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The aims of the present study were to: (1) assess surgical site infection (SSI) incidence in a

cohort of surgical patients and (2) estimate the compliance with national guidelines for

perioperative antibiotic prophylaxis (PAP). SSIs, among the most common health care–

associated infections, are an important target for surveillance and an official priority in

several European countries. SSI commonly complicates surgical procedures in older people

and is associated with substantial attributable mortality and costs. The implementation of

PAP guidelines is difficult among surgeons, and failure to comply with the standard of care

has been widely reported. A 12-month prospective survey was performed in accordance

with the methods, protocols, and definitions of the Hospital in Europe Link for Infection

Control through Surveillance (HELICS) protocol. The compliance of the current PAP

practices with the published national guidelines was assessed. A total of 249 patients were

enrolled. The cumulative SSI incidence was 3.2 per 100 operative procedures. Cumulative

compliance for PAP was 12.4%. Overall, only infection risk index �1 was confirmed as a

significant risk factor for SSI (odds ratio, 6.65; 95% confidence interval, 1.04–42.59; P¼0.045).

When only older patients (age .65 years) were considered, no significant risk factors for

SSI were identified. Our study indicates an overall inadequate compliance with PAP

recommendations, thus highlighting the need to develop multimodal and targeted

intervention programs to improve compliance with PAP guidelines.
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Surgical site infections (SSIs), among the most
common health care–associated infections, are

an important target for surveillance and an official
priority in several European countries. SSIs are
associated with longer postoperative hospital stay,
additional surgical procedures or stay in the inten-
sive care unit, and often higher mortality.1 Well-
known risk factors for SSI are diabetes, obesity,
altered nutrition, smoking, and neoplastic diseases,
and several studies have reported advanced age as a
risk factor.2,3 Although the effect of SSIs on mortal-
ity, duration of hospitalization, and hospital costs
has been well described in the general population,
these data are limited in older operative patients.4

Perioperative antibiotic prophylaxis (PAP) can
reduce the incidence of SSI by providing an
adequate level of the antimicrobial agent in the
tissues before surgery. However, the appropriate
choice of antimicrobial agents, dosage regimen,
timing, duration, and route of administration must
be evidence based. In fact, inappropriate use—for
example, overconsumption or inappropriate tim-
ing—has been shown to increase the risk of adverse
drug reactions, hospital costs, emergence of resistant
strains of microorganisms, and superinfections.
Even though the principles of PAP in surgery are
clearly established and several guidelines have been
published in order to prevent SSIs, the implemen-
tation of these guidelines is difficult among sur-
geons, and failure to comply with this standard of
care has been widely reported.5–9

The aims of the present study were to: (1) assess
SSI incidence in a cohort of surgical patients and (2)
estimate the compliance with national guidelines for
PAP.

Materials and Methods

Study design and setting

A 12-month prospective survey was performed in
accordance with the methods, protocols, and defi-
nitions of the Hospital in Europe Link for Infection
Control through Surveillance (HELICS) protocol.10

The study was conducted at the Digestive and
Colorectal Surgery Department of the Azienda
Ospedaliero-Universitaria ‘‘Policlinico-Vittorio Ema-
nuele’’ in Catania, Italy, a 1000-bed teaching hospi-
tal. The study protocol was approved by the
institution involved.

During the study period, all patients who
underwent an operation were enrolled in the
surveillance survey, and for each patient the
following data were collected and stored in an
electronic database: (1) data related to patients [sex,
age, date of hospital admission and discharge, date,
type—as ICD-9-CM code—and duration of opera-
tion, American Society of Anesthesiologists (ASA)
physical status classification—ASA Score, and
wound contamination class]11; (2) data on antimi-
crobial prophylaxis (agent prescribed, timing of
administration, any readministration, timing of
readministration, and total duration of prophylaxis);
and (3) for each infection episode, infection date,
infection type (superficial incisional, deep incisional,
and organ-space SSIs), and microorganisms, were
recorded.

