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ABSTRACT
Aim: We compared steel wire-titanium hooks combination with steel wire-titanium plates and screws combination to investigate the most effective sternum closure method in risky patients undergoing median sternotomy.
Patients and Methods: We examined 67 patients underwent median sternotomy between October 2018 and January 2020. Patients who needed postoperative chemotherapy or radiotherapy due to malignancy were excluded from the study. The patients randomly divided into two groups with similar risk factors. In the first group, a steel wires-titanium hooks combination was used to close the sternum. Steel wires-titanium plates and screws combination was used in the second group of patients.
Results: No dehiscence or mediastinitis were observed in either patient group. Superficial wound infection was seen in 4 patients for each group and was successfully treated with antibiotic therapy. There was no significant difference between the two groups regarding the intensive care stay, the duration of hospitalization, the amount of bleeding and reexploration (p>0.05).
Conclusion: The choice between sternal closure techniques in high-risk patients should be mainly adapted to the characteristics of the patient. The most cost-effective and experienced method should be preferred when making the right decision.
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INTRODUCTION
	Cardiovascular surgeons have not abandoned cost-effective steel wire choices for sternum closure (1). Sternal dehiscence is the most risky complication that can seen after a median sternotomy (2). Elderly patients, osteoporosis, diabetes mellitus, obesity (BMI> 30) and female gender are risk factors for dehisens (3). Techniques such as Robicsek are available for patients at risk. However, the application of any method involving the use of steel wire is still under discussion in risked patients (4,5). With the advances in technology, classical sternal closure methods have been replaced by new techniques such as titanium plates, titanium hooks (Talon), thermoreactive nitinol clips, flat wire sternal closure systems, plastic materials and titanium cables (6,7). The new sternal closure methods have a high cost compared to steel wire. They also extend the operation time and are difficult to implement. Many surgeons prefer new methods instead of steel wire in patients at risk of dehiscence (8,9).
We compared steel wire-titanium hooks combination with steel wire-titanium plates and screws combination to investigate the most effective sternum closure method in risky patients undergoing median sternotomy.
PATIENTS AND METHODS
Materials and Methods
We examined 67 patients undergoing median sternotomy between October 2018 and January 2020. Patients who needed postoperative chemotherapy or radiotherapy due to malignancy were excluded from the study. The patients randomly divided into two groups with similar risk factors. In the first group, a steel wires-titanium hooks combination was used to close the sternum. Steel wires-titanium plates and screws combination was used in the second group of patients.

Statistical Analysis
	Statistical analysis was performed with the SPSS version 24.0 program (SPSS Inc. Chicago IL, USA). The normal distribution of the variables was examined by histogram graphs and the Kolmogorov-Smirnov test. Mean ± standard deviation values were used to present descriptive analyzes. Pearson Chi-Square and Fishers Exact Tests were compared with 2x2 tables. While normally distributed (parametric) variables were evaluated among the groups, Student T-test was used. Mann Whitney U Test was used to evaluate nonparametric variables. Logistic regression tests were performed to find odds ratio. P-values below 0.05 were evaluated as statistically significant results.

Results
The patients were divided into two groups. First group’s sternums were closed using steel wires-titanium hooks combination (Yaylamed Inc). The mean age of the patients was 65.5 ±7.8 (min 62-max 73.2). 18 of the patients (52.9%) were women. Diabetes mellitus was present in 14 (41.1%), hypertension in 9 (26.4%) and chronic obstructive pulmonarydisease (COPD) in 7 (20.58%) (with FEV1<80% and FEV1/FVC<70% with spirometry) patients. 19 (55.88%) patients were smoker (more than 10 years/pack), 8 (23.52%) patients were obese (BMI>30 kg/m2). 26 (76.47%) patients had multiple comorbidity. 
[bookmark: _Hlk46058602]Figure 1: Patient who closed sternum using by steel wire and titanium hooks.
Second group’s sternums were closed using steel wires-titanium plates and screws. The average age was recorded as 67 ± 7.1 (min 57-max 74.2). 17 (51.51%) of the patients were women. Diabetes mellitus was present in 7 (21.21%), hypertension in 6 (19.8%), COPD in 7 (21.21%) (FEV1<80% and FEV1/FVC<70% with spirometry) patients. 24 (36.3%) patients were smoker (more than 10 years/pack), 5 (15.15%) patients were obese (BMI>30 kg/m2). 24 (72.27%) patients had multiple comorbidity. 
Figure 2: Direct graphy of patient who recieved steel wire-titanium plates and screws.
Table 1. Preoperative patient characteristics.
All patients underwent standard median sternotomy and operations were performed under cardiopulmonary bypass (CPB) with aortic cross-clamp. Cephalosporin was used in all patients for surgical prophylaxis. The skin, subcutaneous tissue and sternum were wiped with povidone iodine in all patients while sternotomies were closed. Steel wires-titanium hooks combination was used in the first group, and steel wires-sternal plates and screws combination was used in the second group. In the first group, an appropriate size device was selected by measuring the sternum width from the intercotsal space. In the second group, the appropriate size device was selected by measuring the depth of the sternum. 6 to 8 steel wires were applied in both groups. According to the sternum structure, 2-3 titanium hooks were placed in the first group and 3-4 titanium plates were placed in the second group. Sternums were stabilized. Subcutaneous tissues were closed individually with 2/0 vicryl, skin with 2/0 sharp prolene.
All patients used a sternal corset during post-operative follow-up for 8-week. None of the patients had dehiscence or needed reexploration.
Postoperative drainage was 498±176 (390-830) cc in the first group and 550±182 (400-800) cc in the second group. There was no significant difference between the postoperative bleeding amount between the groups (p>0.05, P=0.285).
Postoperative mechanic ventilation requirement of the patients was seen as 8.2±2.1 (3.9-12.1) hours for the first group and 9.1±2.3 (4.3-11.4) hours for the second group. There was no significant difference between the two groups (p>0.05, P=0.710).
Prolonged inotrope was needed in 9 (26.47%) patients in the first group and in 7 (21.21%) patients in the second group. No significant difference was found between the two groups (p>0.05, P=0.402).
Postoperative intensive care hospitalization time was 25.7±11.2 (22.1-47) hours for the first group and 22.9±9.5 (19-48.5) hours for the second group. No significant difference was found between the two groups (p>0.05, P=0.128). 
The average length of hospital stay was 5.4±1.8 (5 -8.8) days for the first group and 5.7±1.7 (5.1-9) days for the second group. There was no significant difference between the two groups (p>0.05, P=0.767).
Superficial tissue infection appeared in 4 (11.76%) patients in the first group and in 4 (12.12%) patients in the second group. There was no significant difference between the two groups (p>0.05, P=0.813). Staphylococcus aureus was considered as the cause of superficial tissue infections, empirical antibiotic therapy was applied and wounds were treated. None active microorganism was grown in the control swab cultures. Sternal dehiscence and mediastinitis were not observed in both groups. Aseptic dehiscence or allergic reaction did not develop against the materials used in both groups.
Table 2. Postoperative follow-up results.








