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Introduction

Bleeding remains a major clinical problem during and after paediatric heart surgery. Young age, low weight, use of deep hypothermia, high preoperative haematocrit and complex surgery are risk factors for severe bleeding [START_REF] Szekely | Risks and predictors of blood transfusion in pediatric patients undergoing open heart operations[END_REF][START_REF] Williams | Factors associated with blood loss and blood product transfusions: a multivariate analysis in children after open-heart surgery[END_REF][START_REF] Miller | Predicting and treating coagulopathies after cardiopulmonary bypass in children[END_REF]. Bleeding occurs because of surgical trauma leading to opening of blood vessels; all bleeding is 'surgical bleeding'. However, achieving acceptable haemostasis is often complicated by the presence of coagulopathy of variable severity. All patients will have coagulation abnormalities if sensitive tests are applied and most patients will have coagulation abnormalities demonstrated by routine laboratory and point of care tests. Optimal care demands cooperation between the anaesthetist and surgeon to apply therapy which will give an acceptable level of haemostasis without additional risk of injury, either from bleeding or from adverse effects of therapy aimed at reducing bleeding. Therapy should be aimed neither at 'perfect' correction of coagulation abnormalities or unrealistic surgical haemostasis.

Models of coagulation

Traditional models of coagulation have presented coagulation as a linear cascade of proteolytic enzymes. The implication has been that each step is necessary and of equal importance. More recent descriptive models of coagulation have stressed the importance of platelet and cellular elements (such as white cells and endothelium) and have recognised that coagulation occurs not as a linear process but as a complex web of interactions between procoagulant factors, inhibitors and the fibrinolytic system (figure 1) [START_REF] Hoffman | A cell-based model of coagulation and the role of factor VIIa[END_REF]. This distinction has clinical relevance in explaining the observations that functionally normal coagulation can exist despite low levels of clotting proteins (in neonates and moderate liver dysfunction) [START_REF] Tripodi | Acquired coagulation disorders: revisited using global coagulation/anticoagulation testing[END_REF], that deficits in one part of coagulation can be compensated for by other parts of coagulation (use of fibrinogen to correct for thrombocytopenia [START_REF] Velik-Salchner | The effect of fibrinogen concentrate on thrombocytopenia[END_REF] or use of activated factor VIIa in haemophilia) and questions some approaches to acquired bleeding (use of laboratory coagulation tests [START_REF] Tripodi | Acquired coagulation disorders: revisited using global coagulation/anticoagulation testing[END_REF] and some use of fresh frozen plasma). A difficulty with this descriptive model of coagulation is its complexity. Complex systems may perform in unexpected ways, study of parts of such systems in isolation may be misleading and such a complex model is of little practical use when managing a bleeding patient. A simpler, more practical, approach to coagulation is illustrated by the thromboelastogram (figure 2). Coagulation is broken down into three stages representing initiation, clot strength and clot stability. Therapy can then be aimed specifically at each of these stages at which abnormalities exist. Ideally the ability of these interventions to stop bleeding can be studied in properly conducted prospective trials in specific patient populations. In reality few such studies have been performed and much of our therapy is based on much weaker evidence from laboratory data, observational studies, and expert opinion.

Coagulopathy and Cardiac Bypass

In the absence of anticoagulants blood will clot in extracorporeal circuits. This has been ascribed to activation of the 'intrinsic' pathway involving prekallikrein and factor XII upon contact with the artificial surface. However, patients deficient in factor XII or prekallikrein clot at the same rate as other patients and the 'intrinsic' pathway appears to play little role either in normal coagulation or in clotting inside extracorporeal circuits [START_REF] Paparella | Coagulation disorders of cardiopulmonary bypass: a review[END_REF][START_REF] Burman | Role of factor XII in thrombin generation and fibrinolysis during cardiopulmonary bypass[END_REF]. The lining of artificial circuits differs from endothelium in two respects: proteins will bind freely to their surface and they lack any inhibitory effect on coagulation. Binding of fibrinogen (together with fibronectin and von Willibrand factor) leads to adherence of white cells, red cells and platelets [START_REF] Paparella | Coagulation disorders of cardiopulmonary bypass: a review[END_REF]. The adherent platelets undergo activation encouraging further adhesion, releasing procoagulants and presenting a large phospholipid surface upon which further activation occurs. Adherent monocytes express tissue factor allowing coagulation to proceed as described above. Whilst heparin dramatically reduces thrombin formation and the formation of fibrin clots it is an imperfect anticoagulant and does not prevent initial protein binding or activation of coagulation or platelets. This leads to defects in platelet numbers, in function of platelets, in fibrinogen concentration and in activation of fibrinolytic systems. Activation of fibrinolysis will lead to dissolution of clots, further reduction of platelet function and to increased concentrations of fibrin degradation products, which inhibit coagulation further [START_REF] Williams | Fibrinolysis in pediatric patients undergoing cardiopulmonary bypass[END_REF].