Cumulative incidence was computed as the
number of SSIs per 100 surgical procedures and
incidence density as the number of SSIs per 1000
days of postoperative hospital length. Furthermore,
cumulative incidence was computed for each
procedure under surveillance using the National
Healthcare Safety Network (NHSN) classification.
SSI risk index [infection risk index (IRI)], proposed
by the NHSN and based on ASA score, wound class,
and duration of operation, was used to assign
surgical patients into categories based on the
presence of those three major risk factors.12

Compliance with national guidelines for PAP

For each surgical procedure, the compliance of the
current prophylactic antibiotic practices with the
published national guidelines13 was assessed. The
following aspects of prophylaxis were examined:
the indication (i.e., appropriate decision-making
regarding the use or nonuse of antimicrobial
prophylaxis), the timing of administration, the
antimicrobial agent administered, and the total
duration of antibiotic prophylaxis. Particularly, the
first dose of a prophylactic antibiotic should always
be administered between 30 and 60 minutes before
the skin incision. The total duration of antibiotic
prophylaxis should not exceed 24 hours. The
recommended agent is a cephalosporin, whereas
vancomycin is recommended for patients with a
previous allergic reaction to beta-lactam antibiotics
and for patients with either a high risk for or proven
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carriage of methicillin-resistant Staphylococcus aureus
before surgery.

Specifically, the administration of a precise
antibiotic and its timing were targeted: the antibiotic
administration when not indicated and/or when the
timing of the administration and/or when the
antimicrobial agent administered were not concor-
dant with the guidelines led to a final assessment of
‘discordance’ between the recommendations and
actual practice.

Risk factors and statistical analyses

Statistical analyses were performed using the SPSS
14.0 statistical package. The patients’ characteristics
and the variables examined are listed in Table 1.
Descriptive analyses consisted essentially of fre-
quency tables. Continuous variables were described
by mean, standard deviation (SD), median, and
range. Categoric variables were compared using the
v2 test, and continuous variables by Student t-test; P
� 0.05 was considered significant.

In order to assess SSI-associated risk factors, a
case-control study was designed. Case patients were

patients who had undergone surgery and developed
an SSI during the study period, whereas control
patients were those who did not develop an SSI.

Furthermore, the percentile distribution of age
was computed, the 75th percentile value was chosen
as a cutoff point (age 65 years), and characteristics of
the two age groups were compared; in order to
assess SSI-associated risk factors in older patients
(age .65 years), a second case-control study was
designed: cases were defined as elderly patients (age
�65 years) who had undergone surgery and
developed an SSI during the study period, whereas
controls were operative patients age �65 years who
did not develop an SSI.

To measure the association level, the crude odds
ratio (OR) and the corresponding 95% confidence
intervals (95% CIs) were calculated. Significant
variables (P � 0.05) were included in a multiple
logistic regression model for multivariate analysis,
with stepwise variable selection.

Compliance with national guidelines for PAP was
determined for each criterion, and a cumulative
compliance was calculated for all four criteria.

Results

During the study period a total of 249 patients were
enrolled and 252 surgical procedures were included.
The main characteristics of patients and of opera-
tions are shown in Table 1. Particularly, the mean
age of patients was 52.4 6 16.2 years (median, 52
years; range, 13–86 years), and 50.2% of patients
were male. A total of 0.4% of patients died during
the hospital stay. The overall length of hospital stay
was 1300 days (mean, 5.2 days; median, 4 days;
range, 1–36 days). The length of postoperative
hospital stay was 1113 days (mean, 4.5 days;
median, 3 days; range, 1–35 days). The mean
duration of operations was 105.6 minutes (median,
90 minutes; range, 20–380 minutes).

During the study a total of 8 SSIs were identified;
thus, the cumulative SSI incidence was 3.2 per 100
operative procedures (8 of 252). Incidence density
was 7.2 per 1000 days of postoperative hospital
length (8 of 1113). Most of the SSIs reported were
superficial (80%). No data on the possible causative
microorganisms were available for any SSIs. Cumu-
lative incidence was 24 per 100 colon surgery
procedures (6 of 25) and 18.2 per 100 mastectomy
procedures (2 of 11).

