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Introduction. Blunt thoracic aortic injury (BTAI) is a critical condition. Thoracic endovascular aortic repair (TEVAR) is considered
a surgical treatment for BTAI. Reports reveal that some patients beneﬁt from conservative and delayed operation rather than
emergency operative therapy. Here, we present three BTAI cases that were treated with TEVAR using diﬀerent timings. Case
Presentation. Case 1 involved a 49-year-old man injured in a car accident and who went into shock. After stabilization with
Advanced Trauma Life Support in the emergency room, TEVAR was performed immediately. Case 2 involved a 69-year-old
man who was injured after falling. His hemodynamic status was stable and enhanced computed tomography revealed
intraluminal hematoma. He underwent TEVAR 15 days after the injury occurred, following conservative therapy. Case 3
involved a 60-year-old man who was injured in a car accident and presented BTAI with subarachnoid hemorrhage and
diaphragm tear. A pseudoaneurysm was observed in the distal aortic arch. After open abdominal exploration, diaphragm repair,
and observation for subarachnoid hemorrhage, TEVAR was performed 8 hours after arrival. All three patients survived.
Conclusions. We treated BTAI successfully. We suggest that TEVAR is useful for BTAI. The timing of the operation and
therapeutic option, including conservative therapy, should be decided for each patient.

1. Introduction
Blunt thoracic aortic injury (BTAI) occurs in 2% of blunt
trauma patients [1]. BTAI is a critical condition with an overall mortality of up to 80% and a 20% mortality even in treated
patients [2].
Five percent of patients with BTAI present with aortic
rupture that can cause early death in the acute phase, making
early operative management a necessity [3]. However, in
many patients with coexisting injury [4], immediate surgery
for the aorta is usually infeasible.
Recently, thoracic endovascular aortic repair (TEVAR)
has been noted as a better surgical option for emergency conditions involving the aorta. Additionally, it has been demonstrated that some patients beneﬁt from conservative therapy
rather than emergency operative therapy based on the type
of injury [5].

We report 3 cases treated with TEVAR using diﬀerent
timings because of the type of injury and coexisting organ
injury.

2. Case Presentation
2.1. Case 1. A 49-year-old man collided with a car while
riding a motorcycle. After the collision, the man was run
over by the car. His vital signs were stable on admission,
and the patient had no consciousness disorder (blood pressure (BP) 117/56 mmHg; heart rate (HR) 87 bpm; Glasgow
coma scale (GCS) E4V5M6). Hematological examination
revealed a white blood cell count of 8050/μl, hemoglobin
10.7 g/dl, and platelet 12.4 × 109/l. However, the patient
went into shock during care in the emergency room. After
volume resuscitation, contrast-enhanced computed tomography (CT) was performed and showed extravasation of
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Figure 1: Case 1. Preoperative contrast-enhanced computed tomography: (a) axial, (b) sagittal image, and (d) 3-dimensional image. A
pseudoaneurysm was observed in the distal aortic arch (arrow mark). (c) Sagittal image in another slice. Thoracic vertebra 12 and lumbar
vertebra 1 are fractured.

the contrast medium and a pseudoaneurysm around the
distal arch of the aorta. Additionally, the patient presented
with fracture of the Th12 and L1 vertebras, hemothorax,
and tear of the right Achilles tendon (Figure 1). A drain
was placed in the left thorax, and mechanical ventilation
was started under sedation.
After these procedures, TEVAR with a 31 × 26 × 100 mm
stent graft (Conformable GORE TAG, W. L. Gore & Associates, Newark, DE) was performed successfully. Heparin was
not administered during surgery. After the operation, the circulation and respiratory systems were stable. One day after
the operation, the patient was weaned from the ventilator
without any neurological disorder. Follow-up with enhanced
CT showed that the pseudoaneurysm had disappeared
(Figure 2). The patient was transferred to a rehabilitation
facility without TEVAR-related complications, including
any neurological symptoms.
2.2. Case 2. A 69-year-old man fell from a ladder. At arrival to
the hospital, his vital signs were stable and his consciousness
was clear (BP 160/87 mmHg; HR 109 bpm; GCS E4V5M6).
He complained of chest and back pain which moved from