As well as the effects of interaction between blood and extracorporeal surfaces, other factors will add to coagulation anomalies. Blood spilt into the pericardial space and returned via 'pump' suction is a further (and possibly more important) cause of activation [START_REF] Chung | Pericardial blood activates the extrinsic coagulation pathway during clinical cardiopulmonary bypass[END_REF]. Clotting factors and platelets will undergo dilution on initiating bypass [START_REF] Kern | Coagulation defects in neonates during cardiopulmonary bypass[END_REF][START_REF] Chan | Coagulation and fibrinolytic profile of paediatric patients undergoing cardiopulmonary bypass[END_REF], red cells and platelets may be damaged from suction, blood loss and extensive surgical dissection will add to bleeding and many patients will have pre-existing coagulation abnormalities due to cyanotic heart disease [START_REF] Osthaus | Whole blood coagulation measured by modified thrombelastography (ROTEM) is impaired in infants with congenital heart diseases[END_REF][START_REF] Tempe | Coagulation abnormalities in patients with cyanotic congenital heart disease[END_REF][START_REF] Guay | Mediastinal bleeding after cardiopulmonary bypass in pediatric patients[END_REF], critical illness or medications.

Monitoring of Coagulation

Tests of coagulation are performed with the aim of identifying the coagulation abnormalities most likely to be contributing to bleeding. If results from these tests can be reported to the clinician in a short time, therapy can be directed more effectively at the specific cause of bleeding, leading to both more rapid correction of coagulopathy and avoiding unnecessary therapy. Tests can be divided between those conducted primarily in haematology laboratories and those available at the patient's bedside (point of care devices). The objective in using point of care tests is to make the results available to clinicians more rapidly, though as the tests available are also different they will have their own advantages and limitations.

i) Laboratory based coagulation tests

The most commonly performed laboratory tests relevant to coagulation are the full blood count (to give platelet concentration) and clotting studies (prothrombin time, activated partial thromboplastin time, thrombin time and fibrinogen concentration). Clotting studies are performed using patient's plasma so are insensitive to effects due to abnormalities of platelets or cellular elements. Citrated plasma is mixed with an excess of calcium and a reagent. Use of different reagents aims to test different parts of the coagulation pathway. The two most important tests used in acquired coagulopathy are the prothrombin time and fibrinogen concentration. Prothrombin time (PT) is widely used for monitoring acquired coagulopathy in a number of situations, including post cardiac surgery. The reagent used, thromboplastin, contains tissue factor and phospholipids; activation therefore occurs by the normal 'tissue factor' pathway. Problems arise in the interpretation of this test for two reasons. Firstly PT is prolonged in a number of situations despite functionally normal coagulation, including healthy neonates and in patients with moderate hepatic disease [START_REF] Tripodi | Acquired coagulation disorders: revisited using global coagulation/anticoagulation testing[END_REF]. In these patients the long PT reflects low concentrations of coagulation factors which, in vivo, are balanced by low concentrations of inhibitors. A long PT is also common in the absence of abnormal bleeding after paediatric heart surgery and this may reflect a similar situation. Secondly, deficiency of coagulation factors may not be the primary cause of bleeding. Congenital haemophilias are represented by profound deficiency of a single clotting factor. Acquired coagulopathy after surgery represents multiple coagulation defects with multiple origins. Not all these defects will be of equal importance and correction will not have an equal impact on bleeding. After cardiac surgery deficiencies of fibrinogen and functional platelets are likely to make a greater contribution to bleeding than deficiency of other factors [START_REF] Miller | Predicting and treating coagulopathies after cardiopulmonary bypass in children[END_REF][START_REF] Moganasundram | The relationship among thromboelastography, hemostatic variables, and bleeding after cardiopulmonary bypass surgery in children[END_REF][START_REF] Williams | Coagulation tests during cardiopulmonary bypass correlate with blood loss in children undergoing cardiac surgery[END_REF]. Basing treatment on PT may not lead to optimal correction of bleeding.

Thrombin time reflects fibrinogen activity but it is also prolonged by inhibition due to fibrinogen degradation products (FDP) or heparin. The most common method for determination of fibrinogen concentration, the Clauss method, is derived from the thrombin time. It is not interpretable in the presence of heparin and will be inaccurate in the presence of FDPs (common after heart surgery) [START_REF] Nieuwenhuizen | Biochemistry and measurement of fibrinogen[END_REF].

