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Abstract

Objective This study sought to confirm if thoracic endovascular aortic repair (TEVAR) was an appropriate therapeutic
strategy for blunt thoracic aortic injury (BTAI).

Methods Between 3/2005 and 12/2020, 104 patients with BTAI were brought to our hospital. The severity of each trauma
case was evaluated using the Injury Severity Score (ISS); aortic injuries were classified as type I to IV according to Society
for Vascular Surgery guidelines. Initial treatment was categorized into four groups: nonoperative management (NOM), open
aortic repair (OAR), TEVAR, or emergency room thoracotomy/cardiopulmonary resuscitation (ERT/CPR).

Results The patients’ mean age and ISS were 56.7 +20.9 years and 48.3 +20.4, respectively. Type III or IV aortic injury
were diagnosed in 82 patients. The breakdown of initial treatments was as follows: NOM for 28 patients, OAR for four,
TEVAR for 47, and ERT/CPR for 25. The overall early mortality rate was 32.7%. Logistic regression analysis confirmed
ISS > 50 and shock on admission as risk factors for early mortality. The cumulative survival rate of all patients was 61.2%
at 5 years after treatment. After initial treatment, eight patients receiving TEVAR required OAR. The cumulative rate of
freedom from reintervention using TEVAR at 5 years was higher in approved devices than in custom-made devices (96.0
vs. 56.3%, p=0.011).

Conclusions Using TEVAR as an initial treatment for patients with BTAI is a reasonable approach. Patients with severe
multiple traumas and shock on admission had poor early outcomes, and those treated with custom-made devices required
significant rates of reintervention.

Keywords Blunt thoracic aortic injury - Multiple trauma - Thoracic endovascular aortic repair - Open aortic repair -
Nonoperative management

Introduction

Presented in part at the 72nd Annual Scientific Meeting of the Blunt thoracic aortic injury (BTAI) is the second most com-
Japanese Association for Thoracic Surgery, October 30-November mon cause of death in patients with blunt trauma [1, 2]. Tho-
2, 2019, Kyoto Japan. racic endovascular aortic repair (TEVAR) has been reported
as a first-line treatment of BTAI because of its favorable
outcomes [3—6]. However, the overall mortality of patients
damaged by BTAI is still extremely high. And the timing
Division of Cardiovascular Surgery, Japanese Red Cross and choice of treatment, such as TEVAR, open aortic repair
Kobe Hospital and Hyogo Emergency Medical Center, 1-3-1 (OAR), and nonoperative management (NOM), still generate
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controversy in the management of BTAI [7, 8]. It has been
agreed that anatomic suitability is important in deciding
whether to use TEVAR [9], although age should not be a fac-
tor in deciding the type of repair [5]. The risk of death and
spinal cord ischemia is significantly lower in all age groups
after endovascular repair compared with open surgery [3,
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4, 10], and these early benefits outweigh the concerns of
potential late complications [5]. However, conventional open
repair should be considered among patients with poor ana-
tomic suitability for endovascular repair [35, 8].

In this study, we focus on the management of BTAI
and evaluate both the short-term and long-term outcomes
in patients with multiple organ injuries who underwent
TEVAR.

Materials and methods

The Committee for the Protection of Human Subjects of the
Japanese Red Cross Kobe Hospital and Hyogo Emergency
Medical Center approved the collection and analysis of data.
Informed consent was provided to all patients. This study
included all patients diagnosed with BTAI who were trans-
ported to our institution between March 2005 and December
2020. TEVAR was introduced at our institution as a treat-
ment for patients diagnosed with BTAI in March 2005. We
performed a chart review on all patients. Clinical follow-up
data were obtained via telephone interviews with the patient,
a family member, or his/her primary physician.