A significant positive trend of SSI incidence was
observed with increasing IRI: SSI incidence was 1.0
per 100 operative procedures (2 of 199) for IRI

Table 1 Characteristics of patients enrolled and operations performed

Characteristics Percentage

No. of patients (no. of operations) 249 (252)
ASA physical status classification

1 33.5
2 59.2
3 7.3

Wound contamination class
Clean 72.7
Clean-contaminated 22.5
Contaminated 4.8

Laparoscopic surgery 29.4
Prosthesis implant 39.0
Type of operation: elective 96.0
IRI

0 82.4
1 13.1
2 4.1
3 0.4

Type of surgical procedure (NNIS code)a

Herniorrhaphy (HER) 40.9
Other digestive system (OGIT) 16.3
Cholecystectomy (CHOL) 15.1
Other endocrine system (OES) 9.9
Colon surgery (COLO) 9.9
Mastectomy (MAST) 4.4
Appendectomy (APPY) 2.8
Small bowel surgery (SB) 0.8

aCategory of surgical procedures under surveillance using the
National Nosocomial Infections Surveillance (NNIS; now NHSN)
classification.
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equal to 0, whereas it was 9.7 per 100 operative
procedures (3 of 31) for IRI equal to 1, and 30.0 per
100 operative procedures (3 of 10) for IRI equal to 3
(P , 0.001).

Patients were classified based on their age, as
younger (73.4%) or older (26.6%) than 65 years. The
characteristics of the two groups were compared, as

shown in Table 2. Particularly, a significantly lower
percentage of patients age �65 years underwent
laparoscopic surgery (18.5%) compared with the
group age ,65 years (34.3%; P ¼ 0.017). Older
patients were more likely to have emergency
surgery than the younger ones (10.8% versus 1.7%;
P ¼ 0.002).

In relation to IRI, a significantly higher percent-
age of younger patients belonged to IRI 0 compared
with older patients (87.8% versus 67.2%). On the
contrary, patients reporting higher IRI value (IRI¼ 1
or 2) were significantly elderly.

The mean length of stay, postoperative length of
stay, and the mean duration of the surgical
procedure were significantly higher in the older
group (P , 0.05).

An increase of SSI incidence was observed
comparing the older operative patients with the
younger group, from 6.2 per 100 surgical procedures
(4 of 65) to 2.2 per 100 surgical procedures (4 of 179),
although this was not statistically significant.

Patients’ characteristics in relation to the occur-
rence of SSIs are reported in Table 3. Overall, in
univariate analysis, IRI .0, prosthesis implant,
emergency operation, length of postoperative stay
above the median value, and duration of operation
above the median value were identified as signifi-
cant risk factors for SSI development. However, in
multivariate analysis, only IRI .0 was confirmed as
a significant risk factor for SSI (OR, 6.65; 95% CI,
1.04–42.59; P ¼ 0.045).

When only older patients (.65 years old) are
considered, in univariate analysis IRI .0 and
emergency operation were identified as significant
risk factors for SSI development. However, in
multivariate analysis, none of these factors were
confirmed.

Table 2 Comparison between older and younger patients

Characteristics

Age groups, %

P value,65 y �65 y

Sex 0.693
Male 49.7 52.3
Female 50.3 47.7

ASA physical status classification �0.001a

1 41.3 9.2
2 54.2 75.4
3 4.5 15.4

Wound contamination class 0.033a

Clean 76.6 61.5
Clean-contaminated 20.1 29.2
Contaminated 3.3 9.3

IRI �0.001a

0 88.7 67.2
1-2-3 11.3 32.8

Laparoscopic surgery 0.017a

Yes 34.3 18.5
No 65.7 81.5

Prosthesis implant 0.542
Yes 37.9 42.2
No 62.1 57.8

Type of operation 0.002a

Emergency 1.7 10.8
Elective 98.3 89.2

Total length of stay, days, mean 4.4 7.4 �0.001a

Total length of postoperative stay,
days, mean 3.9 6.1 0.001a

Duration of operation, minutes, mean 98.3 123.2 0.022a

aStatistically significant P values (P � 0.05). Categoric variables
were compared using the v2 test, and continuous variables by
Student t-test.