ii) Point of Care Monitoring

Point of care monitoring of coagulation may be aimed at the control of heparin administration or at the identification of coagulopathy. Devices available for monitoring of heparin have been reviewed previously [START_REF] Gruenwald | Management and monitoring of anticoagulation for children undergoing cardiopulmonary bypass in cardiac surgery[END_REF][START_REF] Prisco | Point-of-Care Testing of Hemostasis in Cardiac Surgery[END_REF]. For the purpose of this article only the latter will be discussed. Over the last few years improvement in design have allow a number of devices, previously suitable only for use in laboratories, to be developed for point of care use. Devices with potential for use during cardiac surgery include point of care equivalents of laboratory tests (such as APTT and PT), thromboelastography (TEG and ROTEM) and specific tests of platelet function (Sonoclot analyser, PFA-100 and MultiPlate platelet agrogometer) [START_REF] Enriquez | Point-of-care coagulation testing and transfusion algorithms[END_REF]. Currently only variations of thromboelastraphy have been widely employed and will be the focus of this discussion [START_REF] Miller | Rapid evaluation of coagulopathies after cardiopulmonary bypass in children using modified thromboelastography[END_REF][START_REF] Martin | Monitoring of coagulation status using thrombelastography during paediatric open heart surgery[END_REF]. The differences between the Thromboelastogram (TEG) and Rotational Thromboelastography (ROTEM) have been recently reviewed [START_REF] Jackson | The TEG vs the ROTEM thromboelastography/thromboelastometry systems[END_REF]. While important differences exist and results from these devices are not interchangeable [START_REF] Venema | An Assessment of Clinical Interchangeability of TEG (R) and RoTEM (R) Thromboelastographic Variables in Cardiac Surgical Patients[END_REF], the principle of their clinical application are similar. The discussion will focus on TEG whilst important differences in clinical application will be highlighted.

In conventional TEG a pin is lowered into a cup containing whole blood. The cup is rotated in each direction approximately 4 degrees. As the blood begins to clot the pin will begin to move with the cup, the force of the movement being a marker of the strength of the clot at that moment in time. This force is used to construct a graph of clot strength over time. A typical (Kaolin activated) TEG is shown in figure 1. Initially a straight line indicates no clot being present (the pin does not move), subsequently a clot begins to form and moves the pin to reach a maximum amplitude taken to indicate maximum clot strength. The stability of the clot is then indicated by the degree to which the clot retains this strength. An activator is usually added to the cup to speed up analysis and other substances may also be added to modify the test. Kaolin is the most common activator used with conventional TEG whilst the ROTEM is commonly performed as a battery of tests including kaolin (inTEM) and tissue factor (exTEM). A recent modification of TEG is 'rapid' TEG using a mixed activator aimed at giving information on clot strength more rapidly [START_REF] Chavez | A novel thrombelastograph tissue factor/kaolin assay of activated clotting times for monitoring heparin anticoagulation during cardiopulmonary bypass[END_REF].

The output of the TEG is primarily graphical. In order to allow comparison of results and to develop protocols based on TEG it is necessary to reduce this graphical output to numerical values (figure 2); computerisation has allowed for rapid calculation of these values. Similar values can be calculated for ROTEM though the values are not interchangeable and different nomenclature is used. Population 'normals' have been described for these values in adults, children [START_REF] Chan | Reference values for kaolin-activated thromboelastography in healthy children[END_REF] and in children with congenital heart disease [START_REF] Haizinger | Activated thrombelastogram in neonates and infants with complex congenital heart disease in comparison with healthy children[END_REF]. Some care is required in use of such reference values, as these will be different if different activators and additives are used. In interpretation of unmodified TEG values a prolonged R-time is an indication of residual anticoagulant or deficiency of clotting factors, a low maximum amplitude indicates poor clot strength and increased degrees of lysis (high Lys 30 or Lys [START_REF] Moganasundram | The relationship among thromboelastography, hemostatic variables, and bleeding after cardiopulmonary bypass surgery in children[END_REF][START_REF] Martin | Monitoring of coagulation status using thrombelastography during paediatric open heart surgery[END_REF]. A low MA may be the result of low platelet number, poor platelet function, low fibrinogen, poor function of fibrinogen or a combination of these factors. Moganasundram and colleagues demonstrated a close correlation between TEG MA and the product of platelet count and fibrinogen concentration in children [START_REF] Moganasundram | The relationship among thromboelastography, hemostatic variables, and bleeding after cardiopulmonary bypass surgery in children[END_REF]. Similar findings of an interaction between platelets and fibrinogen have been confirmed in adults [START_REF] Lang | The effects of fibrinogen levels on thromboelastometric variables in the presence of thrombocytopenia[END_REF].

Adaptation of the TEG can add further information. Addition of heparinase to the cup will neutralise any effect of heparin and comparison to an unmodified TEG will identify patients in which reversal of heparin has been inadequate. An estimate of fibrinogen activity can be made by addition of blockers of platelet function; the resulting clot will therefore reflect activity of fibrinogen alone.

Integration of monitoring into clinical care

A rational approach to bleeding after heart surgery should include a clinical assessment of bleeding at that point in time [START_REF] Mcewan | Aspects of bleeding after cardiac surgery in children[END_REF][START_REF] Nuttall | Coagulation tests predict bleeding after cardiopulmonary bypass[END_REF], an appreciation of risk factors, and use of specific tests to identify the presence and mechanisms of coagulopathy. In the absence of clinical bleeding, therapy is not required even if specific tests demonstrate an abnormality. In the presence of bleeding, tests can help to differentiate the specific cause. The most common causes of bleeding immediately after bypass are surgical causes, platelet abnormalities, fibrinogen insufficiency, inadequate reversal of heparin and combinations of these factors [START_REF] Moganasundram | The relationship among thromboelastography, hemostatic variables, and bleeding after cardiopulmonary bypass surgery in children[END_REF][START_REF] Shwea | Routine intraoperative thromboelastography reduces blood transfusions in paediatric cardiac surgery[END_REF]. In the absence of clotting abnormalities it is more likely that further surgical efforts will reduce bleeding than administration of blood products and early recognition of this can lead to more appropriate treatment [START_REF] Davidson | Can ROTEM thromboelastometry predict postoperative bleeding after cardiac surgery?[END_REF]. However, in small children this is an uncommon situation and abnormalities are likely to be present even if the primary cause of bleeding is surgical. If bleeding is persistent despite administration of appropriate clotting factors and normalisation of tests, then further surgical efforts are indicated.