the shoulder to the chest and back. Enhanced CT was performed which revealed aortic dissection with intramural
hematoma. Extravasation and pseudoaneurysm were not
observed (Figure 3).
We commenced conservative therapy which consisted of
blood pressure control (target, systolic pressure < 140 mmHg),
bed rest for 14 days, and close observation using enhanced and
plain CT on hospital days 1, 3, 5, 9, and 14. After this protocol
was completed, we performed TEVAR on hospital day 16 as a
scheduled operation. We placed 22 × 22 × 100 mm (Valiant
Captivia Thoracic Stent Graft, Medtronic, Medtronic, Santa
Rosa, CA) and 30 × 26 × 150 mm (Relay Plus, Bolton Medical,
Sunrise, FL) stent grafts (Figure 4). During the procedure, we
administered heparin with an activated clotting time (ACT)
goal of 250 s. At the end of the procedure, heparin was neutralized by an equal amount of protamine.
The patient recovered from anesthesia without any neurological disorder. He was discharged walking, to his home
on postoperative day 14, which was hospital day 30.
Enhanced CT performed 1 month after the procedure
revealed that the thickness of the intraluminal hematoma
had decreased (Figure 4).
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Figure 2: Case 1. Intraoperative aortography: (a) before deploying the stent graft and (b) a pseudoaneurysm was observed but it disappeared
after the stent graft was deployed. Postoperative computed tomography: (c) axial image, (d) sagittal image, and (e) 3-dimensional image. The
pseudoaneurysm had disappeared.
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Figure 3: Case 2. Preoperative computed tomography: (a) axial image, (b) sagittal image, and (c) sagittal image in another slice. Intraluminal
hematoma was observed (arrows).

2.3. Case 3. A 60-year-old man was hit by a car while walking.
His hemodynamic status on arrival to the hospital was stable
(BP 120/62 mmHg, HR 85 bpm), but his consciousness was
impaired (GCS E1V1M1). After standard Advanced Trauma
Life Support with endotracheal intubation, ﬂuid resuscitation, blood transfusion, and CT were performed. Contrastenhanced CT showed subarachnoid hemorrhage, free air in

the abdomen, aortic dissection, and a pseudoaneurysm
around the distal arch (Figure 5). However, the patient was
hemodynamically stable.
Emergency explorative laparotomy was performed, and a
diaphragm tear was observed and repaired. Conservative
therapy and close observation were applied for the subarachnoid hemorrhage and BTAI. After 6 hours of observation, CT
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Figure 4: Case 2. Intraoperative aortography: (a) before deploying the stent graft and (b) after deploying the stent graft. There were no
endoleaks. Postoperative computed tomography performed one month after the procedure: (c) axial image, (d) sagittal image, and (e)
sagittal image in another slice. The thickness of the intraluminal hematoma had decreased.

was performed again and the subarachnoid hemorrhage
appeared not to progress. The patient was transferred to the
operating room, and TEVAR was performed with a
26 × 22 × 150 mm (Valiant Captivia Thoracic Stent Graft,
Medtronic, Medtronic, Santa Rosa, CA) stent graft. During
the procedure, heparin was administered with an ACT goal
of 250 s and was neutralized after surgery by an equal amount
of protamine.
After surgery, the patient’s hemodynamics were stable.
The patient was returned to the intensive care unit (ICU)
on artiﬁcial ventilation. He recovered consciousness in
the ICU. After extubation, the patient had muscle weakness of both lower limbs which were associated with the
TEVAR; however, the weakness disappeared spontaneously. The patient was subsequently discharged to the
rehabilitation facility.

3. Conclusions
Blunt thoracic aortic injury (BTAI) frequently occurs in the
isthmus of the aorta and accounts for 93% of all BTAI [6].
This phenomenon may be explained by the mechanism of
injury involving tension between the aortic arch, which is
comparably free, and the descending aorta, which is ﬁxed
on the thoracic wall [4]. Another possible mechanism is the

