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CLINICAL CASE
Stepwise application of aortic wall autoplasty, VAС-system and combined sterno-osteosynthesis in tandem cardiac surgical complications in one patient
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Abstract

This paper describes the effective management of successive early postoperative complications, using aortic wall autoplasty, VAC-system, with completion of combined sterno-osteosynthesis in one cardiac surgical patient. The paper presents a clinical case of management of postoperative complications in a 67-year-old patient after aortic valve replacement and three-vessel myocardial revascularization by applying a combined and step-by-step approach for each complication: 1. In case of surgical bleeding - formation of flap plasty of the damaged aortic wall with autopericardium by in situ fixation method; 2. In case of profuse bleeding - application of VAC-system; 3. In case of high risk of sternum divergence - its closure by preferential rheosteosynthesis with tie-fixation devices. The described methods of control, carried an individual approach and the choice of the optimal method of their application, which requires knowledge of the entire arsenal of relevant and effective ways of emergency elimination of complications. In our case, unfortunately, against the background of successful one-stage treatment of all complications, the outcome was unfavorable, due to the exhaustion of compensatory mechanisms of the body against the background of severe combined acquired cardiac pathology. Autopericardium plasty by the method of fixation on the stem created additional protection of the aortic bleeding zone, and further installation of the VAC-system successfully stopped the uncontrollable non-surgical bleeding that was festering. Clamp-buckle osteosynthesis, which we applied as a standard in reoperations, contributed to more active intensive care in intensive care with improved repair of the sternum.
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Introduction
The standard method of treatment of patients with combined aortic stenosis and coronary heart disease (CHD) is one-stage surgical aortic valve replacement and aortocoronary artery bypass grafting. The number of such surgeries is steadily increasing [1], and complications are growing proportionally. According to the data of the study by Stefanov S.A., Faibushevich A.G., Musoev T.Y., Tarichko Yu., which included 244 patients, the risk assessment of the ascending aorta leakage during aortic valve prosthetic operations was given, where the ascending aorta leakage was noted in 20.5% of patients, in 4.9% of cases it was accompanied by intensive bleeding. In 88% of cases aortic leakage was localized in the area of aortic sutures and its cannulation sites. The independent predictors of aortic leakage with high risk of bleeding were aortic diameter 46 mm and higher and its calcinosis. The combination of aortic stenosis and III degree calcinosis was also associated with moderate risk of aortic leakage.
Unsatisfactory results of aortic surgeries are mainly associated with intra- and postoperative bleeding, therefore, the use of various methods of anastomosis formation and sealing is primarily aimed at reducing the volume of blood loss in order to achieve a favorable outcome of the operation. These are either wrapping with own aortic tissues [2], or using synthetic materials such as: vascular prostheses, tetrafluoroethylene gaskets, as well as the use of various medical adhesives and foams. Aortic surgeries are often complicated by coagulopathy, a factor of which is the disruption of normal blood coagulation mechanisms due to: blood loss, massive hemotransfusions, duration of artificial circulation, temperature regime, degree of hemodilution [3; 4].
The risk of developing postoperative sternomediastinitis and sternal instability depends on the patient's comorbidities (diabetes, obesity, smoking, renal insufficiency) and surgical techniques (bilateral extraction of the internal thoracic artery, excessive use of coagulation, duration of surgery, postoperative bleeding) [5; 6]. Deferred thorax apertum is extremely important in case of low-fraction heart function and myocardial edema after prolonged surgery [7], and the use of the innovative method of VAC-system has proved to be safe and highly effective not only for the prevention of infectious complications and mediastinal stabilization, but also its hemostatic effect in profuse bleeding [8]. Developments and clinical applications of negative pressure wound therapy belong to Russian surgeons Y. A. Davydov and A. B. Larichev. The method of negative pressure wound treatment is highly effective and multifunctional, its drainage-evacuation and stabilizing effect, as well as antiseptic and hemostatic effect, are widely used in the treatment and prevention of many complications after open cardiac surgery.
An important step in the completion of open surgery is the restoration of the integrity of the sternal rib cage using various types of alternative fixation devices to conventional wire. Studies on the use of pectoral implants with extrasternal fixation, demonstrate clinical advantages in sternum divergence after surgery using tie-clamps compared to surgical wire [9. Reoperations always increase the risk of postoperative sternal destabilization and infectious complications, while thoracic cable ties provide reliable closure of the sternum, reducing the risk of these complications [10].