Barriers exist to applying such an approach and it may not always be appropriate. Time is required to perform tests and to initiate treatment (in particular use of blood products) and delaying treatment while awaiting diagnostic information may be counterproductive. This can be minimised by use of tests that will give rapid results [START_REF] Chavez | A novel thrombelastograph tissue factor/kaolin assay of activated clotting times for monitoring heparin anticoagulation during cardiopulmonary bypass[END_REF] or by performing tests during bypass, which will predict coagulopathy after bypass [START_REF] Williams | Coagulation tests during cardiopulmonary bypass correlate with blood loss in children undergoing cardiac surgery[END_REF]. Inadequate reversal of heparin is an easily reversible cause of bleeding which can be rapidly confirmed by point of care tests such as heparinase modified TEG. Some patients, such as neonates undergoing complex procedures, are at very high risk of bleeding. If excessive bleeding is present, after reversal of heparin, initial empirical transfusion of platelets or cryoprecipitate is indicated [START_REF] Miller | Predicting and treating coagulopathies after cardiopulmonary bypass in children[END_REF][START_REF] Mcewan | Aspects of bleeding after cardiac surgery in children[END_REF] and waiting for coagulation tests may only lead to delay in treatment. If the patient fails to respond to initial treatment the cause for ongoing bleeding is likely to be less clear and coagulation tests can help to guide further therapy. Figure 3 demonstrates the ability of TEG to follow changes in coagulation during a case.

In other situations and when bleeding is of lesser severity, greater consideration can be given to the need for treatment. Approaches to bleeding based on clinical assessment of bleeding and results of coagulation tests can avoid unnecessary transfusion. Transfusion algorithms have been introduced to this end. Traditionally these algorithms have been based on laboratory tests (table 1) and have been developed primarily through clinical consensus [START_REF] Shaughnessy | Guidelines for the use of fresh-frozen plasma, cryoprecipitate and cryosupernatant[END_REF][START_REF] Murphy | Guidelines for platelet transfusions. British Committee for Standards in Haematology, Working Party of the Blood Transfusion Task Force[END_REF][START_REF] Contreras | Guidelines for the use of fresh frozen plasma. British Committee for Standards in Haematology, Working Party of the Blood Transfusion Task Force[END_REF]. Often the clinical evidence (either for the chosen indication, the specific product or the dose) is weak. In addition, the guidelines are frequently applied to highly heterogeneous groups of patients; it is unlikely that the same management is appropriate for an elderly adult with liver disease or a neonate undergoing heart surgery. Algorithms based on point of care monitoring have also been introduced (table 2). These have been successful in limiting unnecessary transfusion in adults [START_REF] Anderson | An audit of red cell and blood product use after the institution of thromboelastometry in a cardiac intensive care unit[END_REF][START_REF] Ak | Thromboelastographybased transfusion algorithm reduces blood product use after elective CABG: a prospective randomized study[END_REF][START_REF] Avidan | Comparison of structured use of routine laboratory tests or near-patient assessment with clinical judgement in the management of bleeding after cardiac surgery[END_REF] and children [START_REF] Shwea | Routine intraoperative thromboelastography reduces blood transfusions in paediatric cardiac surgery[END_REF]. The algorithms introduced have largely been extrapolated from laboratory based guidelines and may not fully exploit the advantages of tests such as thromboelastograms. Table 2 gives advice on TEG guided transfusion. Evidence that introduction of transfusion algorithms based on point of care monitoring can improve outcome other than reducing unnecessary transfusion is limited [START_REF] Schochl | Goaldirected coagulation management of major trauma patients using thromboelastometry (ROTEM)-guided administration of fibrinogen concentrate and prothrombin complex concentrate[END_REF].

Specific Agents Blood Products

Platelet dysfunction and thrombocytopenia are common after cardiac bypass in infants. Hence, in the presence of bleeding, transfusion of platelets is logical. Coagulation variables which relate to platelet number and function (such as TEG MA) are corrected by infusion of platelets and clinical experience indicates that platelet transfusion is highly efficacious at reducing bleeding. This has been confirmed in a small study of children post cardiac surgery [START_REF] Miller | Predicting and treating coagulopathies after cardiopulmonary bypass in children[END_REF]. A platelet count of less than 108x10 9 /l have been identified as a predictor of bleeding whilst clot strength measured by TEG reduces steeply at platelet counts below 120x10 9 /l. The current recommendation of targeting a platelet count of approximately 100x10 9 /l appear reasonable. Use of platelets for initial treatment of presumed coagulopathic bleeding (in the absence of specific clotting tests) also seem reasonable.