occlusion of the abdominal aorta caused by increased pressure on the abdomen [7], explaining the coexistence of BTAI
with abdominal organ injury [8]. In this report, the lesions in
all the presented cases occurred in the isthmus.
Emergency surgery in patients with unstable hemodynamics due to BTAI seems necessary. Even if the hemodynamics are stable, patients who present with extravasation
of contrast medium or pseudoaneurysm need prompt transfer to the operation room [9]. Moreover, 81.4% of BTAI
patients have coexisting injury [4]. In these patients, the
coexisting injury decides the treatment priority and occasionally, surgery for vascular injury cannot be performed
immediately. In 50% of the patients who undergo conservative therapy, clinical symptoms were observed and 21% presented with dilatation of the injured aorta [10]. When these
occur, surgery is the recommended therapy for the BTAI.
In a report, BTAI was graded I–IV; I: intimal injury, II:
intramural hematoma, III: pseudoaneurysm, and IV: rupture.
The authors suggested that for grade I, conservative therapy
is more eﬀective than surgery. Moreover, for patients with
intramural hematoma, delayed surgery was more eﬀective
than emergency surgery [5].
In case 1, although the patient’s hemodynamics were stable, extravasation was observed. Additionally, BTAI was the
injury that was urgently treated. Therefore, we transferred
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Figure 5: Case 3. Enhanced computed tomography performed in the emergency room after resuscitation: (a) head axial image, subarachnoid
hemorrhage was observed; (b) thoracic axial image, pseudoaneurysm was observed in the distal aortic arch (arrow); and (c) abdominal axial
image, free air in the abdomen was observed. Intraoperative aortography: (d) before deploying the stent graft and (e) after deploying the stent
graft. There were no endoleaks.

the patient to the operation theater immediately after examination in the emergency room. In case 2, the injury was considered as grade II. We commenced treatment conservatively
which is usually applied for patients with acute aortic dissection Stanford type B. After the conservative protocol, we performed the operation.
The timing for delayed surgery is unclear. In acute aortic
dissection, regarding the safety of the procedure, complications were more frequently observed in patients who underwent TEVAR within 14 days than in those who underwent
surgery between 14 days and 6 months [11]. In addition,
Kato et al. reported that TEVAR for type B aortic dissection
was eﬀective when the intimal tear, that is, entry for pseudo
lumen, was closed within 6 months after onset [12]. We
applied this knowledge to our treatment of BTAI and performed delayed operation on day 16. The patient in case 2
had no complications related to BTAI or TEVAR.
In case 3, the patient presented with multiple injuries that
needed urgent therapy. The subarachnoid hemorrhage was
accorded the highest priority, followed by the free air in the
abdomen suggesting injury in the abdominal organs, and
ﬁnally, the aortic injury. After observation which revealed
that the subarachnoid hemorrhage did not worsen, followed
by exploratory laparotomy with diaphragm repair, we performed TEVAR. Many guidelines suggest that if the hemodynamics are stable, neurological, respiratory, and abdominal
organ injury should be treated ﬁrst [10].
Regarding the surgical modality for BTAI, endovascular
surgery is preferable because it is associated with a lower
mortality and morbidity. Overall mortality after surgical
repair for BTAI was 23.5% according to the American

Association for the Society of Trauma 2 study [13]. However,
that of endovascular surgery has been reported as 7.2% [9].
Endovascular surgery has an advantage because it can be performed without aorta clamping, cardiopulmonary bypass,
and circulatory arrest. In endovascular surgery, a lesser
amount of heparin may be administered and this is more
beneﬁcial for patients with coexisting injury. If the patient
is ﬁt for TEVAR and the appropriate device is available,
endovascular therapy is considered a better operative modality. In the presented cases, we used available devices that were
suitable for the patients’ anatomical characteristics.
Nevertheless, TEVAR is contraindicated in injury to the
aortic arch and ascending aorta. However, most BTAIs occur
in the isthmus which is in the distal arch [6]. Therefore,
TEVAR may be used for most BTAI. Yet, there are reports
where patients with traumatic injury and aneurysm rupture
in the aortic arch were treated with TEVAR [14, 15]. Hence,
we suggest that TEVAR should be considered even in aortic
arch injury, further highlighting the importance of TEVAR
in the treatment of BTAI.
In conclusion, we report the successful treatment of BTAI
with TEVAR and suggest that TEVAR is a useful treatment
option for BTAI. The timing of the surgery and therapeutic
options including conservative care and delayed surgery
should be decided considering the hemodynamic status, type
of aortic injury, and urgency of coexisting injury.

Abbreviations
BTAI:
Blunt thoracic aortic injury
TEVAR: Thoracic endovascular aortic repair

6
GCS:
ACT:
ICU:

Case Reports in Surgery
Glasgow coma scale
Activated clotting time
Intensive care unit.

Ethical Approval
Prior to use of treatment data, consent was obtained in all
cases from patients themselves or proxies with permission
to make decisions on behalf of patients. The study was
approved by a local ethical committee (approval number
TGE 00576-025).

Consent
Consent to publish was obtained in all cases from patients
themselves or proxies with permission to make decisions on
behalf of patients.

