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ABSTRACT

Background: Despite improvements over time with regard 
to morbidity, mortality, and long-term survival, deep sternal 
wound infection (DSWI) continues to be a major complica-
tion after open-heart surgery. This is why it is important to 
identify possible risk factors for postoperative development of 
DSWI in patients undergoing coronary artery bypass grafting 
and valve replacement. The aim of this study was to identify 
the risk factors for postoperative development of deep ster-
nal wound infection in patients after coronary artery bypass 
grafting and heart defect surgery at the Department of Tho-
racic, Cardiac, and Vascular Surgery of the Hospital of Lithu-
anian University of Health Sciences.

Methods: This retrospective study analyzed 201 patients, 
who underwent coronary artery bypass grafting and heart 
defect surgery between January 2017 and December 2018. 
The case group contained 45 patients, who had to be reoper-
ated because of deep sternal wound infection, and the con-
trol group consisted of 156 randomly selected patients. For 
descriptive statistics, we used means, median values, ranges, 
standard deviations, and 95% confidence intervals, where 
appropriate. Categorical data were analyzed using the chi-
square or Fisher’s exact test. Student T-test and Mann-Whit-
ney used to compare numerical variables. Logistic regression 
model adjusting for age and gender was used to compare the 
risk of infection. A P-value of < 0.05 was considered to be sta-
tistically significant. SPSS 26.0 was used for calculations.

Results: Logistic regression analysis revealed that inde-
pendent risk factors for sternal wound infection were high 
BMI (odds ratio [OR] 1.15, CI 1.06-1.24), preoperative CRP 
(OR 1.08, CI 1.01-1.16), long duration of cardiopulmonary 

bypass (OR 1.02, CI 1.01-1.03), intraoperative anemia (OR 
0.97, CI 0.95-0.99), and postoperative CRP concentration 
(OR 1.10; CI 1.05-1.16).

Conclusions: Preoperative assessment to identify obese 
individuals as being at risk and techniques to minimize the 
duration of surgery and intraoperative blood loss may help 
reduce postoperative deep sternal wound infections. 

INTRODUCTION

Coronary artery bypass grafting (CABG) is an effective 
treatment option for coronary artery disease [Varma 2019]. 
Valvular heart diseases successfully are treated surgically as 
well [Taylor 2012]. Although cardiac surgeries are considered 
to be clean since no contaminated viscera are opened during 
surgery [Vos 2018], the patients still are at risk of develop-
ing wound infections [Taylor 2012; Vos 2018]. Wound infec-
tion following cardiac surgery can be superficial or deep ster-
nal infection, which also is known as mediastinitis [Yumun 
2014]. Deep sternal wound infection is a life-threatening 
complication that is associated with high morbidity, mortal-
ity, prolonged length of hospital stay, and increased cost of 
healthcare [Lemaignen 2015; Sá 2017]. The incidence of deep 
sternal wound infection varies from 0.4% to 5% [Badawy 
2014]. Early diagnosis of mediastinitis and aggressive treat-
ment could reduce mortality after cardiac surgery [Kubota 
2013]. Many authors have investigated the risk factors that 
are associated with the development of deep sternal wound 
infection after cardiac surgery. According to the literature, 
risk factors include female sex, older age, diabetes, renal fail-
ure, obesity, chronic obstructive pulmonary disease, duration 
of surgery, re-exploration for bleeding, blood transfusion, 
prolonged ventilation, and postoperative vasopressive sup-
port [Lemaignen 2015; Vos 2018]. The aim of this study is 
to identify the risk factors for postoperative development of 
deep sternal wound infection in patients after coronary artery 
bypass grafting and heart defect surgery at the Department of 
Thoracic, Cardiac and Vascular Surgery of Lithuanian Uni-
versity of Health Sciences.
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MATERIAL AND METHODS

During January 2017 and December 2018 at the 
Department of Thoracic, Cardiac and Vascular Surgery 
of the Hospital of Lithuanian University of Health Sci-
ences, 1936 patients underwent coronary artery bypass 
grafting and heart defect surgery. This retrospective study 
analyzed 201 patients, who underwent CABG and heart 
defect surgery, during a two-year period. The case group 
contained 45 (out of 1936) patients who had to be reop-
erated because of deep sternal wound infection, and the 
control group consisted of 156 (out of 1891) randomly 
selected patients. We collected preoperative data, includ-
ing sex, age, BMI, type of surgery, complete blood count 
(CBC) and biochemical blood test results, and intraop-
erative data that included duration of surgery, duration 
of cardiopulmonary bypass, the need of vasopressors, ino-
tropes, diuretic, infusion therapy, blood transfusion, hem-
orrhage, CBC, and biochemical blood test and blood gas 
results. We also collected postoperative data that included 
duration of mechanical ventilation, antibiotic use, the 
need for dialysis, diuretics, vasopressors, inotropes, infu-
sion therapy, blood transfusion, CBC and biochemical 
blood test and blood gas results, and lengths of hospital 
and ICU stay. We did not include blood glycemic levels 
because normoglycemia is maintained during surgery, 
after surgery in the ICU with rapid-acting insulin, and in 
the hospital ward with everyday patients’ medicines for 
hyperglycemia.

