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Outcomes of Traumatic Aortic Injury in a Primary Open Surgical Approach 
Paradigm
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Background: Multiple classifications can be used to define the magnitude of aortic injury. The Vancouver Classification (VC) is a new and 
simplified computed tomography-based Blunt Aortic Injury (BAI) grading system correlating with clinical outcomes.
Objectives: The objectives of this study are: 1) to describe the severity of aortic injury in a center with a predominantly surgical approach 
to BAI; 2) to correlate the severity of aortic trauma to hospital survival rate and rate of adverse events according to the type of interventions 
performed during the hospital stay; and 3) to evaluate VC.
Patients and Methods: All patients referring to the Sacre-Coeur Hospital of Montreal between August 1998 and April 2011 for management 
of BAI were studied. Two radiologists reviewed all CT scan images individually and classified the aortic injuries using VC.
Results: Among the 112 patients presenting with BAI, 39 cases had local CT scans available for reconstruction. Seven patients were identified 
as suffering from grade I injuries (flap or thrombus of less than 1 cm), 6 from grade II injuries (flap or thrombus of more than 1 cm), and 
26 from grade III injuries (pseudoaneurysm). Among the patients with grade I injuries, 57% were treated surgically and 43% medically 
with a survival rate of 100%. Among the patients with grade II injuries (67% treated surgically and 33% treated medically) survival was also 
100%. Among patients with grade III injuries (85% treated surgically, 7% had Thoracic Endovascular Aortic Repair (TEVAR) and 8% treated 
medically) survival was 95%, 95% and 50%, respectively. There were no significant differences between groups as to clinical outcome. Inter-
rater reliability was 0.81.
Conclusions: VC is easy to use and has low inter-observer variability. Low grades of injury were associated with low mortality related to 
medical treatment.
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1. Background
Blunt aortic injury (BAI) occurs in less than 1% of motor ve-

hicle crashes, but is responsible for 16% of all related deaths 
(1). Traditional views have held that a sudden deceleration 
causes a tear at the junction between the fixed and mobile 
portions of the aorta, usually near the isthmus, a common 
injury site among survivors (2). However, injury may also 
occur in the ascending aorta, the distal descending aorta, 
and the abdominal aorta (3, 4). The typical sequence of 
injury in patients presenting in stable condition involves 
the rupture of the intimal and medial layers, followed by 
the rupture of the adventitial aortic wall (5, 6). Among the 
surviving patients admitted to the hospital, 30% will die 
within the first 24 hour if the BAI is left untreated (7).

For more than 40 years, aortography has been the gold 
standard in identifying BAI, as established by the land-

mark study by Parmley et al. (5). However, this technique 
is invasive. With advances in imaging techniques in the 
last 10 years, computerized tomographic angiography 
(CTA) has now been accepted as the diagnostic test of 
choice with a reported sensitivity between 94–100% (8, 9).

There are multiple classification systems that can be 
used to evaluate the severity of traumatic aortic injury 
including the Presley trauma center CT grading system 
of aortic injury (10), Simeone’s classification (10, 11), and 
Azizzadeh’s classification (12). More recently, two groups 
from Seattle and Vancouver have developed a similar 
classification system for evaluating the extent of aortic 
injury (13, 14) (Table 1). In the two former classifications 
by Gavant (10) and Simeone (11), no description of patient 
outcomes was provided. Indeed, most classifications 
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are descriptive, but authors traditionally suggest poten-
tial therapeutic strategies based on the extent of injury. 
Guidelines tend to advocate the medical management of 
low-grade lesions and an endovascular or surgical treat-
ment for patients with higher-grade lesions. Few studies 
have reported outcomes based on scores developed in 
other centers or on the application of a score followed by 
the implementation of a different treatment algorithm. 
It is in this context we sought to validate a recently de-
veloped CT score in a tertiary referral center with a pri-
mary open surgical strategy for severe traumatic aortic 
injuries. The Vancouver classification (VC) will be used to 
describe aortic injuries observed on chest CTAs done on 
admission after trauma.

2. Objectives
The aim of this study was: 1) to describe the severity of 

aortic trauma in a tertiary high volume traumatic aor-
tic injury center; 2) to evaluate the use of VC by differ-
ent radiologists; and 3) to identify predictors of adverse 

outcomes based on aortic injury severity and treatment 
strategy (medical, open surgical, or endovascular).

