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Abstract

Background: Surgical site infections (SSI) are among the most prevalent infections in healthcare institutions, attributing a risk 
of death which varies from 33% to 77% and a 2- to 11-fold increase in risk of death. Patients submitted to cardiac surgery are 
more susceptible to SSI, accounting for 3.5% to 21% of SSI. The mortality rate attributable to these causes is as high as 25%. 
Prevention of SSI in cardiac surgery is based on a bundle of preventive measures, which focus on modifiable risks.

Objective: The objective of this study was to identify SSI risk factors in clean cardiac surgery.

Methods: A retrospective cohort study analyzed 1,846 medical records from patients who underwent clean cardiac surgery. 
Fisher’s exact test was used for bivariate comparison, and Poisson regression was used for independent analysis of SSI risk, 
considering a significance level of p < 0.05.

Results: The results of the study comprised a multivariate analysis. The variables that were associated with the diagnosis 
of SSI were: surgical risk index (OR: 2.575; CI: 1.224–5.416), obesity (OR: 2.068; CI: 1.457–2.936), diabetes mellitus 
(OR: 1,678; CI: 1.168–2.409), and blood glucose level (OR: 1.004; CI: 1.001–1.007).

Conclusions: This study evidenced that complete adherence to the bundle was not associated with a reduction in the risk 
of surgical infections. Diabetes mellitus, obesity, and surgical risk index assessment were, however, identified to increase 
association and consequently risk of SSI in cardiac surgery. (Arq Bras Cardiol. 2019; 112(6):769-774)

Keywords: Cardiac Surgical Procedures; Adult; Risk Factors/prevention and control; Patient Care Bundles; Anti-Infective 
Agents; Surgical Wound Infection; Cross Infection.

Introduction
Healthcare associated infections (HAI) are defined as any 

infection that occurs in a patient during the process of care in 
a health facility within 48 to 72 hours of initial contact with 
the healthcare system. Infection rates are higher in developing 
countries and in intensive care units.1,2

Surgical site infections (SSI) are among the most prevalent 
in health institutions. In the United States, in the year 2011, 
SSI affected an average of 157,500 patients. The risk of death 
attributable to this type of infection is high, varying from 33% 
to 77%, and SSI are associated with a 2- to 11-fold increase 
in risk of death.3

Patients who undergo cardiac surgery are particularly 
susceptible to hospital infections and SSI, which result in 
further interventions and additional costs for the health 
institution. SSI rates can vary from 3.5% to 21%, and the 
mortality rate due to these causes can reach 25%.4,5

Various risk factors are associated with SSI in cardiac surgery, 
including: age, nutritional status, diabetes mellitus, tobacco 
use, obesity, coexistence of infections in other sites, length of 

preoperative stay, skin preparation, mechanical ventilation, 
failure to comply with aseptic techniques, inadequate hand 
hygiene, distractions in the operating area, number of times 
doors are opened, and other environment-related factors.6

“Bundles” of preventive measures applied to surgical 
procedures have been effective in reducing infection rates. 
These measures include: delivering antibiotic prophylaxis 
within 1 hour before incision, discontinuing antibiotic use 
within 48 hours after cardiac surgery, performing hair removal 
during the immediate preoperative period, maintaining 
intraoperative normothermia of 35.5ºC or more, and blood 
glucose control during the immediate postoperative period, 
extended for 48 hours after the procedure.7

The objective of this study was to identify risk factors for 
SSI in major clean cardiac surgery procedures in a cardiology 
referral center.

Methods
This is a retrospective cohort study, conducted in the 

Instituto de Cardiologia (Cardiology Institute), a hospital 
with 250 beds for cardiology patients in the South of Brazil. 
The study evaluated patients who underwent major surgical 
procedures with and without the use of extracorporeal 
circulation during the period from January 2013 to December 
2014. The study included all major surgeries in adults (age 
18 or over). The following were excluded: pediatric patients, 
patients with incomplete medical records data, patients who 
died during immediate pre-, intra-, or postoperative, and 
patients who were hospitalized for less than 48 hours.
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The epidemiological diagnosis of infections followed the 
North American Center for Disease Control and Prevention 
(CDC) criteria. Infections were classified as superficial, deep, 
or organ/space. The institution has used a protocol for the 
prevention of SSI since 2003.

