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Trauma is a major cause of mortality worldwide, accounting for 5 million deaths per year [1,2] and representing a major socioeconomic burden to society because of losses in productivity and psychologic burden in grief and suﬀering [1]. Recent years have seen signiﬁcant improvements in resuscitation of trauma patients. Uncontrolled bleeding remains a major challenge, being responsible for approximately 40% of trauma-related deaths [3–5]. Uncontrolled bleeding is regarded as the leading cause of preventable death following trauma [3–6]. Management of bleeding in the ﬁrst hours after trauma is key in preventing death. For bleeding resulting from identiﬁable vascular damage, a combination of packing, damage-control surgery, external ﬁxation, and angiographic embolization can be highly eﬀective. Damage-control surgery (such as laparotomy) is aimed at increasing survival of severely injured patients by abbreviating surgical procedures and allowing early transfer of the patient to intensive care. It allows for tamponade and repair of some injured vessels, whereas external ﬁxation can help control small venous
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and cancellous bone bleeding. Because the focus of this article is nonsurgical management of major bleeding, these approaches to bleeding control are not discussed further but are reviewed extensively elsewhere [7–12]. Angiographic embolization is increasingly used in the early management of selected trauma patients and is reviewed brieﬂy. Although the combination of surgery, damage control, external ﬁxation, and embolization may arrest bleeding resulting from vascular damage in some cases of traumatic injury, many patients who have major uncontrolled bleeding develop coagulopathic diﬀuse bleeding that requires other nonsurgical approaches to management. A state of coagulopathy poses unique challenges to the anesthetist and surgeon. As described, coagulopathy can result from a coalition of factors inherent to trauma and its management [4,13]. Blood component replacement therapy, although the mainstay of management for massive blood loss, cannot always restore the eﬃcacy of the blood coagulation system, and the prevention and treatment of trauma-related coagulopathy may require correction of normal coagulation processes. Adjunctive use of ﬁbrinogen may be tried to correct the coagulopathy associated with massive blood loss and its management, and recent studies suggest that adjunctive use of recombinant activated factor VII (rFVIIa; eptacog alpha, NovoSeven) may have a role in trauma hemostasis. This article considers new developments in the contemporary, nonsurgical, management of critical trauma bleeding. Angiography and embolization Although surgery is the cornerstone of bleeding control, transcatheter angiographic embolization (TAE) is an increasingly popular and highly effective means of controlling arterial bleeding in blunt trauma patients who have suﬀered solid organ injury or pelvic fracture, oﬀering success rates as high as 90% [14–17]. The technique is applicable in the control of arterial bleeding [18–21]. For example, Fangio and colleagues [22] reported a 96% success rate in a series of 25 hemodynamically unstable patients who had pelvic injuries, and Hagiwara and colleagues [23] reported a successful outcome following TAE in 19 patients who had blunt multiple trauma who showed only a transient response to ﬂuid resuscitation. In general, hemodynamically unstable patients should not undergo embolization, but, rather, surgical bleeding control. Early use of embolization It is generally agreed that angiography and embolization should be performed early after admission [24] because delays (O3 hours) are reported to increase mortality from 17% to 75% [25]. There is debate, however, as to when angiographic embolization should be performed relative to external ﬁxation or surgical interventions for bleeding control. Ideally, neither