DISCUSSION
	The risk of dehiscence, which is 2.5% on average, increases gradually due to increasing human life, deteriorating eating habits, obesity, chronic lung diseases and malignancies (3). New materials and techniques for sternal closure have been developed by using technological advances against these increased risks (10). High-costed, difficult-to-apply but highly durable systems have been developed such as titanium plates, titanium hooks, thermoreactive nitinol clips, flat wire sternal closure systems, kryptonite bone glues, plastic materials, and titanium cables (11).	
Cardiovascular surgeons have to fight for different reasons in almost every patient have risk of dehiscence. Sternal dehiscence may develop due to advanced ages, female gender, obesity and having osteoporotic bone structure (12). Sudden cough crises increase intrathoracic pressure in smokers and those with chronic obstructive pulmonary disease. Increased pressure may lead to the breaking of strenal bone structures and the formation of dehiscence in patients closed with traditional steel methods (13). In our study, female sex was dominant in both groups. Smoking and diabetes were common risk factors in the first group as well as gender. In the second group, COPD was seen at a equal rate with diabetes.	
The use of titanium plates is still debated in the presence of osteoporosis (14). It has been reported that titanium hooks can be used especially in patients at risk of dehiscence in a study testing the use of titanium hooks. However, the possibility of intercostal arterial injury should be considered (15,16). In our study, there was no complication due to osteoporosis while screwing in the patient group where steel wire and titanium plates were combined. The need for dehiscence and reexploration did not develop in these patients. There was a similar amount of drainage both groups. There was no need for revision due to bleeding, dehisens or mediastnit in any patient in the group where steel wire and titanium hooks were used.
	Another reason for strenal dehiscence may be metal susceptibility caused by hypersensitivity and allergic reaction without microbial pathogen. Metal hypersensitivity reactions have been reported to be frequently associated with nickel (17). In our study, our materials in both groups were titanium other than steel, and no allergic reaction was observed.	
LIMITATION
	Randomized studies are needed in which all risk factors are evaluated in order to choose a routine surgical technique to avoid sternal dehisens.

CONCLUSION
	The choice between sternal closure techniques in high-risk patients should be mainly adapted to the characteristics of the patient. The most cost-effective and experienced method should be preferred when making the right decision.
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Figure 1. Patient who closed sternum using by steel wire and titanium hooks.
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Figure 2. Direct graphy of patient who recieved steel wire-titanium plates and screws.

















	
	Steel wire and talonN=34
	Steel wire -rigid plade 
N=33
	P

	Age 
	65.5 ±7.8 
	67.0±7.1
	0.09

	Female (%)
	18 (%52.9)
	17  (%51.51)
	0.611

	DM (%)
	14 (% 41.1)
	7 (%21.21)
	0.029

	HT (%)
	9 (% 26.4)  
	6 ( %19.8)
	0.07

	COPD (%)
	7 (%20.58)
	7 (%21.21)
	0.889

	Smoker (%)
	19 ( % 55.88)
	24 (% 36.3)
	0.061

	Obesity  (BMI>30kg/m2)
	8 ( %23.52)
	5 (%15.15)
	0.113

	Multiple comorbities (%)
	26 (% 76.47)
	24 (%72.27)  
	0.892


 


Table 1. Preoperative patient characteristics.













	
	Steel wire and talonN=34
	Steel wire -rigid plade 
N=33
	P

	Postoperative bleeding (ml)
	498±176
	550±182
	0.285

	Ventilation (hour)
	8.2±2.1
	7.1±2.3
	0.710

	Prolonged inotrope
	9 (%26.47)
	7 (%21.21)
	0.402

	ICU stay (hour)
	25.7±11.2 
	22.9±9.5
	0.128

	Hospital stay (day)
	5.4±1.8
	5.7±1.7
	0.767

	Superficial wound infection
	4 (%11.76)
	4(%12.12)
	0.813



Table 2. Postoperative follow-up results.
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