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conteur, c’est une immense fierté de vous connaitre
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Bonheur de pouvoir vieillir au c6té de celle quaime....
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Aux Oncles Tantes et Cousin(e)snerci de m'avoir accepté parmi vous.
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rappeler que I'amitié était une chose précieuses Mas beaux souvenirs d’étudiant je les ai avec to
N’oublie pas que nos meilleures années sont ogliesous font faces. Je serai présent, pour tringuec

toi ou pour surmonter les obstacles dressés surauies. Merci &lodie d’avoir apaisé notre gros

nounours. Merci &enevieve, Assis, Camille, Léde m’avoir toujours recu comme un prince.

A Florian, d’Akrim & Gallien, javais déja tout compris, tulas devenir.... Enfin, tu connais la
chanson... Que de bon souvenirs, les matchs a PES geedais tous, les soirées top chef, les séatees
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ou chacun a su mettre son égo de c6té. De gramdsex projets communs nous attendent. J’'aimelwgue t
sois le premier a m'appeler dés que je rentre danaes. ; mais n’oublie pas qu'Helena ne doit seroir
de nos rapports extra conjugau IFanny, réanimatrice dévouée, les malades ont de la chaaie

n'oublie pas de prendre soin de toi.

A Guillaume, mon ami du collége, capable de dire tout hautsttiiés fort ce que PERSONNE ne pense
tout bas ! Malgré la distance nous sommes restahes. Ce sera toujours un plaisir de te visitea@s.

Merci aHélened’étre aussi aimante avec notre Docteur No.

A Axel, mon plus vieil ami, tu as su surmonter avec brigds les épreuves de ta vie ; qui 'aurait cru
quand tu avais peur de descendre du toboggaA.Caroline, ta moiti€é, femme forte, déterminée au

caractére bien trempé. Merci d’avoir su redonngolgrire a ton homme. J'ai hate de féter un imminent
heureux événement avec vous Mauricette, maman exemplairé Brieux, mon filleul, aie confiance

en toi, travaille dur, tu trouveras ta vofeSarah, tu as tellement grandi.

A Danielle, tu m'as connu bébé, merci d’avoir fait le déplacetpour féter ca.
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A Charly, merci pour nos échanges interminables, notre ceitépintacte & chaque fois que I'on se voit.

Peu importe le chemin qui tu arpenteras, ta rcar sn succes.
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MerciPierre pour ces incroyables fous rires que tu nous offreisaque fois, tu es une magnifique personne
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A Hugo, incarnation de I'épicurisme, quelle plaisir d’'ouwtie bonnes bouteilles a tes coCéline et a
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que pour enfiler un short ! Cette mauvaise habiwalé d’ailleurs pour chacun d’entre voué Cindy
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A Julien, Marine, Romain, Kieran, merci d’étre venu garnir les rangs.
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Tu es un médecin généraliste brillant, ne doutajame toi. Merci Micka de te rendre heureuse. On se
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A Marion, notre brindille tant attachante. Merci pour lestiparde baby-foot endiablés. Merci pour ses

soirées filles ou j'oublie vite que j'ai une zéeett

A Benjamin, I'orthopédiste & I’'hnumour plus que douteux, mewiipces beaux moments d’externat et nos

sympathiques soirées accompagnéeStéphanie,co-chef idéale !

A Geoffrey, Carine et leurs jolie famille,Je suis trés heureux de débuter ma carriére @tés. dvlerci

pour ses belles années d'internat.

A Elie, & notre début d’internat & Nimes ou tu m’as fajupr mes premiers blocs. Merci pour toutes les
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A Dimitri et Mélanie, Merci pour vos apéritifs toujours réussis.

A Sofiene et Eloiseyous faites un magnifique couple.

A Pierre, mon pote de l'internat Nimois.
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A notre rencontre un soir d’Opéra.
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BACKROUND

Pelvic ring fractures are common injuries, foundlD% to 20% of patients with severe
trauma.l1,2 These fractures were correlated in rmtaudies with a higher morbidity and mortality,
mainly as a consequence of bleedirig.hree different sources of bleeding have been ibestr
in cases of pelvic fracture: spongious bone frastuvenous plexus bores or tearing, and arterial
injuries? Although bones and venous origins are reportea tihé more frequent sources, arterial
injuries were reported in 4% to 15% of cases, déjpgnon the severity of the cohoft$Several
hemostatic interventions may thus be proposed dowpto the type of bleeding: external fixator
and C-Clamp for venous or bone bleeding with opepetVic ring, pelvic transarterial
embolization (TAE) specifically for arterial injurybut also pelvic packing. Consequently,
identification of the bleeding pattern is importarien a pelvic hemorrhage is suspected to define

the best hemostatic strateg@y.

The development of computed tomography (CT) sirasein the last 20 years has allowed
an initial CT scan to be performed for most traymasientsi®!!The presence of intravascular
contrast extravasation (ICEBn CT imaging, often called “blush”, is commonlynstdered in this
setting as a marker of pelvic active arterial biegdwhich justifies immediate pelvic angiography
and TAE®%1-14Several studies have reported a mediocre spegififipelvic ICE in detecting
arterial injuries, often less than 30%'". Therefore, a specific study on CT scan and tlsefa
positive risk findings seems is necessary to laesttify patients requiring pelvic TAE from those
needing requiring another hemostatic procedurabogh many CT parameters (e.g., the size of
pelvic ICE, timing of occurrence or its extensianass the different CT phases) may logically be
considered in favor of arterial injury, none haeeb clearly validatet# An accurate relationship

between CT scan parameters and pelvic arterigli@sjuemains to be definéd.