3. Patients and Methods
All patients referring with traumatic aortic injuries to 

the Sacre-Coeur Hospital of Montreal, a level 1 trauma 
center, between August 1998 and April 2011, were iden-
tified by reviewing records in the hospital trauma da-
tabase. Information regarding patient demographics, 
mechanism of injury, associated injuries, injury severity 
score (ISS), number of transfusions, management and 
outcomes were collected from medical charts and from 
trauma and blood bank databases. The primary outcome 
of interest was the reproducibility of use of VSS. Second-
ary outcomes of interest were intubation time, intensive 
care unit (ICU) length of stay (LOS), hospital LOS, number 
of red blood cells (RBC) transfusions, acute renal failure 
(ARF), myocardial infarction (MI), delirium, ventilator as-
sociated pneumonia (VAP), and new onset of paraplegia 
based on severity of injury.

Table 1.  The Classification Systems

Vancouver Seattle Azizzadeh et 

al. (12)

Simeone et al. (11)

(Isthmus Only)

Gavant et al. (10)

Grade 1 Intimal flap, throm-

bus or intramural 

hematoma < 1 cm

No aortic external 

contour abnormal-

ity: tear and/or 

associated thrombus 

less than 10 mm

Intimal tear Intimal irregularity 

< 1 cm with minimal 

periaortic hematoma

A: Normal Aorta, no mediastinal hematoma

B: Normal Aorta, mediastinal hematoma (para-

aortic)

Grade 2 intimal flap, throm-

bus or intramural 

hematoma > 1 cm

No aortic external 

contour abnormal-

ity: tear and/or as-

sociated thrombus is 

more than 10 mm

Intramural 

hematoma

Intimal flap > 1 cm 

with or without pseu-

doaneurysm

A: Minimal Aortic injury, small (< 1 cm) pseu-

doaneurysm, flap or thrombus, no mediastinal 

hematoma

B: Minimal Aortic injury, small (< 1 cm) pseudoan-

eurysm, flap or thrombus, mediastinal hematoma 

(para-aortic)

Grade 3 Pseudoaneurysm 

(simple or complex, 

no extravasation)

Aortic external con-

tour abnormality: 

contained

Aortic pseu-

doaneurysm

Circumferential or 

near-circumferential 

disruption, “shat-

tered” isthmus

A: >1 cm easily identified regular, well-defined 

pseudoaneurysm with intimal flap or thrombus; 

No ascending aorta, arch, or great vessel involve-

ment; mediastinal hematoma present

B: >1 cm easily identified regular, well-defined 

pseudoaneurysm with intimal flap or thrombus; 

Ascending aorta, arch, or great vessel involvement 

present; mediastinal hematoma present

Grade 4 Contrast Extravasa-

tion (± Pseudoan-

eurysm)

Aortic external con-

tour abnormality: 

not contained, free 

rupture

Free rupture Active contrast 

extravasation, 

pseudocoarctation, 

dissection/ischemia

Total aortic disruption; Easily identified, irregular, 

poorly defined pseudoaneurysm with intimal flap 

or thrombus; mediastinal hematoma present
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3.1. Imaging Technology
Two radiologists reviewed all single and multi-detector 

CT scans individually and classified the aortic injuries us-
ing VC. A self-administered tutorial included in the origi-
nal Vancouver report was used prior to evaluating local 
CTs (Figure 1 ; Table 1). Over a 10-year period, two different 
CT scanner technologies were employed: the Picker PQ 
5000 (single detector) before July 2006 and the GE Ultra-
light speed VCT (64 row detector) thereafter. It should 
also be noted that a number of patients referred from 
other centers were imaged with other systems. Imaging 
was reviewed using plain films, a workstation (GE AW 
workstation, GE Lightspeed), or the McKesson PACS pic-
ture archiving system. Window and level settings could 
be changed according to preferences. For size measure-
ments, radiologists were required to identify the largest 
aortic dimension in multiplanar reconstruction (MPR) 
using imaging software known as 3D MPR tool. With the 
earlier scanners, the collimation depended on the scan 
range that needed to be covered with the thinner colli-
mation reserved for CTs of the chest and the thicker col-
limation for the abdomen and pelvis. 