One hundred and four patients diagnosed with BTAI
were transported to our center. The initial evaluation was
made by an emergency team that followed advanced trauma
life support (ATLS) guidelines. Following hemodynamic
stabilization, computed tomography (CT) angiography
was performed according to the institutional protocol. The
severity of the trauma was evaluated using the abbreviated
injury scale (AIS) and Injury Severity Score (ISS) [11-13].
Scores on the AIS are determined by assigning a numeri-
cal score from 1 (minor) to 6 (maximum) for each injury
to the head and neck; abdomen and pelvic contents; bony
pelvis and limbs; face; chest; and body surface as follows:
(1) minor; (2) moderate; (3) serious; (4)severe; (5) critical;
and (6) maximum. The ISS is the sum of the squares of
the highest AIS scoring injuries in the three highest-scoring
body regions. In addition, aortic injury was evaluated using
the Society for Vascular Surgery (SVS) classification as
follows: type I, intimal tear; type II, intramural hematoma;
type III, pseudoaneurysm; and type IV, rupture [5]. Shock at
admission was defined as systolic blood pressure lower than
90 mmHg on hospital arrival.

Therapeutic strategies for BTAI

Therapeutic strategies for BTAI patients were based on
our institutional flowchart (Fig. 1). Initial treatments were
categorized as NOM, OAR, TEVAR, or emergency room
thoracotomy/cardiopulmonary resuscitation (ERT/CPR).
The patients’ characteristics are summarized in Table 1. In
general, patients with type I or II aortic injury were treated

with NOM. By contrast, patients with type III or IV aortic
injury were treated with TEVAR, OAR, ERT/CPR or NOM,
depending on their status on admission and anatomical fac-
tors. TEVAR was selected as the first-line treatment if the
patient was responding to ATLS and there was no evidence
of fatal organ damage, and of he/she was anatomically suit-
able. NOM was applied in 21 patients with type I or II aor-
tic injury, and in seven patients with type III or IV. When
NOM was selected, blood pressure was strictly controlled,
and repeated CT scans were conducted.

OAR was selected in four cases, including one patient
with type II and three with type III, after TEVAR was
deemed anatomically unsuitable in three cases and one
patient developed acute type-A aortic dissection (ATAAD).
A cardiopulmonary bypass with full heparinization and left
thoracotomy was used for graft replacement in all patients
except the one with ATAAD, on whom a full sternotomy
was conducted.

Forty-seven patients with type III or IV aortic injury
underwent TEVAR as an initial treatment, and patient
characteristics are summarized in Table 2. TEVAR was
performed in the operating room under general anesthesia.
Left subclavian artery revascularization was not performed
before TEVAR in emergency cases. The dose of intraop-
erative heparin infusion was individualized depending on
concomitant organ lesions. Femoral access was preferred
for placing the device when possible. The size of the stent-
graft was selected based on aortic diameter, the length of
the lesion, and device availability at the time of TEVAR.
Custom-made devices were applied in 14 patients, includ-
ing two with a self-expanding Gianturco Z-stent (GZ; Cook
Inc., Bjaeverskov, Denmark) covered with thin-wall Dacron
graft (UBE woven graft, porosity 150 mL/min/cm?; Ube
Inc., Yamaguchi, Japan) [14] and 12 with a curved nitinol
stent-graft (MKSG; Matsui-Kitamura stent graft, Kanaz-
awa, Japan) [15, 16], between March 2005 and June 2010.
In addition, commercially available stent grafts (approved
devices) were applied in 33 patients, including nine with
GORE® TAG®, 23 with conformable GORE® TAG®, and
one with GORE® EXCLUDER® cuff (W. L. Gore & Associ-
ates, Inc. Flagstaff, Arizona, USA) between July 2010 and
December 2020.

All patients with cardiopulmonary arrest (CPA) who
did not respond to ATLS underwent ERT/CPR and even-
tually died. A direct aortic cross-clamp was used in 10
patients, intra-aortic balloon occlusion was performed in
three patients, and extracorporeal support was used in two
patients.

Postoperative assessment

Postoperative intravenous contrast was performed to assess
the aortic configuration and other organs—brain/chest/
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Fig.1 Flowchart of current therapeutic strategy for BTAIL AIS
Abbreviated Injury Scale, ATLS advanced trauma life support, ERT
emergent room thoracotomy, ISS Injury Severity Score, NOM nonop-

abdomen/pelvis CT scans—after 6 months, and annually
thereafter. Early hospital mortality was defined by death
within 30 days of being admitted to hospital, and long-term
outcomes were evaluated according to the cumulative long-
term survival rate. To evaluate the rate of reintervention,
patients with initial TEVAR treatment were singled out and
their freedom from reoperation rate calculated.