Table 3 Risk factor in univariate analysis

Characteristics

SSI, %

OR (95% CI): P valueYes No

Male sex 25.0 51.0 0.32 (0.06–1.62): 0.147
Age above the median value: 52 y 62.5 48.3 1.78 (0.42–7.63): 0.491
Age above the 75th percentile of the distribution: 65 y 50.0 25.8 2.87 (0.70–11.82): 0.129
IRI .0a 75.0 15.6 16.22 (3.15–83.46): 0.000b

Laparoscopic surgery (yes) 0 30.4 0.063
Prosthesis implant (yes) 0 40.3 0.021b

Type of operation (emergency) 25.0 3.3 9.71 (1.69–55.79): 0.002b

Total length of postoperative stay above the median value: 3 days 100 41.7 0.001b

Duration of operation above the median value: 90 minutes 87.5 47.1 7.87 (0.95–64.92): 0.024b

aIn multivariate analysis, only IRI .0 was confirmed as a significant risk factor for SSI (OR, 6.65; 95% CI, 1.04–42.59; P ¼ 0.045).
bStatistically significant ORs (95% CIs) and P values from v2 test.
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Antibiotic prophylaxis was administered perio-
peratively in 96.8% of surgical procedures and
postoperatively in 96.0% of procedures. The most
frequently prescribed category of antibiotics was
cephalosporins (79.6%). The single drug most
frequently used was ceftriaxone (46.4%).

Following recommendations reported in the
national guidelines, antibiotic prophylaxis was
indicated in 34.9% of surgical procedures, and it
was appropriately administered in 36.5% of surgical
procedures. Thus, taking into account the indication
and the timing of administration, PAP was properly
administrated in 33.6% of surgical procedures.
Nevertheless, cumulative compliance with national
guidelines for PAP (defined as compliance consid-
ering the indication, the administration timing, the
antibiotic category, and the duration of administra-
tion) was only 12.4%.

Discussion

SSIs are frequent and serious complications of
surgical procedures and remain a major issue for
patient safety despite improvements in surgical
practice and infection control techniques. They are
associated with a prolonged duration of hospitaliza-
tion, readmissions, and reinterventions, and the
patient may suffer from permanent disability or even
death.14 It has been reported that SSIs complicate up
to 20% of intra-abdominal operations,15 and colorec-
tal surgery especially is considered to be responsible
for the highest average rate of SSIs. In the present
study, the cumulative SSI incidence was 3.2 per 100
operative procedures (24 per 100 colon surgery
procedures), and the incidence density was 7.2 per
1000 days of postoperative hospital stay. Notably, a
significant positive trend of SSI incidence was
observed with increasing IRI.

The NHSN has identified 8 risk factors for the
development of colon SSI, including age, general
anesthesia, ASA .2, duration of surgery, open
procedure, lack of medical school affiliation, hospi-
tal bed size, and wound class.16 Furthermore, a
study17 found that IRI .1, a simple risk-stratifica-
tion tool that accounts for ASA class, wound class,
operative time, and use of a laparoscope, was a risk
factor for SSI after colon surgery. In our study,
considering all patients, although in univariate
analysis different variables were identified, only
IRI �1 was confirmed as a significant risk factor for
SSI development.

SSI commonly complicates surgical procedures in
older people and is associated with substantial
attributable mortality and costs.4,18 Because the
population is progressively aging, the proportion of

the population older than 65 years is projected to
increase from 12.4% to 19.6% by 203019–21; older
adults will have surgery more frequently; and it has
been reported that more than a million older
American patients had 5 common operations (coro-
nary bypass, total joint replacement, open reduction
and internal fixation, cholecystectomy, and large
bowel resection).22 Because it is likely that the
epidemiology of these infections is different in older
patients than in the general population, it is important
to adequately study these health care–associated
infections in this patient group. In our study,
comparison between younger and older patients
reveals significant characteristics of older surgical
patients. In fact, a significantly lower percentage of
older patients underwent laparoscopic surgery, and
these patients were more likely to undergo emergency
surgery and have a longer mean length of stay, longer
postoperative length of stay, and longer duration of
surgical procedure than the younger ones. Further-
more, patients reporting a higher IRI value (IRI¼ 1 or
2) are significantly elderly. Finally, an increase of SSI
incidence was observed comparing the older opera-
tive patients with the younger group, although this
was not statistically significant.