The main goal of the present study was to detexittia predictive performance of pelvic
ICE characteristics for TAE requirement. A secorajective was to study clinical signs of

bleeding and CT scan criteria that were associatttifalse-positive risk for TAE.
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PATIENTS AND METHODS

Study Design and Setting

The charts of severe trauma patients (Injury Segv&core [ISS] >15) admitted to the
Lapeyronie University Hospital (Level | Regionalaima Center, Montpellier, France) over a 5-
year period (January 2010 to December 2015) werewed retrospectively. Consecutive patients
who had a pelvic ring fracture were included in gresent study. Minors, patients who died
immediately following admission, patients admitteain another hospital, and patients with a lack
of data were excluded. Isolated fractures of thetadolum were not considered as pelvic ring

fractures.

Management of Patients and CT Scan Procedure

Following admission, a standard procedure wasopadd in our institution during the
study period for each severe trauma pafigAtl patients were managed by a trauma team with
rapid clinical and ultrasonic diagnostics, immeeliatfollowed by transfer for a CT scan when
possible. As a consequence, most patients in aumta center benefit from a CT scan in the first
minutes of managemeftA whole-body contrast-enhanced CT scan was perfibingea 64-slice
multidetector (LightSpeed VCT, GE Healthcare, Millkae, WI). Intravenous contrast medium
(iohexol [Omnipaque 300], GE Healthcare, Cork,drel; or iobitridol [Xénétix 350], Guerbet,
Aulnay-sous-Bois, France) was delivered at a rh®-d mL/s to a maximum of 140 ml/patient.
Image acquisition of the arterial phase was beduenvcontrast medium was detected in the root
of the descending aorta (ROI detection), and thiapwenous phase was begun 70-80 s after
injection. CT image analysis was completed withtiplanar reconstruction from native images.
Once lesional assessment was performed, an imraepidtic hemostatic procedure could be
initiated if necessary: Pelvic angiography was pega in case of a strong suspicion of pelvic
arterial injuries. Embolization was then decidedbased on angiographic findings. An external
fixator and a pelvic C-Clamp were placed in casepsin book fracture or vertical sheared fracture
to maintain a closed pelvic ring. Trans-tibial tian could be a therapeutic alternative to reduce
iliac ascension. Pelvic packing was also discussedse of large ongoing venous or uncontrolled

spongious bleeding.

Data Collection

Demographic, anthropometric, clinical, and biotagidata on admission and emergency

treatment in the emergency room were collected froedical records. The ISS and the
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Abbreviated njury Scale (AIS) score by body arezath chest, abdomen, pelvis, and extremites)
were calculated for each patient. Severe anatomjiciés were defined by an AIS scor8.??
Hypotensive status on admission (systolic bloodsgue <90 mmHg) and transfusion
requirements were studied, as well as surgical gemant, radiologic arterial embolization,
outcome, hospital length of stay, and mortality.af¥lpelvic angiography was performed, data on
localization of extravasation and embolization weddlected. The type of material was also

reported.

Imaging Study

For the present study, all CT images were retiispy interpreted by a radiologist
blinded to the clinical outcome. All pelvic fracas were thus classified on CT scans using the
classification described by Tile and modified by @rthopedic Trauma Association (OT&J.ile
A and B2.1 type fractures were characterized ddesfeacture patterns; other types of fractures
(Tile B1, B2.2, B2.3, B3, and C) were characteriasdinstable fracture patterns. Pelvic ICE was
studied in term of location, timing of occurrensarface, extension, and anatomic relationships;
location was defined according to areas previodsiycribed:?#%The surface of pelvic ICEs,
expressed in mfwas measured by planimetiyring the arterial phase (&) and during the
portal phase (p%e). Extension of pelvic ICEs between the arterial @ortal phases (eX&e)
was also considered; absolute ®&xSaSice— pSice) was expressed in ntrand relative ex%&e
([aSice— pSicel/aSice) was expressed as a percentage. Relativicew@s arbitrarily limited to
1000% and was not calculated when th&ca®as 0. CT scameasurements of the surface of
pelvic ICEs were illustrated in Figure 4. In adalitito characteristics of ICEs, complementary CT
scan criteria were analyzed: the presence of cbbiteveen extravasation and complex bone
fractures, and its relationship with a retroper@airhematoma (no or minimum effusion on contact
or direct relationship with a large effusion). Hipathe amount of retroperitoneal effusion was
quantified using a semi-quantitative method by timgthe number of compartments affected by
the spread of blood Figure 5. Ten compartmentsienrétroperitoneal cavity were considered:
prevesical space, laterovesical space, laterorsptaie, presacral space, right and left iliopsoas
space, periaortic and psoas space, right andda#tpcolic space, and perirenal fascia extension.
Retroperitoneal hematomas were categorized in eagtpartment as absent (0), moderate (1),
and large or bilateral (2) for a total score on ROthe present study, large retroperitoneal
hematoma was defined when this score was 8 or more.

Statistical Analysis

The main demographic characteristics of the pegien admission were first assessed
according to the presence of pelvic ICE on CT usingriate analysis: pelvic ICE group and no
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pelvic ICE group. Results were expressed as medasdard deviation) if data were normally
distributed or median (interquartile range [IQR]not. These groups were compared using the
Student t test for normally distributed data and Mann-Whitney U Test for non-normally
distributed data. Categorical data were expressedmbers (percentages), and comparisons were

performed using?or Fisher exact tests as appropriate.

