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BACKROUND

Pelvic ring fractures are common injuries, found in 10% to 20% of patients with severe trauma.1,2 These fractures were correlated in many studies with a higher morbidity and mortality, mainly as a consequence of bleeding. [START_REF] Balogh | The epidemiology of pelvic ring fractures: a population-based study[END_REF][START_REF] Giannoudis | Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective[END_REF][START_REF] Hauschild | Mortality in patients with pelvic fractures: results from the German pelvic injury register[END_REF] Three different sources of bleeding have been described in cases of pelvic fracture: spongious bone fractures, venous plexus bores or tearing, and arterial injuries. [START_REF] Hallinan | Emergency computed tomography for acute pelvic trauma: where is the bleeder?[END_REF] Although bones and venous origins are reported to be the more frequent sources, arterial injuries were reported in 4% to 15% of cases, depending on the severity of the cohorts. [START_REF] Verbeek | Management of pelvic ring fracture patients with a pelvic « blush » on early computed tomography[END_REF][START_REF] Scalea | Preperitoneal pelvic packing reduces mortality in patients with life-threatening hemorrhage due to unstable pelvic fractures[END_REF] Several hemostatic interventions may thus be proposed according to the type of bleeding: external fixator and C-Clamp for venous or bone bleeding with opened pelvic ring, pelvic transarterial embolization (TAE) specifically for arterial injury, but also pelvic packing. Consequently, identification of the bleeding pattern is important when a pelvic hemorrhage is suspected to define the best hemostatic strategy. [START_REF] Davis | Western trauma association critical decisions in trauma: management of pelvic fracture with hemodynamic instability[END_REF][START_REF] Rossaint | The European guideline on management of major bleeding and coagulopathy following trauma: fourth edition[END_REF][START_REF] Coccolini | Pelvic trauma: WSES classification and guidelines[END_REF] The development of computed tomography (CT) strategies in the last 20 years has allowed an initial CT scan to be performed for most trauma patients. [START_REF] Romano | Spiral computed tomography in the assessment of vascular lesions of the pelvis due to blunt trauma[END_REF][START_REF] Pinto | Role of multidetector-row CT in assessing the source of arterial haemorrhage in patients with pelvic vascular trauma. Comparison with angiography[END_REF] The presence of intravascular contrast extravasation (ICE) on CT imaging, often called "blush", is commonly considered in this setting as a marker of pelvic active arterial bleeding, which justifies immediate pelvic angiography and TAE. [START_REF] Rossaint | The European guideline on management of major bleeding and coagulopathy following trauma: fourth edition[END_REF][START_REF] Coccolini | Pelvic trauma: WSES classification and guidelines[END_REF][START_REF] Cullinane | Eastern Association for the Surgery of Trauma practice management guidelines for hemorrhage in pelvic fracture--update and systematic review[END_REF][START_REF] Lopez | Unstable pelvic fractures: the use of angiography in controlling arterial hemorrhage[END_REF][START_REF] Anandakumar | Predictive parameters for angiography and embolization in the bleeding pelvic fracture[END_REF] Several studies have reported a mediocre specificity of pelvic ICE in detecting arterial injuries, often less than 30% [START_REF] Brasel | Significance of contrast extravasation in patients with pelvic fracture[END_REF][START_REF] Diamond | Extravasation of intravenous computed tomography scan contrast in blunt abdominal and pelvic trauma[END_REF][START_REF] Costantini | Arterial embolization for pelvic fractures after blunt trauma: are we all talk?[END_REF] . Therefore, a specific study on CT scan and the falsepositive risk findings seems is necessary to best identify patients requiring pelvic TAE from those needing requiring another hemostatic procedures. Although many CT parameters (e.g., the size of pelvic ICE, timing of occurrence or its extension across the different CT phases) may logically be considered in favor of arterial injury, none have been clearly validated. [START_REF] Michailidou | Blush » on trauma computed tomography: not as bad as we think![END_REF] An accurate relationship between CT scan parameters and pelvic arterial injuries remains to be defined. [START_REF] Toth | Factors associated with pelvic fracture-related arterial bleeding during trauma resuscitation: a prospective clinical study[END_REF] The main goal of the present study was to determine the predictive performance of pelvic ICE characteristics for TAE requirement. A second objective was to study clinical signs of bleeding and CT scan criteria that were associated with false-positive risk for TAE.