Statistical analyses

The analysis was retrospective. Data were collected from
chart reviews by the authors (S. L., C. N., T. H.). Categori-
cal variables are described as numbers and percentages, and
continuous variables are described as mean + standard devia-
tion. Outcomes were compared among groups for the total
study population, a chi-squared test was performed for pro-
portions analysis, and a one-way analysis of variance with
Bonferroni adjustment was performed for mean analysis,
with p <0.05 considered statistically significant. Survival
analysis was performed according to the Kaplan—Meier
method, and statistical differences were analyzed using the
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erative management, OAR open aortic repair, TEVAR thoracic endo-
vascular aortic repair

log-rank test. Multivariable logistic regression modeling
yielding odds ratio (OR) and 95% confidence interval (CI)
was used to determine variables that are independently
associated with 30-day mortality. Shock on admission and
ISS > 50 were selected as variables in multivariable logistic
regression analysis [13, 17, 18]. The receiver operating char-
acteristic (ROC) curve was used in this study for mortality.
The ROC curve is derived by calculating the sensitivity and
specificity of the test. Data analyses were performed with
Bell Curve for Excel (version 3.20, Social Survey Research
Information, Tokyo, Japan) and JMP Statistical Discovery
software (version 13.0.0; SAS Institute Inc., Cary, NC).

Results

Patient characteristics and management data
(Table 1)

Of the 104 patients, the mean age was 56.7 +20.9 years, and
the prevalence of shock on admission, including CPA, was
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Table 1 Clir}ical characteristics All NOM OAR TEVAR ERT/CPR  p
of BTAI patients (N=104) (N=28)  (N=4)  (N=47) (N=25)
Age, year 56.7+209 57.1+214 448+20.2 58.0+19.7 55.6+23.1 1.00
Male, n (%) 72 (69) 21 (75) 1(25) 35 (74) 15 (60) 0.12
Shock on admission, n (%) 60 (58) 8 (29) 2 (50) 23 (48.9) 25 (100) <0.001
Cause of injury 0.83
Traffic accident, n (%) 75 (72) 20 (71) 3.(75) 35 (74) 17 (68)
Fall, n (%) 20 (19) 6(21) 0 9(19) 5(20)
Others, n (%) 99 2(7) 1(25) 3(6) 3(12)
Site of injury 0.21
Isthmus, n (%) 95 (93) 26 (93) 3.(75) 44 (94) 22 (88)
Ascending aorta, n (%) 4(4) 1(4) 1 (25) 0 2(8)
Descending aorta, n (%) 5 (3) 1(4) 0 3(6) 1(4)
Type of injury <0.001
I, n (%) 1(1) 1(4) 0 0 0
1L, n (%) 21 (20) 20 (71) 1(25) 0 0
1L, n (%) 57 (55) 5(18) 3(75) 46 (98) 3(12)
IV, n (%) 25 (24) 2(7) 0 1(2) 22 (88)
1SS 48.6+20.6 39.0+16.1 41.8+225 409+164 746+1.8 <0.001
Head AIS>4, n (%) 21 (20) 7 (25) 0 6 (13) 8 (32) 0.16
Abdomen AIS >4, n (%) 18 (17) 4 (14) 0 10 (21) 4 (16) 0.67
Extremity AIS >4, n (%) 23 (22) 6 (21) 0 9(19) 8 (32) 0.42
Early mortality, n (%) 34 (33) 3(11) 0 6 (13) 25 (100) <0.001

Table 2 Clinical characteristics
of initial TEVAR patients

BTAI blunt traumatic aortic injury, NOM nonoperative management, OAR open aortic repair, TEVAR tho-
racic endovascular repair, ERT/CPR emergency room thoracotomy/cardiopulmonary resuscitation, ISS