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procedure would be delayed. In practice in most institutions, it is necessary to decide which should be performed ﬁrst. A key consideration is whether the main cause of hemorrhage is venous bleeding (which may be eﬀectively controlled by external ﬁxation) or arterial bleeding (which may be controlled by surgery or angiographic embolization), and whether sources of bleeding can be predicted early. The literature on embolization attests to the ongoing debate on how best to sequence management. Several studies have investigated whether the pattern of pelvic fracture, according to the Young and Burgess classiﬁcation, is predictive of the potential requirement for acute embolization. Eastridge and colleagues [17] analyzed the medical records for 86 patients who had pelvic fractures (40 stable, 46 unstable) who required ongoing resuscitation and found that the mortality rate was higher for patients who had unstable fractures who underwent laparotomy ﬁrst compared with those who underwent angiography ﬁrst (60% versus 25%), suggesting that angiography should be considered before laparotomy in patients who have unstable fracture patterns. Sarin and colleagues [26], however, could not show a consistent correlation between order of angiography, external ﬁxation, or laparotomy, and outcome. Another study, a retrospective case series of bleeding pelvic factures, found that all patients who remained hypotensive despite resuscitation demonstrated bleeding on diagnostic angiography. These authors therefore suggest that patients who do not show a sustained response to resuscitation should undergo angiography without delay, with external ﬁxation performed subsequently [27]. The technique and its safety Angiography is usually performed using a radiolucent material. An abdominal ﬂush is performed to assess abdominal sites, followed by a pelvic ﬂush and selective internal and external iliac artery runs [24]. Injuries requiring embolization present by extravasation of contrast, false aneurysms, or vasospasm. Embolization is then performed using steel coils for main arteries and branches, or with Gelfoam suspension for small branch bleeding sites. Angiography should then be repeated to check that bleeding has stopped, for new sites, and for evidence of ongoing bleeding. Pelvic embolization is generally associated with minimal morbidity. There are reports, however, of necrosis of the distal colon and ureter, bladder necrosis, perineal wound sepsis [28], and ischemic damage of the gluteal muscle [29]. Risks should therefore be borne in mind when considering angiographic embolization. The success of angiographic embolization, like surgery, is highly operatordependent, and currently, not all centers dealing with trauma have 24-hour access to angiographic diagnostic and treatment facilities. Future studies are needed to guide clinical decision-making and clarify the optimal timing of embolization relative to traditional surgical control of bleeding in trauma.
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Blood component replacement therapy The resuscitation of trauma patients who have critical bleeding typically involves infusion of large volumes of crystalloid and colloid to restore tissue normoxia and correct tissue hypoperfusion, followed by use of blood and blood component transfusion in patients who are hemodynamically unstable, patients who have class III and IV hemorrhage (according to Advanced Trauma Life Support [ATLS] classiﬁcation of shock), and patients who have uncontrolled ongoing sources of bleeding [7,30,31]. Although red blood cell (RBC) units help improve tissue oxygenation, they contain negligible amounts of platelets and coagulation factors. Consequently, in trauma patients who have bleeding described as nonsurgical (ie, cannot be controlled by conventional surgery, damage-control practices, ﬁxation, or embolization and use of blood products), there is a need to adopt transfusion and hemostatic management strategies aimed at correcting coagulation deﬁcits and the development of coagulopathy [32]. Coagulopathic diﬀuse bleeding in trauma In trauma patients, normal coagulation capacity is often severely compromised. When coagulopathy is present with hypothermia and acidosis, the so-called ‘‘lethal triad’’ may ensue, leading to exsanguination and death [33]. Coagulopathy often occurs early postinjury, and predicts for signiﬁcantly higher rates of mortality [13]. Patients who have an injury severity score (ISS) greater than 25, systolic blood pressure less than 70 mm Hg, acidosis (pH!7.1), and hypothermia (temperature !34 C) show an increased risk for developing coagulopathy [34]. The factors contributing to trauma coagulopathy are numerous and often compounding (Box 1) [32].