Statistical analysis was performed using the SPSS 26.0 
(Statistical Package for Social Science for Windows 19) statis-
tical software package. Quantitative variables were described 
as mean and standard deviation (SD). The Shapiro-Wilks 
and Kolmogorov-Smirnov tests were used for the determi-
nation of quantitative data distribution. When the distribu-
tion of variables was normal, Student’s t-test was used for 
comparison of quantitative sizes of two independent samples, 
and the non-parametric Mann-Whitney U test was used to 
compare non-normally distributed numerical variables. Cat-
egorical data were compared between the two groups, using 
the chi-square (c2) test or Fisher’s exact test. Linear depen-
dence between variables was evaluated using correlation coef-
ficients. Pearson’s or Spearman’s correlation coefficient was 
used taking into account the distribution of variables. P-value 
of < 0.05 was considered to be statistically significant. Logistic 
regression model adjusting for age and gender was used to 
compare the risk of infection. 

RESULTS

Neither mean age (69.5 ± 9.3 vs. 67.6 ± 10.1; P = 0.259) 
nor sex (79 W vs. 122 M; P = 0.559) was statistically different 
between the case and control groups.

Preoperative patient characteristics and pre-, peri- and 
postoperative variables were evaluated as predictors of 
DSWI. (Table 1) This analysis showed that in preoperative 
evaluation mean BMI (P = 0.001), mean CRP (P = 0.018), 

mean creatinine (P = 0.04), and a number of patients having 
diabetes mellitus (P = 0.01) can be acknowledged as risk fac-
tors for DSWI. No difference was seen between the groups 
in age, sex, the concentration of leukocytes, neutrophils, 
mean Hb, and cardiac operation in anamnesis. As for intra-
operative variables, mean time of duration of surgery (P = 
0.002), cardiopulmonary bypass (P = 0.002), and aortic cross-
clamp time (P = 0.023) had a significant difference, when 
comparing the two groups. Higher anemia during surgery 
in the case group (P < 0.001) did not lead to more frequent 
blood transfusion. Contrary to that, blood transfusion was 
more frequently performed on patients in the control group 
(P = 0.014). Post-operation, just as we expected, mean leuko-
cytes (P = 0.001), CRP (P < 0.001), days of taking antibiotics 
(P < 0.001), and mean length of stay in the ICU (P = 0.01) 
was more frequent or higher in the group where patients 
experienced DSWI. On the other hand, delirium was more 
common amongst the patients in the control group (P = 
0.001). Mean creatinine was higher in the case group (P = 
0.027). Patients in the case group also required larger quanti-
ties of blood transfusion after the operation, when compared 
with the control group (P = 0.02). The hospital mortality did 
not differ between the analyzed groups. All these results can 
be seen in Table 1. (Table 1)

Logistic regression analysis revealed that independent 
risk factors for sternal wound infection were high BMI (odds 
ratio [OR] 1.15; CI 1.06-1.24), preoperative CRP concentra-
tion (OR 1.08; CI 1.01-1.16), long duration of cardiopulmo-
nary bypass (OR 1.02; CI 1.01-1.03), intraoperative anemia 
(OR 0.97; CI 0.95-0.99) and postoperative CRP concentra-
tion (OR 1.10; CI 1.05-1.16). The probability of developing 
DSWI increases 1.15 times with every 1 kg/m2 of BMI (P = 
0.001), 1.08 times per 1 mg/l increase for preoperative CRP 
concentration (P = 0.036), 1.02 times per 1 minute increase 
for duration of cardiopulmonary bypass (P = 0.001), 0.97 
times per 1 g/l decrease for hemoglobin (P = 0.002), and 1.1 
times per 10 mg/l increase for CRP concentration (P < 0.001). 
Results can be seen in Table 2. (Table 2)

DISCUSSION

Despite improvements over time with regard to morbid-
ity, mortality and long-term survival, deep sternal wound 
infection (DSWI) continues to be a major complication after 
open-heart surgery [Lemaignen 2015; Sá 2017]. This is why 
it is important to identify possible risk factors for postopera-
tive development of DSWI in patients undergoing coronary 
artery bypass grafting and valve replacement.

