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Applicability of the surgical site infection risk index to
patients undergoing cardiac, neurologic and orthopedic
surgery

Débora Marie da Silva Bonmann1, Carem Gorniak Lovatto2,
Caroline Deutschendorf2
ABSTRACT
Introduction: The surgical site infection risk index (SSIRI) includes three risk factors
for surgical site infection (SSI): potential for surgical contamination, duration of
surgery, and patient’s ASA score. A patient having a preoperative American Society of
Anesthesiologists (ASA) score of III, IV or IV; a surgery classified as either contaminated
or dirty-infected; an operation with duration of surgery more than T hours, where T
depends on the surgical procedure being performed are considered in risk of SSI.
The SSIRI can be used as a method of postoperative surveillance. The aim of this
study is to analyze the applicability of the SSIRI to patients undergoing cardiac,
neurologic and orthopedic surgery.
Methods: A retrospective cohort study including patients undergoing cardiac,
neurological and orthopedic surgeries considered major, from January to December
2014, evaluated through review of medical charts of patients admitted to a university
hospital in southern Brazil. Values of p <0.05 were considered significant.
Results: A total of 761 patients were included in the study; of these, 122 (16%)
developed SSI. The SSIRI did not demonstrate statistical significance to distinguish
the patients most likely to develop SSI between the four levels of the ASA score.
Black and brown patients, patients who underwent intraoperative blood transfusion,
and patients who underwent surgical reintervention were more susceptible to SSI.
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Conclusions: The SSIRI could not be used as a method of postoperative surveillance
for patients in the present study. The other risk factors found may serve as a guide
to articulate SSI prevention strategies and, thus, minimize chances of development
of serious infections.
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Surgical site infections (SSIs) are defined as healthcare associated infections
resulting from complications of surgery that cause significant morbidity and
mortality and increase healthcare costs1. In Brazil, they are the third leading
cause of nosocomial infections2. SSIs may be classified into superficial
incisional, deep incisional, or organ/cavity, according to the depth to which
they affect the tissues, are considered to result from a surgical procedure,
and usually manifest within the first 30 days after surgery or after 1 year, in
case of placement of orthoses or prostheses. The criteria commonly used
to identify SSI are: drainage of purulent fluid; culture-positive aseptic fluids
or tissues; presence of surgical wound abscess; surgical reintervention;
clinical, histopathological or imaging examination; diagnosis of infection by
the primary physician3. The deeper the SSI, the worse the consequences
for the patient, including the possibility of death. Therefore, it is important to
evaluate methods of postoperative surveillance for the occurrence of SSI so
as to develop strategies of prevention and early identification.
http://seer.ufrgs.br/hcpa
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The SSI risk index (SSIRI) is a postoperative
surveillance method designed by the National
Nosocomial Infections Surveillance that includes three
risk factors for SSI, namely: potential of contamination
(contaminated or dirty-infected surgeries score one
point); surgical duration (surgeries longer than the 75th
percentile of duration of surgery score one point); and
risk classification according to the American Society
of Anesthesiology (ASA) (patients classified as ASA
III, IV or V score one point). In a validation study of
this index, SSI rates for patients with SSIRI scores
of 0, 1, 2 and 3 were 1.5%, 2.9%, 6.8%, and 13.0%
of surgeries, respectively4. That is, each additional
risk factor increases the likelihood of SSI.
The SSIRI is widely used in several countries, but
has not been validated for the Brazilian population
yet.5 In our hospital, the SSIRI is not systematically
used. Thus, the present study aimed to evaluate
a new method of searching for SSI, since this
complication is of great epidemiological importance,
and the consequences for the patient may be
exacerbated by the delay in receiving diagnosis and
treatment. If there is a good correlation between the
SSIRI and SSIs in patients who underwent cardíac,
neurological, and orthopedic surgeries, the follow-up
of patients with the greatest number of risk factors
for developing SSI may be improved, which prevent
losses and justifies the present study to evaluate the
applicability of the SSIRI.
The general aim of this study was to analyze the
applicability of the SSIRI to patients of a university
hospital in southern Brazil by assessing the direct
correlation between the SSIRI and SSI rates in cardiac,
neurological, and orthopedic major surgeries conducted
in 2014. The specific aim was to analyze other factors
that may be associated with the occurrence of SSI
that are not included in the calculation of the SSIRI.
METHODS
A quantitative, observational, retrospective,
cohort study approved by the Research Ethics
Committee (CEP) under the register number CAAE
52157615.8.0000.5327 was conducted in a university
hospital in southern Brazil.
SSIs were identified by active search of patients
admitted to the study hospital to monitor their evolution
during hospitalization and by active post‑discharge
search of their postoperative outpatient visits. There
is a possibility of loss due to surgeon’s failure to notify
SSIs and patient’s failure to attend postoperative visits.
We reviewed the online medical records of patients
meeting inclusion criteria, i.e., who underwent cardiac,
neurological, and orthopedic surgeries from January
to December 2014. Primary variables (duration of
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surgery, ASA class, and potential of contamination)
were collected for calculating the SSIRI. Secondary
variables were gender, ethnicity, age, surgical service,
use of orthoses and prostheses, infusion of blood
components, surgical reintervention (defined as a
new procedure related to the main surgery due to an
unfavorable outcome without restriction of time after
surgery), surgical status (urgent vs. elective), length
of hospital stay before surgery (in the present study,
admission greater than 24 hours was considered a
risk factor for SSI), and microorganisms isolated from
surgical wound cultures. Patients whose medical records
did not provide all information required to calculate
the SSIRI, patients who died during the intraoperative
period or within the first 30 days after surgery (time
frame for the development of SSIs), patients classified
as ASA VI (brain death organ donor), and patients
who remained admitted for less than 30 days and
did not return to postoperative visits, making their
follow-up impossible, were excluded from the study.
We searched data from 30 days after surgeries
who did not involve placement of prostheses and
orthoses or from 1 year after surgeries for placement
of prostheses and orthoses. The diagnosis of SSI
was based on the criteria established by the Center
for Disease Control and Prevention3.
Statistical analysis was made using the Epi Info
version 2000 Beta and the Statistical Package for
the Social Sciences (SPSS) software version 18.0.
Simple frequency distribution, measures of central
tendency (mean or median), and measures of
variability were obtained to characterize and describe
patients. Overall incidence rates were calculated for
each SSIRI score, and chi-squared test and ANOVA
were used to assess the statistical correlation of
the SSIRI with SSI rates and other possible risk
factors for SSI. A value of p < 0.05 was considered
statistically significant.
RESULTS
Out of a population of 1,223 patients, 761 who
underwent cardiac, neurological, and orthopedic
surgeries were included in the study. The main
reasons for exclusion were length of hospital stay
below 30 days and failure to attend to outpatient
visits, accounting for 394 (85.3%) cases. Since this
is a retrospective study and the study hospital does
not routinely conduct post-discharge searches by
telephone or questionnaire to investigate postoperative
outcomes of all surgical patients, some of them may
have developed SSI and may have sought other
healthcare facilities, making it impossible for the study
institution to know whether the patient developed SSI
or not. The other reasons for exclusion from the study
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were death within the first 30 days after surgery, with
63 (13.6%) cases; missing information to calculate
the SSIRI, with 3 (0.6%) cases; and intraoperative
death, with 2 (0.5%) cases.
Of the 761 patients who underwent surgery,
122 (16%) developed SSI. The most frequent depth
of infection was deep incisional, with 49 (40%) cases,
followed by organ/cavity, with 45 (37%) cases, and
deep incisional, with 28 (23%) cases. The SSI rates
for patients with SSIRI scores of 0, 1, 2 e 3 were
247 (32.5%), 426 (56.0%), 87 (11.4%), and 1 (0.1%),
respectively. SSI infection occurred in 37 (15.0%)
patients with SSIRI score of 0, 66 (15.5%) with SSIRI
score of 1, 19 (21.8%) with SSIRI score of 2, and
none of the patients with SSIRI score of 3.
With regard to the potential of surgical contamination,
726 (95.4%) surgeries were classified as clean,
34 (4.5%) were classified as infected, and 1 (0.1%)
was classified as potentially contaminated. As for
ASA class, 402 (52.8%) patients were classified as
ASA I and II, whereas 359 (47.2%) were classified
as ASA III, IV and V. When it comes to duration of
surgery, 213 (28%) surgeries were longer than the
75th percentile for duration of surgery.
Higher SSIRI scores did not lead to a statistically
significant increase in the occurrence of SSI. In the
present study, the incidence of SSI was higher than
that of a previous validation study. Figure 1 shows
the correlation between SSI rates and SSIRI scores
in the current study and in the validation study.
There was no difference in infection rates stratified
by gender and age. The use of prostheses or
orthoses, length of hospital stay before surgery, and
surgical status exhibited no statistically significant
difference in the development of SSI. Similarly,
the three surgical services analyzed (cardiac,
neurological, and orthopedic surgeries) were not