Box 1. Major causes and contributors to the development of coagulopathy in trauma patients [32]        



Blood loss Consumption of platelets and coagulation factors Dilution of platelets and coagulation factors Increased fibrinolysis Impaired functions of platelets and coagulation factors Coagulation-compromising effects of colloids Hypothermia Hypocalcemia



Data from Spahn DR, Rossaint R. Coagulopathy and blood component transfusion in trauma. Br J Anaesth 2005;95:130–9.
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Blood loss is a major factor in trauma-associated coagulopathy (Fig. 1) [35–37]. In addition, there is often ‘‘consumption coagulopathy,’’ whereby platelet and coagulation factors are depleted through the normal activation of the coagulation system in response to tissue damage or from abnormal activation of the coagulation system and ﬁbrinolysis in response to prevailing anoxia and shock [4,33]. Further, an increase in ISS is associated with an increase in the incidence of coagulopathy that is not related to the amount of ﬂuid administered [37]. Altered central thermoregulation, decreased heat production because of tissue hypoperfusion, exposure to low ambient temperature, and the infusion of inadequately warmed resuscitation ﬂuids means that patients who have major trauma are often hypothermic [38]. A decrease in body temperature below 34 C is known to slow enzyme reactions of the clotting system [39], impairing thrombin generation and the formation of platelet plugs and ﬁbrin clots while increasing clot lysis [40,41]. Acidosis (pH !7.1) also exerts an inhibitory eﬀect on clotting enzymes and may exacerbate coagulopathy [33]. An additional contributing factor to coagulopathy is the often marked dilution of clotting factors and platelets caused by infusion of large volumes of resuscitative crystalloid and colloid ﬂuids and the transfusion of RBC units



Fig. 1. Overview of hemostasis and the coagulation process [36,37]. On vessel wall injury, tissue factor (TF) is exposed to circulating endogenous factor VII/VIIa, leading to the TF/VIIa complex, which initiates coagulation (1). A limited amount of thrombin activates factors V, VIII, and platelets (2). Activation of factor X leads to the formation of the prothrombinase complex Xa/Va, which subsequently generates large amounts of thrombin (3). This thrombin burst induces the generation of a hemostatic plug that prevents further blood loss (4).
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devoid of appreciable levels of platelets and essential coagulation factors. Although RBC transfusion is life saving in trauma patients who have hemorrhagic shock, in cases in which massive transfusion is required (in excess of 10 units of RBC), coagulopathy and thrombocytopenia are common [30,32,42].



Overcoming coagulopathy In theory, blood-component therapy oﬀers scope for the optimal use of RBCs, platelets, plasma, and ﬁbrinogen or cryoprecipitate in accord with the patient’s needs [43,44]. There are no universally accepted guidelines as to how best to use these blood components to restore normal coagulation, however. Instead recommendations are based on personal experience or experts’ opinions rather than on evidence from randomized controlled trials [32]. In practice, a stepwise approach to replacement therapy is used. The ﬁrst step involves empiric prophylactic administration of fresh frozen plasma (FFP) after a certain number of units of RBCs have been transfused [45]. There is no consensus on the optimal ratio of FFP to RBCs or of platelets to RBCs and no conclusive evidence that such practices prevent the development of coagulopathy or improve bleeding [32]. The second step is to use component therapies when there is clinical evidence of coagulopathy, for example when there is microvascular diﬀuse bleeding or when laboratory evidence suggests coagulopathy [44]. When a patient has evident microvascular bleeding, a hematocrit of 21% to 24%, a prothrombin time (PT) or an activated partial thromboplastin time (aPTT) more than 1.5 times normal, thrombocytopenia with a platelet count of under 50  109/L, or ﬁbrinogen concentration less than 1 g/L, coagulopathy can be considered. In such cases, these values may act as trigger points for blood component treatment (Fig. 2) [46]. Although there are guidelines from the American Society of Anesthesiologists (ASA) for replacement therapy in patients who have coagulopathy (Table 1) [32], reliance on laboratory markers and measures of coagulopathy has major shortcomings in trauma. Often, results of laboratory tests are provided too late (30–60 minutes after sampling) to be of use. The hemostatic status of a trauma patient can be subject to precipitous change, and the practice of rewarming and buﬀering samples for assay may lead to a failure to detect or an underestimate of hypothermia- or acidosis-related coagulopathies [32]. Attempts should therefore be made to correct acidosis and hypothermia if clinically present. A further limitation of component replacement therapy is that in preparation and storage of platelets and FFP signiﬁcant losses can occur, such that even transfusion of RBCs, FFP, and platelets in a 1:1:1 ratio does not necessarily reconstitute coagulation [32]. During preparation of FFP, levels of coagulation factors are diluted by approximately 15% and further