The incidence of deep sternal wound infection between 
2017 January and 2018 December at the Department of Tho-
racic, Cardiac and Vascular Surgery of the Hospital of Lithu-
anian University of Health Sciences was 2.3%. A total of 1936 
patients underwent CABG and heart defect surgery, and 45 of 
them developed DSWI.

Both preoperative and postoperative CRP had a significant 
value on developing DSWI. This criterion is easily explained 
because a higher level of CRP means possible inflammation.
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Multivariate analysis identified three variables as highly 
significant independent predictors for the development of 
DSWI. We identified that higher BMI, anemia during sur-
gery, and the duration of cardiopulmonary bypass are inde-
pendent risk factors for the development of postoperative 
DSWI. Neither age nor sex or cardiac surgery in the patient’s 
medical history was found to be significantly related to the 
prevalence of mediastinitis.

Higher BMI (>25 kg/m2) turned out to be one of the most 
important independent factors for the DSWI. Our data also 
show that the risk for mediastinitis increases by 1.15 times 

per additional kilogram body mass per square meter body 
surface. Numerous studies also have identified obesity as one 
of the strongest risk factors for postoperative DSWI [Ahmed 
2011; Badawy 2014; Diez 2007, Gatti 2015; Lemaignen 
2015; Meszaros 2016; Oliveira 2017; Risnes 2010; Sá 2017; 
Sá 2011; Schimmer 2016; Varma 2019; Vos 2018]. There 
are some factors that could explain why obesity is associated 
with the postoperative DSWI, and these factors have been 
discussed in previous studies. It is thought that the dose of 
prophylactic antibiotics is not corrected for the BMI of the 
patient, and the skin preparation could be more difficult [Sá 

Table 1. Preoperative, operative, and postoperative data of the patients

Criterion Case group (SD) Control group (SD) P-value

Preoperative

   Age (years) 69.5 (9.3) 67.6 (10.1) 0.259

   Male (%) 29 (64.4) 93 (59.6) 0.559

   Mean BMI (kg/m2) 32.7 (6.5) 29 (4.8) 0.001

   Leukocytes (x 109/l) 7.7 (2.6) 7 (1.7) 0.074

   Neutrophils (%) 56.7 (9.8) 55.7 (9.8) 0.598

   Mean CRP (mg/l) 6.7 (7.1) 3.9 (4.6) 0.018

   Mean Creatinine (mmol/l) 113.5 (45.7) 97.7 (36.8) 0.04

   Diabetes mellitus (patients, %) 17 (37%) 31 (20%) 0.01

   Cardiac operation in anamnesis (%) 2 (4.4) 5 (3.2) 0.690

   Mean Hb (g/l) 132.16 (18.7) 136.74 (16.9) 0.125

Intraoperative

   Mean duration of surgery (min) 229.3 (59.9) 203.2 (46) 0.002

   Mean duration of cardiopulmonary bypass (min) 124.2 (46.5) 99.9 (37) 0.002

   Mean aortic cross-clamp time (min) 68 (31.6) 56 (26.2) 0.023

   Mean Hb during surgery (g/l) 85.6 (16.2) 104.6 (28.5) <0.001

   Blood transfusion during operation (patients) 18 (40.0) 34 (21.8) 0.014

   Thrombocytes during operations (quantity) 3 (6.7) 1 (0.6) 0.036

Postoperation

   Mean leukocytes (x 109/l) 14.4 (5.7) 11.4 (3.8) 0.001

   Maximum CRP (mg/l) 243.2 (109) 154.3 (85.7) <0.001

   Mean antibiotics (days) 10.8 (9.3) 5.04 (6) <0.001

   Delirium (patients, %) 19 (42.2) 28 (18.1) 0.001

   Mean maximum FiO2 (%) 62.7 (6.2) 61.1 (5.2) 0.084

   Mean creatinine (mmol/l) 171 (136.6) 123 (70.7) 0.027

   Dialysis (patients) 4 (8.9) 4 (2.6) 0.056

   Mean Hb (g/l) 107.2 (15.8) 110.3 (12.4) 0.171

   Mean blood transfusion after operation (quantity) 1.3 (1.4) 0.93 (1.6) 0.02

   Mean ICU stay (days) 5.2 (3.2) 4.2 (3.1) 0.01

   Death (patients) 3 (6.7) 6 (3.8) 0.420

SD, standard deviation; BMI, body mass index; CRP, C reactive protein; FiO2, the fraction of inspired oxygen; Hb, hemoglobin; ICU, intensive care unit
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2017]. Additionally, fatty tissue does not contribute to wound 
healing [Diez 2007]. Weight reduction before surgery is rec-
ommended for all cases where BMI >25 kg/m2, but further 
research should be performed to discover what percentage 
of body mass a patient has to lose in order to minimize the 
incidence of infection following CABG [Ahmed 2011]. Mini-
mizing weight cannot be achieved quickly before elective 
CABG. One study presumed that the independent association 
between obesity and SWI remains important after CABG but 
not after any valve surgery [Brunet 2020]. While obesity has 
been a risk factor for DSWI, some studies research that it 
is not associated with higher mortality after coronary artery 
bypass surgery, despite the ongoing infection [Crabtree 2004].