The bundle of preventive measures at the institution 
includes the following 6 items to be executed throughout 
the pre- and postoperative periods: preoperative bath with 
2% chlorhexidine, 24 hours before the procedure; hair 
removal with electric clippers, within 2 hours prior to the 
start of surgery; maintenance of normothermia, at least 36ºC, 
during the immediate postoperative period; controlling blood 
glucose below 200 mg/dl, measured at 6:00 am on the first 
postoperative day; infusion of surgical antibiotic prophylaxis 
with anesthetic induction within 60 minutes prior to incision; 
and additional doses if the procedure lasts more than 4 hours, 
with a maximum use time of 24-48 hours.

The risks scores considered were the ASA classification 
developed by the American Society of Anesthesiologists 
and the National Nosocomial Infection Surveillance (NNIS) 
risk index. The NNIS risk index ranges from 0 to 3, taking 
the following items into account: contamination potential, 
procedure duration, and ASA classification. Each item is worth 
either 0 or 1 points in the score.24

Data collection made use of the Brazilian Hospital Infection 
Control Service (SCIH) information system. Additionally, 
patients’ medical records were reviewed using the Brazilian 
Medical and Statistical Archive Service (SAME). The medical 
records were reviewed in the second semester of 2015.

Statistical analyses
Sample size calculation considered the rates of infection 

between 2003 and 2012. Considering a number of 
900 procedures per year in the hospital and an average SSI 
rate of 3.23% for the period between 2003 and 2012 and that 
the complete application of the prevention bundle reduces the 
infection rate by 60%.8 a sample of 1.846 medical records was 
calculated, with an alpha error of 5% and a beta error of 20%.

Fisher’s exact test was used for bivariate comparison. 
Poisson regression was used for multivariate analysis which 
included variables with p < 0.20 from the bivariate analysis.9 
A significance level of p < 0.05 was considered.

The data collected were codified and inserted into a table 
using the program Microsoft Office Excel 2007, thus creating 
a databank. Complementary analyses were carried out using 
the program SPSS, version 18.0.

This study was approved by the research ethics committee 
of the Instituto de Cardiologia of the Fundação Universitária 
de Cardiologia, on September 17, 2014, under certificate 
number 4997/14, being accredited by the Brazilian National 
Commission of Ethics in Research (CONEP), with the Term of 
Confidentiality for Data Use attached.

Results
One thousand, eight hundred, and forty-six medical 

records of patients who underwent major surgical procedures 
were analyzed, 138 of which were excluded from the study 

for the following reasons: 23 pediatric patients, 85 deaths or 
hospitalizations lasting less than 48 hours, and 30 records with 
incomplete data which did not meet study inclusion criteria. 
The period studied, thus, included a total of 1,708 major 
cardiac surgery procedures in 1,708 patients.

One hundred and forty-two (8.3%) procedures developed 
SSI, of which 48.0% (n = 69) were thoracic site infections 
(13.3% superficial incisional; 24.5% deep incisional; 11.2% 
organ/space); 40.6% (n = 58) were saphenous vein infections; 
7.7% (n = 9) were thoracic site and saphenous vein infections; 
and 3.0% (n  =  4) were endocarditis. In heart transplant 
procedures, 1 in 4 became infected.

The demographic data of patients with and without the 
presence of SSI are shown in Table 1.

The following variables correlated with infection in bivariate 
analysis: arterial hypertension (p = 0.01), diabetes mellitus 
(p = 0.001), dyslipidemia (p = 0.05), obesity (p = 0.001), 
blood glucose level ≥ 200 mg/dl (p = 0.03), public or private 
hospitalization (p = 0.008), surgical risk index (p = 0.001). 
The following variables were associated with the diagnosis of 
SSI in multivariate analysis: surgical risk index, obesity, diabetes 
mellitus, and blood glucose level (Table 2).