3.2. Statistical Analysis
All continuous variables are expressed as mean ± stan-

dard deviation or as median (interquartile range) for 
non-normally distributed variables. All categorical vari-
ables are expressed as frequencies and percentages. A 
one-way analysis of variance was used to compare age, 
ISS, time between admission/definitive treatment and 
time to diagnosis among the three types of treatment 
strategies. For all other variables in Table 2, the Fisher 
exact test was used. If the P value was significant, then 2 
× 2 comparisons were done. For all continuous variables 
in Table 3, a two-way analysis of variance model, which 
included the two main effects namely type of procedure 
and grade, as well as their interaction term (procedure 
× grade), was used to assess whether the grade differed 
from one type of procedure to another. The P value for 
the interaction term was not significant for any of these 
variables and was dropped from the model. Table 3 re-
ports both P values for grade and type of intervention. 
For other outcomes, the Cochran-Mantel-Haenszel test 
was used for comparison among the grades adjusted for 
the type of procedure. The inter-rater agreement kappa 
statistic (weighed κ) was used to compare the two radi-
ologists on their observations for the classification. The 
study protocol was accepted by the local Research and 
Ethics Board. Statistical analyses were computed using 
SAS version 9.2. A two-sided P value of less than 0.05 was 
considered significant. 

Figure 1. Illustration of the Vancouver Classification
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Table 2.  Demographics of Patients According to Type of Procedure a,b

Demographics Surgery (n = 30) Medical (n = 7) TEVAR (n = 2) P values

Age, y 40.43 ± 18.78 55.57 ± 13.48 21 ± 2.83 0.04 c

Gender, male 24 (80) 5 (71) 2 (100) 0.77

Hypertension 2 (7) 4 (57) 0 0.009

Smoking 3 (10) 3 (43) 1 (50) 0.06

Diabetes 3 (10) 1 (14) 0 1.0

Obesity 1 (3) 2 (29) 0 0.13

MVA low velocity 0 0 0 –

MVA high velocity 23 (77) 6 (86) 1(50) 0.60

ISS 30.07 ± 9.75 31.57 ± 9.09 29 ± 7.07 0.91

Time to diagnosis, min 30 [30–180] 30 [30–45] 45 [30–60] 0.34

Hemodynamic instability 9 (30) 1 (14) 1 (50) 0.43

Time between admission and 
definitive treatment, min

240 [120–480] 660 [660–660] 840 [240–1440] 0.39

CI to immediate surgery 3 (10) 5 (71) 1 (50) 0.002 d

Paraplegia at presentation 2 (7) 1 (14) 0 0.56

a  Abbreviations: CI, contraindications; ISS, injury severity score; MVA, motor vehicle accident; TEVAR, thoracic endovascular aortic repair.
b Data are presented as No. (%) or mean ± SD or mean [range].
c  TEVAR vs. Medical and medical vs. Surgery.
d  Medical vs. Surgery. 

4. Results

4.1. Demographics
A total of 112 patients with acute traumatic aortic injury 

were identified. A total of 83% of patients suffered a high ve-
locity motor vehicle accident and 29% had a concomitant 
head trauma. Mean ISS was 33 ± 10. Thirty-nine CTAs were 
available for review (those represent the local initial scan-
ners; patients transferred from referral centers did not 
have scanners available for reconstruction and analysis). 
Supplementary Table 1 shows the Demographics for those 
patients according to intervention type. The demographic 
characteristics of patients for whom a CTA was available 
were comparable to those of the rest of the total cohort ex-
cept for their time to admission and definitive treatment, 
which was shorter. Time between admission and defini-
tive treatment was 240 [150–630] minutes. Hemodynamic 
instability due to associated injuries was present in 28% of 
patients and 23% of patients presented contraindications 
to immediate surgery (Supplementary Table 1).

Thirty patients underwent surgery (79%), 7 patients re-
ceived medical treatment (18%) and 2 patients had a tho-
racic endovascular aortic repair (TEVAR) (3%). 