The use of fresh frozen plasma (FFP) is based on the observation that concentration of clotting factors are often low immediately post bypass. The case for use of FFP either empirically or guided by coagulation tests is considerably weaker than for platelets. PT, APTT and TEG-R time are clotting tests which correlate best with factor deficiency. A PT greater than 1.5 times control is taken as an indication that FFP should be transfused [START_REF] Contreras | Guidelines for the use of fresh frozen plasma. British Committee for Standards in Haematology, Working Party of the Blood Transfusion Task Force[END_REF]. However, these tests are often significantly prolonged in the absence of bleeding and, when taken post bypass, correlate poorly with excessive bleeding. A meta-analysis of the use of FFP to treat acquired coagulopathy failed to demonstrate benefit, though the trials examined were small and conducted in heterogeneous populations [START_REF] Stanworth | Is fresh frozen plasma clinically effective? A systematic review of randomized controlled trials[END_REF]. In a small observational study a number of patients shad coagulopathic bleeding after transfusion of platelets; if these patients were then given FFP bleeding increased, whilst if cryoprecipitate was given bleeding improved [START_REF] Miller | Predicting and treating coagulopathies after cardiopulmonary bypass in children[END_REF]. The lack of efficacy may be related to dose. FFP is frequently given in doses below the recommended dose of 10-15ml/kg [START_REF] Kakkar | Improvement in fresh frozen plasma transfusion practice: results of an outcome audit[END_REF], though this dose may itself be inadequate to restore factor concentration. Modelling of FFP administration in major trauma suggests that much larger doses may be required to boast or retain factor levels [START_REF] Alam | Testing of blood products in a polytrauma model: results of a multi-institutional randomized preclinical trial[END_REF]. It is possible that a dose of 30-40ml/kg may be more appropriate, though administration of such a large volume is unlikely to be desirable except in the context of massive ongoing bleeding and dilution of platelets and red cells may exacerbate bleeding. Addition of FFP to the bypass circuit may allow administration of much larger doses, benefit appears to be confined to smaller patients [START_REF] Oliver | Blood loss in infants and children for open heart operations: albumin 5% versus freshfrozen plasma in the prime[END_REF][START_REF] Mccall | Fresh frozen plasma in the pediatric pump prime: a prospective, randomized trial[END_REF]. Not all coagulation factors are of equal importance during bleeding. Fibrinogen is normally present in much higher concentrations than other clotting factors and whilst other factors are mainly involved in initiating or amplifying thrombin formation, fibrinogen is a substrate for the production of fibrin. Deficiencies of fibrinogen are reflected in reduced strength of clot and are associated with increased bleeding [START_REF] Moganasundram | The relationship among thromboelastography, hemostatic variables, and bleeding after cardiopulmonary bypass surgery in children[END_REF]. Cryoprecipitate is the most concentrated fibrinogen replacement widely available with a fibrinogen concentration 4-8 times that of FFP; though a unit of cryoprecipiate contains less fibrinogen than a unit of FFP and multiple units will be required in larger patients. One unit for each 10kg should raise fibrinogen concentration by 0.5-1.0g/l. As well as fibrinogen, cryoprecipitate is a source of Von Willibrands factor, Factors VIII and XIII, though the clinical significance of this is unclear. Cryoprecipitate has been effective in treating bleeding resistant to platelet concentrates alone during paediatric heart surgery (3).

Human fractionated factor concentrates

Human fractionated factor concentrates are produced from pooled human plasma. They undergo pasteurisation, which will neutralise blood born viruses but (potentially) not prions. They are presented as a dried powder requiring reconstitution. They do not require cross matching and have a long shelf life avoiding some of the logistical problems with supply of other blood products.

Prothrombin complex concentrates (PCCs) are mixtures of inactive factor II (prothrombin), VII, IX and X plus the coagulation inhibitors Protein S and C. A number of different brands of PCC are available which have different relative concentrations of these factors. In some older products low concentration of Protein S and C have been associated with increased thrombogenicity, whilst low concentration of factor VII have been associated with a lack of effect [START_REF] Hellstern | Production and composition of prothrombin complex concentrates: correlation between composition and therapeutic efficiency[END_REF]. PCCs are currently considered safe and reliable for urgent reversal of oral anticoagulants [START_REF] Hanley | Warfarin reversal[END_REF][START_REF] Bershad | Prothrombin complex concentrates for oral anticoagulant therapy-related intracranial hemorrhage: a review of the literature[END_REF]. The use of these agents in other causes of acquired coagulopathy is less certain though case series in adult patients have been encouraging [START_REF] Fraser | A retrospective audit of the use of Prothrombinex-HT for refractory bleeding following adult cardiac surgery[END_REF][START_REF] Bruce | Prothrombin complex concentrate (Beriplex P/N) in severe bleeding: experience in a large tertiary hospital[END_REF]. Widespread use in children after heart surgery requires more evaluation.

