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Abstract

:

Objective: The aim of this study was to investigate the relationship between age and sex in regard to the development of deep sternal wound infections and sternal instability following median sternotomy. Methods: A propensity-score-matching analysis was conducted on 4505 patients who underwent cardiac surgery between 2009 and 2021, all of whom had a BMI of ≥30 kg/m2. A total of 1297 matched pairs were determined in the sex group, and 1449 matched pairs we determined in the age group. The distributions of sex, age, diabetes mellitus, delirium, unstable sterna, wire refixation, wire removal, superficial vacuum-assisted wound closure, deep vacuum-assisted wound closure, clamp time, bypass time, logistic EuroSCORE, and BMI were determined. Results: The 30-day in-hospital mortality was found to be similar in the older and younger groups (8.149% vs. 8.35%, p = 0.947), and diabetes mellitus was also equally distributed in both groups. However, postoperative delirium occurred significantly more often in the older group (29.81% vs. 17.46%, p < 0.001), and there was a significantly higher incidence in men compared with women (16.96% vs. 26.91%, p < 0.001). There were no differences found in the incidence of sternum instability, fractured sternum, superficial vacuum-assisted wound closure, and deep vacuum-assisted wound closure between the age and sex groups. Conclusions: In conclusion, this study found that sternal instability and deep-wound-healing problems occur with equal frequency in older and younger patients and in men and women following median sternotomy. However, the likelihood of postoperative delirium is significantly higher in older patients and in men. These findings suggest that a higher level of monitoring and care may be required for these high-risk patient groups to reduce the incidence of postoperative delirium and improve outcomes following median sternotomy.
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1. Introduction


The most common access route in heart surgery is median sternotomy, which was first performed by Milton in 1897 [1]. After the operation, the breastbone is osteosynthetically stabilized with sternal cerclages. Subsequently, the skin is closed with intracutaneous sutures or skin clips. Deep sternal wound infection is a rare but serious complication after median sternotomy [2]. These deep sternal wound infections must be treated with antibiotics and additional surgical procedures. The most established surgical therapy is debridement and VAC-therapy [3]. Deep sternal wound infections lead to prolonged hospital stays and generate high health costs, placing a burden on the healthcare system and society [2,4,5,6,7]. Ferris et al. calculated the average cost of treating a deep sternal wound infection for the year 2016 to be EUR 62,000. These costs are likely to have increased since then [8]. The morbidity and mortality rates increase significantly, with early mortality and one-year mortality rates rising from 10 to 47% due to deep sternal wound infection. The long-term survival is reduced [2,4,9,10]. In a recently published meta-analysis of 24 studies and 407,829 patients, Perezgrovas-Olaria et al. demonstrated that the mortality rate for deep sternal wound infection is greatly increased [11]. Preoperative risk factors include sex, age, obesity, diabetes mellitus, smoking, chronic obstructive pulmonary disease (COPD), and reduced ejection fraction. Intraoperative risk factors include, in particular, the use of both thoracic arteries (BIMA) and prolonged bypass time. The most important postoperative risk factors are re-exploration of the thorax and blood transfusion [2,6,12,13,14,15,16,17,18,19]. Heilmann et al. described how insulin-dependent diabetes is the most predisposing risk factor for deep sternal wound infection. Heilmann et al. also described how the mechanical stress on the sternum due to COPD is a significant cause of sternal instability but not for superficial-wound-healing disorders [20]. The incidence of deep sternal wound infection varies from 0.6 to 4%. In extreme cases, it can even reach 10% [6,21,22]. Softah et al. reported a rate of 2.5% for superficial-wound-healing disorders and 0.37% for deep sternal wound infections in a study of 3200 patients [23]. For the distinction between a superficial- or deep-sternal-wound-healing disorder, there are essentially two classification systems: first, the classification according to the Centers for Disease Control and Classifications, and second, the Emory classification of sternal wound infection [24,25,26]. In our study, the classification of wound-healing disorders according to the Emory classification was used (see Table 1) [26].



Saleh et al. showed that the occurrence of superficial-wound-healing disorders in cardiac surgery is as common as in other surgical disciplines. However, cardiac-surgery patients are more frequently affected by deep sternal wound infections due to the presence of more risk factors [25].



Matros et al. found a correlation between deep sternal wound infection and advanced age, while Biancari et al. highlighted the correlation between deep sternal wound infection and female gender [14,27].



In our retrospective observational study, we focused on the occurrence of deep sternal wound infection and sternal instability in relation to gender and age.