PATIENTS AND METHODS

Study Design and Setting

The charts of severe trauma patients (Injury Severity Score [ISS] >15) admitted to the Lapeyronie University Hospital (Level I Regional Trauma Center, Montpellier, France) over a 5year period (January 2010 to December 2015) were reviewed retrospectively. Consecutive patients who had a pelvic ring fracture were included in the present study. Minors, patients who died immediately following admission, patients admitted from another hospital, and patients with a lack of data were excluded. Isolated fractures of the acetabulum were not considered as pelvic ring fractures.

Management of Patients and CT Scan Procedure

Following admission, a standard procedure was performed in our institution during the study period for each severe trauma patient. [START_REF] Charbit | A French regional network for management of severe trauma patients: the pelvic ring injury model[END_REF] All patients were managed by a trauma team with rapid clinical and ultrasonic diagnostics, immediately followed by transfer for a CT scan when possible. As a consequence, most patients in our trauma center benefit from a CT scan in the first minutes of management. [START_REF] Charbit | A haemoperitoneum does not indicate active bleeding in the peritoneum in 50% of hypotensive blunt trauma patients: a study of 110 severe trauma patients[END_REF] 

Data Collection

Demographic, anthropometric, clinical, and biological data on admission and emergency treatment in the emergency room were collected from medical records. The ISS and the Abbreviated njury Scale (AIS) score by body area (head, chest, abdomen, pelvis, and extremites)

were calculated for each patient. Severe anatomic injuries were defined by an AIS score ≥3. [START_REF] Garthe | Abbreviated injury scale unification: the case for a unified injury system for global use[END_REF] Hypotensive status on admission (systolic blood pressure <90 mmHg) and transfusion requirements were studied, as well as surgical management, radiologic arterial embolization, outcome, hospital length of stay, and mortality. When pelvic angiography was performed, data on localization of extravasation and embolization were collected. The type of material was also reported.

Imaging Study

For the present study, all CT images were retrospectively interpreted by a radiologist blinded to the clinical outcome. All pelvic fractures were thus classified on CT scans using the classification described by Tile and modified by the Orthopedic Trauma Association (OTA). [START_REF] Burgess | Pelvic ring disruptions: effective classification system and treatment protocols[END_REF] location was defined according to areas previously described. [START_REF] Hallinan | Emergency computed tomography for acute pelvic trauma: where is the bleeder?[END_REF][START_REF] Kertesz | Detection of vascular injuries in patients with blunt pelvic trauma by using 64-channel multidetector CT[END_REF][START_REF] Eastridge | The importance of fracture pattern in guiding therapeutic decision-making in patients with hemorrhagic shock and pelvic ring disruptions[END_REF] The surface of pelvic ICEs, expressed in mm 2 , was measured by planimetry during the arterial phase (aS was expressed as a percentage. Relative exS 2 ICE was arbitrarily limited to 1000% and was not calculated when the aS 2 ICE was 0. CT scan measurements of the surface of pelvic ICEs were illustrated in Figure 4. In addition to characteristics of ICEs, complementary CT scan criteria were analyzed: the presence of contact between extravasation and complex bone fractures, and its relationship with a retroperitoneal hematoma (no or minimum effusion on contact or direct relationship with a large effusion). Finally, the amount of retroperitoneal effusion was quantified using a semi-quantitative method by counting the number of compartments affected by the spread of blood Figure 5. Ten compartments in the retroperitoneal cavity were considered: prevesical space, laterovesical space, laterorectal space, presacral space, right and left iliopsoas space, periaortic and psoas space, right and left parietocolic space, and perirenal fascia extension.

