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Abstract

Background Blunt traumatic aortic injury (BTAI) patients are severely ill, with high mortality and morbidity. As 60% of
BTAIs occur in the distal arch, left subclavian artery (LSCA) management is determined without knowing posterior cerebral
or left arm circulation in emergent cases. Because we perform thoracic endovascular aortic repair (TEVAR) 4 debranching
technique for thoracic BTAI, we assessed efficacy and safety of debranching TEVAR in BTAI patients.

Methods We retrospectively reviewed vital signs on arrival, injury mechanism, characteristics, clinical time-series, con-
comitant injuries, injury description, operative procedures, and results from patient records. We excluded patients in car-
diopulmonary arrest on arrival.

Results From April 2014 to December 2018, nine of 25 patients admitted with BTAI underwent TEVAR. Median Injury
Severity Score was 34 (29-34) and probability of survival was 0.82 (0.16-0.94). Society for Vascular Surgery BTAI injury
grade was III or IV in all patients. Three patients underwent simple TEVAR and six underwent debranching TEVAR (LSCA
occlusion + left common carotid artery to LSCA bypass). Median operation time was 108 (75-157) min for simple TEVAR
and 177 (112-218) min for debranching TEVAR. Concomitant injuries included intracranial hemorrhage (N=1), intra-
abdominal injuries (N =3), pneumo- or hemothoraxes (N=4) and pelvic/extremities fractures (N=7). Only one complication
of left-hand claudication occurred postoperatively in a patient with simple TEVAR with LSCA occlusion.

Conclusion Despite debranching TEVAR taking approximately 60 min longer than simple TEVAR, short-term results indi-
cated it to be acceptable for BTAI in multiple trauma patients to avoid LSCA complications unless we fail to stop bleeding
first.

Keywords Blunt traumatic aortic injury - Debranching thoracic endovascular aortic repair (TEVAR) - Left subclavian
artery - Left common carotid artery - Severe multiple trauma

Abbreviations LSCA  Left subclavian artery

BTAI Blunt traumatic aortic injury SVS Society for vascular surgery

CT Computed tomography TEVAR Thoracic endovascular aortic repair
ISS Injury severity score

LCCA  Left common carotid artery
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(BTAI) tend to be severely ill and have high rates of mor-
tality and morbidity [1, 2]. Recently, as acceptable moder-
ate- to long-term outcomes of thoracic endovascular aortic
repair (TEVAR) have been published [3, 4], the indications
for and frequency of performance of TEVAR to treat BTAI
have increased.

As approximately 60% of BTAIs are reported to occur
Department of Traumatology and Critical Care Medicine, in the distal arch [5], TEVAR is indicated in many of these
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of the left subclavian artery (LSCA) must be done without
detailed knowledge of the posterior cerebral or left arm cir-
culation in emergent cases.

If the injured site requires zone 2 TEVAR, debranching
techniques are recommended especially in patients with left
vertebral artery dominance, the presence of a left internal
mammary artery graft to a coronary artery, a left vertebral
artery directly branching from the aorta and left-hand domi-
nance [6]. However, many reports have shown that these
indications are not adequate in preventing complications
associated with LSCA occlusion.

In 2015, the Eastern Association Society for Trauma pub-
lished the practice management guideline for BTAI [7], but
there is still no strong consensus on the treatment strategies
for BTAI After experiencing one case of arm claudica-
tion induced by LSCA ischemia, we now strive to perform
TEVAR + debranching technique for thoracic BTAI

The objective of this study was to assess the efficacy and
safety of TEVAR with debranching technique in severe mul-
tiple trauma patients.

Methods

This single-center retrospective review assessed patients
admitted to the Trauma and Critical Care Center of Osaka
City University Hospital, a level 1 urban area trauma center
in the third largest city by population in Japan. We sought
to enroll all patients aged over 16 years who were diagnosed
as having blunt aortic injury from April 2014 to December
2018. We defined patients with severe multiple trauma as
those with an Injury Severity Score (ISS) of 16 or higher
and the presence of two or more separate regions of injury
defined according to an Abbreviated Injury Score > 3.

The records of the BTAI patients with severe multiple
trauma injuries were reviewed for the mechanism of injury,
patient characteristics, vital signs on arrival, clinical time
flow, concomitant injuries, injury description, operative
details, other performed procedures, and outcomes with
complications. Those patients in cardiopulmonary arrest on
hospital arrival were excluded.