Figure 1: Comparison between surgical site (SSI) rates and
SSI risk index (SSIRI) scores. *Number of patients with
SSI/Number of patients with the corresponding SSIRI score.
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risk factors for SSI. In addition, black and brown
patients were more likely to develop SSI when
compared to white patients (odds ratio [OR] = 1.9,
95% confidence interval [95%CI] 1.2-3.1; p= 0.003).
The intraoperative infusion of blood components was
found to promote a nearly two-fold increase in the
risk of SSI (OR = 2.14; 95%CI 1.14-4.02; p = 0.01),
whereas surgical reintervention promoted a nearly
seven-fold increase in this risk (OR = 7.67; 95%CI
3.77-15.58; p = 0.01), as shown in Table 1.
With regard to surgical wound cultures, 45 (37.0%)
were positive. Gram-positive bacteria accounted
for 60.0% of SSI cases, followed by Gram-negative
bacteria, with 37.8% of the cases, and funguses, with
2.2% of the cases. The microorganism most commonly
isolated from patients with SSI was Staphylococcus
aureus, with 16 (35.6%) cases. Table 2 shows a
detailed description of the microorganisms isolated
from patients with SSI.
DISCUSSION
The risk factors assessed using the SSIRI were
not able to distinguish which patients are more likely
to develop SSI, because there was no statistically
significant difference in the incidence of SSI between
groups of patients with different SSIRI scores. Only
one patient had a SSIRI of 3, but did not develop
SSI. This probably results from the low potential of
contamination of surgeries, because 95.5% of them
were classified as clean or potentially contaminated,
which means that almost all patients did not score
in one of the three risk factors for SSI. The other
risk factors included in the SSIRI also had a low
frequency, since 52.8% of patients did not present
with comorbidities identified as a risk factor for SSI
according to the ASA classification, and 72% of
surgeries occurred within an appropriate time period.
Two Brazilian studies5,6 also found that the SSIRI
was not correlated with SSI rates in their study
population, and one study7 found that there was a
statistically significant correlation between SSIRI
scores and SSI rates. The first of these studies
investigated orthopedic surgical patients, showing
that there was a linear increase in the SSI rates
as the SSIRI score increase, but, similarly to the
present study, this increase was small and had no
statistical significance. Additionally, this same study
found patients with a SSIRI score of 0, 1 and 2 only,
with score 2 accounting for less than 8% of study
patients. No patient was classified into SSIRI score
of 35. In the second study, which analyzed patients
who underwent procedures of 97 surgical services,
97.8% of procedures scored SSIRI 0 and SSIRI 1, and
the incidence of SSI was higher than that expected
according to the previous validation study. There
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Table 1: Characterization of patients, surgeries, and development of SSI.
Variable
Gender
Female
Male
Race/ethnicity
Black
Brown
White
Age, years
< 20:
20-39
40-59
60-79
> 80:
Surgical service
Cardiology
Neurology
Orthopedics
Use of prostheses or orthoses
No
Yes
Infusion of blood components
Yes
No
Surgical reintervention
Yes
No
Surgical status
Urgent
Elective
Length of hospital stay before surgery
< 24 h
> 24 h