The pelvic ICE group was subsequently specificaigessed, particularly in terms of CT
parameters and pelvic TAE requirements. In patientis multiple pelvic ICEs, only one was
considered in the receiver operating characterig®@®C) curve analysis: either the largest
extravasation on the arterial phase or extravasaticalized in an embolized area. The global
predictive performance apelvic ICE surfaces (&g, pSice, absolute ex&e, and relative
exSice) for pelvic TAE was evaluateldy ROC curve analysis. The areas under the ROGesurv
(AUCs) were expressed with their 95¢onfidence intervals (Cl). A threshold analysis was
performed a posteriori on different values of@Sthe highest value with a sensitivity of 1 was
defined as the high-sensitivity threshold to deteenthe most reliable cutoff to exclude patients
who did not need pelvic TAE. Finally, some clinigaghrameters (unstable pelvic fracture,
admission systolic blood pressure <90 mmHg, traassmciated severe hemorrhage [TASH]
score>12 and red blood cell [RBC] transfusiai units), as well as the complementary CT scan
criteria, were assessed in a subgroup defined éyitih-sensitivity threshold as risk factors for
false-positive for pelvic TAE. Statistical analysias performed using XLSTAT 5.0 (Addinsoft,
New York, NY). Significant differences were detenail at R0.05.
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RESULTS

Population Characteristics

During the 6-year study period, 367 severe trapati&nts were admitted to our institution
with a pelvic ring fracture. Fifty-six patients veeexcluded; 19 were younger than 16 years old,
37 were transferred from another institution, Zddiamediately and 6 had incomplete clinical or
imaging data. Among the 311 remaining patients, @®%) were male, the mean age was
41.9419.9 years, and the mean ISS was 27.4+19&nTdin mechanisms of injury were motor
vehicle and motorcycle collisions, falls, and peédas collisions. Pelvic ring fractures were
repatriated as follows: 78 (25%) Tile A, 180 (58%g B, 53 (17%) Tile C. Ninety-eight pelvic
fractures (32%) were classified as unstable. The admission characteristics, management, and

outcome of the cohort are presented in Tdble
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Table 1: Characteristics of Patients According tolie Presence of Intravenous Contrast

Extravasation (ICE) on the Initial Computed Tomography Scan (N=311

Pelvic ICE No pelvic ICE Total P valut
No. of patients 94 217 311
Main characteristics
Age (years) 47+22.3 39+18.3 42+19.9 0.001%
Age >55years (%) 35 (37) 53 (24) 88 (28) 0.02*
Male (%) 68 (72) 142 (65) 210 (68) 0.23*
Injury severity
ISS 35.3+23.6 23.3+#16.1 27+19.4 <0.001t
ISS>16 (%) 74 (79) 146 (67) 220 (70) 0.04*
Severe anatomic injuries (%)
Head AIS>3 29 (31) 47 (22) 76 (24) 0.01*
Chest AIS>3 30 (32) 72 (33) 102 (33) 0.83*
Abdominal AIS>3 27 (29) 57 (26) 84 (27) 0.65*
Pelvic AIS>3 71 (76) 119 (55) 190 (61) 0.001*
ER SBP <90 mmHg (%) 68 (67) 90 (43) 158 (51)
SOFA score at admission 3.0+6.0 2.3t15 2.3£15
TASH score 13+15 7.7£9.0 9.0£19
TRISS score 1.3+3.7 2.7+2.1 2.1+3.1 <0.001%
Pelvic ring fracture
Tile OTA classificatiosV (%) <0.001*
A 10 (12) 68 (31) 78 (25)
Bl 9(9) 20 (9) 29 (9)
B2 33 (35) 71 (33) 104 (33)
B3 15 (16) 32 (15) 47 (15)
C 27 (29) 26 (1) 53 (18)
Unstable fracture patterns (%) 37 (39) 61 (28) 33 ( 0.05*
Initial management
Initial transfusion requirements
Number of RBC (units) 8110 214 542 <0.001%
Number of FFP (units) 719 245 4+2 <0.001ft
Number of platelets (units) 1+2 0£2 1+2 <0.001t
Patient with massive 34 (36) 16 (7) 50 (16) <
transfusion requirement (%)
Hemostatic pelvic procedures (%)
Pelvic TAE 10 (11) 0 (0) 10 (3) <0.001*
External fixator 6 (6) 3(1) 9 (3) 0.02*
C-Clamp 5 (5) 2 (1) 7 (2) 0.03*
Skeletal traction 6 (6) 5(2) 11 (4) 0.09*
Pelvic packing 4 (4) 21 6 (2) 0.07*
Outcome
Mechanical ventilation days 6.6+£10.8 5.4+£10.0 5@21 0.36%
ICU days 12.0+16.4 10.0+£14.6 11.0#15.1  0.76%
Hospitalization days 24+23.1 22+19 22+20.3 0.77t
Mortality (%) 23 (23) 17 (8) 40 (13) <0.001*

AIS, Abbreviated Injury Scal€&R SBP, emergency room systolic blood presdeid®?, fresh frozen plasma; ICU, intensive care I8,
Injury Severity Score; OTA, Orthopedic Trauma Asation; RBC, red blood cells; SOFA, Sequential Orgailure Assessment;
TAE, transarterial embolization; TASH, trauma-asatad severe hemorrhage; TRISS, Trauma and Injuwrgrig Score. Data are

expressed as meahsSD or as number of patients (percentage) as apatep
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No pelvic ICE group (n=217 patients)