In the present work we present a clinical case of several complications after combined surgery on the valve and vascular apparatus of the heart in one patient, with combined methods of their effective elimination.
The purpose of the study is present work presents a description of the effective management of one after another early postoperative complications that arose by the use of aortic wall autoplasty, VAC-system, with completion of combined sterno-osteosynthesis in one cardiac surgical patient.
Ethical approval 
All procedures performed in research involving human subjects conformed to institutional and national research committee ethical standards, as well as to the 1964 Declaration of Helsinki and its more recent amendments
Case presentation
Patient A. 67 years old, diagnosis: Multifocal atherosclerosis. Stenosis, calcinosis of aortic valve of IV degree. Multivessel coronary lesion. Unstable angina pectoris class IIIB according to Braunwald. CHF stage B (ACC/AHA), III FC according to NYHA. According to ECHO: aortic valve fibrous ring 1.8 cm, peak systolic gradient on the valve 40 mm Hg, calcinosis of III degree. The diameter of the ascending aorta is 43 mm. Left ventricle: QDR 3.9 cm; CSR 2.3 cm; LV 66 ml; CSR 18 ml; hypokinesis of the anterior septal segment; EF 62%.
Aortic valve replacement with a mechanical prosthesis "Medtronic №21", mammary coronary artery bypass grafting of PMLV, aortocoronary bypass of DV and PCA were performed routinely. On the 4th postoperative day there was abundant scarlet blood flow through the antegrade drains, the patient was operated urgently. On operation: 500 ml of hemopericardium, a 4 x 7 mm diameter aortic wall rupture above the aortic suture was identified on the anterior aortic wall proximal from the previous three sutures with Teflon pads. The site of the rupture was sutured with prolene 4/0 thread on Teflon pads with hemostatic sponge application. Taking into account the technical impossibility to bypass the posterior wall of the aorta, in order to enhance the hemostatic effect, it was decided to form an encircling half-ring (8 x 3 cm) with autopericardium by the type of artificial adventitia without cutting off its proximal part with the effect of a stretched "roof", the dome of which created hermetic compression in the rupture zone (Fig. 1). Due to unstable hemodynamics, it was decided to leave the sternum open.
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	Figure 1 Right pericardial flap fixed to the anterior aortic stack


During the first postoperative day, 1200 ml of blood was released through the drains despite intensive conservative hemostatic therapy. It was decided to install a VAC-system to stop diffuse, uncontrolled bleeding (Fig. 2).
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	Figure 2 Installed VAC-system on the open mediastinum


The dynamics of bleeding reduction by drains amounted to: the first day - 250 ml, the second day - 150 ml, the third day - 110 ml. After 5 days of continuous course of VAC therapy, it was possible to completely stop coagulopathic bleeding (Fig. 3).
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	Figure 3 Result of a 5-day course of negative pressure therapy: control of diffuse bleeding with antiseptic effect


On the 11th day after the first elective surgery, the mediastinum was closed by combined osteosynthesis of the sternum with two 12 mm clamp ties and two surgical wires (Figure 4).
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	Figure 4 Combined osteosynthesis of the sternum