2. Patients and Methods


This study was conducted for quality-control reasons and is completely retrospective in nature. Ethics-committee approval was approved prior to study initiation (E-01-20220705, 18 November 2022). Data collection was fully compliant with the European General Data Protection Regulation (GDPR). After data collection and before statistical analysis, data were anonymized. We conducted a retrospective observational study. Patient consent was waived because of the retrospective study design. We studied 4505 overweight patients, with a body mass index (BMI) of ≥30 kg/m2, who had undergone any cardiac surgery with a median sternotomy at our university cardiac institute from 2009 to 2021. Most of them were coronary artery bypass grafting and valve replacements. In the cases of the coronary surgeries, a majority were performed using the left internal mammary artery (LIMA) and the great saphenous vein graft (SVG). The primary objective was to examine age and sex differences regarding the development of deep sternal wound infection and sternal instability after median sternotomy.



2.1. Data Collection


In this study, a comprehensive set of baseline data was collected on various demographic and medical factors, including age, sex, body mass index (BMI), presence of diabetes, and the log. EuroSCORE. The female influence on the EuroSCORE was taken into account. These data were used to establish a baseline for comparison with postoperative outcomes. Additionally, specific surgical data, such as aortic clamping time, duration of surgery, and use of the internal mammary artery (IMA), were also recorded. These data are critical in understanding the surgical procedure and its impact on postoperative outcomes.



The occurrence of postoperative delirium, a common complication following cardiac surgery, was assessed using a mini mental test, which is a standard method in clinical practice. Early mortality was defined as death within 30 days post-surgery or patients who never left the hospital. This outcome is a critical measure of the success of the surgical procedure and postoperative care.



Furthermore, data on the occurrence of deep-sternal-wound-healing disorder (DSWI) and surgical-site infections (SIs) were recorded as soon as therapy was required. Information such as when wires needed to be retightened, instances of fractured sternums, and the need for wire removal were also identified. These data provide insight into the healing process of the surgical wound and the interventions required for proper healing. DSWI was treated with negative-pressure wound therapy (NPWT), a well-established treatment for this complication, while SI was treated with retightening of wires, rewiring of the sternum, and secondary closure of the skin wound via back stitches.



Both baseline data and wound-healing data were obtained from the hospital database (SAP®, SAP SE, Walldorf, Germany). This ensured the accuracy and completeness of the data. The use of a standardized database also facilitates the analysis and interpretation of the data.




2.2. Risk Factor Analysis


In our scientific investigation, we also performed a risk-factor analysis by calculating odds ratios prior to the main study. We distinguished age-related risk factors for the development of deep sternal wound infection and mortality. Moreover, we described gender-related risk factors for mortality and the development of deep sternal wound infection. In both cases, the odds ratios were calculated for each risk factor separately, distinguishing between age groups or sexes where it was adequate.




2.3. Statistical Analysis


Statistical analysis was performed using R-4.3.1 for Windows (R Core Team, Vienna, Austria) [28]. To reduce bias for the comparison of age groups (under 80 and over 80 years), as well as males vs. females, we performed propensity-score matchings, using the R-package MatchIt Version 4.5.4, with BMI, logES, and either sex or age as matching parameters [29]. In this technique, a propensity score (PS) is calculated for each patient according to his/her matching parameters before selecting fitting pairs of patients from both study groups that match in their PS. The resulting matched dataset, while reduced in size, aims to minimize the bias usually caused when comparing groups with significantly different baseline characteristics.



Following that, numerical data were tested for normal distribution by using the Shapiro–Wilk test before comparing normal distributed data with Student’s t-test and using Mann–Whitney U test otherwise.



Categorical data were compared with Chi2 and Fisher’s exact test. In either case, a p-value under 0.05 was considered significant.





3. Results


3.1. Age-Related Risk-Factor Analysis


Diabetes was a significant risk factor for the development of deep sternal wound infection in the under-80 age group. This risk factor was not confirmed for the elderly patients. Patients over 80 years of age had a significantly higher risk for the development of deep sternal wound infection if they received postoperative NIV ventilation (non-invasive ventilation). For patients under 80, NIV ventilation was not a risk factor for developing a deep sternal wound infection. Postoperative delirium was found to be an independent risk factor for the development of deep sternal wound infection across all age groups. Interestingly, it was observed that delirium was not an independent risk factor for mortality in the over-80 age group. Diabetes was a cause of slightly increased mortality in all age groups, but it was not a significant risk factor. However, it was observed that, in all age groups, postoperative NIV ventilation was a significantly independent risk factor for mortality. In patients under 80 years of age, re-operation, i.e., the need for a redo-sternotomy for reasons such as bleeding, was an independent risk factor for increased mortality. This was not a risk factor for those over 80 years old (Figure 1).