A total of 217 patients presented no pelvic ICEimitial CT scans. 90 patients (43%)
presented with hypotension upon admission and tamstusion requirements (mean RBCs 2+4
units; mean FFPs 2+4 units; 7% needed massiveftisias). Pelvic TAE was not performed in
this group. Twelve other hemostatic pelvic proceduwere performed: 10 pelvic osseous
contentions (external fixators, C-Clamp or skel&t@ttion) and 2 pelvic packings. The mortality
rate during hospitalization in this cohort was 16w7/217; 8%). Eight of deaths were observed
during the first 24 hours of management, all dum&por traumatic brain injury (median RBCs 4
units [IQR, 16 units]). The 9 other deaths were due to multgrigan dysfunction syndrome
(median RBC 6 units [IQR, 2-14 units]) with 2 masstransfusions associated with severe

mesenteric and aortic injury.

Pelvic ICE group (n=94 Patients)

A total of 157 pelvic ICEs were observed on ini@d scans in 94 patients (30%). Patients
in this group were significantly older and moreesely injured and presented with more complex
or unstable pelvic fractures (Table 2) requiringeivequent use of pelvic ring contention. Pelvic
TAEs were performed in all cases of this cohogn8icantly higher mortality rates were observed
in this cohort (23% versus 8%, P<0.001). The charitics, timing of occurrence, surface and

extension of pelvic ICE are presented in Tabén@ their location is reported in Figure 6.

Ten patients of this cohort presented with moneesse injuries requiring pelvic TAE
during their initial management and more transfusi¢Table 2). Median time from arrival to
pelvic angiography was 120 min (interquartile rafi@R], 90-560 min) and median duration of
the TAE procedure was 90 min (IQR,-820 min). Bilateral pelvic TAE was performed in one
case. Eight embolizations were proximal (1 in tbenmon iliac artery and 7 in the internal iliac
artery), and 3 were distal (1 in the gluteal artdryn the pudendal artery, and 1 in the obturator
artery). Follow up angiography demonstrated thardpsuccess in all patients. Embolization was
not performed on one patient with no documenteddndrage on initial pelvic angiography.
Transfusion requirements in first 24 hours weredoim non-embolized patients (median RBCs 5
units [IQR, 211 units] versus 11 units [IQR;-44 units]; P=0.15) while overall mortality rate due
to hemorrhagic shock was comparable between engdblind non-embolized patients (10%
[1/10] versus 8% [7/84] respectively; P=1.00).
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Table 2: Characteristics and Management of Patids in the Pelvic ICE Group According to
Pelvic Transarterial Embolization (n=94)

Pelvic TAE No pelvic TAE P value
No. of patients 1C 84
Main characteristics
Age (years 49 (30..-70) 46.5 (26.--67) 0.851
Age>55years (% 4 (40 31 (37 0.88*
Male (% 4 (40 58 (69 0.4*
Mechanism of injury (%)
MvC 3 (30 38 (45
Bicycle 1(10 7 (8)
Pedestria 0 (0) 7 (8)
Fall 3 (30 27 (32
Assaul 3 (30 5 (6)
Injury severity
ISS 27.5 (2+-41) 29 (16-53.5 0.771
ISS>16 (% 10 (100 64 (76 0.08*
Severe anatomic injuri
Head AIS>3 0 (0 29 (35 0.06*
Chest AIS>3 3 (30 27 (32 0.83*
Abdominal AIS>3 4 (40 23 (27 0.31*
Orthopedic AlS>3 10 (100 62 (74 0.06*
ER SBP <90 mmHg (¢ 10 (100 56 (67)
SOFA scor 1(C-4) 1(C-5) 0.681
RTS scor 7.1 (7.7 6.4 (£-7.8 0.621
TRISS scor 2.5 (7.7 1.2+-2t0 3.7 0.991
Pelvic ring fracture
Tile OTA classification%)
A 1 (10 10 (12
B1 2 (20 7 (8
B2 2 (20 31 (37
B3 1 (10 15 (18
C 4 (40) 21 (25
Unstable fracture patterns ( 9 (90 41 (49
Initial management
Initial transfusion
Number of RBC (unit: 11 (4-14) 5 (2-11) 0.151
Number of FFP uni 10 (4¢-12) 4 (C-10.5 0.101
Number of platelets uni 1.5 ((-3) 0 (C-2) 0.141
Patient with massivetransfusiol 6 (60 28 (33
requirement (%)
Hemostatic pelvic procedures (%)
Pelvic TAE 10 (10 0 <0.001’
External fixato 3 (30 34 0.014°
C-Clamg 2 (20 34 0.09*
Skeletal tractio 0 6 (7) 1.00*
Pelvic packin 0 4 (5) 1.00*
Outcome
Mechanical ventilation da 9.1 (=-16) 1(C-8) 0.031
ICU day:s 10.2 (¢-18) 5.0 (1-12) 0.071
Hospitalization day 31.4 (18.-51) 14.2 (--33.5 0.071
Mortality (%) 1(10 22(26 0.24*

AIS, Abbreviated Injury Scal@&R SBP, emergency room systolic blood presdtié?, fresh frozen plasma; ICU, intensive care UG8,
Injury Severity Score; MVC, motor vehicle crash; QT@rthopedic Trauma Association; RBC, red blood cé¥$S, Revised
Trauma Score; SOFA, Sequential Organ Failure Asseiss TAE, transarterial embolization; TRISS, Trawana Injury Severity
Score. Data are expressed as median and intetguarige (not as mean) or as number of patientséptage) as appropriate. *
Chi-squared or Fisher’s exact test as appropriatéarin-Whitney U test.