Injury Severity Score, AIS Abbreviated Injury Scale

Custom-made device Approved device p value

(N=14) (N=33)
Type of device GZSG 2 GORE TAG® 9

GORE Excluder® 1

MKSG 12 ¢-GORE TAG® 23
Age 48.2+16.3 62.2+19.8 0.02
Sex (male) 11 24 0.67
Shock on admission 8 15 0.46
ISS 48.8+19.4 36.8+12.4 0.01
Proximal landing zone Zone?2 3 Zone 2 14 0.19

Zone 39 Zone 3 18

Zone 4 2 Zone 4 1
Diameter of PLZ (mm) 25.6+3.9 27.1+4.4 0.27
Early mortality 0 (0%) 6 (18%) 0.03
Open aortic repair required 6 (43%) 2 (6%) 0.007

GZSG Giantruco Z-stent with UBE woven graft, MKSG Matsui-Kitamura stent graft, c-GORE TAG® con-
formable GORE® TAG®, ISS Injury Severity Score, PLZ Proximal landing zone of the stent graft

58%. The causes of BTAI included traffic accidents in 72%
of cases and falls in 19%. The aortic injury site was observed
in the isthmus in 93% of cases, and type III aortic injury
was identified in 55% of cases, making it the most common
type of injury. The mean ISS was 48.6 +20.6, and 49% of

all patients had extra-thoracic injury with an AIS score > 4.
The study population was divided into four groups accord-
ing to treatment intentions on admission. The number of
shocks on admission, the type of injury and mean ISS were
significantly different among the four groups.
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Therapeutic management of all patients was summa-
rized in Fig. 1. Regarding 22 patients with type I or II aor-
tic injury, emergency OAR was performed on one patient
due to progression to ATAAD, while the remaining 21
patients received NOM at the onset. After initial treatment,
16 patients recovered, three underwent elective OAR, one
underwent TEVAR, and one died of brain infarction. In
82 patients with type III or IV aortic injury, 25 patients
did not recover after ATLS, and subsequent ERT/CPR was
performed. Of the remaining 57 patients, seven did not
receive immediate aortic repair, 47 underwent TEVAR,
and three were given immediate OAR. However, eight
patients who underwent immediate TEVAR required aor-
tic reintervention and conversion to OAR in later periods
(Table 2). Therefore, in BTAI patients with type III or IV
aortic injury, 11 patients underwent OAR and all patients
survived without any neurological morbidities.

Table 3 Risk factors of 30 day mortality by multivariable logistic
regression analysis

Variable OR (95% CI) p value
Shock on arrival 23.90 (4.03-458.89) <0.001
1SS > 50 15.39 (4.54-63.84) <0.001

OR 0Odds ratio, CI Confidence interval, ISS Injury Severity Score

Fig.2 Kaplan—-Meier survival
curves of all 104 patients, dem-
onstrating 62.6% at 1 year and
61.2% at 5 years, respectively
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Short-term outcomes

Thirty-four patients (33%) died within 30 days of admission,
including 33 with type III or IV aortic injury and one with
type II. The 30 day mortality of each initial treatment was
100% for ERT/CPR, 13% for TEVAR, 0% for OAR, and 11%
for NOM (Table 1). All patients who received ERT/CPR died
of hemorrhagic shock. Six TEVAR patients died from the
following causes: hemorrhagic shock in one patient; uncon-
trolled coagulopathy in two; brain damage in three, and
sepsis in one. There was no mortality in three patients who
underwent elective TEVAR after initial NOM. Regarding the
18 patients treated with OAR; four who received immediate
OAR and 14 who underwent elective OAR as a secondary
treatment all survived. The best cutoff point for predicting
mortality using ISS was a score of 50 (sensitivity 94.1%,
specificity of 80.0%, ROC area 0.914). Logistic regression
analysis confirmed ISS > 50 and shock on arrival as risk
factors for 30 day mortality (Table 3). The mean follow-
up period was 37.0+45.8 months (range 0—170 months).
Overall survival estimated by the Kaplan—-Meier method was
62.6% at 1 year and 61.2% at 5 years (Fig. 2).

