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Modern diagnostics and complex correction of hemorrhagic disorders in children with congenital heart diseases
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The purpose of our study was to investigate the functional state of hemostasis and fibrinolysis in children with "cyanotic" CHD before and after surgery.

It has been studied the hemostatic system in children with "cyanotic" and "pale" CHD in the perioperative period. Coagulation disorder was evaluated by low-frequency vibration of the piezoelectric thromboelastography (LVPT), the results of which were compared with healthy children.

On admission in the children with "cyanotic" CHD were observed hypercoagulable change due to the vascular-platelet and coagulation link of hemostasis. At the end of the intraoperative period, in the children of this group there is a pronounced phenomenon of structural and chronometric hypocoagulation due to the coagulation link of hemostasis. At the same time the indices of the vascular-platelet and fibrinolytic components of hemostasis were not significantly different from the level of healthy children. Correction of the hemostatic system was conducted individually, based on the results of LVPT. 

Timely diagnosis and correction of the hemostatic system helped minimize the blood loss in children with "cyanotic" CHD.
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Surgery in children with CHD under extracorporeal circulation (EC) is accompanied by marked disorders of platelet and coagulation hemostasis, which determine the risk of hemorrhagic complications [1;2;3;4;5;6]. The frequency of postoperative bleeding, which exceeded 3 ml/kg/hr in children aged 0 to 14 was 10.8% [7], in newborns - 13.1% [8] of cases of the total number of patients with any form of CHD, which were performed in conditions of EC.

     Therefore, the purpose of our study was to investigate the functional state of hemostasis and fibrinolysis in children with "cyanotic" CHD before and after surgery as well as study of the causes of bleeding disorders for adequate hemostatic therapy.

Materials and methods:

       The study of the hemostatic system was carried out in children with "cyanotic" CHD, operated on in the Department of Cardiovascular Surgery of Odessa Regional Children's Hospital from 2012 to 2015. This category of patients whose average age was 20.1 ± 10 months, with an average weight of 8.13 ± 1.8 kg was made the first group. On admission these patients had arterial hypoxemia. The oxygen saturation on pulse oximetry was 79.9 ± 3.1%. The second group included 30 patients with "pale" CHD whose average age did not differ significantly from that of the first group and was 19.6 ± 8.4 months. (p = 0.938) and the average weight was 8.6 ± 1.6 kg (p = 0.688). The oxygen saturation on pulse oximetry was 98.4 ± 0.7% in this group. The third group consisted of 30 healthy children. The average age of the third group of children did not differ significantly from the first group (p = 0.954), and the second group (p = 0.938) in age and was 19.75 ± 8.1.

      All patients were made blood tests and coagulogram using standard methods (determination of the prothrombin ratio (PR) in the preoperative period, the international normalized ratio (INR), activated partial thromboplastin time (APTT), fibrinogen) as well as low-frequency of the piezoelectric thromboelastography (LPTEG) by the thromboelastograph "ARP-01M Mednord" (Tomsk, Russia), the principle of which was the registration and evaluation of viscosity characteristics of blood coagulation via low-frequency piezoelectric vibration sensor.

Results and discussion.

      In the study of the blood count of two groups of patients whose average age did not differ significantly among them, there was revealed a significant increase in hemoglobin, hematocrit, and red blood cells in the children with "cyanotic" CHD in the preoperative period. The study of coagulation indices by the standard methods did not differ significantly between the two groups (see Tabl.1). Instrumental study of the hemostatic system by LVPT revealed a significant increase in the indices of ICC, ICT, TBC, TPB, and the decline in the MDC index in the first group compared with the second one. A similar pattern was observed when comparing the first group with a group of healthy children (a significant increase in the level of ICC, decline in ACP, ICP, MDC compared with healthy children). The difference of the thromboelastogram indices in the second group and third group were not significant in the preoperative period (see Tabl.1). Difference of curves of TEG between three groups is shown on a diagram 1.
     Because of the need for express diagnosis of the hemostatic system in the intraoperative period the LVPT method was used, by which there were observed changes of coagulation of the whole blood and the ability to conduct a timely correction of changes in the hemostatic system already on the 10th minute. The study was conducted at the completion of the main stage of the operation, in 10 minutes after neutralization of heparin by protamine sulfate in a ratio of 1: 1.

     While studying the group with "cyanotic" CHD a significant reduction in all NPVT indices from baseline and significant decline in ICT, TBC, ICD, TPB, ICP, TIC was revealed compared with those in the second group (see Tabl. 2). The data obtained showed the structural and chronometric hypocoagulation due to the coagulation link of hemostasis in patients of this group (see diagr.2). Accordingly the amount of the blood loss in children with "cyanotic" CHD during surgery was significantly higher (12.1 ± 4.5 ml/kg) than in the children of the second group (6.9 ± 1.1 ml/kg; p = 0.025). Due to this the necessary correction of the hemostatic system was conducted individually, based on the results of TEG. In 76% of cases (23 patients) platelet transfusion (TC) was made in the dose of 15 ml/kg, in 23.3% (7 patients) – one group fresh frozen plasma (FFP) - (15 ml/kg). In 13 (43.3%) patients there was a need for additional administration of protamine sulfate. 4 children (13.3%) had severe structural hypocoagulation, correction was made by transfusion of both TC and FFP, and the additional dose of protamine sulfate.
      The other picture was observed in patients of the second group at the end of the main phase of the operation. 20 (66.6%) patients required no additional hemostatic therapy and extra dose of protamine was used only 5 (16.6%) patients.

     Timely diagnosis and correction of the hemostatic system helped minimize the blood loss in children with "cyanotic" CHD. The frequency of postoperative bleeding, which exceed 3 mL/kg/hr was 10% (3 patients). The average amount of blood loss in the first 5 hours of the postoperative period averaged 1.26 ± 0.38 ml/kg/hr, which allowed to limit transfusion of the packed red cells in the postoperative period, which was made only in 5 patients (16.6%) of the first group. There was no need for further transfusion of the packed red cells in the second group, where the average amount of blood loss in the first 5 hours of the postoperative period was 0.5 ± 0.16 ml/kg/hr.

     Conclusions
     With a new instrumental method of integral evaluation of the functional state of the hemostatic system we evaluated both the vascular-platelet and coagulation link of hemostasis and fibrinolysis. The NPVT method allows to work with whole blood and one study needs only 0.5 ml of blood, which is especially important in neonatology. Thanks to NPVT the preliminary results can be obtained already on the 10th min of the investigation that allows to carry out the correction of disorders in the hemostatic system. This allowed us to give adequate hemostatic therapy already at the end of the intraoperative period.

     According to the results of our study it is not appropriate to use drugs affecting the vascular-platelet hemostasis (Etamsilate) and the system of fibrinolysis (Aminocaproic, Tranexamic acid) in children with CHD in the postoperative period. Early diagnosis and complex correction of hemorrhagic disorders helped to minimize the frequency and amount of postoperative bleeding as well as reduce the amount of blood transfusions and plasma substitutes.
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