Previous studies have identified several indepen-
dent predictors of SSI in older people, including
comorbid conditions, perioperative variables, and
socioeconomic factors.4,18 In the present study, no
variables were confirmed as a significant risk factor
for SSI in older patients by multivariate analysis.
However, a possible limit of our study could be the
small sample size. Those results strengthen the need
for interventional studies to reduce the risk of SSI in
elderly patients in order to produce cost savings,
reduce mortality risk, and improve functional
status.18 In the immediate future, prevention of SSIs
will be more and more evaluated because of its
undoubted effects on the hospital costs. The
estimated aging of the population and the greater
rate of SSIs in older patients, as resulted in our
study, will lead to a further incentive to face and
solve this problem.

PAP is one key practice that has been proven to
prevent SSIs, and consensus guidelines about
optimal prophylaxis are widely available.13,23 How-
ever, despite the existence of these guidelines,
several studies have shown that compliance with
these practices is not optimal.6–8,23 In our study,
cumulative compliance with national guidelines for
PAP was 12.4%. Several strategies are feasible for
increasing adherence to and reducing the prolonga-
tion of surgical antibiotic prophylaxis, such as
written standards developed according to evi-
dence-based guidelines, education, training, simpli-
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fication of the guidelines, and implementation of
checklists, which cover the entire surgical pathway.7

Our study, assessing an overall inadequate compli-
ance with PAP recommendations, underlines the
need to develop multimodal and targeted interven-
tion programs by the surgery team to both improve
compliance with national guidelines for PAP and
decrease SSI rates. Particularly, a bundle of care that
consists of a limited number of evidence-based
recommendations that should be performed during
medical procedures is considered an important tool
to improve the process of care, and thereby the
outcome for the patient. However, few bundles for
the prevention of SSIs have been described to date.
A recent study14 was conducted to implement the
bundle of care that included PAP, hair removal
before surgery, perioperative normothermia, and
discipline in the operating room, in colorectal
surgery, and to measure the effect on the SSI rate.
This study demonstrated that the implementation of
the bundle was associated with improved compli-
ance over time and a reduction of the SSI rate.

In the United States, SSIs are an emergent
problem, so that in many states the reporting of
the rates of SSIs is mandatory,24 and the reduction of
SSI rates has become a national priority.25 Further-
more, in Europe opinion leaders in infection control
acknowledged the positive influence of public
reporting on hospital performance and resulting
efforts to reduce infections.26

Recently, a European project was conducted in
order to identify the effectiveness of key modalities
of PAP from a systematic review and to develop 5
key PAP modalities and process indicators for
monitoring their implementation on the basis of
scientific evidence and expert opinion.27 This project
identified barriers to European-wide implementa-
tion of the PAP (lack of education, psychological
barriers, fear of litigation, lack of awareness regard-
ing local antimicrobial resistance patterns, hierar-
chical problems, and lack of professional
regulations) that should be addressed at local,
national, and European levels. However, although
PAP is an important tool in preventing SSIs, in our
opinion surgeons should revise many of their
customs that mark their routine surgical activity
and strengthen the prophylaxis practices in order to
neutralize these negative factors.

Acknowledgments

This work was supported in part by grants from the
University of Catania (Progetti di Ricerca di Ateneo)
to A.A.

References

1. European Centre for Disease Prevention and Control. Surveil-

lance of Surgical Site Infections in European Hospitals – HAISSI

Protocol. Version 1.02. Stockholm, Sweden: European Centre

for Disease Prevention and Control; 2012

2. Owens CD, Stoessel K. Surgical site infections: epidemiology,

microbiology and prevention. J Hosp Infect 2008;70(suppl 2):3–

10

3. Graf K, Sohr D, Haverich A, Kühn C, Gastmeier P, Chaberny
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