* Chi-square or Fisher test as appropriate. T Stisletest.
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CT Scan Criteria and Pelvic TAE

Patients undergoing pelvic TAE had significantlyger a%ce and pSce on initial CT
scan than other patients of Pelvic ICE gréUable 3 Figure ) A similar trend was observed for
absolute ex%:e (P=0.09). Although large retroperitoneal hematomese more frequently found
in the Pelvic ICE cohort, (almost 75% cases) uspebfic TAE was not significant (Figure 2).
Analysis of complementary CT scan criteria assediah cases of pelvic TAE demonstrated a
direct relationship between extravasation and gelaretroperitoneal hematoma (P=0.04).
Extravasations in contact with complex bone fraetuwere less frequent | n these patients
(P=0.03).

Using ROC curves analysis, the global ability of@Svas found as modest to predict
pelvic TAE (AUC, 0.76 [95% ClI, 0.64.90]; P=0.011). p%e, absolute ex&%e, and relative
exSice were nokignificantly associated with pelvic TAE risk (AUG,45-0.66). The predictive
performances of differenaSice values are presented in Table 5. Ai@S>20 mnt was
determined to be the high-sensitivilyreshold, corresponding to the best screeningffctdo
exclude pelvic TAE risk (sensitivity, 100% [95% C100%-100%]; specificity, 62% [95% CI,
52%-72%]; negative predictive value, 100% [95% CI,100¥0%]; positive predictive value,
24% [95% Cl, 11%37%]; positive likelihood ratio, 2.6 [95%Cl, 2.0-2.7].

Figure 1: Characteristics of ICEs surfaces accordig to pelvic TAE needs (n=94)
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Table 3: CT Scan Criteria Analysis in the Pele ICE Group According to Pelvic
Transarterial Embolization (n=94)

Pelvic TAE No pelvic TAE P valuet

No of patient 10 84
Patients with multiple ICEs, n (%) 5 (50) 34 (40) 0.74
2 pelvic ICEs 2 (20) 18 (21)
3 pelvic ICEs 2 (20) 10 (12)
4 pelvic ICEs or more 1(10) 6 (7)

ICEs characteristics*
Timing of occurrence, n (%)
Arterial phase 10 (100) 66 (79) 0.20
Portal phase 0 18 (21)

Surfaces of extravasations
aS2ICE (mm2) 38 (26-127) 15 (6-29.5) 0.00
pS2ICE (mm2) 128 (79-450) 59 (34-134) 0.035
Absolute exS2ICE (mm2)** 91 (36-300) £2092) 0.09
Relative exS2ICE (%)** 189 (62-354) 170 (83-342) 0.91
Extravasation in contact with complex bone3 (30) 55 (66) 0.04
Fracture
Direct relationship between extravasation and § (80 22 (26) 0.03
a large retroperitoneal hematoma
Large retroperitoneal hematoma 9 (90) 61 (72) 0.44

aSce, arterial surface of ICE; eXGg, extension of ICE surface between arterial andappitase; ICE, intravenous contrast
extravasation; piee, portal surface of ICE; HRP, retroperitoneal hemapMAE, transarterial embolization. Data are

expressecs median and interquartile range or as numbeatidts (percentage) as appropriate.
*Several CT scan ICEs criteria were analyzed in otdl@ompare characteristics of ICEs according tontred of TAE

**aS?%ce — pSice, expressed in mir(absolute ex&ce) and as a percentage (relative ®x3. T Fisher’s exact test or Mann-

Whitney U test as appropriate.

Figure 2: Complementary CT scan criteria accordig to pelvic TAE needs (n=94)
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Prediction of False-Positive Risk

Seventy six percent of the 42 patients presertipglvic ICE with a%ceof 20 mnt or
more onthe initial CT scan, corresponding to 45% of thiviedCE group and 13% of the study
population, were considered false-positives forigel AE management ([95% CI, 63%—-89%).
The performance of clinical parameters and compigang CT scan criteria in predicting pelvic
TAE was subsequently studied to help identifying fhlse-positive risk (Table, &Figure 3.
Systolic blood pressurd0 mmHg (63% versus 20%:=0.03) on admission and low transfusion
needs (63% versus 10%®+0.009) were significantly associated with falseipwee risk, as well
as extravasation in contact with a complex bonetdira (78% versus 30%2=0.008) or the
absence of a direct relationship between extranasand a large retroperitoneal hematoma
(100% versus 38%42<0.001).
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Figure 3: complementary CT scan criteria

Arrowhead indicates extravasation in contact witboanplex bone fracture. Arrow indicates a direct
relationship between ICE and a large retroperitoheamatoma.

(A) Intravenous contrast extravasation in contact veitfracture of the ilioischio pubic branch

(B) Intravenous contrast extravasation in contact vitttures of ilioischio pubic branches (fractures
not visualized) associated with large symphysistdiis

(C) Direct relationship between ICE and a large preeakhematoma. The bladder (represented by the
dotted line) is compressed by the hematoma.

