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ORIGINAL ARTICLE

INTRODUCTION
One of the significant unwanted complications after open 
heart surgery is sternum wound infections. This infection is 
basically divided into two — deep and superficial infections. 
In superficial infections, the skin and subcutaneous soft tissues 
are involved, and the muscle and bone structures are involved 
in deep sternal wound infections (DSWI). Hospitalization is 
longer and the treatment costs are increasing in both cases1-3. 
Thanks to the early detection of postoperative sternal wound 
site infections with clinical and laboratory data, it is of vital 
importance to apply preventive treatments, proper antibiother-
apy, and early surgical treatments4.

The inflammatory response that occurs as the natural 
defense mechanism of the body against surgical processes is 
an important factor in postoperative morbidity and mortal-
ity. The preoperative inflammatory status of the patient also 
affects the inflammatory response to surgery and thus post-
operative results5,6. The aim of this study was to investigate 
whether inflammatory parameters obtained from routine bio-
chemical tests are predictors for the development of DSWI, 

which is one of the complications that increase morbidity and 
morbidity after open heart surgery.

METHODS

Study design and patient selection
The patients who underwent cardiac surgery by the same sur-
gical team between January 2015 and January 2020 at the 
University of Health Sciences, Bursa Yuksek Ihtisas Training 
and Research Hospital, and Cardiovascular Surgery Clinic were 
scanned retrospectively. A total of 280 patients who underwent 
elective cardiac surgery with cardiopulmonary bypass (CPB) 
and median sternotomy were included in our study. The local 
ethics committee approval was obtained (approval number: 
2011-KAEK-25 2020/05-01).

In our study, the patients we considered as DSWI consisted 
of patients in whom the wound infection passed through the 
skin and subcutaneous tissues and the muscles in the sternal 
region were involved or the infection spread to the mediastinum, 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate the relationship between the development of deep sternal wound infection after open heart 

surgery and inflammatory parameters obtained from routine biochemical tests.

METHODS: A total of 280 patients who underwent cardiac surgery with median sternotomy between January 2015 and January 2020 were examined 

retrospectively. Patients who developed deep sternal wound infection were identified as “Group 1,” and those who did not develop deep sternal wound 

infection were identified as “Group 2.”

RESULTS: There were 70 patients with a mean age of 61.6±9.9 years in Group 1 and 210 patients with a mean age of 62.7±9.8 years in Group 2. As 

a result of the analysis, it was found that the presence of concomitant chronic obstructive pulmonary disease, concomitant diabetes mellitus, blood 

and blood product transfusion, postoperative 2nd day C-reactive protein, postoperative 1st day neutrophil-to-lymphocyte ratio, and delta neutrophil-

to-lymphocyte ratio was found as independent predictive factors of postoperative deep sternal wound infection development (p=0.043, p=0.012, 

p=0.029, p=0.009, p=0.002, and p<0.001; respectively). As a predictor of deep sternal wound infections development, postoperative 1st day neutrophil-

to-lymphocyte ratio cutoff value was 11.2 (area under the curve [AUC] 0.598; p=0.014; 60% sensitivity, and 65.2% specificity), and delta neutrophil-

to-lymphocyte ratio cutoff value was 9.6 (AUC 0.716; p<0.001; 57.1% sensitivity, and 73.8% specificity).

CONCLUSIONS: Deep sternal wound infection development can be predicted with inflammatory parameters such as neutrophil-to-lymphocyte ratio 

and C-reactive protein that are obtained from cheap and easily available routine biochemical tests.
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and 70 patients were included in the study as “Group 1.” For 
the control group, among the patients who did not develop 
DSWI, 210 patients were randomly selected in the computer 
environment according to the protocol numbers using the 
random number table by looking at the data in the similar 
literature (to show the significant difference with 80% power 
and 5% Type-1 error) and included in the study as “Group 2.” 
Patients with a history of emergency surgery or cardiac sur-
gery, who were not in the age range between 18 and 80, who 
had only superficial sternum wound site infection, who had 
undergone off-pump surgery, chronic inflammatory disease, 
hematological disease, or who received steroid treatment were 
excluded from the study.