Fibrinogen concentrate has been available in continental Europe for over 20 years and appears to be a safe alternative to cryoprecipitate [START_REF] Bevan | Cryoprecipitate: no longer the best therapeutic choice in congenital fibrinogen disorders?[END_REF][START_REF] Dickneite | Animal model and clinical evidence indicating low thrombogenic potential of fibrinogen concentrate (Haemocomplettan P)[END_REF][START_REF] Tziomalos | Treatment of congenital fibrinogen deficiency: overview and recent findings[END_REF]. Use in cardiac surgery in children and adults has been increasing [START_REF] Weinkove | Fibrinogen concentrate for acquired hypofibrinogenaemic states[END_REF][START_REF] Solomon | Recovery of fibrinogen after administration of fibrinogen concentrate to patients with severe bleeding after cardiopulmonary bypass surgery[END_REF]. It is expected that this agent will be available in the USA and UK in 2010. Unlike cryoprecipitate it contains only fibrinogen and a direct comparison of these two agents in acquired coagulopathy has not been made. Potentially, it allows for more rapid correction of fibrinogen concentration as it will not require defrosting and can be administered in a smaller volume. Combining the availability of this agent with rapid measurement of fibrinogen concentration (using modified TEG) is an attractive approach [START_REF] Solomon | Recovery of fibrinogen after administration of fibrinogen concentrate to patients with severe bleeding after cardiopulmonary bypass surgery[END_REF][START_REF] Brenni | Successful rotational thromboelastometry-guided treatment of traumatic haemorrhage, hyperfibrinolysis and coagulopathy[END_REF][START_REF] Rahe-Meyer | Bleeding management with fibrinogen concentrate targeting a highnormal plasma fibrinogen level: a pilot study[END_REF][START_REF] Rahe-Meyer | Thromboelastometry-guided administration of fibrinogen concentrate for the treatment of excessive intraoperative bleeding in thoracoabdominal aortic aneurysm surgery[END_REF]. A small randomised study comparing prophylaxic administration of fibrinogen concentrate to placebo in adult cardiac patients demonstrated a reduction in bleeding [START_REF] Karlsson | Prophylactic fibrinogen infusion reduces bleeding after coronary artery bypass surgery. A prospective randomised pilot study[END_REF]. Recombinant fibrinogen is currently under development but it will be several years before it is available.

The ease of administration and low volume of fibrinogen concentrates compared to FFP or cryoprecipitate can allow targeting of higher fibrinogen concentrations than have been used previously [START_REF] Rahe-Meyer | Bleeding management with fibrinogen concentrate targeting a highnormal plasma fibrinogen level: a pilot study[END_REF][START_REF] Fenger-Eriksen | Fibrinogen concentrate--a potential universal hemostatic agent[END_REF]. It is possible that such use could reduce both bleeding and the need for platelet transfusion. In TEG studies high concentrations of fibrinogen can restore clot strength despite low platelet numbers. In animal models of bleeding and thrombocytopenia fibrinogen concentrates were superior to stored platelet concentrates in resolving bleeding [START_REF] Velik-Salchner | The effect of fibrinogen concentrate on thrombocytopenia[END_REF]. Such an approach requires further evaluation including assessment of effectiveness, safety and identification of appropriate targets.

Recombinant factor concentrates.

Use of factor VIIa in paediatric heart patients has been previously reviewed [START_REF] Warren | Defining the role of recombinant activated factor VII in pediatric cardiac surgery: where should we go from here?[END_REF]. Numerous case reports have shown effectiveness in treating severe bleeding in a number of situations including paediatric heart surgery. Significant questions concerning the indication for this agent, dose and safety remain. Prophylaxic use in a relatively low dose in children was ineffective in reducing bleeding [START_REF] Ekert | Elective administration in infants of low-dose recombinant activated factor VII (rFVIIa) in cardiopulmonary bypass surgery for congenital heart disease does not shorten time to chest closure or reduce blood loss and need for transfusions: a randomized, double-blind, parallel group, placebocontrolled study of rFVIIa and standard haemostatic replacement therapy versus standard haemostatic replacement therapy[END_REF]. In adults undergoing heart surgery rVIIa was effective in reducing bleeding, though the rate of serious adverse effects was higher than placebo [START_REF] Gill | Safety and efficacy of recombinant activated factor VII: a randomized placebo-controlled trial in the setting of bleeding after cardiac surgery[END_REF]. Due to concern over thrombotic complications and ineffectiveness in preventing bleeding it would be reasonable to confine use to treatment of serious life threatening bleeding.

Human and recombinant factor XIII has been described for use during heart surgery [START_REF] Godje | The effect of factor XIII on bleeding in coronary surgery[END_REF][START_REF] Godje | Coagulation factor XIII reduces postoperative bleeding after coronary surgery with extracorporeal circulation[END_REF][START_REF] Levy | Repletion of factor XIII following cardiopulmonary bypass using a recombinant A-subunit homodimer. A preliminary report[END_REF] and is supported by animal work [START_REF] Ponce | Safety of recombinant human factor XIII in a cynomolgus monkey model of extracorporeal blood circulation[END_REF]. Factor XIII functions by stabilising and strengthening bonds in the fibrin polymer and would therefore be expected to contribute to clot strength and stability. Association between factor XIII concentration and bleeding have been inconsistent [START_REF] Blome | Relationship between factor XIII activity, fibrinogen, haemostasis screening tests and postoperative bleeding in cardiopulmonary bypass surgery[END_REF][START_REF] Brody | Concentrations of factor VIII-related antigen and factor XIII during open heart surgery[END_REF]. Factor XIII also has a more general role in healing and may reduce myocardial oedema and pleural effusions in children after heart surgery [START_REF] Wozniak | Factor XIII prevents development of myocardial edema in children undergoing surgery for congenital heart disease[END_REF][START_REF] Schroth | Plasmatic [corrected] factor XIII reduces severe pleural effusion in children after openheart surgery[END_REF]. The role of factor XIII replacement is uncertain, though the development of a recombinant concentrate of this factor may lead to increased interest.