NONSURGICAL TREATMENT OF MAJOR BLEEDING



41



Fig. 2. Fluid and blood component treatment in major bleeding; parameters and trigger points for transfusion of components and concentrates. Fg, ﬁbrinogen; Hct, hematocrit; PCC, prothrombin complex concentrate; Plt, platelets. (Adapted from Erber WN. Massive blood transfusion in the elective surgical setting. Transfus Apheresis Sci 2002;27:83–92; with permission from European Society of Haemapheresis.)



losses are believed to occur during freezing and thawing [47]. Massive transfusion of blood products is associated with worsened clinical outcome, however, and more than 50% of patients who receive massive transfusion after trauma do not survive their hospital stay [48,49]. In trauma there is a known dose relationship between high RBC transfusion and the likelihood of multiple organ failure (MOF) requiring intensive care unit stay [48–50]. Although the mechanism of increased organ damage attributable to RBC transfusion has not been ﬁrmly established, it is believed that during storage bioreactive lipids are generated by RBCs, which may contribute to heightened systemic inﬂammatory responses [48]. Artiﬁcial oxygen carriers are a novel class of colloids capable of transporting and oﬀ-loading oxygen to tissues. These substances are in development but are not yet approved by health authorities in the Western world [51].



Table 1 The ASA 1996 guidelines for replacement therapy in patients who have coagulopathy Coagulation parameter



Recommended replacement therapy



PT O1.5 times normal aPTT O1.5 times normal Fibrinogen !1.0 g/L Platelets !50  109/L



FFP, prothrombin complex concentrate FFP Fibrinogen concentrate, cryoprecipitate Platelets



From Spahn DR, Rossaint R. Coagulopathy and blood component transfusion in trauma. Br J Anaesth 2005;95:130–9; with permission.
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Adjunctive use of recombinant activated factor VIIa As a third step (Fig. 3), a novel approach to the management of coagulopathic bleeding may be considered: adjunctive use of rFVIIa, a blood clotting factor shown to provide eﬀective hemostasis in a range of bleeding conditions characterized by impaired thrombin generation and life-threatening bleeding [52,53]. rFVIIa is widely used in the management of bleeding in hemophilia patients with inhibitors and, while not currently indicated for use in the management of trauma bleeding, has demonstrated eﬃcacy in case series and most recently in randomized controlled studies in patients who have multiple trauma [54–56]. rFVIIa has a mode of action founded on physiologic coagulation processes [37,57]. At pharmacologic doses, rFVIIa binds to the surface of locally activated platelets, activating factor X, which results in enhanced localized thrombin generation and formation of a stable ﬁbrin clot at the site of vascular injury. Recently, the results of two randomized controlled studies of rFVIIa for control of bleeding in patients who had severe trauma (blunt and penetrating injury) were published [56]. In these studies, the primary endpoint was number of RBC units transfused during the ﬁrst 48 hours after ﬁrst dose of trial product. Patients had severe traumatic bleeding, deﬁned as the need for transfusion of six units of RBCs within 4 hours of admission, and on completion of the eighth unit of RBC they received three injections of rFVIIa (200 mg/kg followed by 100 mg/kg and 100 mg/kg 1 and 3 hours later, respectively) or placebo, in addition to local standard blood component and surgical treatment for hemorrhage. When patients who died within the ﬁrst 48 hours were excluded from the analyses (an a priori decision), the reduction in RBC requirement among patients who had blunt injuries was signiﬁcant (an estimated reduction of 2.6 total RBC units per patient [P ¼ .02]). In these blunt trauma patients, the need for massive transfusionddeﬁned here as need for more than 20 units RBCsdwas signiﬁcantly reduced by rFVIIa treatment from 33% to 14% (P ¼ .03), a relative risk reduction of 56% (Fig. 4) [56]. There was a significant treatment-related reduction in acute respiratory distress syndrome (ARDS) at 30 days in blunt trauma patients, from 16% (placebo) to 4% (rFVIIa) (P ¼ .03). Despite similar trends toward improved bleeding control and outcome in patients who had penetrating trauma, no statistically signiﬁcant beneﬁts of therapy were observed in these patients [56]. In both studies, adverse event rates between placebo- and rFVIIa-treated groups were similar, with no diﬀerences in the rate of thromboembolic events (Table 2). The issue of possible thromboembolic events associated with rFVIIa use requires further investigation in large-scale randomized clinical studies, because evidence to date (reports to the Food and Drug Administration) shows that analysis of the relationship between rFVIIa and adverse events is often hindered by concomitant medications and preexisting medical conditions and confounded by indication [58].
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Fig. 3. Stepwise management of traumatic bleeding and an algorithm for the use of rFVIIa. Hct, hematocrit.
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Fig. 4. Massive transfusion. Percentages of patients alive at 48 hours receiving more than 12 units of RBCs within 48 hours of the ﬁrst dose, which equals O20 units of RBCs (inclusive of 8 predose units). (From Boﬀard KD, Riou B, Warren B, et al for the NovoSeven Trauma Study Group. Recombinant factor VIIa as adjunctive therapy for bleeding control in severely injured trauma patients: two parallel randomized, placebo-controlled, double-blind clinical trials. J Trauma 2005;59:8–15; with permission.)