3.2. Gender-Related Risk-Factor Analysis


Postoperative NIV ventilation was an independent risk factor for the development of deep sternal wound infection in men. In women, the risk for the development of deep sternal wound infection after NIV ventilation was increased, but not significant. Diabetes was only an independent risk factor for the development of deep sternal wound infection in women. Postoperative delirium was found to be an independent risk factor for the development of deep sternal wound infection in both genders. Surprisingly, postoperative delirium was an independent risk factor for lower mortality in men. In women, delirium was not a risk factor for mortality. Older age, over 80 years, was an independent risk factor for mortality in men. This effect was not observed in women. Postoperative NIV ventilation was a significant independent risk factor for mortality in both genders. Re-operation, i.e., the need for repeat sternotomy after primary sternotomy, was an independent risk factor for both genders (Figure 2).




3.3. Gender


A total of 4505 patients were included in the study, with 1297 pairs matched for gender. Hospital mortality was found to be equally distributed among females (8.02%, n = 104) and males (8.17%, n = 106) (p = 0.943). Similarly, the incidence of diabetes was found to be equally distributed among females (50.42%, n = 654) and males (50.19%, n = 651) (p = 0.937). However, a significant difference was observed in the incidence of postoperative delirium, with females experiencing a lower incidence (16.96%, n = 220) compared to males (26.91%, n = 349) (p = 0.001). The incidence of unstable sternum was found to be equally distributed among females (3.32%, n = 43) and males (4.47%, n = 58) (p = 0.155). No significant difference was observed in the incidence of sternal wire tightening among females (1.08%, n = 14) and males (1.39%, n = 18) (p = 0.594). A fractured sternum was observed in 1.7% (n = 22) of females and 0.85% (n = 11) of males, with no significant difference (p = 0.08). No significant difference was observed in the incidence of postoperative wire discomfort among females (0.69%, n = 9) and males (0.62%, n = 8) (p = 1). Wire-cerclage removal was required in 5.63% (n = 73) of females and 6.4% (n = 83) of males, with no significant difference (p = 0.457). A total of 3.27% (n = 42) of females and 2.7% (n = 35) of males required re-sternotomy for various reasons, such as bypass occlusion or bleeding, with no significant difference in distribution of re-sternotomy between the two groups. A superficial VAC-therapy was received by 5.55% (n = 72) of females and 5.09% (n = 66) of males, with no significant difference (p = 0.662). A deep VAC-therapy was received by 2.54% (n = 33) of females and 3.01% (n = 39) of males, with no significant difference (p = 0.55). The aortic clamp time was found to be similar among females (75.28 min ± 45.78 min) and males (72.65 min ± 42.68 min) (p = 0.131). However, the bypass time was found to be longer in females (127.2 min ± 61.56 min) compared to males (120.68 min ± 63.99 min) (p = 0.008). The log. EuroSCORE was found to be similar among females (11.98 ± 15.75) and males (12.48 ± 15.14) (p = 0.411). According to the inclusion criteria, the body mass index (BMI) was above 30 kg/m2 in both groups. In the female group, the mean BMI was 34.24 kg/m2 ± 4.31 kg/m2, and in the male group, it was 34.11 kg/m2 ± 4.01 kg/m2. This was not found to be statistically significant (p = 0.416). The mean age in the female group was 77.15 years ± 9.5 years. In the male group, it was 77.13 years ± 9.72 years. The age was found to be similar in both groups (p = 0.948) (Table 2).