Frequency (n, %)

SSI (n, %)

361/761 (47%)
400/761 (53%)

63/361 (17.4%)
59/400 (14.7%)

p = 0.15

52/761 (6.8%)
24/761 (3.2%)
685/761 (90%)

15/52 (28.8%)
6/24 (25%)
101/685 (14.7%)

p = 0.003

74/761 (9.7%)
112/761 (14.7%)
221/761 (29%)
316/761 (41.5%)
38/761 (5%)

14/74 (19%)
13/112 (10.6%)
30/221 (13.5%)
58/316 (18.3%)
7/38 (18.4%)

p > 0.05*

230/761 (30.2%)
233/761 (30.6%)
298/761 (39.1%)

41/230 (17.8%)
39/233 (16.7%)
42/298 (14%)

p > 0.05*

405/761 (53.2%)
356/761 (46.8%)

70/405 (17.3%)
52/356 (14.6%)

p = 0.15

57/761 (7.5%)
704/761 (92.5%)

15/57 (26.3%)
107/704 (15.2%)

p = 0.01

34/761 (4.5%)
727/761 (95.5%)

19/34 (56%)
103/727 (14.2%)

p = 0.01

106/761 (14%)
655/761 (86%)

20/106 (19%)
102/655 (15.6%)

p = 0.3

405/761 (53.2%)
356/761 (46.8%)

68/405 (16.8%)
54/356 (15.2%)

p = 0.5

*When compared to the group of higher incidence of SSI with the others.