Other drugs

Treatment with antifibrinolytics such as aprotinin, tranexamic acid or epsilon-aminoamicroic acid is common during paediatric heart surgery. Use of aprotinin in children has reduced dramatically due to safety concerns in adults [START_REF] Fergusson | A comparison of aprotinin and lysine analogues in high-risk cardiac surgery[END_REF][START_REF] Mangano | Mortality associated with aprotinin during 5 years following coronary artery bypass graft surgery[END_REF][START_REF] Mangano | The risk associated with aprotinin in cardiac surgery[END_REF][START_REF] Henry | The safety of aprotinin and lysinederived antifibrinolytic drugs in cardiac surgery: a meta-analysis[END_REF], despite retrospective studies which show a lack of serious toxicity in children [START_REF] Guzzetta | The impact of aprotinin on postoperative renal dysfunction in neonates undergoing cardiopulmonary bypass: a retrospective analysis[END_REF]. Aprotinin is no longer available in many countries. Tranexamic acid and epsiolon aminocroic acid have evidence of efficacy in children though probably less than aprotinin [START_REF] Schouten | The effect of aprotinin, tranexamic acid, and aminocaproic acid on blood loss and use of blood products in major pediatric surgery: a meta-analysis[END_REF][START_REF] Breuer | Aprotinin is superior to tranexamic acid in paediatric cardiac surgery Journal of Cardiothoracic and Vascular Anesthesia[END_REF][START_REF] Arnold | Avoiding transfusions in children undergoing cardiac surgery: a meta-analysis of randomized trials of aprotinin[END_REF]. Only a single study has addressed dosing of tranexamic acid in children [START_REF] Chauhan | Dose comparison of tranexamic acid in pediatric cardiac surgery[END_REF] and dosing remains extremely variable (abstract APA 2010). Desmopressin increases plasma levels of von Willibrand factor with potential for reducing bleeding. In adults undergoing cardiac surgery, any benefit is confined to patients with high anticipated blood loss [START_REF] Cattaneo | The effect of desmopressin on reducing blood loss in cardiac surgery--a meta-analysis of double-blind, placebo-controlled trials[END_REF]. Trials of desmopression in children and adults undergoing surgery for congenital heart disease have failed to show a beneficial effect [START_REF] Seear | The effect of desmopressin acetate (DDAVP) on postoperative blood loss after cardiac operations in children[END_REF][START_REF] Oliver | Desmopressin does not reduce bleeding and transfusion requirements in congenital heart operations[END_REF][START_REF] Reynolds | Desmopressin does not decrease bleeding after cardiac operation in young children[END_REF].

Conclusion

Coagulopathy is a common cause of excess bleeding after heart surgery. Treatment should aim to reduce bleeding and should only be initiated in the presence of bleeding. 'Traditional' treatment using blood products is largely successful and empirical use of these products is often appropriate, particularly in the initial treatment of severe bleeding and in high risk patients. A strategy based on coagulation testing and application of specific therapies is likely to be more successful in patients who fail to respond to initial empirical treatment. Alternatively in lower risk patients the empirical use of blood products is likely to lead to excessive transfusion and an approach based on a clinical assessment of bleeding, an appreciation of risk factors and use of tests is likely to reduce transfusion. Points of care tests of coagulation, in particular the thromboelastogram, have theoretical and practical advantages over laboratory based tests.