(D) Large ICE from active arterial bleeding from thedemdal artery without direct contact with a bone
fracture (embolized injury.
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Table 4: Risk Factors for False-Positives fdPelvic Embolization when Arterial
Intravenous Contrast Extravasation Surfacex20 mmz2 (n=42)

Se (%) Sp (%) PPV (%) +LHR
Clinical criteria
Unstable pelvic fracture 53 (36-70) 30 (2-58) 71(53-89) 0.8 (0.5-1.0)
Admission SBP =90 mmHg 63 (45-79) 80 (55-105) 91 (79-103) 3.1 (1-6)
TASH score <12 44 (26-61) 70 (41-98) 82 (64-100) 1.5 (0.5-3.0)
RBC <6 units 63 (45-79) 90 (71-108) 95 (86-104) 6.3 (1-20)
CT scan criteria
Large retroperitoneal 28 (12-43) 50(71-108)  90(71-108)  2.8(0-12)
hematoma
Extravasation in comtact with
T8 (6352 TJO (4198 89 (77-100 26(1-4
complex bone fracture ( ) ( ) ( ) (=)
No direct relation between the
extravasation and large 100 (100-100) 62 (51-72) 24 (10-36) 2.6(2.0-2.7)
retroperitoneal hematoma
Absolute exS4cz <50 mm? 50 (32-67) 70 (41-98) 84 (67-100) 1.7 (0.6-3.0)
Relative exShcs <100% 63 (45-79) 60 (29-50) B3.3(68-98) 1.6(0.7-2.4)

CT, computed tomography; €%&, extension of ICE surface between arterial andgbphase transarterial embolization;
ICE, intravenous contrast extravasation; LHR, likelihoatio; PPV, positive predictive value; RBC, red blamils; SBP,
systolic blood pressure; Se, sensitivity; Sp, djméyi; TASH, trauma-associated severe hemorrhBgeio and percentages
are expressed with their 95% confidence intervals.
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DISCUSSION

In the present study of 311 severe trauma patiwitks pelvic ring fracture, initial CT
scans demonstrated pelvic ICE in 30% of cases. Oif¥g of patients in the pelvic ICE group
(10/94) required pelvic TAE and none in no peMZEI group. We observed that pelvic ICE
surfaces were significantly larger in patients iggg pelvic TAE during the arterial phase
(P=0.001) than during the portal phad=0.035). This trend was also observed with absolute
exSice (P=0.09). Although a%ewas significantly associated with pelvic TAE in the R@a@rve
analysis, its predictive performance waedest (AUC, 0.76P=0.011). Further analysis of the
high-sensitivity threshold using 4&>20 mn¥, was a robust criterion to exclude patients who did
not require pelvic TAE, but susceptible to highesabf false-positives (76%). The absence of
hypotension on admission and low transfusion naexde significantly associated with this false-
positive risk, as well as extravasation in contaith complex bone fracture or the absence of a

direct relationship between extravasation andgelaetroperitoneal hematoma on CT imaging.

Pelvic ring fractures are well known to be freqlenassociated with massive
retroperitoneal hemorrhage. Arterial injuries essagiated with greater morbidity in this case but,
their occurrence has been found to be low, (4%-1iB%)evious report$>2The prevalence of
hemorrhagic shock seems to be closer to 30%-48%ilthough the optimal hemostatic sequence
of TAE and pelvic packing to control pelvic hemage is still debated, many experts consider
that angiography has to be performed immediatelgrwa pelvic arterial injury is suspectéd.
Identification of the bleeding source is thereforeerriding in the presence of ongoing pelvic
hemorrhage to decide on an adequate life-saviategly. Pelvic ICE is the main criterion on CT

scan traditionally used as a marker of arterialrinj

Several series in the literature have shown ICBet@ommon in pelvic trauma (15% to
40%) without necessarily requiring pelvic TAE (2380639%)>32In our study we found similar
incidences of pelvic ICE on the initial CT scarpglvic trauma patients (30%; 94/311) with 11%
of cases requiring pelvic TAE. The poor specifiédaynd for ICE in predicting which cases would
benefit by TAE indicate the need for further stwdyestablish more precise CT criteria for TAE.
Our study confirmed the sensibility of pelvic ICE tlemonstrating that the No pelvic ICE group
were not eligible for pelvic TAE while requiringuotransfusion needs. Our findings confirm a
recent study by Hymel et &suggesting a very modest added value of prophglamivic
embolization in the absence of identifiable arldsiaeding.

Assessment of ICE size was proposed on initial €ngo affirm pelvic arterial injury.
Michailidou et al® showed that blushes with a diameter of 1.5 cm oremwere statistically

predictive for the need for embolization. Howewdis result must be interpreted with cautious
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because the number of pelvic ICEs studied was smadl not only concerned pelvic injuries.
Moreover, the threshold analysis was not onlyeaad during arterial phase. Murakami eteal.
similarly emphasized the importance of ICE size ©h scan. Patients with no operative
management or negative angiography in their styaliesented less important ICE surfaces than
those who needed a pelvic hemostatic procedurm@#ersus 70 miduring the arterial phase;
88 mnt versus 252 miduring the portal phase). Regardless of signifitiet differences
observed between embolized and non-embolized patjEigure 1) our study demonstrated that
pelvic ICE found on initial CT scan were poor prdis of theneed for TAE (AUC for a%ce
0.76 [95% CI, 0.640.90]) or not significant. These results suppod factthat a substantial
number of large ICEs occurring during the artepiadse are not synonymous with a need for an
angiographic procedure (Figure 1A). To be relevtr#, pelvic ICE must be expand&d?®Our
threshold analysis also proved that adca®elow 20 mm excluded the need for angiography
(Tables). Although the negative predictive value was iigant, the positive predictive value
was suboptimalA threshold of a%e>20 mnt increased the risk of misdiagnosis as 76% of
patients did not undertake pelvic TAE. The ICE soéf during the portal phase S or a

surface increase between the arterial and portaeltex3ce) proved unreliable as well.