Retroperitoneal hematomas were categorized in each compartment as absent (0), moderate (1), and large or bilateral (2) for a total score on 20. In the present study, large retroperitoneal hematoma was defined when this score was 8 or more.

Statistical Analysis

The main demographic characteristics of the patients on admission were first assessed according to the presence of pelvic ICE on CT using bivariate analysis: pelvic ICE group and no pelvic ICE group. Results were expressed as means (standard deviation) if data were normally distributed or median (interquartile range [IQR]) if not. These groups were compared using the Student t test for normally distributed data and the Mann-Whitney U Test for non-normally distributed data. Categorical data were expressed as numbers (percentages), and comparisons were performed using χ 2 or Fisher exact tests as appropriate.

The pelvic ICE group was subsequently specifically assessed, particularly in terms of CT parameters and pelvic TAE requirements. In patients with multiple pelvic ICEs, only one was considered in the receiver operating characteristic (ROC) curve analysis: either the largest extravasation on the arterial phase or extravasation localized in an embolized area. The global predictive performance of pelvic ICE surfaces (aS [START_REF] Giannoudis | Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective[END_REF] ICE, pS 2 ICE, absolute exS 2 ICE, and relative exS 2 ICE) for pelvic TAE was evaluated by ROC curve analysis. The areas under the ROC curves (AUCs) were expressed with their 95% confidence intervals (CI). A threshold analysis was performed a posteriori on different values of aS 2 ICE; the highest value with a sensitivity of 1 was defined as the high-sensitivity threshold to determine the most reliable cutoff to exclude patients who did not need pelvic TAE. Finally, some clinical parameters (unstable pelvic fracture, admission systolic blood pressure <90 mmHg, trauma-associated severe hemorrhage [TASH] score ≥12 and red blood cell [RBC] transfusion ≥6 units), as well as the complementary CT scan criteria, were assessed in a subgroup defined by the high-sensitivity threshold as risk factors for false-positive for pelvic TAE. Statistical analysis was performed using XLSTAT 5.0 (Addinsoft, New York, NY). Significant differences were determined at P≤0.05.

RESULTS

Population Characteristics

During the 6-year study period, 367 severe trauma patients were admitted to our institution with a pelvic ring fracture. Fifty-six patients were excluded; 19 were younger than 16 years old, 37 were transferred from another institution, 4 died immediately and 6 had incomplete clinical or imaging data. Among the 311 remaining patients, 210 (68%) were male, the mean age was 41.9±19.9 years, and the mean ISS was 27.4±19.4. The main mechanisms of injury were motor vehicle and motorcycle collisions, falls, and pedestrian collisions. Pelvic ring fractures were repatriated as follows: 78 (25%) Tile A, 180 (58%) Tile B, 53 (17%) Tile C. Ninety-eight pelvic fractures (32%) were classified as unstable. The main admission characteristics, management, and outcome of the cohort are presented in Table 1. 

Table 1: Characteristics of Patients According to the Presence of Intravenous Contrast Extravasation (ICE) on the Initial Computed Tomography Scan (N=311)

Pelvic ICE group (n=94 Patients)

A total of 157 pelvic ICEs were observed on initial CT scans in 94 patients (30%). Patients in this group were significantly older and more severely injured and presented with more complex or unstable pelvic fractures (Table 2) requiring more frequent use of pelvic ring contention. Pelvic TAEs were performed in all cases of this cohort. Significantly higher mortality rates were observed in this cohort (23% versus 8%, P<0.001). The characteristics, timing of occurrence, surface and extension of pelvic ICE are presented in Table 3 and their location is reported in Figure 6.