Table 2: Microorganisms isolated from fluid cultures of
surgical wounds.
Microorganism
Gram-positive
Staphylococcus aureus
Staphylococcus sp coagulase negative
Enterococcus sp
Streptococcus sp
Gram-negative
Klebsiella sp
Enterobacter sp
Proteus sp
Pseudomonas sp
Serratia sp
Citrobacter sp
Acinetobacter sp
Funguses
Aspergilus sp

84

n

%

16
9
1
1

35.6
20
2.2
2.2

4
4
2
2
2
2
1

9
9
4.4
4.4
4.4
4.4
2.2

1

2.2

was statistical significance only in gastrointestinal
surgeries, cases in which the study correlated the
SRI and SSI according to mefical service6. The last
study pointed out the correlation between the SRI
and SSI rates in clean and potentially contaminated
surgeries; however, rates were also higher than those
of the validation study7.
In the present study, other risk factors for SSI were
observed, namely intraoperative transfusion of blood
components, surgical reinterventions, and African or
mixed ethnicity. Blood transfusion causes patient’s
immunosuppression, which may have increased
the likelihood of developing SSI8-10. Reintervention
may be a risk factor due to additional handling of the
surgical site, favoring the colonization and carrying
of microorganisms to the surgical site10. Ethnicity
may pose risks for infection due to the intrinsic risks
of this population6.
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With regard to the other data collected in the
present study that could also be risk factors for SSI,
there was no statistically significant difference in the
development of SSI in terms of sex, age, surgical service,
hospital length of stay before surgery, surgical status,
and use of prostheses and orthoses. The correlation
between SSI and sex has shown conflicting results.
One study found that SSI is more common in male
patients (p < 0.001)9, whereas another found that it
was more common in female patients (p = 0.000)11.
Gastrointestinal surgeries exhibited differences in the
development of SSI. The results may be attributed to
the risk of microbial colonization in these surgeries8.
The study by Kok et al.12 shows that 19.6% of patients
who underwent an emergency surgery and 6.8% of
those who underwent elective surgery developed
SSI. The increased risk of infection in emergency
surgeries was attributed to inadequate preoperative
optimization of assessment of comorbidities and
contamination at the surgical site. The use of
prostheses and orthoses has been identified as a
risk factor due to the formation of a bacterial biofilm
in these devices, which acts as a barrier against the
host immune response and antibiotic penetration10
and increases microorganism colonization8.
Consistent with the literature on depth of infection8,
incisional infection was the most frequent in the
present study (40% of SSI cases). However, more
severe organ/cavity infections were the second
more frequent in our study (37% of cases of SSI),
but the third leading cause in the study by Isik et al.,
accounting for 18% of the cases8.
With regard to microorganisms isolated from fluid
cultures of patients with SSI, other Brazilian study also
found that the predominant isolates were Gram-positive
microorganisms (53% of the observed infections).
Gram-negative bacilli and funguses accounted for 45%
and 2% of the isolates, respectively13. Conversely, a
European study found that Gram-negative isolates
were the predominant findings, with 82.7% of patients
with SSI, followed by Gram-positive isolates, with
15% of patients, and funguses, with 2.3% of patients8.
Since Gram-positive microorganisms are commonly
found in the skin, it is acceptable that they occur more

frequently in surgical wound cultures. However, it
bears noting the importance of correct skin antisepsis
with chlorhexidine baths before the procedure,
antisepsis of surgical wound with alcohol solutions,
chlorhexidine, or povidone-iodine (PVP-I), previous
decolonization of patients carrying Staphylococcus
aureus, and correct cleaning of hands with alcohol
or chlorhexidine before incision14.
The study may pose risk to patients due to the
possible breach of confidentiality resulting from the
access to online medical records. Additionally, it
revealed the collective benefit of future interventions
for patients who underwent preventive surgeries and
intervention in postoperative complications. Other
studies should be conducted with an increased number
of patients and surgical services to investigate the
applicability of the SIIRI in other patients with SSI.
The most important limitations of the study lie on
its retrospective design, leading to depending on the
availability of information in online medical records,
and on the types of surgeries listed, which restricted
the possibility of including more patients with SIIRI
score of 3. Data comparison was complicated by the
scarcity of studies analyzing the same topic.
The SSIRI was not applicable to patients and
types of surgery assessed in this study, because
the sum of risk factors included in this index did
not result in significant differences. Conversely,
intraoperative transfusion of blood components,
surgical reinterventions, and black or mixed ethnicity
were shown to be a risk factor for SSI. These factors
enable to articulate strategies to prevent SSI, improve
methods of active search of signs and symptoms in
patients with SSI, and minimize the risk of developing
severe infections.
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