The mediocre specificity of arterial pelvic ICE ientify the etiology of bleeding is
responsible for a non-negligible risk of false-piosis. Other predictive criteria are indispensable
to reduce the number of unnecessary angiogramse wirbritizing necessary hemostatic
procedures. The absence of signs of blood spaliattuich as hypotension or transfusion
requirements, does not guide us reasonably towastgent pelvic angiography (Table 4). This
is in agreement with previous works on renal oesp trauma in which we proved that the
consideration of clinical parameters and transfusiequirements is indispensable to reliably
interpret CT findings and determine the need fgi@@mbolizatior?***Unstable pelvic fractures
usually requiring pelvic embolization remain uninf@tive (Table 2) and non-specific for the
characterization of pelvic arterial bleeding souewen in the presence of hemorrhagic shiéck.
The large retroperitoneal hematomas almost alwbhgsreed in embolized patients in our series
can not to be considered as reliable CT criteriadbust predictor of TAE (Figure 1B) as it implies
massive pelvic hemorrhage without revealing the@aiOur data demonstrates the importance
of anatomic relationships between ICE and otharrieg on CT imaging needed for accurate
determination of the bleeding source (Table 4 adgdrg 2). The absence of a dirgetationship
between extravasation and large retroperitoneablmma when &ze was 20 mrmior morewas
not indicative of arterial injury requiring an en@scular procedure (positive predictive value,
89% [78%—-100%], positive likelihood ratio, 2.6 [2207]; Table 4) potentially arising from
another source or indicate a stopped bleedingeatin our cohort not benefiting from pelvic

TAE were mainly found in cases of pelvic extravaset in contact with complex bone fracture
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(P<0.04; Table 3). This additional CT scan criterjgroved to be predictive factor for false-
positives (Table 4) suggesting that several magmigc osseous bleeds are detectable by arterial
ICEs. The pelvic ring is an irregular bone of mpsghbongious bone vascularized by a complex
network of perforating arteries with numerous amastses from multiple trunks not conducive to
angioembolization. Spongious bone fractures mayltréssignificant bleeding observable in CT
scan arterial phase. Pelvic packing and optimaipéehg contention (C-clamp or external fixator)

are preferable as first-line treatment.

The present study has limitations. Our study isemospective work with inherent
limitations due to data collection and selectioamsbiSelection bias was limited by excluding only
15% of the initial population (mainly for admissgofitom another institution) and 4 patients who
died without a complete diagnosis. The rate of diméitoon in our cohort may seem low however,
it is comparable with rates found in previous régpBProphylactic embolization is not performed
in cases of negative angiography in our center vhiay explain the low prevalence. Lack of
statistical power is inevitably the result of toevinumber of pelvic embolizations. This influences
mainly comparisons between of variables in Tabda@ negative predictive value of CT criteria.
In contrast, the mediocre positive predictive vadfi€T criteria and risk factor analysis of false-
positives are statistically less concerned by Hiis. The absence of angiography, as a gold
standard, was not performed for each patient tdudrca pelvic injury requiring TAE. Non-
embolized patients did not suffer worse outcometeiims of transfusion needs, length of stay,
and mortality as shown by Tables 1 and 2 allowisigpuexclude untreated arterial injuries without
performing angiography. Finally, preperitoneal pepacking use in our cohort for cases of pelvic
hemorrhage might be considered as low in spiteuofeatly increasingly use in Europe may

explain its infrequent use during the study pefiod.

CONCLUSION

In the present study of 311 severe trauma patveititspelvic ring fracture, we highlighted
that absence of pelvic ICE on the initial CT soalrably excludes the need for TAE. Large pelvic
ICE during arterial phase does not systematicaiplicate active arterial bleeding requiring pelvic
TAE. Potential “false-positives” are frequent eweinen the extravasation surface is significant.
Some pelvic angiographic procedures could probbbhavoided or judged as less priority by
considering complementary criteria; the absencea dafirect relationship between an arterial
extravasation and a large retroperitoneal hematanth the extravasation in contact with a
complex bone fracture are thus associated with ribls of false-positive. Further study by

prospective randomized trials could demonstrate dfficiency and the safety of targeted
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angiographic evaluation based on these CT critaril ultimately, refine management of pelvic

post-traumatic hemorrhage.
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APPENDICES

Annex 1

Figure 4: CT scan measurements of the surface of jpec
Intravascular Contrast Extravasation

The surface of pelvic Intravascular Contrast Exdsation (ICE) is represented by
the dotted line.

(A) ICE during arterial phase of CT scan{a%).
(B) ICE during portal phase of CT scan {i€¥). The increase of ICE surface
between arterial and portal phase of CT scan tsfledension (eXRCE)
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Annex 2

Figure 5: CT score of quantification for pelvic andretroperitoneal hematoma associated with
pelvic fracture