A greater number of patients had hypertension in the 
medical treatment group (P = 0.009). Patients in the 
TEVAR group were younger than for the medical and 
surgical groups (P = 0.04). The principal mechanism of 
injury in all groups was a high velocity motor vehicle 
accident. Contraindication to immediate surgery was 
higher in the medical and TEVAR groups (P = 0.002). The 
proportion of patients demonstrating hemodynamic 
instability was similar between groups (P = 0.43) as well 
as time between admission and definitive treatment 
(P = 0.39), time to diagnosis (P = 0.34), and paraplegia 
at presentation (P = 0.56) (Table 2). Patients with grade 
III aortic injuries were more likely to undergo a surgi-
cal procedure (Grade I 4/7, Grade II 4/6, Grade III 22/26). 
For all continuous variables, the type of procedure was 
consistent over the different grade levels. Injury sever-
ity scores were not significantly different according to 
grade of injury (P = 0.61) or type of procedure (P = 0.86). 
Similarly, there was no significant difference in age ac-
cording to grade of injury (P = 0.73) or type of procedure 
(P = 0.08) (Table 3). There were no significant differences 
among the grade levels adjusted for surgery type for all 
categorical variables.
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Table 3.  Outcomes According to Grade and Type of Procedure a,b, c

Outcomes Grade 1 (n = 7) Grade 2 (n = 6) Grade 3 (n = 26) P Values

Surgery 
(n = 4)

Medical 
(n = 3)

Surgery 
(n = 4)

Medical
 (n = 2)

Surgery 
(n = 22)

Medical
 (n = 2)

TEVAR
 (n = 2)

Grade/Type

ISS 26 ± 8 39 ± 4 28 ± 7 25 ± 1 31 ± 11 27 ± 13 29 ± 7 0.61/0.86

Age, y 47 ± 20 57 ± 16 37 ± 22 52 ± 11 40 ± 19 57 ± 21 21 ± 3 0.73/0.08

Gender, 
male

4 (100) 2 (67) 2 (50) 1 (50) 18 (82) 2 (100) 2 (100) 0.87

ICU LOS, d 7.5 [6–9.5] 26 [6–56] 11.5 [4.5–22] 14 [14–14] 7 [5–15] 37.5 [5–70] 4.5 [4–5] 0.99/0.08

Intubation 
time, d

2.5 [2–4] 15.5 [6–25] 5.5 [3–12] 2 [2–2] 3 [1–9] 17.5 [5–30] 1.5 [1–2] 0.98/0.16

Hospital 
LOS, d

14 [10–19.5] 36 [28–58] 21.5 
[13.5–30.5]

27 [24–30] 22 [12–35] 40 [5–75] 17.5 [15–20] 0.86/0.49

Hospital 
survival

4 (100) 3 (100) 4 (100) 2 (100) 21 (95) 1 (50) 2 (100) 0.16

PRBC 4.5 [3–6] 16 [6–26] 4 [2–6.5] – 5 [2–9] 7.5 [3–12] 3.5 [3–4] 0.80/0.55

ARF 1 (25) 0 0 0 3 (14) 0 0 0.77

MI 0 0 0 0 1 (5) 0 0 0.57

Delirium 1 (25) 0 1 (25) 1 (50) 5 (23) 0 0 0.98

Pneumo-
nia

1 (25) 2 (67) 2 (50) 1 (50) 11 (50) 1 (50) 0 0.61

New 
paraplegia

0 0 0 1 (50) 2 (9) 0 0 0.47

a  Abbreviations: ARF, acute renal failure; ISS, injury severity score; ICU LOS, intensive care unit length of stay; MI, myocardial infarction; PRBC, packed 
red blood cells; TEVAR, endovascular aortic repair.
b Data are presented as mean ± SD or No. (%) or mean [range].
c  For continuous variables two P Values are reported (for grade and type) and for categorical variables one P value is reported (Cochrane-Mantle test). 

4.2. Grades of Injury
Two radiologists rated the CT scans according to VC for 

aortic injury. There was perfect agreement in 29 cases 
(74%). The two radiologists revised the 10 discordant in-
terpretations simultaneously and reached a consensual 
assessment for all patients. Grade I injury (flap or throm-
bus of less than 1 cm) was observed in 18% of cases (n = 
7), 15% had Grade II extension (flap or thrombus of more 
than 1 cm) (n = 6), and 67% had Grade III injury (pseudoa-
neurysm of any size, with no extravasation of contrast) (n 
= 26). There was no aortic rupture with contrast extrava-
sation (grade IV) in our series (Figure 1).