Ten patients of this cohort presented with more severe injuries requiring pelvic TAE during their initial management and more transfusions (Table 2). Median time from arrival to pelvic angiography was 120 min (interquartile range [IQR], 90-560 min) and median duration of the TAE procedure was 90 min (IQR, 65-120 min). Bilateral pelvic TAE was performed in one case. Eight embolizations were proximal (1 in the common iliac artery and 7 in the internal iliac artery), and 3 were distal (1 in the gluteal artery, 1 in the pudendal artery, and 1 in the obturator artery). Follow up angiography demonstrated therapeutic success in all patients. Embolization was not performed on one patient with no documented hemorrhage on initial pelvic angiography. 

CT Scan Criteria and Pelvic TAE

Patients undergoing pelvic TAE had significantly larger aS 2 ICE and pS 2 ICE on initial CT scan than other patients of Pelvic ICE group (Table 3, Figure 1) A similar trend was observed for absolute exS 2 ICE (P=0.09). Although large retroperitoneal hematomas were more frequently found in the Pelvic ICE cohort, (almost 75% cases) use of pelvic TAE was not significant (Figure 2). Analysis of complementary CT scan criteria associated in cases of pelvic TAE demonstrated a direct relationship between extravasation and a large retroperitoneal hematoma (P=0.04).

Extravasations in contact with complex bone fractures were less frequent I n these patients (P=0.03).

Using ROC curves analysis, the global ability of aS [START_REF] Giannoudis | Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective[END_REF] ICE was found as modest to predict pelvic TAE (AUC, 0.76 [95% CI, 0.64-0.90]; P=0.011). pS 2 ICE, absolute exS 2 ICE, and relative exS [START_REF] Giannoudis | Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective[END_REF] ICE were not significantly associated with pelvic TAE risk (AUC, 0.45-0.66). The predictive performances of different aS 2 ICE values are presented in Table 5. An aS 2 ICE ≥20 mm 2 was determined to be the high-sensitivity threshold, corresponding to the best screening cutoff to 

Prediction of False-Positive Risk

Seventy six percent of the 42 patients presenting a pelvic ICE with aS 2 ICE of 20 mm 2 or more on the initial CT scan, corresponding to 45% of the Pelvic ICE group and 13% of the study population, were considered false-positives for pelvic TAE management ([95% CI, 63%-89%).

The performance of clinical parameters and complementary CT scan criteria in predicting pelvic TAE was subsequently studied to help identifying the false-positive risk (Table 4, Figure 3). Systolic blood pressure ≥90 mmHg (63% versus 20%; P=0.03) on admission and low transfusion needs (63% versus 10%; P=0.009) were significantly associated with false-positive risk, as well as extravasation in contact with a complex bone fracture (78% versus 30%; P=0.008) or the absence of a direct relationship between extravasation and a large retroperitoneal hematoma (100% versus 38%; P<0.001). CT, computed tomography; exS 2 ICE, extension of ICE surface between arterial and portal phase transarterial embolization; ICE, intravenous contrast extravasation; LHR, likelihood ratio; PPV, positive predictive value; RBC, red blood cells; SBP, systolic blood pressure; Se, sensitivity; Sp, specificity; TASH, trauma-associated severe hemorrhage. Ratio and percentages are expressed with their 95% confidence intervals.

Arrowhead indicates extravasation in contact with a complex bone fracture. Arrow indicates a direct relationship between ICE and a large retroperitoneal hematoma. (A) Intravenous contrast extravasation in contact with