Laboratory measurements
Blood samples were obtained from the peripheral venous struc-
tures of all patients. Complete blood count and biochemical 
measurements were made with automatic analyzers (Coulter 
LH780, USA, and Coulter AU5800, USA). The preoperative, 
postoperative 1st day (Po1), and postoperative 2nd day (Po2) 
neutrophil-to-lymphocyte ratio (NLR) values were calculated. 
Delta NLR values were calculated by subtracting the preoper-
ative NLR value from the highest NLR value of Po1 and Po2. 

Preoperative preparation and  
postoperative follow-up
All the body shaves were made with a shaving machine one day 
before the surgery and bathed with chlorhexidine solutions. In 
the perioperative process, the skin of patients was stained with 
10% polyvinylpyrrolidone iodine (BatticonR). Perioperative 
surgical prophylaxis was initiated with 1–2 g of IV cefazolin. 
On the first 2 postoperative days, 1–2 g of IV cefazolin was 
applied at 6-h intervals. Unless the specialist for infection dis-
eases had any additional recommendations, cefazolin prophy-
laxis was discontinued on the Po2. The surgical wound dress-
ing was performed using 10% polyvinylpyrrolidone iodine 
(BatticonR), and if there were no other conditions, wound sites 
were left open on the Po2 and later.

Statistical method
SPSS 21.0 was used for the analysis of the data. Mean and stan-
dard deviation values were calculated using descriptive methods 
for continuous and ordinal data. The Shapiro-Wilk test was used 
for the normality distribution. The Student’s t-test was used for 
data showing normal distribution, and the Mann-Whitney U 
test was used for data that did not meet the normal distribu-
tion. Frequency and percentage analyses were performed for 
nominal data. After comparing the data, the chi-Square test was 

used. A multivariate logistics regression analysis was conducted 
to analyze predictors of postoperative DSWI development (in 
univariate analysis, variables with a p-value below 0.100 were 
included). A p-value below 0.05 was deemed statistically sig-
nificant. The receiver operating characteristic (ROC) analysis 
was performed for Po1-NLR and delta NLR values to predict 
DSWI development.

RESULTS
A total of 280 patients were included in this study. Group 
1 had 70 patients with a mean age of 61.6±9.9 years, and 
there were 210 patients in Group 2 with a mean age of 
62.7±9.8 years. In the evaluation of the preoperative char-
acteristics of the groups, the number of patients with diabe-
tes mellitus (DM), chronic obstructive pulmonary disease 
(COPD), and body mass index >30 kg/m2 were signifi-
cantly higher in Group 1 (p<0.001, p=0.021, and p=0.039, 
respectively) (Table 1).

When the laboratory parameters were compared, the pre-
operative NLR value was found to be significantly higher in 
Group 1 (p=0.044). While the neutrophil, CRP, and NLR 
values in Po1 were significantly higher in Group 1 (p=0.014, 
p=0.021, and p<0.001, respectively), lymphocyte values were 
significantly lower (p=0.005). NLR and CRP values in Po2 
were found to be significantly higher in Group 1 (p=0.003 
and p<0.001, respectively). During this period, lymphocyte 
values were significantly lower in Group 1 (p=0.014). The delta 
NLR value was found to be significantly higher in Group 1 
(p<0.001) (Table 2).

The comparison of perioperative and postoperative char-
acteristics of the patient groups is presented in Table 1. Blood 
and blood product transfusion amount, mechanical venti-
lation need for more than 48 h, and hospitalization times 
were significantly higher in Group 1 (p=0.005, p=0.017, and 
p<0.001, respectively).

Multivariate logistic regression analysis was performed to 
predict postoperative DSWI development (Table 3). In the 
analysis performed, COPD, DM, blood and blood product 
transfusion, Po2-CRP, Po1-NLR, and delta NLR were identi-
fied as independent predictors of postoperative DSWI devel-
opment (p=0.043, p=0.012, p=0.029, p=0.009, p=0.002, 
and p<0.001, respectively). In the ROC analysis, the cut-
off value for Po1-NLR was found to be 11.2 (AUC 0.598, 
95%CI 0.518–0.687; p=0.014, 60% sensitivity, and 65.2% 
specificity), and the cutoff value for delta NLR was 9.6 (AUC 
0.716; 95%CI 0.648–0.784; p<0.001; 57.1% sensitivity, and 
73.8% specificity).
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DISCUSSION
In our study, we evaluated the relationship between inflamma-
tory parameters and the development of postoperative DSWI 
in patients who underwent open heart surgery. As a result of 
the analysis, it was found that COPD, DM, blood and blood 
product transfusion, Po2-CRP, Po1-NLR, and delta NLR were 
found to be independent predictive factors for postoperative 
DSWI development. Among the inflammatory parameters, 
which were evaluated as the priority targets of our study, a 
one-unit increase in the Po2-CRP variable increased the risk 
of DSWI development 1.675 times, a one-unit increase in the 
Po1-NLR variable increased the risk of DSWI development 
1.779 times, and a one-unit increase in the delta NLR variable 
increased the risk of DSWI development 3.192 times.