3.4. Age


The gender distribution was equal among the groups of individuals over 80 years of age and under 80 years of age. Among individuals over 80 years of age, 39.82% (n = 577) were female, and among individuals under 80 years of age, 41.82% (n = 606) were female. The hospital mortality rate was 8.49% (n = 123) among individuals over 80 years of age and 8.25% (n = 121) among individuals under 80 years of age, with no significant difference (p = 0.947). The prevalence of diabetes mellitus was 52.17% (n = 756) among individuals over 80 years of age and 50.1% (n = 726) among individuals under 80 years of age, with no significant difference (p = 0.281). The incidence of postoperative delirium was 29.81% (n = 432) among individuals over 80 years of age and 17.46% (n = 253) among individuals under 80 years of age, with a highly significant difference (p < 0.001). The incidence of postoperative unstable sternum was 3.86% (n = 56) among individuals over 80 years of age and 4.72% (n = 67) among individuals under 80 years of age, with no significant difference (p = 0.357). The incidence of re-tightening of the wires was 0.97% (n = 14) among individuals over 80 years of age and 1.59% (n = 23) among individuals under 80 years of age, with no significant difference (p = 0.186). The incidence of sternal fracture was 1.31% (n = 19) among individuals over 80 years of age and 1.17% (n = 17) among individuals under 80 years of age, with no significant difference (p = 0.186). The incidence of postoperative wire discomfort was 0.35% (n = 5) among individuals over 80 years of age and 0.97% (n = 14) among individuals under 80 years of age, with no significant difference (p = 0.066). The incidence of postoperative removal of wire cerclage was 6.49% (n = 14) among individuals over 80 years of age and 7.04% (n = 23) among individuals under 80 years of age, with no significant difference (p = 0.605). The incidence of re-sternotomy for any reason, including bleeding or re-operation, was 3.38% (n = 49) among individuals over 80 years of age and 3.52% (n = 51) among individuals under 80 years of age, with no significant difference (p = 0.919). A superficial VAC therapy was received by 5.78% (n = 85) of patients in the over-80-years group and 5.52% (n = 80) of patients in the under-80-years group. There was no significant difference in this regard (p = 0.748). A deep VAC-therapy was received by 3.59% (n = 52) of patients in the over-80-years group and 2.69% (n = 39) of patients in the under-80-years group. There was no significant difference in this regard (p = 0.201). The aortic clamp time in the over-80-years group was 76.52 min ± 49.62 min. The aortic clamp time in the under-80-years group was 72.44 min ± 39.63 min. The aortic clamping time showed a highly significant difference (p = 0.014). The bypass time in the over-80-years group was 128.85 min ± 68.4 min. The bypass time in the under-80-years group was 122.92 min ± 59.28 min. The bypass time showed a highly significant difference (p = 0.013) (Table 3).



The heart surgeries took longer in older patients. The log. EuroSCORE in the over-80-years group was 14.29 ± 15.68. In the under-80-years group, it was 12.24 ± 15.59. A highly significant difference was present here (p < 0.001). The BMI, according to inclusion criteria, was over 30 kg/m2 in both groups. In the over-80-years group, it was, on average, 33.58 kg/m2 ± 3.57 kg/m2, and in the under-80-years group, it was 33.54 kg/m2 ± 3.79 kg/m2. This was also not significant (p = 0.767). The age in the over-80-years group was 85.17 ± 3.52 years. In the under-80-years group, it was 70.36 years ± 7.73 years. The age was, as expected, significantly different in both groups according to the age-group division (p = 0.001).





4. Discussion


In many clinical studies, the risk factors that can influence the development of deep sternal wound infections following median sternotomy have been discussed. Biancari et al. found that the female sex is a predictor for the development of deep sternal wound infections [14]. Breyer et al. and Itagaki et al. also demonstrated a significantly higher occurrence of postoperative deep sternal wound infections in women and concluded that the female sex is an independent risk factor for the development of deep sternal wound infections, whereas Krasivskyi et al., in their study, did not see such a difference [30,31,32]. Gatti et al. analyzed 2.872 patients after isolated CABG surgery and showed that the female sex was a strong predictor of DSWI [33]. Copeland et al. gave as the reason for the difference they identified between women and men, and this was that a large female breast exerts inferolateral tension on the incision and, thus, more frequently causes wound-healing disturbances in women. To prevent this, patients were advised to wear a special supportive bra postoperatively [34].



The interaction between CABG and one or both ITAs, along with female sex, were strongly associated with CDC-negative surgical site infection (SSI). Indeed, tension of the breast upon the skin wound may be an additional risk factor for delayed wound healing and wound leakage, leading to SSI [32].



The results of our study were not able to confirm these findings. We found no differences between the sexes regarding the occurrence of unstable sternums and superficial- and deep-wound-healing disturbances. We conducted a single-center match-paired analysis with 1297 pairs, whereas Biancari et al. conducted a prospective multicenter study with a total of 7352 patients [14].



Postoperative delirium can also lead to deep sternal wound infections. In delirium, patients are often disoriented and agitated. The agitation often results in increased shearing forces acting on the freshly operated-on sternum halves. This can lead to deep sternal wound infections and sternum instability. Our results were able to confirm that men are more likely to experience delirium after heart surgery. This could be due to the fact that men have more risk factors that can lead to postoperative delirium than women. For example, men are more prone to excessive alcohol consumption. Perhaps higher testosterone levels might lead to the occurrence of postoperative delirium. To prevent postoperative delirium with the risk of postoperative wound-healing disturbance, patients could be encouraged to reduce the alcohol consumption and take fewer drugs.



The results of the groups of over 80-year-olds and under 80-year-olds were similar to the already known findings from clinical studies.



As expected, the results of our study showed that postoperative delirium occurs more frequently in older patients. Age is an independent risk factor for postoperative delirium [35].