DISCUSSION

In the present study of 311 severe trauma patients with pelvic ring fracture, initial CT scans demonstrated pelvic ICE in 30% of cases. Only 11% of patients in the pelvic ICE group (10/94) required pelvic TAE and none in no pelvic ICE group. We observed that pelvic ICE surfaces were significantly larger in patients requiring pelvic TAE during the arterial phase (P=0.001) than during the portal phase (P=0.035). This trend was also observed with absolute exS 2 ICE (P=0.09). Although aS 2 ICE was significantly associated with pelvic TAE in the ROC curve analysis, its predictive performance was modest (AUC, 0.76; P=0.011). Further analysis of the high-sensitivity threshold using aS 2 ICE ≥20 mm 2 , was a robust criterion to exclude patients who did not require pelvic TAE, but susceptible to high rates of false-positives (76%). The absence of hypotension on admission and low transfusion needs were significantly associated with this falsepositive risk, as well as extravasation in contact with complex bone fracture or the absence of a direct relationship between extravasation and a large retroperitoneal hematoma on CT imaging.

Pelvic ring fractures are well known to be frequently associated with massive retroperitoneal hemorrhage. Arterial injuries are associated with greater morbidity in this case but, their occurrence has been found to be low, (4%-15%) in previous reports . [START_REF] Eastridge | The importance of fracture pattern in guiding therapeutic decision-making in patients with hemorrhagic shock and pelvic ring disruptions[END_REF][START_REF] Miller | External fixation or arteriogram in bleeding pelvic fracture: initial therapy guided by markers of arterial hemorrhage[END_REF][START_REF] Velmahos | A prospective study on the safety and efficacy of angiographic embolization for pelvic and visceral injuries[END_REF][START_REF] Murakami | Active extravasation of the abdomen and pelvis in trauma using 64MDCT[END_REF] The prevalence of hemorrhagic shock seems to be closer to 30%-40%. [START_REF] Charbit | Does the size of the hemoperitoneum help to discriminate the bleeding source and guide therapeutic decisions in blunt trauma patients with pelvic ring fracture?[END_REF][START_REF] Biffl | Evolution of a multidisciplinary clinical pathway for the management of unstable patients with pelvic fractures[END_REF] Although the optimal hemostatic sequence of TAE and pelvic packing to control pelvic hemorrhage is still debated, many experts consider that angiography has to be performed immediately when a pelvic arterial injury is suspected. [START_REF] Brun | Detecting active pelvic arterial haemorrhage on admission following serious pelvic fracture in multiple trauma patients[END_REF] Identification of the bleeding source is therefore overriding in the presence of ongoing pelvic hemorrhage to decide on an adequate life-saving strategy. Pelvic ICE is the main criterion on CT scan traditionally used as a marker of arterial injury.

Several series in the literature have shown ICE to be common in pelvic trauma (15% to 40%) without necessarily requiring pelvic TAE (23% to 39%). [START_REF] Verbeek | Management of pelvic ring fracture patients with a pelvic « blush » on early computed tomography[END_REF][START_REF] Juern | Clinical significance of computed tomography contrast extravasation in blunt trauma patients with a pelvic fracture[END_REF] In our study we found similar incidences of pelvic ICE on the initial CT scan in pelvic trauma patients (30%; 94/311) with 11% of cases requiring pelvic TAE. The poor specificity found for ICE in predicting which cases would benefit by TAE indicate the need for further study to establish more precise CT criteria for TAE.

Our study confirmed the sensibility of pelvic ICE by demonstrating that the No pelvic ICE group were not eligible for pelvic TAE while requiring low transfusion needs. Our findings confirm a recent study by Hymel et al. [START_REF] Hymel | Selective versus nonselective embolization versus no embolization in pelvic trauma: A multicenter retrospective cohort study[END_REF] suggesting a very modest added value of prophylactic pelvic embolization in the absence of identifiable arterial bleeding.