The DSWI is a serious and life-threatening complication 
that can be observed after open heart surgery with median 
sternotomy. It was reported that the incidence is 0.5–6% 
and the 1-year mortality associated with DSWI is 25.4%2,7. 
Inflammatory processes play a role in the pathogenesis and 

progression of DSWI. NLR is an inflammatory biomarker 
and is also deemed to be an indicator of subclinical inflamma-
tion. It is known that neutrophil numbers in the circulation 
increase, and there is a decrease in the numbers of lympho-
cytes in the presence of systemic inflammation or inflamma-
tory response, and therefore, NLR also increases8-10. There are 
studies in the literature investigating the relationship between 
preoperatively evaluated NLR and postoperative complica-
tions. Gurbuz et al. conducted a study on 751 elective cor-
onary artery bypass grafting (CABG) patients and reported 
that preoperative NLR was an independent predictive factor 
for the postoperative long-term major adverse cardiac and 
cerebrovascular event9. In our study, preoperative NLR lev-
els were found to be significantly higher in our patient group 
who developed DSWI, but it was not found to be a predic-
tive factor for DSWI development.

An acute inflammatory response is induced during surgi-
cal procedures, which may cause complications in the post-
operative period11,12. Especially, this inflammatory response 

Table 1. Demographic, preoperative, perioperative, and postoperative clinical characteristics of the patients.

Bold indicates statistically significant values. a: χ² test; b: Student’s t-test; c: Mann-Whitney U test. SD: standard deviation; IQR: 25–75th percentile; COPD: chronic 
obstructive pulmonary disease; BMI: body mass index; CPB: cardiopulmonary bypass; CABG: coronary artery bypass grafting; AVR: aortic valve replacement; 
MVR: mitral valve replacement; MRA: mitral ring annuloplasty; ICU: intensive care unit.

Preoperative variables
Group 1 (n=70) Group 2 (n=210)

p-value
n mean±SD/median (IQR) (%) n mean±SD/median (IQR) (%)

Age (years) 61.6±9.9 62.7±9.8 0.294b

Gender (female) 17 (24.3) 68 (32.3) 0.260a

Hypertension 39 (55.7) 126 (60) 0.528a

Hyperlipidemia 20 (28.5) 68 (32.3) 0.671a

COPD 20 (28.5) 28 (13.3) 0.021a

Diabetes mellitus 32 (45.7) 41 (19.5) <0.001a

Smoking 35 (50) 85 (40.4) 0.163a

BMI (>30 kg/m2) 24 (34.2) 42 (20) 0.039a

Ejection fraction (%) 51.5±9.8 50±10.1 0.407b 

EuroSCORE II 1.9 (0.5–5.4) 1.5 (0.5–4.9) 0.214c

Perioperative and postoperative variables

CPB time (min) 83 (36–126) 78 (44–158) 0.318c

CABG 44 (62.8) 138 (65.7) 0.497a

AVR or MVR or MRA or AVR+MVR 6 (8.5) 24 (11.4) 0.503a

Combined surgery 20 (28.5) 48 (22.8) 0.747a

Blood and blood product transfusion (unit) 7 (5–18) 5 (4–9) 0.005c

Inotropic support 20 (28.5) 38 (18) 0.071a

Prolonged mechanical ventilation (>48 h) 19 (27.1) 29 (13.8) 0.017a

Length of hospital stay (day) 18 (15–78) 7 (6–21) <0.001c

Length of stay in the ICU (day) 2 (2–7) 2 (2–5) 0.317c
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Table 3. Multivariate logistic regression analysis to determine predictors of postoperative DSWI development.