4.3. Correlation Between Radiologists in Classifi-
cation

Agreement between the two radiologists for VC was 
good (weighed kappa = 0.81). There were 10 cases of dis-
agreement. In 8 out of the 10 cases, the radiologists dis-
agreed over a Grade I versus Grade II classification for he-
matomas close to 1 cm in size. There were discrepancies 
in measurement of the hematoma and after debate the 
radiologists reached a common agreement about how to 

measure the hematoma. In the two remaining cases, the 
radiologists disagreed regarding the existence of a pseu-
doaneurysm and, therefore, classified the injury as Grade 
II or Grade III.

4.4. Outcomes
In patients with Grade I injuries, 57% of patients were 

treated surgically and 43% were treated medically with 
a survival rate of 100%. In patients with Grade II injuries, 
67% underwent surgery and the remainders were treated 
medically with a survival rate of 100%. Among patients 
with Grade III injuries, 85% (n = 22) underwent surgery, 
7.5% (n = 2) were treated with TEVAR and 7.5% (n = 2) were 
treated medically. Survival in these patient groups was 
95%, 100%, and 50%, respectively (P = 0.52). Medically treat-
ed Grade III injured patients were either considered a 
prohibitive surgical risk (n = 1) or moribund (n = 1) (Table 
3). In one case, surgery was declined because the patient 
had a previous coronary bypass and bilateral lobectomy 
with poor residual pulmonary function. This patient sur-
vived. In the second case, the patient presented with se-
vere traumatic brain injury and herniation and became 
brain dead 8 hours after arrival. 
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One patient with Grade III injury died intraoperatively. 
That patient had had recent coronary artery bypasses and 
had suffered from unstable angina in the days prior to the 
trauma. On his arrival to the hospital, he was diagnosed 
with nosocomial pneumonia with septic shock and the 
aorta was found to be ruptured. The patient was brought 
to the OR but became unstable secondary to rapid atrial 
fibrillation (AF) that evolved into fatal arrhythmia. Table 
3 reports that there was no statistically significant dif-
ference in hospital survival among the grades of injury 
adjusted for type of procedure (P = 0.16). Similarly, there 
were no significant differences for all other variables. Ta-
ble 3 reports both P values for grade and type of surgery.

5. Discussion
The major findings of this study shows VC was easy to 

use and showed a good inter-observer correlation. There 
were no statistical differences in terms of outcome for 
any of the grades, irrespective of the treatment received. 
No predictors of bad outcomes became evident relating 
to the type of procedure received depending on grade of 
injuries. Patients presenting with low grades of injury 
were for the most part, treated medically with acceptable 
outcomes; and patients presenting with higher grades of 
injury and treated surgically had acceptable outcomes as 
well. However, a more liberal approach than the current 
TEVAR guidelines could be extended to patients deemed 
non-operable but treated medically. European recom-
mendations for thoracic aneurysms state that, in certain 
morphologic situations that are considered prone to rup-
ture, TEVAR may be justified at a diameter inferior to 5.5 
cm. Comorbidities and age combined to surgical risk of 
each patient need to be considered. For traumatic aortic 
rupture, immediate treatment is indicated in patients 
with complete transection of the aortic wall and free 
bleeding into the mediastinum.

This study supports the use of the recently described 
aortic injury classification in a setting that traditionally 
relies on a different treatment strategy. There was good 
correlation between radiologists using this classifica-
tion with CTs as well as good inter-observer agreement. 
The inter-observer reliability in this study (kappa = 0.81) 
compared favorably with that previously reported by the 
Gavant, Simeone, or VC (0.44, 0.55, and 0.51, respectively) 
(10, 11, 14).

The two classifications described most recently by the 
Vancouver and the Seattle groups (13, 14) share many 
characteristics with this series. Survival rates of 100%, 
100%, and 88% in Vancouver Grade I, II and III injuries, re-
spectively, were similar to the survival rates reported in 
the initial Vancouver group (100%, 100%, and 90%) and 
the Seattle group (87%, 100%, and 76%). These studies also 
demonstrated that the hospital LOS was longer for pa-
tients with Grade I injuries compared to higher grades 
(13, 14). Although Azizzadeh and VC recognize 4 grades of 
injury, the major difference between them is that Azizza-

deh assigned a higher grade of injury to a mural hemato-
ma (grade 2) than to an intimal flap (grade 1) (12). On the 
other hand, VC suggests that the extent of each of these 
two common findings should also be accounted for. For 
example, a large intimal flap should warrant more con-
cern than a small mural hematoma and may dictate a 
more aggressive treatment strategy (14). 