Management of bleeding after paediatric heart surgery using strategies based on infusion of more specific factor concentrates and fibrinogen is promising. As yet, these approaches are largely untested either for efficacy or safety. Trials of therapy aimed at treatment of bleeding are challenging, though these problems are not insurmountable and the benefits from such trials will be considerable. is initiated by leakage of factor VIIa and platelets from traumatised blood vessels. When platelets come into contact with von Willibrands factor (VWF) and collagen they undergo a process of activation; which includes the release of procoagulants, a dramatic increase on surface area and expression of adhesion molecules (for other platelets and fibrin). Factor VIIa , usually present in low concentrations within blood vessels, makes contact with tissue factor (TF) bound to cells (principally fibroblasts but subsequently white cells). This leads to the production of a small quantity of thrombin which initiates a positive feed back loop (involving a number of factors, further conversion of factor VII to VIIa and activation of platelets) producing large quantities of thrombin. This leads to production of fibrin (from fibrinogen), which together with activated platelets, forms clot. The major inhibitor is the Protein C (PC) system which inactivates factor VIII and V. In the absence of endothelium bound thrombomodulin (TM ) (for example in invitro blood tests) little active protein C is produced. Subsequent stabilisation of the clot by factor XII, inhibitors other than protein C and the fibrinolytic system are not shown for simplicity. Platelet concentrate 10mls/kg Fibrinogen <0.8-1.0 g/l Cryoprecipitate 1 unit per 10Kg Coagulation is initiated by leakage of factor VIIa and platelets from traumatised blood vessels. When platelets come into contact with von Willibrands factor (VWF) and collagen they undergo a process of activation; which includes the release of procoagulants, a dramatic increase on surface area and expression of adhesion molecules (for other platelets and fibrin). Factor VIIa , usually present in low concentrations within blood vessels, makes contact with tissue factor (TF) bound to cells (principally fibroblasts but subsequently white cells). This leads to the production of a small quantity of thrombin which initiates a positive feed back loop (involving a number of factors, further conversion of factor VII to VIIa and activation of platelets) producing large quantities of thrombin. This leads to production of fibrin (from fibrinogen), which together with activated platelets, forms clot. The major inhibitor is the Protein C (PC) system which inactivates factor VIII and V. In the absence of endothelium bound thrombomodulin (TM ) (for example in invitro blood tests) little active protein C is produced. Subsequent stabilisation of the clot by factor XII, inhibitors other than protein C and the fibrinolytic system are not shown for simplicity. 
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  presence of fibrinolysis. Low amplitude (MA) is the TEG value most closely correlated with bleeding after heart surgery
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Figure 2 :

 2 Figure 2: A normal thromboelastogram (TEG) trace is shown. The output of TEG is graphical, however a number of numerical values can be derived to describe the curve. Rtime is the time from beginning the sample until the amplitude of the trace reaches 1mm; it describes the initiation of clotting. Maximum Amplitude (MA) is the largest amplitude reached; it describes the strength of the clot formed. The α angle describes the steepness of the initial part of the curve; this is often referred to as the 'clot kinetics'. Lys 30 is the ratio of the amplitude of the trace 30 minutes after the maximum amplitude to the maximum amplitude; this describes the stability of the clot.

Figure 3 :

 3 Figure 3: The ability of thromboelastogram to follow changes in coagulation through a case is demonstrated. Dotted lines show a 'normal' trace. The patient was a newborn who had undergone an aortic arch repair. The baseline trace (A) demonstrates a mildly elongated R time but is otherwise normal. After bypass platelets were administered empirically due to excessive bleeding. Bleeding continued and a TEG was performed to identify the cause of bleeding. This demonstrated a low amplitude and excess fibrinolysis (B). Tranexamic acid was given with some effect (C) followed by infusion of cryoprecipitate (D). Following this bleeding reduced dramatically and the TEG returned to the baseline.

  

  

  

Table 1 :

 1 Guidelines for transfusion of blood products. Following bypass it is assumed that significant platelet dysfunction will be present and the higher target for platelet transfusion (100*10 9 ) is used.

	TEG	Additive	'normal'	Interpretation	Suggested Action
	parameter		value		
	MA (kaolin) Kaolin	54-72mm	Reflects platelet number, platelet function,	>48mm platelets or cryoprecipitate are not
				fibrinogen concentration and dysfunction.	indicated
					<43 and if patient is bleeding, there is likely
					benefit from platelet or cryoprecipiate infusion
	R time	Kaolin	4-8 minutes	Similar to ACT is a complex parameter	If long consider residual heparin (check
	(kaolin)			affected by anticoagulation, factor	heparinase TEG) or factor deficiency.
				deficiency and presence of inhibitors. Also	FFP may be indicated if >15minutes but other
				operator variable.	abnormalities should be corrected first.
					If severe bleeding and long R time consider use
					of Prothrombin Complex Concentrates
	Lys 30/ Lys	Kaolin	0-8%	High levels diagnostic of abnormal	Treat with antifibrinolytic drugs
	60		0-15%	fibrinolysis	
	Heparinase	Kaolin	As R-time	Useful in heparinised patient. TEG MA on	If unmodified R time is >1.5 times heparinase
	modified R	Heparinase	Compare to	bypass shows correlation with bleeding post	modified R time, further protamine should be
	time		plain kaolin R	bypass.	given
			time	If ran together with unmodified TEG a	
				shorter R time indicates residual heparin or	
				contamination.	
	Functional	Tissue factor	Expressed as	Identifies portion of clot strength due to	"Traditional" management is to supplement
	Fibrinogen	Platelet	a fibrinogen	fibrinogen to give estimate of fibrinogen	fibrinogen until greater than 1g/l in the presence
		blocker	concentration	activity.	of bleeding. If active bleeding likely to be
		(ReoPro)			further benefit in targeting concentration 2g/l or
					higher. Can be achieved with cryoprecipitate or
					fibrinogen concentrate.
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Table 1 :

 1 Commonly measured thromboelastogram (TEG) parameters, with guidance on their significance and suggested action. Thresholds for transfusion or other treatments should be seen only as a guide and treatment should be guided by the clinical situation and known risk factors for coagulopathy. Treatment is only indicated in the presence of active bleeding.