Discussion
The SSI rate in our study was 8.3%. In developed 

countries, the SSI rate varies from 1.2% to 5.2%, whereas, in 
developing countries, it may be as high as 11.8%. Our rate 
was, therefore, higher than the general SSI rate in developed 
countries (1.2–5.2%), but lower than the rate in developing 
countries (11.8%).3

SSI rates following cardiac surgery in developing countries 
may vary from 3.5% to 21.0%.4,5

Diabetes mellitus, blood glucose level, obesity, and 
surgical risk index are factors associated with SSI, in 
accordance with the latest World Health Organization report 
(WHO, 2016), which underlines these factors in relation to 
risks that affect HAI.3

SSI risk factors are complex, and their prevention requires 
the integration of a range of measures, before, during, and 
after surgery. Prevention is the principal focus of the Institute 
for Healthcare Improvement (IHI) and the Surgical Care 
Improvement Project (SCIP) in the USA, both of which 
recommend a group of preventive measures to be taken.10 
These measures, called a “bundle,” are carried out together 
to obtain better results than would be obtained by individual 
application. SSI prevention bundles in cardiac surgery involve 
the use of prophylactic antibiotics during the immediate 
pre‑and postoperative period (up to 48 hours following 
incision); blood glucose level control during the first and 
second postoperative period; temperature and oxygenation 
control; decolonization of patients with intra-nasal mupirocin, 
and preoperative chlorhexidine bath.3,7,10

In our study, adherence to surgical prophylaxis protocol 
was not associated with a reduction in SSI rates. Studies in 
surgical procedures indicate that antimicrobial use within 
60 minutes before the procedure has been associated with 
reduced infection rate.3,11,12
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Table 2 – Multivariate Analysis. Poisson Regression

Risk Factor Odds Ratio (OR) Confidence Interval (IC) p

Surgical risk index 2.575 1.224–5416 0.013

Public vs. private healthcare 1.473 0.974–2.229 0.067

Systemic arterial hypertension 1.770 0.877–3.573 0.111

Diabetes mellitus 1.678 1.168–2.409 0.005

Dyslipidemia 1.083 0.777–1.510 0.637

Obesity 2.068 1.457–2.936 < 0.001

Adequate glycemia (< 200 mg/dl) 1.077 0.724–1.601 0.715

Blood glucose level 1.004 1.001–1.007 0.007

In our study, 96% of patients used either a first or second-
generation cephalosporin. Meta-analysis evidenced that 
the use of cefuroxime as a cardiac surgery prophylaxis 
demonstrated better protection against respiratory infections 
in the immediate preoperative period. Although our study did 
not evaluate this type of outcome, there was no difference 
in the comparison between cefazolin (institutional protocol 
effective before May 2014) and cefuroxime (institution 
recommendation as of June 2014) for SSI (data not shown).

The prevention bundle used at our research institution 
included six preventive measures. Complete adherence to 
the bundle was not associated with reduced risk of surgical 
infections. Regarding the CDC’s bundle of measures, it 
establishes the following preventive measures with respect 

to the perioperative period: surgical antibiotic prophylaxis 
during the pre-, intra-, and postoperative periods; 
performing hair removal when necessary, without the use 
of razors; blood glucose level control during the pre- and 
postoperative periods; normothermia throughout the 
perioperative period; optimization of tissue oxygenation; 
skin preparation with alcoholic solutions; and finally the 
use of the Surgical Safety Checklist.3

Blood glucose level alone was associated with a reduced 
surgical infection risk. Nonetheless, dichotomized levels below 
200 mg/dl were not associated with reduced infection rates. 
Various studies have associated blood glucose level with risk 
of infection in cardiac surgery. There is recent evidence that 
strict blood glucose control (levels below 180 mg/dl) can 

Table 1 – Sociodemographic data associated with SSI

SSI (N/%) No infection (N/%) Total (N)