The logistic EuroSCORE was significantly higher in older patients. As older individuals generally have more comorbidities, this is reflected in the EuroSCORE and hospital mortality [36]. However, our study did not show an increased hospital mortality in the group of patients over 80 years of age. It is possible that the group size of approximately 600 patients in both groups was too small to detect a higher hospital mortality in the group of patients over 80 years of age. Both the aortic clamping time and bypass time were significantly higher in the group of patients over 80 years of age. This could be due to the fact that the heart diseases leading to heart surgery in older patients are in more advanced stages than in younger patients. The results of our study are in line with the findings of other groups [37]. With regard to deep sternal wound infection and sternum instability after median sternotomy, no differences in the incidence could be detected. In this regard, our study results differ from those in the research landscape [38]. Our study was not underpowered, with 600 patients in each group. In our heart center, the rate of postoperative wound-healing disorders was the same in old and young patients. Perhaps additional age groups could have been formed to determine the subtle differences in the incidence of wound-healing disorders.



Limitations


Our study is limited by its retrospective nature. Additionally, it is a single-center study, which may have lower statistical power compared to a multicenter study. The number of cases may be underpowered.





5. Conclusions


It has been observed that there is no significant difference in the incidence of sternum instability and deep-wound-healing complications among individuals under 80 years of age and those above 80 years of age, as well as among men and women who have undergone median sternotomy. However, there is a statistically significant increase in the likelihood of postoperative delirium among individuals over 80 years of age and among men. Sternum instability and deep-wound-healing problems occur with equal frequency in under-80- and over-80-year-olds and in men and women undergoing median sternotomy.







Author Contributions


C.B., conceptualization, investigation, methodology, data curation, writing—original draft, response to reviews, and project administration; F.S., formal analysis and visualization; R.-U.K., validation; R.O., validation; M.H., investigation; M.L.L., investigation; A.-M.N., investigation; V.S., investigation; J.M.A., methodology, validation, resources, supervision, and writing—review and editing. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Brandenburg Medical School (protocol code E-01-20220705 dated 18 November 2022).




Informed Consent Statement


Patient consent was waived due to the retrospective observational study design.




Data Availability Statement


Data will not be published for privacy reasons and will be saved at the hospital.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Reser, D.; Caliskan, E.; Tolboom, H.; Guidotti, A.; Maisano, F. Median sternotomy. Multimed. Man. Cardiothorac. Surg. 2015, 2015, mmv017. [Google Scholar] [CrossRef]

	



Borger, M.A.; Rao, V.; Weisel, R.D.; Ivanov, J.; Cohen, G.; Scully, H.E.; David, T. Deep Sternal Wound Infection: Risk Factors and Outcomes. Ann. Thorac. Surg. 1998, 65, 1050–1056. [Google Scholar] [CrossRef] [PubMed]

	



Baillot, R.; Cloutier, D.; Montalin, L.; Côté, L.; Lellouche, F.; Houde, C.; Gaudreau, G.; Voisine, P. Impact of deep sternal wound infection management with vacuum-assisted closure therapy followed by sternal osteosynthesis: A 15-year review of 23499 sternotomies. Eur. J. Cardio Thorac. Surg. 2010, 37, 880–887. [Google Scholar] [CrossRef]

	



Sears, E.D.; Wu, L.; Waljee, J.F.; Momoh, A.O.; Zhong, L.; Chung, K.C. The Impact of Deep Sternal Wound Infection on Mortality and Resource Utilization: A Population-based Study. World J. Surg. 2016, 40, 2673–2680. [Google Scholar] [CrossRef] [PubMed]

	



Graf, K.; Ott, E.; Vonberg, R.P.; Kuehn, C.; Haverich, A.; Chaberny, I.F. Economic aspects of deep sternal wound infections☆. Eur. J. Cardio Thorac. Surg. 2010, 37, 893–896. [Google Scholar] [CrossRef]

	



Tang, G.H.L.; Maganti, M.; Weisel, R.D.; Borger, M.A. Prevention and management of deep sternal wound infection. Semin. Thorac. Cardiovasc. Surg. 2004, 16, 62–69. [Google Scholar] [CrossRef] [PubMed]

	



Storey, A.; MacDonald, B.; Rahman, M.A. The association between preoperative length of hospital stay and deep sternal wound infection: A scoping review. Aust. Crit. Care 2021, 34, 620–633. [Google Scholar] [CrossRef]

	



Ferris, T.G.; Torchiana, D.F. Public Release of Clinical Outcomes Data—Online CABG Report Cards. N. Engl. J. Med. 2010, 363, 1593–1595. [Google Scholar] [CrossRef]

	