Assessment of ICE size was proposed on initial CT scan to affirm pelvic arterial injury. Michailidou et al. [START_REF] Michailidou | Blush » on trauma computed tomography: not as bad as we think![END_REF] showed that blushes with a diameter of 1.5 cm or more were statistically predictive for the need for embolization. However, this result must be interpreted with cautious because the number of pelvic ICEs studied was small, and not only concerned pelvic injuries. Moreover, the threshold analysis was not only achieved during arterial phase. Murakami et al. [START_REF] Murakami | Active extravasation of the abdomen and pelvis in trauma using 64MDCT[END_REF] similarly emphasized the importance of ICE size on CT scan. Patients with no operative management or negative angiography in their studies presented less important ICE surfaces than those who needed a pelvic hemostatic procedure (27 mm 2 versus 70 mm 2 during the arterial phase; 88 mm 2 versus 252 mm 2 during the portal phase). Regardless of significant the differences observed between embolized and non-embolized patients (Figure 1) our study demonstrated that pelvic ICE found on initial CT scan were poor predictors of the need for TAE (AUC for aS 2 ICE 0.76 [95% CI, 0.64-0.90]) or not significant. These results support the fact that a substantial number of large ICEs occurring during the arterial phase are not synonymous with a need for an angiographic procedure (Figure 1A). To be relevant, the pelvic ICE must be expanded. [START_REF] Michailidou | Blush » on trauma computed tomography: not as bad as we think![END_REF][START_REF] Toth | Factors associated with pelvic fracture-related arterial bleeding during trauma resuscitation: a prospective clinical study[END_REF] Our threshold analysis also proved that an aS 2 ICE below 20 mm 2 excluded the need for angiography (Table 5). Although the negative predictive value was significant, the positive predictive value was suboptimal. A threshold of aS 2 ICE ≥20 mm 2 increased the risk of misdiagnosis as 76% of patients did not undertake pelvic TAE. The ICE surface during the portal phase (pS 2 ICE) or a surface increase between the arterial and portal phase (exS 2 ICE) proved unreliable as well.

The mediocre specificity of arterial pelvic ICE to identify the etiology of bleeding is responsible for a non-negligible risk of false-positives. Other predictive criteria are indispensable to reduce the number of unnecessary angiograms while prioritizing necessary hemostatic procedures. The absence of signs of blood spoliation, such as hypotension or transfusion requirements, does not guide us reasonably toward emergent pelvic angiography (Table 4). This is in agreement with previous works on renal or splenic trauma in which we proved that the consideration of clinical parameters and transfusion requirements is indispensable to reliably interpret CT findings and determine the need for angioembolization. [START_REF] Saour | Effect of renal angioembolization on post-traumatic acute kidney injury after high-grade renal trauma: a comparative study of 52 consecutive cases[END_REF][START_REF] Brault-Noble | Age should be considered in the decision making of prophylactic splenic angioembolization in nonoperative management of blunt splenic trauma: a study of 208 consecutive civilian trauma patients[END_REF] Unstable pelvic fractures usually requiring pelvic embolization remain uninformative (Table 2) and non-specific for the characterization of pelvic arterial bleeding source even in the presence of hemorrhagic shock. [START_REF] Eastridge | The importance of fracture pattern in guiding therapeutic decision-making in patients with hemorrhagic shock and pelvic ring disruptions[END_REF] The large retroperitoneal hematomas almost always observed in embolized patients in our series can not to be considered as reliable CT criteria for robust predictor of TAE (Figure 1B) as it implies massive pelvic hemorrhage without revealing the source. [START_REF] Tanizaki | Early embolization without external fixation in pelvic trauma[END_REF] Our data demonstrates the importance of anatomic relationships between ICE and other injuries on CT imaging needed for accurate determination of the bleeding source (Table 4 and Figure 2). The absence of a direct relationship between extravasation and large retroperitoneal hematoma when aS 2 ICE was 20 mm 2 or more was not indicative of arterial injury requiring an endovascular procedure (positive predictive value, 89% [78%-100%], positive likelihood ratio, 2.6 [2.0-2.7]; Table 4) potentially arising from another source or indicate a stopped bleeding. Patients in our cohort not benefiting from pelvic TAE were mainly found in cases of pelvic extravasations in contact with complex bone fracture (P<0.04; Table 3). This additional CT scan criterion proved to be predictive factor for falsepositives (Table 4) suggesting that several massive pelvic osseous bleeds are detectable by arterial ICEs. The pelvic ring is an irregular bone of mostly spongious bone vascularized by a complex network of perforating arteries with numerous anastomoses from multiple trunks not conducive to angioembolization. Spongious bone fractures may result in significant bleeding observable in CT scan arterial phase. Pelvic packing and optimal pelvic ring contention (C-clamp or external fixator) are preferable as first-line treatment.