Intraoperative anemia was another important risk factor 
of DSWI in our study. We did not find an association 
between preoperative or postoperative anemia and DSWI. 
Some studies also stated that preoperative anemia was not 
associated with poor prognosis but there was a significant 
association between perioperative anemia and higher mor-
bidity and mortality rate [Soh 2020; Vlot 2019]. Contrary 
to that, another study suggested that anemia assessed before 
CABG does independently increase the risk of postopera-
tive morbidity and mortality [LaPar 2018]. One of the pos-
sible reasons for intraoperative anemia can be hemodilu-
tion because of the extracorporeal circuit. Intraoperative 
infusions for anesthesia management may be also caused 
by hemodilution. Optimizing pre-cardiopulmonary bypass 
volume could contribute to maintaining normal Hct and 
help avoid intraoperative hemodilution [Campbell 2008]. 
Since lower Hb is a modifiable risk factor that is linked to 
anemia during surgery, it is important to correct preopera-
tive anemia whenever possible [Soh 2020].

Postoperative blood transfusion increases the risk to 
develop an infection after cardiac surgery as well as morbidity 
and mortality. This also was found in other research [Brunet 
2020; Diez 2007; LaPar 2018; Lemaignen 2015; Oprea 2018; 
Risnes 2010; Schimmer 2016; Varma 2019].

The third independent predisposing factor in our study 
population was the duration of cardiopulmonary bypass (CPB). 
Prolonged CPB time also was identified as a possible risk factor 
for the DSWI in several studies [Kubota 2013; Schimmer 2016; 
Tewarie 2019]. Contrary to that, other authors did not observe 
a significant association between the duration of CPB and an 
increased risk of DSWI [Heilmann 2013; Oliveira 2017; Sá 

2011]. Seese and colleagues observed that an increased number 
of complications after cardiac surgery occurs when CPB is 
applied longer than 100 min [Seese 2019]. One study found no 
difference in mediastinitis manifestation between operations 
whether CPB was used or not [Diez 2007]. A significant asso-
ciation between resternotomy and CPB was monitored after 
aortic valve replacement surgery [Chalmers 2014]. Based on 
our findings, the shortening of the duration of CPB could con-
tribute to the prevention of postoperative DSWI.

Delirium represented 42% of people in the case group, 
where CPB time had a relevant association with infectious 
complications. Similarly, longer aortic cross-clamp time was 
found to be a risk factor for postoperative delirium in one 
study [Sugimura 2020], and a longer duration of extracorpo-
real circulation was associated with the presence of delirium 
in others [Jones 2019; Sanson 2018].

Diabetes mellitus, female gender, older age, and renal 
failure have been identified as risk factors for postoperative 
DSWI in previous studies [Ahmed 2011; Badawy 2014; Gatti 
2015; Heilmann 2013; Kubota 2013; Lemaignen 2015; Ohira 
2019; Risnes 2010; Sá 2011; Varma 2019]. Nevertheless, we 
have not observed any significant associations between dia-
betes mellitus, female gender, older age, renal failure, and a 
higher incidence of DSWI.

Poor glycemic control is a risk factor for developing DSWI 
[Gatti 2015]. Nonetheless, in our study, we did not include 
postoperative blood glycemic levels because according to our 
department protocol it is essential to maintain normoglyce-
mia for all patients after CABG and heart defect surgery.

It is important to determine factors that are associated with 
DSWI in order to predict the patients that may have a higher 
risk of developing DSWI. The DSWI in the postoperative 
period of cardiovascular surgery is a serious complication and 
that is why several measures should be taken to avoid it [Diez 
2007; Meszaros 2016]. 

CONCLUSION

This study demonstrates that higher BMI, preoperative 
and postoperative CRP concentration, anemia, and the dura-
tion of cardiopulmonary bypass are independent risk factors 
for the development of postoperative deep sternal wound 
infection. 

Table 2. Multivariate logistic model analysis results

Variable Odds ratio Confidence interval P-value

BMI (kg/m2) 1.15 1.06-1.24 0.001

Preoperative CRP (mg/l) 1.08 1.01-1.16 0.036

Duration of cardiopulmonary bypass (min) 1.02 1.01-1.03 0.001

Anemia during surgery (hemoglobin (g/l) 0.97 0.95-0.99 0.002

Postoperative CRP (mg/l) 1.10 1.05-1.16 <0.001

BMI, body mass index; CRP, C-reactive protein
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