Filsoufi, F.; Castillo, J.G.; Rahmanian, P.B.; Broumand, S.R.; Silvay, G.; Carpentier, A.; Adams, D.H. Epidemiology of Deep Sternal Wound Infection in Cardiac Surgery. J. Cardiothorac. Vasc. Anesth. 2009, 23, 488–494. [Google Scholar] [CrossRef]

	



Steingrimsson, S.; Gottfredsson, M.; Kristinsson, K.G.; Gudbjartsson, T. Deep sternal wound infections following open heart surgery in Iceland. A population-based study. Scand. Cardiovasc. J. 2008, 42, 208–213. [Google Scholar] [CrossRef]

	



Perezgrovas-Olaria, R.; Audisio, K.; Cancelli, G.; Rahouma, M.; Ibrahim, M.; Chadow, D.; Demetres, M.; Girardi, L.N.; Gaudino, M. Deep Sternal Wound Infection and Mortality in Cardiac Surgery: A Meta-analysis. Ann. Thorac. Surg. 2022, 115, 272–280. [Google Scholar] [CrossRef]

	



Blanchard, A.; Hurni, M.; Ruchat, P.; Stumpe, F.; Fischer, A.; Sadeghi, H. Incidence of deep and superficial sternal infection after open heart surgery. A ten years retrospective study from 1981 to 1991. Eur. J. Cardio Thorac. Surg. 1995, 9, 153–157. [Google Scholar] [CrossRef] [PubMed]

	



Lemaignen, A.; Birgand, G.; Ghodhbane, W.; Alkhoder, S.; Lolom, I.; Belorgey, S.; Lescure, F.-X.; Armand-Lefevre, L.; Raffoul, R.; Dilly, M.-P.; et al. Sternal wound infection after cardiac surgery: Incidence and risk factors according to clinical presentation. Clin. Microbiol. Infect. 2015, 21, 674.e11–674.e18. [Google Scholar] [CrossRef] [PubMed]

	



Biancari, F.; Gatti, G.; Rosato, S.; Mariscalco, G.; Pappalardo, A.; Onorati, F.; Faggian, G.; Salsano, A.; Santini, F.; Ruggieri, V.G.; et al. Preoperative risk stratification of deep sternal wound infection after coronary surgery. Infect Control. Hosp. Epidemiol. 2020, 41, 444–451. [Google Scholar] [CrossRef] [PubMed]

	



Floros, P.; Sawhney, R.; Vrtik, M.; Hinton-Bayre, A.; Weimers, P.; Senewiratne, S.; Mundy, J.; Shah, P. Risk Factors and Management Approach for Deep Sternal Wound Infection After Cardiac Surgery at a Tertiary Medical Centre. Heart Lung Circ. 2011, 20, 712–717. [Google Scholar] [CrossRef] [PubMed]

	



Lu, J.C.Y.; Grayson, A.D.; Jha, P.; Srinivasan, A.K.; Fabri, B.M. Risk factors for sternal wound infection and mid-term survival following coronary artery bypass surgery. Eur. J. Cardio Thorac. Surg. 2003, 23, 943–949. [Google Scholar] [CrossRef]

	



Hussey, L.C.; Leeper, B.; Hynan, L.S. Development of the Sternal Wound Infection Prediction Scale. Hear. Lung 1998, 27, 326–336. [Google Scholar] [CrossRef]

	



Savage, E.B.; Grab, J.D.; O’Brien, S.M.; Ali, A.; Okum, E.J.; Perez-Tamayo, R.A.; Eiferman, D.S.; Peterson, E.D.; Edwards, F.H.; Higgins, R.S. Use of Both Internal Thoracic Arteries in Diabetic Patients Increases Deep Sternal Wound Infection. Ann. Thorac. Surg. 2007, 83, 1002–1006. [Google Scholar] [CrossRef]

	



Meszaros, K.; Fuehrer, U.; Grogg, S.; Sodeck, G.; Czerny, M.; Marschall, J.; Sodeck, G.; Carrel, T. Risk Factors for Sternal Wound Infection After Open Heart Operations Vary According to Type of Operation. Ann. Thorac. Surg. 2016, 101, 1418–1425. [Google Scholar] [CrossRef]

	



Heilmann, C.; Stahl, R.; Schneider, C.; Sukhodolya, T.; Siepe, M.; Olschewski, M.; Beyersdorf, F. Wound complications after median sternotomy: A single-centre study†. Interact. Cardiovasc. Thorac. Surg. 2013, 16, 643–648. [Google Scholar] [CrossRef]

	



Phoon, P.H.Y.; Hwang, N.C. Deep Sternal Wound Infection: Diagnosis, Treatment and Prevention. J. Cardiothorac. Vasc. Anesth. 2020, 34, 1602–1613. [Google Scholar] [CrossRef] [PubMed]