Despite all measures taken, death could not be avoided due to progressive heart failure.
Discussion
External wrapping of aortic anastomoses with a vascular prosthesis is the method of choice for hemostasis in case of diffuse bleeding of the aortic wall [11]. For total closure of the extensive bleeding zone of the aorta, we needed to pass its posterior wall, which was technically impossible without the latter, so we decided to use the separated autopericardium by moving its flap on the feeding pedicle with preservation of its vascularized proximal part. The distal part of the pericardium directly covered the area of the lesion of the anterior wall of the aorta. After completion of the plasty, its reliable operation was checked during hypertensive peaks, when the load on the suture line was submaximal. In contrast to artificial patches or tanned pericardium, which lack the properties of extensibility, static suture zone of attachment on the working heart is always at risk of rupture, while our method of plasty with autopericardium on a mobile stem reduces this risk due to the preservation of elasticity with damping effect of such a patch, which at the same time enhances the tread compression of the damaged aortic zone especially in the systolic phases of contraction.
The use of VAC therapy for the treatment of mediastinitis significantly reduces mortality, complication rate, and the need for surgical procedures, thus leading to a significant reduction in labor costs [12; 13]. Using multifunctional VAC-system, we pursued the aim to use first of all its hemostatic function to stop uncontrolled non- surgical bleeding, together with its highly effective antiinfection protection and simultaneous stabilization of the open mediastinum in unstable hemodynamics. For myocardial protection, we placed povidone-impregnated dense tissue directly on the anterior surface of the heart and main vessels. The mode parameters of VAC were set as standard: 5 minutes of operation with pressure of 125 mmHg and 2 minutes of stopping.
Sternum fixation systems with the help of clamp ties provide a larger bone contact of the implant with a better distribution of the tension force, preventing the sternum from erupting [14]. The use of these devices in comparison with conventional steel wire excludes intraosseous damage of the spongy substance without disturbing its trophism with better repair. In sternum osteosynthesis, we adhere to our approach of using clamp ties in almost all reoperations, as well as initially in cardiac surgery patients with a high risk of sternum instability in the postoperative period. Given the patient's excessive body weight (BMI 29.7), we used a 12 mm width of the ties 6 times the contact area of conventional wire, which allowed us to use only 2 ties in the areas of greatest load (upper third of the sternum) for reliable stabilization.
Thus, the above-mentioned methods of control in each specific case had an individual approach and the choice of the optimal method of their application, which requires knowledge of the entire arsenal of relevant and effective ways of emergency elimination of complications. In our case, unfortunately, against the background of successful one-stage management of all complications, the outcome was unfavorable, due to the exhaustion of compensatory mechanisms of the body against the background of severe combined acquired heart pathology.
Limitations:
What were the limitations of your work?
The only limitation of our work may have been the unfavorable patient outcome, but the sequential application of all three treatment modalities successfully managed successive complications, indicating their high efficacy.
What's known? What has been previously known on this issue?
The tactics of management of diffuse bleeding was and still is therapeutic treatment aimed at homeostasis of rheological properties of blood by transfusion of SPP and individual factors of the coagulation system. 
Prevention of local bleeding is the use of various methods of anastomosis formation and sealing by wrapping with own aortic tissues, or the use of synthetic materials (vascular prostheses, tetrafluoroethylene gaskets, as well as the use of various medical adhesives and foams).
In case of sternal diastasis, various methods of osteosynthesis with wire cerclages have been used, for example, according to Robichek.
What's new? What's new about your case?
In the available literature we have not found a similar method of formation of a protective hemostatic patch from autopericardium on a mobile stem, as well as methods of treatment of three complications in one and the same patient by the new methods described in the article.

Conclusion
After complex combined cardiac surgery, it is necessary to always keep in mind the high risk of various complications that require knowledge of the entire arsenal of relevant and effective ways of their urgent elimination. Our proposed method of aortic wall strengthening by autolusculature on a pedicle gives an alternative to mechanical hemostasis by "inanimate" patches in case of impossibility to envelop the whole aortic tube. Highly effective VAC-therapy should be applied not only at the moment of clinical manifestation of diffuse and uncontrolled mediastinal bleeding, but also immediately after planned surgeries in patients with high risks of its development. The use of sternal clamp fixators should be the standard for all reoperations and primary use in patients with a high risk of postoperative sternal diastasis.
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