Bold indicates statistically significant values. OR: odds ratio; CI: confidence interval; BMI: body mass index; COPD: chronic obstructive pulmonary disease; Pre: 
preoperative; Po1: postoperative 1st day; Po2: postoperative 2nd day; CRP: C-reactive protein; NLR: neutrophil-to-lymphocyte ratio.

Variables

Multivariate analysis

p-value OR
95%CI

Lower-upper

BMI (>30 kg/m2) 0.124 0.657 0.495–1.022

COPD 0.043 0.593 0.456–0.798

Diabetes mellitus 0.012 1.184 1.032–1.446

Inotropic support 0.156 0.778 0.456–1.114

Blood and blood product transfusion 0.029 0.798 0.659–0.991

Prolonged mechanical ventilation (>48 h) 0.057 0.865 0.691–1.138

Po1-CRP 0.217 0.797 0.544–1.009

Po2-CRP 0.009 1.675 1.214–2.229

Pre-NLR 0.239 0.796 0.654–1.002

Po1-NLR 0.002 1.779 1.554–3.191

Po2-NLR 0.071 0.983 0.697–1.598

Delta NLR <0.001 3.192 2.997–7.734

Table 2. Laboratory variables of the patients.

Bold indicates statistically significant values. c: Mann-Whitney U test.  IQR: 25–75th percentile; Pre: preoperative; Po1: postoperative 1st day; Po2: postoperative 
2nd day; WBC: white blood cell; CRP: C-reactive protein; NLR: neutrophil-to-lymphocyte ratio.

Variables
Group 1 (n=70) Group 2 (n=210)

p-value
Median (IQR) Median (IQR)

Pre-WBC (103/μL) 7.4 (4.1–11.2) 7.2 (3.8–10.2) 0.347c

Pre-hemoglobin (g/dL) 12.7 (10.1–16.5) 12.5 (10.7–16.8) 0.545c

Pre-platelet (103/μL) 234 (148–477) 242 (144–476) 0.298c

Pre-neutrophil (103/μL) 4.7 (2.7–8) 4.4 (2.2–7.6) 0.196c

Pre-lymphocyte (103/μL) 1.4 (1–4.2) 1.8 (1.1–4.4) 0.098c

Pre-creatinine (mg/dL) 1 (0.6–1.9) 1.2 (0.6–2) 0.214c

Pre-urea (mg/dL) 19 (10–46) 17 (11–38) 0.474c

Pre-CRP (mg/dL) 9.5 (3.2–41.3) 8.9 (2.9–42) 0.320c

Pre-NLR 3.4 (0.7–6.5) 2.9 (0.8–6.1) 0.044c

Po1-WBC (103/μL) 10.8 (6–16) 10.2 (5.3–17.4) 0.271c

Po1-hemoglobin (g/dL) 9.4 (8.4–11.2) 8.9 (7.9–12) 0.118c

Po1-neutrophil (103/μL) 8.3 (5.4–12.9) 7.8 (5.1–11.4) 0.014c

Po1-lymphocyte (103/μL) 0.7 (0.2–1.7) 0.9 (0.4–2.4) 0.005c

Po1-CRP (mg/dL) 48.5 (12–150) 43.9 (9–138) 0.021c

Po1-NLR 11.9 (4.8–27.2) 9.9 (4.4–25.1) <0.001c

Po2-WBC (103/μL) 11.5 (7.7–17.1) 11.1 (7.3–16.9) 0.211c

Po2-hemoglobin (g/dL) 10.1 (8.9–12.3) 9.6 (8.5–12.9) 0.490c

Po2-neutrophil (103/μL) 9.7 (5.4–14.8) 9.2 (5.3–13.7) 0.094c

Po2-lymphocyte (103/μL) 1 (0.5–2.3) 1.2 (0.6–2.7) 0.014c

Po2-CRP (mg/dL) 102.5 (34–311) 89.9 (29–294) <0.001c

Po2-NLR 9.8 (3.5–21.6) 8.9 (3.4–19.2) 0.003c

Delta NLR 9.8 (4.2–25.2) 7.8 (2.8–21.8) <0.001c
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