	



Tavilla, G.; van Son, J.A.M.; Verhagen, A.F.; Lacquet, L.K. Modified Robicsek technique for complicated sternal closure. Ann. Thorac. Surg. 1991, 52, 1179–1180. [Google Scholar] [CrossRef] [PubMed]

	



Softah, A.; Bedard, A.; Hendry, P.; Masters, R.G.; Goldstein, W.; Brais, M.; Keon, W. Wound Infection in Cardiac Surgery. Ann. Saudi Med. 2002, 22, 105–107. [Google Scholar] [CrossRef]

	



Badawy, M.A.; Shammari, F.A.; Aleinati, T.; Eldin, M.S.; Tarazi, R.; Alfadli, J. Deep sternal wound infection after coronary artery bypass: How to manage? Asian Cardiovasc. Thorac. Ann. 2014, 22, 649–654. [Google Scholar] [CrossRef] [PubMed]

	



Omran, A.S.; Karimi, A.; Ahmadi, S.H.; Davoodi, S.; Marzban, M.; Movahedi, N.; Abbasi, K.; Boroumand, M.A.; Davoodi, S.; Moshtaghi, N. Superficial and deep sternal wound infection after more than 9000 coronary artery bypass graft (CABG): Incidence, risk factors and mortality. BMC Infect. Dis. 2007, 7, 112. [Google Scholar] [CrossRef] [PubMed]

	



El Oakley, R.M.; Wright, J.E. Postoperative mediastinitis: Classification and management. Ann. Thorac. Surg. 1996, 61, 1030–1036. [Google Scholar] [CrossRef]

	



Matros, E.; Aranki, S.F.; Bayer, L.R.; McGurk, S.; Neuwalder, J.; Orgill, D.P. Reduction in incidence of deep sternal wound infections: Random or real? J. Thorac. Cardiovasc. Surg. 2010, 139, 680–685. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria. 2021. Available online: https://www.R-project.org/ (accessed on 1 January 2022).

	



Ho, D.E.; Imai, K.; King, G.; Stuart, E.A. MatchIt: Nonparametric Preprocessing for Parametric Causal Inference. J. Stat. Soft. 2011, 42, 1–28. Available online: http://www.jstatsoft.org/v42/i08/ (accessed on 1 January 2022). [CrossRef]

	



Breyer, R.H.; Mills, S.A.; Hudspeth, A.S.; Johnston, F.R.; Cordell, A.R. A Prospective Study of Sternal Wound Complications. Ann. Thorac. Surg. 1984, 37, 412–416. [Google Scholar] [CrossRef]

	



Itagaki, S.; Cavallaro, P.; Adams, D.H.; Chikwe, J. Bilateral internal mammary artery grafts, mortality and morbidity: An analysis of 1 526 360 coronary bypass operations. Heart 2013, 99, 849–853. [Google Scholar] [CrossRef]

	



Krasivskyi, I.; Ivanov, B.; Eghbalzadeh, K.; Fehlau, F.; Gerfer, S.; Großmann, C.; Elderia, A.; Sabashnikov, A.; Rahmanian, P.B.; Mader, N.; et al. Sex-Associated Differences in Short-Term Outcomes in Patients with Deep Sternal Wound Infection after Open-Heart Surgery. J. Clin. Med. 2022, 11, 7510. [Google Scholar] [CrossRef] [PubMed]

	



Gatti, G.; Maschietto, L.; Morosin, M.; Russo, M.; Benussi, B.; Forti, G.; Dreas, L.; Sinagra, G.; Pappalardo, A. Routine use of bilateral internal thoracic artery grafting in women: A risk factor analysis for poor outcomes. Cardiovasc. Revasc. Med. 2016, 18, 40–46. [Google Scholar] [CrossRef] [PubMed]

	



Copeland, M.; Senkowski, C.; Ulcickas, M.; Mendelson, M.; Griepp, R.B. Breast Size as a Risk Factor for Sternal Wound Complications Following Cardiac Surgery. Arch. Surg. 1994, 129, 757–759. [Google Scholar] [CrossRef]

	



Litaker, D.; Locala, J.; Franco, K.; Bronson, D.L.; Tannous, Z. Preoperative risk factors for postoperative delirium. Gen. Hosp. Psychiatry 2001, 23, 84–89. [Google Scholar] [CrossRef]

	



Alexander, K.P.; Anstrom, K.J.; Muhlbaier, L.H.; Grosswald, R.D.; Smith, P.K.; Jones, R.H.; Peterson, E.D. Outcomes of cardiac surgery in patients age ≥80 years: Results from the National Cardiovascular Network. J. Am. Coll. Cardiol. 2000, 35, 731–738. [Google Scholar] [CrossRef] [PubMed]