The present study has limitations. Our study is a retrospective work with inherent limitations due to data collection and selection bias. Selection bias was limited by excluding only 15% of the initial population (mainly for admissions from another institution) and 4 patients who died without a complete diagnosis. The rate of embolization in our cohort may seem low however, it is comparable with rates found in previous reports. [START_REF] Brasel | Significance of contrast extravasation in patients with pelvic fracture[END_REF] Prophylactic embolization is not performed in cases of negative angiography in our center which may explain the low prevalence. Lack of statistical power is inevitably the result of the low number of pelvic embolizations. This influences mainly comparisons between of variables in Table 2 and negative predictive value of CT criteria.

In contrast, the mediocre positive predictive value of CT criteria and risk factor analysis of falsepositives are statistically less concerned by this bias. The absence of angiography, as a gold standard, was not performed for each patient to exclude a pelvic injury requiring TAE. Nonembolized patients did not suffer worse outcomes in terms of transfusion needs, length of stay, and mortality as shown by Tables 1 and2 allowing us to exclude untreated arterial injuries without performing angiography. Finally, preperitoneal pelvic packing use in our cohort for cases of pelvic hemorrhage might be considered as low in spite of currently increasingly use in Europe may explain its infrequent use during the study period. [START_REF] Scalea | Preperitoneal pelvic packing reduces mortality in patients with life-threatening hemorrhage due to unstable pelvic fractures[END_REF] 

CONCLUSION

In the present study of 311 severe trauma patients with pelvic ring fracture, we highlighted that absence of pelvic ICE on the initial CT scan reliably excludes the need for TAE. Large pelvic ICE during arterial phase does not systematically implicate active arterial bleeding requiring pelvic TAE. Potential "false-positives" are frequent even when the extravasation surface is significant. Some pelvic angiographic procedures could probably be avoided or judged as less priority by considering complementary criteria; the absence of a direct relationship between an arterial extravasation and a large retroperitoneal hematoma and the extravasation in contact with a complex bone fracture are thus associated with this risk of false-positive. Further study by prospective randomized trials could demonstrate the efficiency and the safety of targeted angiographic evaluation based on these CT criteria and, ultimately, refine management of pelvic post-traumatic hemorrhage. The amount of retroperitoneal effusion was quantified using a semi-quantitative method by counting the number of compartments affected by the spread of blood. Ten compartments in the retroperitoneal cavity were considered: prevesical space, laterovesical space, laterorectal space, presacral space, right and left iliopsoas space, periaortic and psoas space, right and left parietocolic space, and perirenal fascia extension. Retroperitoneal hematomas were categorized in each compartment as absent (0), moderate (1), and large or bilateral (2) for a total score on 20. In the present study, large retroperitoneal hematoma was defined when this score was 8 or more Annex 4 
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  A whole-body contrast-enhanced CT scan was performed by a 64-slice multidetector (LightSpeed VCT, GE Healthcare, Milwaukee, WI). Intravenous contrast medium (iohexol [Omnipaque 300], GE Healthcare, Cork, Ireland; or iobitridol [Xénétix 350], Guerbet, Aulnay-sous-Bois, France) was delivered at a rate of 3-4 mL/s to a maximum of 140 ml/patient. Image acquisition of the arterial phase was begun when contrast medium was detected in the root of the descending aorta (ROI detection), and the portal venous phase was begun 70-80 s after injection. CT image analysis was completed with multiplanar reconstruction from native images.Once lesional assessment was performed, an immediate pelvic hemostatic procedure could be initiated if necessary: Pelvic angiography was proposed in case of a strong suspicion of pelvic arterial injuries. Embolization was then decided on based on angiographic findings. An external fixator and a pelvic C-Clamp were placed in case of open book fracture or vertical sheared fracture to maintain a closed pelvic ring. Trans-tibial traction could be a therapeutic alternative to reduce iliac ascension. Pelvic packing was also discussed in case of large ongoing venous or uncontrolled spongious bleeding.

