.62–1.96 0.759
Bovine patch 35 2 (5.7) 0.98 0.25–3.89 1.000

Surgical techniques with grafting 667 42 (6.3) 2.8 0.69–11.4 0.089

Thoraco-abdominal grafting 72 6 (8.3) 1.5 0.66–3.43 0.297
Abdonimal grafting 297 11 (3.7) 0.52 0.27–1.0 0.056

Femoral grafting 172 23 (13.4) 3.72 2.11–6.55 <0.001

Femoro-distal grafting 50 2 (4) 0.67 0.17–2.7 0.761

Stent grafting (minimal invasive plus open surgery) 116 2 (1.7) 0.26 0.07–1.07 0.049

Surgical techniques without grafting" 89 2 (2.3) 0.36 0.09–1.45 0.089

Duration of operation >214 min 189 19 (10.1) 2.28 1.29–4.05 0.007

Surgical drains

>2 drains 216 22 (10.2) 2.5 1.42–4.42 0.003
Postoperative drainage >5 days 160 16 (10) 2.13 1.18–3.84 0.021

Haematoma 44 6 (13.6) 2.56 1.14–5.72 0.036

n.d., Not defined; RR, relative risk ; CI, confidence interval ; PAD, peripheral atherosclerotic disease ; ASA, American
Society of Anesthesiologists.
* Fisher’s exact test.

# Body mass index could be calculated for 747 patients.
$ Multiple indications may apply for single patients.
· Multiple procedures during the same session.

" Embolectomy, endarterectomy, percutaneous transluminal angioplasty.
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The rate of SSI following inguinal access varies

between 8% and 38% [16, 19, 26]. In the present

study femoral grafting was identified as an indepen-

dent risk factor for SSI (aOR 6.7). Femoral grafting

involves complex surgery, exposing the operation site

to nearby contaminated areas such as the perineum

which possibly explains the increased risk of infection.

Richet and colleagues also found femoro-femoral

bypasses to be associated with an increased risk of SSI

but failed to confirm independence of the risk factor

in subsequent multivariable analysis [8].

Until recently, previous studies have failed to

find immunosuppression as an independent risk

factor for the development of SSI [8, 16, 27].

However, as was also demonstrated in our series,

Konishi et al. showed that preoperative adminis-

tration of steroids was independently associated

with SSI following rectal procedures [28]. Moreover,

immunosuppression due to steroids was also associ-

ated with SSI in patients undergoing general and

vascular surgery [29].

A longer duration of surgery is a well established

risk factor for postoperative infection and estimates

suggest that the infection rate of aseptic surgical pro-

cedures approximately doubles every hour of the

procedure [30]. Chang et al. reported an increased risk

for SSI in patients and vascular surgery of the lower

extremities after 318 min duration [19] and specu-

lated, that prolonged operation times reflect other

factors such as the technically demanding procedures

of distal surgery. Therefore, in our study we included

a broad range of surgical techniques involving several

operation sites, and nonetheless found that duration

of operation for more than 214 min was indepen-

dently associated with risk of SSI (aOR 2.8).

The influence of the duration of postoperative

surgical drainage on the development of SSI is

not clear. Several studies have demonstrated that

following both abdominal and orthopaedic surgery,

postoperative drainage was associated with an

increased rate of SSI [31, 32] but did not include

duration of drainage. Here, postoperative drainage

>5 days was clearly associated with SSI and this

finding underlines the necessity of adequate home-

ostasis during surgery to avoid the need for drains

in the first place and to minimize the duration of

retention of the drain.

Besides risk factors, we found protective factors

such as PAP and application of stent grafts by mini-

mal invasive surgery. Several randomized studies

have shown that PAP significantly reduces SSI

rate in patients after vascular surgery [33, 34].

However, to date no study has shown it to be an in-

dependent protective factor in patients undergoing

vascular surgery. PAP was also found here to be

independently associated with protection against SSI

(aOR 0.2), with an 80% reduction in the odds of de-

veloping a SSI for those receiving PAP. The majority

(91%) of patients received PAP, demonstrating

good compliance of medical practice in our clinic,

but a more detailed analysis revealed that PAP was

applied in only 178 (30%) patients within the re-

commended time-frame of 120 to 30 min before in-

cision. Thus its benefit might be further increased by

Table 3. Multivariable analysis of factors associated with increased or

decreased risk for surgical site infection following vascular surgery in

747 patients

Parameters aOR 95% CI

Femoral grafting 6.7 3.23–14.3
PAD (Fontaine stages III–IV) 4.1 1.88–8.88

Postoperative drainage for >5 days 3.6 1.61–8.02
Immunosuppression 2.8 1.42–6.48
Duration of operation >214 min 2.8 1.33–5.78
Body mass index >29 2.6 1.27–5.24

Application of perioperative antibiotic prophylaxis 0.2 0.07–0.47

aOR, Adjusted odds ratio; CI, confidence interval ; PAD, peripheral atherosclerotic
disease.
c-Index for multivariable analysis was 0.829.

Using stent grafts by minimal invasive surgery could not be subjected to multi-
variable analysis for mathematical reasons. No patient receiving a stent graft by
minimal invasive surgery developed a surgical site infection.
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adhering to the recommended protocol, as it has

been shown that application of PAP more than 2 h

before incision or more than 3 h after incision

significantly increases the rate of SSI compared to

its administration 120 to 30 min before incision

[35, 36].

An intriguing finding of our study was the lack

of SSIs in 92 patients treated with stent grafts by

minimal invasive surgery, which could not be in-

cluded in the multivariable analysis. Nonetheless,

implantation of stent grafts by minimal invasive sur-

gery turned out to be a protective factor in bivariable

analysis. Several studies have examined the mor-

bidity, including SSI, and mortality following im-

plantation of stent grafts in vascular surgery patients

[37–39] but none had performed a risk factor analysis.

Based on our results, we believe that the utilization

of stent grafts may be considered, for example, in

patients with non-modifiable risk factors such as

obesity. It has been shown by Chuter and colleagues

that both morbidity and mortality are significantly

reduced when obese patients were provided with stent

grafts instead of receiving conventional reconstructive

surgery [40].

A limitation of our study is the lack of systematic

post-discharge surveillance for patients who did not

develop a SSI during their hospital stay. Patients

were followed throughout their hospital stay, and

occurrence of SSIs were recorded. Additional SSIs

after discharge were detected if patients returned

to our facility as outpatients (n=279). Of the

44 cases with SSI, 42 developed SSI during their

initial hospital stay, and two cases were reported

from the outpatient clinic. Thus the total number of

SSI cases in our study population might be under-

reported.

In summary, we found that femoral grafting,

PAD (Fontaine stages III–IV), immunosuppression,

and obesity were independent risk factors for the

development of SSI following vascular surgery. As

the ability to influence these factors is limited,

compliance with well established prevention measures

for reduction of SSIs is of particular importance

to reduce their incidence in these patients. Our

findings also suggest that duration of operation and

duration of postoperative surgical drainage, two

other independent risk factors, should be kept as

short as possible. PAP was associated with increased

protection against SSI, and should be a standard

procedure in clean vascular surgery when grafting is

involved.
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