	



Fukui, T.; Bando, K.; Tanaka, S.; Uchimuro, T.; Tabata, M.; Takanashi, S. Early and mid-term outcomes of combined aortic valve replacement and coronary artery bypass grafting in elderly patients. Eur. J. Cardio Thorac. Surg. 2014, 45, 335–340. [Google Scholar] [CrossRef] [PubMed]

	



Ridderstolpe, L.; Gill, H.; Granfeldt, H.; Åhlfeldt, H.; Rutberg, H. Superficial and deep sternal wound complications: Incidence, risk factors and mortality. Eur. J. Cardio Thorac. Surg. 2001, 20, 1168–1175. [Google Scholar] [CrossRef]








[image: Jcm 12 04271 g001 550] 





Figure 1. Age-related risk factors. PSM: Propensity Score Matching; DSWI: Deep-Sternal-Wound-Infection. 
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Figure 2. Gender-related risk factors. 
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Table 1. Emory classification of sternal wound infection.
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	Type
	Depth
	Description





	1a
	Superficial
	Skin and subcutaneous-tissue dehiscence



	1b
	Superficial
	Exposure of sutured deep fascia



	2a
	Deep
	Exposed bone, stable wired sternotomy



	2b
	Deep
	Exposed bone, unstable wired sternotomy



	3a
	Deep
	Exposed necrotic or fractured bone, unstable, heart exposed



	3b
	Deep
	Type 2 or 3 with septicemia
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Table 2. Gender.






Table 2. Gender.





	 
	Female
	Male
	p-Value





	Sex
	100% (1297)
	0% (0)
	<0.001



	In-house death
	8.02% (104)
	8.17% (106)
	0.943



	Diabetes mellitus
	50.42% (654)
	50.19% (651)
	0.937



	Delirium
	16.96% (220)
	26.91% (349)
	<0.001



	Sternum instability
	3.32% (43)
	4.47% (58)
	0.155



	Re-fixated wires
	1.08% (14)
	1.39% (18)
	0.594



	Fractured sternum
	1.7% (22)
	0.85% (11)
	0.08



	Wire discomfort
	0.69% (9)
	0.62% (8)
	1



	Wire removal
	5.63% (73)
	6.4% (83)
	0.457



	Re-sternotomy
	3.24% (42)
	2.7% (35)
	0.488



	Superficial vacuum therapy
	5.55% (72)
	5.09% (66)
	0.662



	Deep vacuum therapy
	2.54% (33)
	3.01% (39)
	0.55



	Aortic clamping time
	75.28 ± 45.78
	72.65 ± 42.68
	0.131



	Bypass time
	127.2 ± 61.56
	120.68 ± 63.99
	0.008



	log. EuroSCORE
	11.98 ± 15.75
	12.48 ± 15.14
	0.411



	BMI
	34.24 ± 4.31
	34.11 ± 4.01
	0.416



	Age
	77.15 ± 9.5
	77.13 ± 9.72
	0.948







BMI: Body Mass Index.
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Table 3. Age.






Table 3. Age.





	 
	Over 80 Years
	Under 80 Years
	p-Value





	Sex
	39.82% (577)
	41.82% (606)
	0.29



	In-house death
	8.49% (123)
	8.35% (121)
	0.947



	Diabetes mellitus
	52.17% (756)
	50.1% (726)
	0.281



	Delirium
	29.81% (432)
	17.46% (253)
	<0.001



	Sternum instability
	3.86% (56)
	4.62% (67)
	0.357



	Re-fixated wires
	0.9% (14)
	1.59% (23)
	0.186



	Fractured Sternum
	1.31% (19)
	1.17% (17)
	0.867



	Wire discomfort
	0.35% (5)
	0.97% (14)
	0.066



	Wire removal
	6.49% (94)
	7.04% (102)
	0.605



	Re-Sternotomy
	3.38% (49)
	3.52% (51)
	0.919



	Superficial vacuum therapy
	5.87% (85)
	5.52% (80)
	0.748



	Deep vacuum therapy
	3.59% (52)
	2.69% (39)
	0.201



	Aortic clamping time
	76.52 ± 49.62
	72.44 ± 39.63
	0.014



	Bypass time
	128.85 ± 68.4
	122.92 ± 59.28
	0.013



	log. EuroSCORE
	14.29 ± 15.68
	12.24 ± 15.59
	<0.001



	BMI
	33.58 ± 3.57
	33.54 ± 3.79
	0.767



	Age
	85.17 ± 3.52
	70.36 ± 7.73
	<0.001
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