These ﬁrst controlled studies of rFVIIa in trauma suggest a potential place for rFVIIa in the management of trauma patients who have nonsurgical coagulopathic bleeding. The reductions in RBC requirements noted in these studies can be expected to translate into improvements in patients’ long-term clinical outcome [48–50,59].



Summary There is an urgent need for improved strategies to control bleeding in patients who have major trauma in which hemorrhage is a major preventable cause of death. Wider use of angiographic embolization, better understanding of trauma-related coagulopathy, and the publication of randomized controlled studies showing eﬃcacy for the hemostatic agent rFVIIa are providing clinicians with data on new adjunctive tools with which to control the coagulopathic diﬀuse bleeding that often occurs in trauma despite best eﬀorts to control bleeding through traditional means.
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Table 2 Adverse events and clinical outcomes Blunt trauma



Thromboembolic adverse events Patients with events Number of events 48-hour mortality 30-day mortality



Placebo (n ¼ 74)



rFVIIa (n ¼ 69)



P value



Placebo (n ¼ 64)



RFVIIa (n ¼ 70)



P value



49 (66%) 109



44 (64%) 91



d d



36 (56%) 76



36 (51%) 57



d d



3 (4%) 3 13 (18%) 22 (30%)



2 (3%) 2 13 (19%) 17 (25%)



d d 1.00 0.58



3 (5%) 3 10 (16%) 18 (28%)



4 (6%) 4 12 (17%) 17 (24%)



d d 1.00 0.69



3 5 20 17 12



0.03 0.41 0.16 0.43 0.31



5 7 22 20 18



4 2 20 25 23



0.74 0.09 0.57 0.21 0.34



Patients who have critical complications within 30 days ARDS 12 (16%) MOF 9 (12%) Patients who have ARDS, MOF or death 31 (42%) 13 (0–29) Ventilator-free daysa (median and range) ICU-free daysa (median and range) 8 (0–29)



(4%) (7%) (29%) (0–29) (0–29)



(8%) (11%) (34%) (0–29) (0–29)



(6%) (3%) (29%) (0–29) (0–29)
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Serious adverse events Patients with events Number of events



Penetrating trauma



a



Within 30 days of trial product treatment. From Boﬀard KD, Riou B, Warren B, et al, for the NovoSeven Trauma Study Group. Recombinant factor VIIa as adjunctive therapy for bleeding control in severely injured trauma patients: two parallel randomized, placebo-controlled, double-blind clinical trials. J Trauma 2005;59:8–15; with permission.
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