Conflicts of Interest
There is no competing interest.

Authors’ Contributions
Yohei Kawatani and Takaki Hori conducted the study and
drafted the manuscript. Yohei Kawatani, Hirotsugu Kurobe,
Yoshitsugu Nakamura, Yuji Suda, and Takaki Hori contributed to the operative and postoperative care. All the authors
have approved the ﬁnal text.

References
[1] D. S. Dyer, E. E. Moore, D. N. Ilke et al., “Thoracic aortic
injury: how predictive is mechanism and is chest computed
tomography a reliable screening tool? A prospective study
of 1,561 patients,” The Journal of Trauma, vol. 48, no. 4,
pp. 673–683, 2000.
[2] S. Sevitt, “The mechanisms of traumatic rupture of the thoracic aorta,” The British Journal of Surgery, vol. 64, no. 3,
pp. 166–173, 1977.
[3] R. Fattori, V. Russo, L. Lovato, and R. Di Bartolomeo, “Optimal management of traumatic aortic injury,” European Journal of Vascular and Endovascular Surgery, vol. 37, no. 1,
pp. 8–14, 2009.
[4] J. J. Moar, “Traumatic rupture of the thoracic aorta: an autopsy
and histopathological study,” South African Medical Journal,
vol. 67, no. 10, pp. 383–385, 1985.
[5] W. A. Lee, J. S. Matsumura, R. S. Mitchell et al., “Endovascular
repair of traumatic thoracic aortic injury: clinical practice
guidelines of the Society for Vascular Surgery,” Journal of
Vascular Surgery, vol. 53, no. 1, pp. 187–192, 2011.
[6] J. Cook, C. Salerno, B. Krishnadasan, S. Nicholls, M. Meissner,
and R. Karmy-Jones, “The eﬀect of changing presentation and
management on the outcome of blunt rupture of the thoracic
aorta,” The Journal of Thoracic and Cardiovascular Surgery,
vol. 131, no. 3, pp. 594–600, 2006.
[7] J. Lundevall, “The mechanism of traumatic rupture of the
aorta,” Acta Pathologica Microbiologica Scandinavica, vol. 62,
no. 1, pp. 34–46, 1964.

[8] S. B. Rizoli, F. D. Brenneman, B. R. Boulanger, and
R. Maggisano, “Blunt diaphragmatic and thoracic aortic rupture: an emerging injury complex,” The Annals of Thoracic
Surgery, vol. 58, no. 5, pp. 1404–1408, 1994.
[9] N. Fox, D. Schwartz, J. H. Salazar et al., “Evaluation and management of blunt traumatic aortic injury: a practice management guideline from the Eastern Association for the Surgery
of Trauma,” Journal of Trauma and Acute Care Surgery,
vol. 78, no. 1, pp. 136–146, 2015.
[10] D. E. Bennett and J. K. Cherry, “The natural history of traumatic aneurysms of the aorta,” Surgery, vol. 61, no. 4,
pp. 516–523, 1967.
[11] N. D. Desai, J. P. Gottret, W. Y. Szeto et al., “Impact of timing
on major complications after thoracic endovascular aortic
repair for acute type B aortic dissection,” The Journal of Thoracic and Cardiovascular Surgery, vol. 149, no. 2, pp. S151–
S156, 2015.
[12] M. Kato, T. Matsuda, M. Kaneko et al., “Outcomes of stentgraft treatment of false lumen in aortic dissection,” Circulation, vol. 98, Supplement 19, pp. II305–II311, 1998.
[13] D. Demetriades, G. C. Velmahos, T. M. Scalea et al., “Operative repair or endovascular stent graft in blunt traumatic
thoracic aortic injuries: results of an American Association
for the Surgery of Trauma multicenter study,” The Journal of
Trauma, vol. 64, no. 3, pp. 561–571, 2008.
[14] W. H. Kim, J. H. Choi, S. H. Park et al., “Thoracic endovascular
aortic repair with the chimney technique for blunt traumatic
pseudoaneurysm of the aortic arch in a no-option patient,”
Yonsei Medical Journal, vol. 54, no. 1, pp. 258–261, 2013.
[15] Y. Kawatani, Y. Hayashi, Y. Ito et al., “A case of ruptured aortic
arch aneurysm successfully treated by thoracic endovascular
aneurysm repair with chimney graft,” Case Reports in Surgery,
vol. 2015, Article ID 780147, 5 pages, 2015.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