  exclude pelvic TAE risk (sensitivity, 100% [95% CI, 100%-100%]; specificity, 62% [95% CI, 52%-72%]; negative predictive value, 100% [95% CI,100%-100%]; positive predictive value, 24% [95% CI, 11%-37%]; positive likelihood ratio, 2.6 [95%CI, 2.0-2.7].
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 1 Figure 1: Characteristics of ICEs surfaces according to pelvic TAE needs (n=94)

  a fracture of the ilioischio pubic branch.(B) Intravenous contrast extravasation in contact with fractures of ilioischio pubic branches (fractures not visualized) associated with large symphysis diastasis. (C) Direct relationship between ICE and a large prevesical hematoma. The bladder (represented by the dotted line) is compressed by the hematoma. (D)Large ICE from active arterial bleeding from the pudendal artery without direct contact with a bone fracture (embolized injury.
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TABLE DES ABBREVIATIONS

 DES 

	TAE: Transarterial Embolization
	CT: Computed Tomography
	ICE: Intravascular Contrast Extravasation
	ISS: Injury Severity Score
	AIS: Abbreviated Injury Scale
	OTA: Orthopedic Trauma Association
	aS 2

ICE: Surface of pelvic ICEs during the arterial phase (mm 2 ) pS 2 ICE: Surface of pelvic ICEs during the portal phase (mm 2 ) exS 2 ICE: Extension of pelvic ICEs between the arterial and portal phases (mm 2 or %) ROC: Receiver Operating Characteristic AUCs: The areas under the ROC curves CI: Confidence Intervals TASH score: Trauma-Associated Severe Hemorrhage score RBC: Red Blood Cell FFP: Fresh Frozen Plasma

Table 5 : Thresholds of Intravenous Contrast Extravasation Surface during the Arterial Phase in Predicting Pelvic Transarterial Embolization

 5 [START_REF] Giannoudis | Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective[END_REF] ICE, arterial surface of ICE; ICE, intravenous contrast extravasation; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity. Percentages are expressed with their 95% confidence intervals.

			n	Se (%)	Sp (%)	PPV (%)	NPV (%)
	aS 2	ICE ≥10 mm 2	59	100 (100-100)	42 (31-52)	17 (7-26)	100 (100-100)
	aS 2	ICE ≥15 mm 2	53	100 (100-100)	49 (38-59)	19 (8-29)	100 (100-100)
	aS 2	ICE ≥20 mm 2	42	100 (100-100)	62 (51-72)	24 (11-37)	100 (100-100)
	aS 2	ICE ≥25 mm 2	33	90 (71-108)	71 (61-81)	27 (12-42)	98 (95-101)
	aS 2	ICE ≥30 mm 2	33	90 (71-108)	71 (61-81)	27 (12-42)	98 (95-101)
	aS 2	ICE ≥35 mm 2	28	70 (41-98)	75 (65-84)	25 (9-41)	95 (90-100)
	aS 2	ICE ≥40 mm 2	23	50 (19-81)	78 (69-87)	21 (4-38)	(87-98)
	aS 2	ICE ≥45 mm 2	20	40 (9-70)	81 (72-89)	20 (2-37)	(85-98)
	aS 2	ICE ≥50 mm 2	16	40 (9-70)	86 (78-93)	25 (3-46)	(86-98)

aS
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