Male sex 92 (64.8%) 1,057 (67.9%) 1,149

Type of procedure

– Myocardial revascularization 85 (8.4%) 923 (91.6%) 1,008

– Valve replacement 49 (34.5%) 545 (35.0%) 594

– Aortic dissection 8 (5.6%) 88 (5.7%) 96

Hypertension 133 (94.3%) 1,345 (87.2%) 1,478

Tobacco use 63 (44.7%) 620 (40.2%) 683

Diabetes mellitus 75 (53.2%) 484 (31.4%) 559

Dyslipidemia 58 (41.1%) 504 (32.7%) 562

Obesity 38 (27.1%) 169 (11.0%) 207

COPD 7 (5.0%) 70 (4.5%) 77

Renal insufficiency 9 (6.3%) 84 (5.4%) 93

Public healthcare 112 (78.9%) 1,061 (68.2%) 1,173

ASA class III 111 (78.2%) 1,282 (82.4%) 1,393

Adequate use of antibiotic bundle 33 (23.2%) 332 (21.4%) 365

Complete adherence to total bundle 6 (4.3%) 61 (3.9%) 67

Death 11 (7.7%) 165 (10.6%) 176

SSI: surgical site infection; COPD: chronic obstructive pulmonary disease; ASA: American Society of Anesthesiologists.
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reduce SSI rates in patients who undergo surgical procedures.3 
Furthermore, confirming the findings of our study, diagnosis of 
diabetes mellitus, regardless of blood glucose level, increases the 
risk of SSI in cardiac surgery. The SCIP, which was founded in 
2003 as a national-level partnership of organizations committed 
to improving surgical care safety by reducing postoperative 
complications, developed a core measure to maintain blood 
glucose level at ≤ 180mg/dL during the perioperative and 
postoperative periods, based on evidence that this reduces SSI in 
cardiac surgery.10,13,14 The Society for Healthcare Epidemiology 
of America (SHEA) and the Infectious Diseases Society of 
America (IDSA) also recommend blood glucose level goal of 
≤ 180 mg/dL during the immediate postoperative period. 
According to a study conducted by the Society of Thoracic 
Surgeons, it has been demonstrated that maintaining blood 
glucose levels between 150 mg/dL and 180 mg/dL reduces the 
risk of SSI in cardiac surgery.7,15 A randomized controlled study 
of 5,510 diabetic cardiac surgery patients, with an intravenous 
insulin protocol used to maintain blood glucose at ≤ 150 mg/dL,  
demonstrated that the use of this protocol is safe and that it led 
to a 77% reduction in SSI.16

Obesity is a risk factor for SSI in cardiac, colorectal, 
orthopedic, caesarean section, and general surgery, as the 
procedure becomes more complex and increases the duration 
of surgical stay, causing tissue hypoxia and hyperglycemia 
related to the obese patients’ insulin resistance, thus, 
contributing to the risk of SSI. Obese patients have a higher 
risk of acquiring infections, especially when they are exposed 
to surgical procedures and hospitalization in intensive care 
units.17-19 A study conducted in the USA demonstrated 
that risk of infection was 4.7 times higher in obese surgery 
patients and 6 times higher in surgery patients with morbid 
obesity, in comparison with normal-weight surgery patients.19 
Furthermore, a recent study followed up 33,936 patients after 
myocardial revascularization surgery, showing that the factors 
that determined high risk of surgical infection included female 
sex, obesity, unplanned reoperations, and longer hospital 
stays.20 In our study, the risk of infection related to obesity 
was 1.8 times higher.

The surgical risk index is a good predictor of risk in 
surgeries. In one study, the use of NNIS risk index contributed 
to the stratification of SSI incidence rates in cardiac surgery.  
In this study, the incidence of mediastinitis was 0% when the 
patient’s score was 0, 1.2% when it was 1, and 2.3% when 
it was 2.21,22 Our study demonstrated that in clean surgeries, 
the component related to base pathologies, patient’s physical 
state (ASA class), and procedure duration, as measured by 
NNIS risk index, was associated with a higher risk of infection.

Although obesity and diabetes mellitus are modifiable 
factors in most cases, these pathologies may signal greater 
risks. Healthcare professionals may then take greater care 
with the patient, for example, with strict attention to the 
surgical technique, dead space reduction, tissue circulation, 
and postoperative care.

There are some limitations to our study. It is a retrospective 
study of only one cardiology center. Although we assessed 
the patients’ physical state and risk factors (ASA class) and 
procedural risks (length of surgical stay), the final analysis did 
not include some risk factors, such as patient skin antisepsis 
(preoperative); the surgical team’s abilities and operating 
room assistants’ behavior (intraoperative); surgical sterilization 
practices; the use of invasive procedures during the 
postoperative period, such as catheters, probes, or mechanical 
ventilation; and other risk factors related to infection.

Conclusion
Obesity, diabetes, and blood glucose level were 

independent factors associated with SSI in patients who 
underwent major cardiac surgery procedures. Surgical risk 
index was a good predictor score for SSI in cardiac surgery. 
Surgical antibiotic prophylaxis and adherence to the SSI 
prevention bundle for cardiac surgery were not associated 
with a decrease in SSI risk.
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