TEVAR outcomes

Of the 47 patients, the mean age was 58.0+ 19.7 years. After
initial TEVAR, eight patients (17%) required OAR, with six
in the custom-made device group and two in the approved
device group (two with GORE® TAG®), due to type Ia
endoleak in six patients in the custom-made device group,

Number at Risk 104
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and device infolding in one. These seven patients underwent
the removal of the stent and graft replacement in a median
of 23 (ranging from 3 to 136) days. In addition, one patient
who developed deformation of the aorta 5 years after under-
going TEVAR using an approved device (GORE® TAG®)
underwent open repair. There was no reintervention (under-
going OAR) in 23 patients with conformable GORE® TAG
® There was a significant difference in the prevalence of
reintervention between the two groups (Table 2). The cumu-
lative freedom from reintervention was better in approved
devices than in custom-made devices over time (96.0 vs.
56.3%, p=0.01) (Fig. 3).

Discussion

Historical estimates have reported a 75-85% prehospital
mortality attributable to BTAI patients, and 15-23% in those
who were alive on arrival as a hospital but died from associ-
ated injuries during the initial 24 h [19-21]. Sandu et al. [22]
reported 21.6% of their cohort died before confirmation in
273 of BTAI cases. That was similar to the findings of this
study, in which the ERT/CPR group comprised 22.1% of
BTAI patients. While the early mortality rate among our
study cohort seems higher than that in other reports [23,
24], one possible explanation is that the mean value of ISS
was 48.6 in this study. Bolorunduro et al. [17] reported that
the mortality rate in patients with ISS > 25 was 55.8 times
higher than those with ISS <9. In addition, older patients
and those with decompensated shock or CPA on arrival were

Fig.3 Kaplan—Meier survival
curves of freedom from rein-

included in this study, resulting in the possibility that our
patient cohort may have included more critical patients.

In this study, ISS > 50 and a state of shock on admission
were independent risk factors for early mortality. Starnes
et al. [18] reported that 75% of patients who died of BTAI
were hypotensive before or at hospital presentation, and
hypotension was a strong predictor of early death. In addi-
tion, Konstantinidis et al. [25] reported that geriatric patients
demonstrated a four-fold increase in mortality following vas-
cular injuries. However, age was not a statistically significant
risk factor for early mortality in this study.

The SVS guidelines for BTAI [5] recommended that
patients diagnosed with type II, III and IV aortic injury
should be repaired immediately. However, the manage-
ment of type II aortic injuries remains controversial [7, 22,
26]. In this study, we selected a conservative management
approach for type II aortic injuries as an initial treatment,
except in the case of one patient who developed acute type
A aortic dissection and underwent OAR. In addition, 20%
of the patients underwent OAR electively. No aorta-related
mortality occurred in patients with type I or II aortic injury;
therefore, NOM could be recommended as an initial treat-
ment for these patients with BTAL

For patients with type III or type IV aortic injuries,
TEVAR was selected as the first-line treatment [5, 6, 8,
24]. The use of custom-made devices resulted in a higher
incidence of graft failure [27]. On the other hand, the use
of commercially available stent grafts improved both early
and long-term outcomes [6, 8, 24]. In this study, there was
no reintervention required in the patients with conformable
GORE® TAG® at the present time. The recent availability
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of devices with a more conformable and smaller diameter,
of up to 21 mm, meant the number of cases requiring rein-
tervention has reduced [28]. However, as patients in this
cohort are younger than those who underwent TEVAR for
atherosclerotic thoracic aneurysms, morphologic changes in
the thoracic aorta may remain a concern during long-term
follow-up examinations [8, 27, 28]. In addition, given the
highly successful surgical results from OAR in this study,
OAR must remain one of the therapeutic options for BTAI
5,6, 8].

Our study had two limitations. First, it was a retrospec-
tive, single-center study. A multicenter study is needed in
the future because of differences in the accuracy of diagnosis
and therapeutic management between facilities. Second, the
failure to follow up is a common limitation in retrospec-
tive cohort studies involving the trauma population. For this
study, we were unable to follow up with CT imaging for 16
patients (15%).

Conclusions

It is reasonable to consider TEVAR as an initial treatment
of patients with BTAI and multiple injuries. Patients with
severe multiple traumas and those with shock on arrival had
poor early outcomes, and those treated with custom-made
devices required significant rates of reintervention.
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