Non-operative management can be applied safely to a 
significant proportion of patients with polytrauma and 
aortic injury, which limits the risk of surgical complica-
tions from open or endovascular treatments. The non-
operative approach consists in an aggressive negative 
inotropic treatment and an antihypertensive regimen. 
Caffarelli (2010) evaluated deliberative non-operative 
management in 53 patients with BAI and demonstrated a 
hospital survival rate of 93% (15). Their longitudinal analy-
sis revealed that 78% of injuries remained stable, 18% com-
pletely resolved, and 4% progressed. In addition, multiple 
studies have demonstrated the safety of delayed repair in 
polytrauma patients, an approach used to limit compli-
cations (16, 17).

Aortic injuries of higher grades are approached by 
open surgical repair or TEVAR. In a systematic review of 
treatments of BAIs by Akowuah, 10 articles including 262 
patients were identified (153 patients undergoing surgi-
cal repair and 109 endovascular repair). Postoperative 
results showed a higher paraplegia rate and a greater 
mortality rate in the surgical repair group (1% vs. 6% and 
7% vs. 19%, respectively) (18). However, the mortality asso-
ciated with open repair varies from one study to another 
and has been reported to be as low as 5% with no case of 
paraplegia in a previous local report (19). The combina-
tion of low morbidity and mortality with good long-term 
outcomes for open repair explains aggressive surgical ap-
proaches favored in this series. 

The use of VC for traumatic aortic injury effectively al-
lowed for identification of patients with varying degrees 
of severity of aortic injury. The classification was repro-
ducible between observers. Patients presenting with low 
grades of injury were mostly treated medically, which 
resulted in acceptable outcomes. The use of an open sur-
gical approach for patients with high grades of injury 
compared favorably with the literature. Prospective stud-
ies for treatment strategies based on severity of injury 
would allow for a more individualized approach for the 
patient with traumatic aortic injury.

5.1. Limitations
The retrospective nature of this study and sample size 

does not allow us to draw strong conclusions as to the 
optimal treatment strategy in relation to severity of in-
jury. However, some observations can be highlighted. Pa-
tients with Grade I and II injuries had a 100% hospital sur-
vival rate in the surgically and medically treated groups. 
Definitive recommendations and conclusions cannot be 
drawn from this research project due to the small sam-
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ple size. However, results of this small cohort of patients 
suggest that a tailored approach that takes into account 
comorbidities, rather than a systematic medical or sur-
gical management, has led to optimal outcomes in this 
series. Patients with Grade III injuries had similar rates 
of survival in the surgical and the TEVAR groups, i.e. 95% 
and 100%, respectively. Only two patients with Grade III 
injury were treated medically, which resulted in 50% 
of mortality. Missing CT scans limited the sample size 
available for evaluation by radiologists. This cohort was 
mainly treated with the surgical approach performed by 
a single surgeon.

Supplementary Table 1.  Demographics of the Complete Pa-
tient Population and of the Patient Subgroups with CT Scans a, b

Demographics Total 112 Patients 39 Patients

Age, y 43.9 ± 18.62 42.2 ± 18.9

Gender, male 93 (83) 31 (79)

Hypertension 22 (20) 6 (15)

Smoking 17 (15) 7 (18)

Diabetes 9 (8) 4 (10)

Obesity 6 (5) 3 (8)

MVA high velocity 93 (83) 30 (77)

ISS 33.10 ± 10.4 30.3 ± 9.3

Time to diagnosis, 
min 

30 [20–360] 30 [30–120]

Hemodynamic insta-
bility

37 (33) 11 (28)

Time between admis-
sion and definitive 
treatment, min

497.98 ± 562.88 240 [150–630]

CI to immediate 
surgery

19 (17) 9 (23)

a  Abbreviations: CI, contraindicated; ISS, injury severity score; MVA, 
motor vehicle accident. 
b  Data are presented as mean ± SD or No. (%) or mean [range].
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