.Periaortic & extrapelvic psoas space 1- Pubic symphysis & prevesical space
. Right parietocolic space 2- Laterovesical space
@}1 Left parietocolic space 3- Laterorectal space
10- Extra-pelvic or retroperitoneal diffusion 4- Presacral space
scrotal, inguinal or gluteal spaces, 5- Right iliopsoas space

erirenal fascia or peritoneum -
P P 6- Leftiliopsvas space

The amount of retroperitoneal effusion was quantified using a-geamititative method by counting the number|of

compartments affected by the spread of blood. Ten compartmemsratrioperitoneal cavity were considered: prevesical
space, laterovesical space, laterorectal space, prespaca, right and left iliopsoas space, periaortic and psoas, $pac
right and left parietocolic space, and perirenal fascia extenRetroperitoneal hematomas were categorized in each
compartment as absent (0), moderate (1), and large or bil@efalr a total score on 20. In the present study, large

retroperitoneal hematoma was defined when this score was 8 or more




Annexe 3

Figure 6: Pelvic intravascular contrast extravasatn location according to the need
for pelvic Transarterial Embolization (n=94)
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Ninety-four patients presented at least one pdé@@i€ on CT scan, including 39 (41%) with multiple
ICEs. A total of 157 ICEs were considered in thes€@n study.
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Annex 4

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

n Se(%) Sp (%) PPV (%) NPV (%)
aSice>10 mn? 59 100 (100-100) 42 (31-52) 17 (7-26) 100 (100-100)
aSice>15 mn? 53 100 (100-100) 49 (38-59) 19 (8-29) 100 (100-100)
aSice>20 mn? 42 100(100-100) 62 (51-72) 24 (11-37) 100 (100-100)
aSice>25 mn? 33 90(71-108)  71(61-81) 27 (12-42) 98 (95-101)
aSice>30 mn? 33 90(71-108)  71(61-81) 27 (12-42) 98 (95-101)
aSice>35 mn? 28 70 (41-98) 75 (65-84) 25 (9-41) 95 (90-100)
aSice>40 mn? 23 50 (19-81) 78 (69-87) 21 (4-38) 93 (87-98)
aSice>45 mn? 20 40 (9-70) 81 (72-89) 20 (2-37) 92 (85-98)
aSice>50 mn? 16 40 (9-70) 86 (78-93) 25 (3-46) 92 (86-98)

aSick, arterial surface of ICE; ICE, intravenous conteagtavasation; NPV, negative predictive value; Ppasitive

predictivevalue; Se, sensitivity; Sp, specificifjercentages are expressed with their 95% confidatewals.
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RESUME

Introduction : La lésion artérielle pelvienne est 'une des ppatés Iésions a rechercher sur I'évaluation
tomodensitométrique initiale d’un patient traum@agteint d’'une fracture du bassin. Une extravasate
produit de contraste (EPC) est le signe traditidemeent spécifique pour qualifier I'origine artdtéedu
saignement et justifier la réalisation d'une angipipie. Ces EPCs manquent pourtant de sensibilite,
principalement a cause des saignements osseux ineuxe L'objectif de cette étude a donc été de
déterminer la performance prédictive de différemi@sctéristiques de 'EPC pour le recours a Ifarté

embolisation pelvienne (AEP), ainsi que les fadale risque de faux-positif pour un saignementiafté

Matériel et méthodes :Une étude rétrospective a été menée dans notme centraumatologie entre 2010
et 2015. Tous les patients traumatisés séveresexanen tomodensitométriques initial en faveur €’un
fracture du bassin ont été inclus. Les caractgtiss TDM de 'EPC ont été spécifiguement étudigbase
desurvenue, surface artérielle EPC-a) et portale (BPC-p), surface d'extension (RC-ext),
relationsanatomiques (contact avec un fracas osseux complexaec I'hématome rétro-péritonéal
constitué). La performance prédictive globale d& caractéristiques TDM pour le recours a 'AEPé& ét

analysée par courbes ROC. L’analyse s’est enseiitieée sur I'étude des facteurs de risque de fasiip

Résultats :Parmiles 311 traumatisés sévéres avec fractupashin inclus (Age moyen 42+19, ISS moyen
27+19), 94 (30%) présentaient au moins une EPQgrale sur la TDM initiale. Les EPC-a et SEPCP
étaientsignificativement plus étendues chez les patieyastanécessité une AEP : respectivement (38.5
mm? [IQR 26-127] vs 15 mi [IQR 6-29.5],P=0.001) et (128.5 mM[IQR 79-450] vs 59 mr [IQR
34-134],

P=0.035). La S2PG-ext n’était en revanche pas associée avec 'AERpdrbormance diagnostique de
SEPC-a fournie par courbe ROC était modeste (ASC 0.7&4{0.90],P=0.011) pour prédire 'AEP. La
SEPCp etSEPC-ext n'étaient pas significativement associées &&P. Le seuil de haute sensibilité a
été défini comme une BPCG-a> 20 mnt (Sens 100%, Spé 62%, VPP 24%, VPN 100%). Utilisarseuil,
76% degatients étaient faux positifs. Les facteurs dguesde faux-positif étaient les suivants : I'abgsenc
d’hypotension a I'admission (OR 6.7 [1.2-36.7])euransfusion < 6 CG (OR 15.0 [1.7-133.6]), une EPC
a la TDM non-diffusant vers un hématome rétro-pégtl constitué (OR 7.6 [1.4-42.3]), et une EPC en

contact avec un fracas osseux complexe (OR 7.859.7]).

Discussion :Une EPC pelvienne ala phase artérielle du TDM, enétendue, ne constitue pas un argument
suffisant pour garantir la nécessité d’AEP. UneR&2-a> 20 mnft oriente en effet a tort dans trois-quarts
descas vers une angiographie et par conséquent vegesta d'hémostase inapproprié. Les facteurs de
risques TDM justifiant une angiographie pelvienmaitsune EPC diffusant vers un hématome rétro-

péritonéal constitué et une EPC sans contact avé@acas osseux complexe.

Mots clefs: Angiographie, Choc hémorragique, Fracture peletématome rétropéritonéal.