Grading of BTAl based on CT angiographic imaging

All patients included in this study underwent enhanced
computed tomography (CT) scan with CT angiography on
admission; none underwent conventional angiography for
diagnostic purposes. Based on CT angiographic imaging,
the aortic injury was classified into one of four categories
defined by the guidelines of the Society for Vascular Sur-
gery (SVS) [8, 9]: Grade I, intimal tear; Grade II, intramural
hematoma; Grade III, aortic pseudoaneurysm; and grade IV,
free rupture.
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Our strategy for BTAI

We perform TEVAR for BTAI in patients with an SVS
injury grade of > II within 48 h after injury. In 2016, we
experienced one patient with postoperative left arm clau-
dication in whom zone 2 TEVAR with LSCA occlusion
was performed because we detected retrograde left ver-
tebral arterial flow intra-operatively. However, after the
surgery the patient complained of slight left-hand claudi-
cation, and the left arm blood pressure was approximately
40 mmHg lower than the right arm pressure (Fig. 1).

After this experience, if the thoracic aortic injury site
is located where zone 2 TEVAR is required, we attempt
TEVAR with debranching technique. We basically perform
zone 2 TEVAR with a left common carotid artery (LCCA)
to LSCA bypass to minimize the risk of stroke or left arm
ischemia (Fig. 2).

The quality of the LCCA and cerebral perfusion are
evaluated with a CT scan, intra-operative aortography and
direct exposure. Prior to TEVAR, we bypass the LCCA to
the LSCA with a side-to-side anastomosis using an artifi-
cial vascular graft.

For intra-operative cerebral perfusion monitoring, we rou-
tinely use the bispectral index and near-infrared spectroscopy
to monitor regional oxygen saturation and administer intrave-
nous steroid to prevent intra-operative cerebral edema.

If the patients have other active bleeding sites such as
in the abdomen, retroperitoneum or some other body cav-
ity, we perform abdominal exploration, pelvic packing or
trans-arterial embolization first prior to TEVAR according
to the patient’s vital signs.

Although we do not maintain an in-hospital stock of
stent grafts for TEVAR, because our hospital is in a highly
urban area, the devices are available within half an hour
after being sized and ordered for delivery.

Statistical methods

Because this was a pilot study with small sample size and
the data were not normally distributed, data of the continu-
ous variables are presented as the median (25-75% inter-
quartile range), and the categorical variables are presented
as number (%). Data were analyzed using IBM SPSS Sta-
tistics, version 22 (SPSS Inc., Chicago, IL, USA).

Results

From April 2014 to December 2018, 25 patients were diag-
nosed as having BTAI and admitted to Osaka City Univer-
sity Hospital. Emergency medical service transported 21
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Fig. 1 a The sagittal CECT scan of distal arch BTAI with pseudoa-
neurysm (yellow arrow). b We performed zone 2 TEVAR with left
subclavian artery occlusion because we detected retrograde left ver-
tebral arterial flow intra-operatively (red arrow). After the surgery,
however, the patient complained of slight left-hand claudication. The
left arm blood pressure was approximately 40 mmHg lower than that
of the right arm. CECT contrast enhanced computed tomography,
BTAI blunt traumatic aortic injury, TEVAR thoracic endovascular aor-
tic repair

patients directly to our hospital, and the other 4 patients
were transferred from different hospitals because BTAI
was detected. All of these BTAI patients had multiple
severe traumatic injuries as defined above. Nine patients
arrived in cardiopulmonary arrest and had a ruptured isth-
mus or descending open aortic injury as diagnosed during
emergency resuscitative thoracotomy. Seven patients had
grade I intimal tearing or quite small grade II intramural
hematoma injuries according to the SVS guideline and
were safely treated by conservative therapy with blood
pressure control. The remaining nine patients treated with
TEVAR were included in the present study (Fig. 3).

Fig.2 a The sagittal CECT scan of distal arch BTAI with pseudoa-
neurysm (yellow arrow). b We underwent TEVAR with LCCA to
LSCA bypass to minimize the risk of stroke or left arm ischemia (red
arrow). CECT contrast enhanced computed tomography, BTAI blunt
traumatic aortic injury, TEVAR thoracic endovascular aortic repair,
LCCA left common carotid artery, LSCA left subclavian artery

Table 1 shows the patients’ characteristics. One patient
was hemodynamically unstable on arrival because of
hemorrhagic shock induced by concomitant pelvic frac-
ture. Bleeding was controlled by trans-catheter arterial
embolization of the internal iliac artery prior to TEVAR.
The median patient vital signs on arrival were as follows:
heart rate: 114 (107-119) beats/min, systolic blood pres-
sure: 104 (91-112) mmHg, Glasgow Coma Scale score:
11 (7-14), and respiratory rate: 30 (25-30) breaths/min.

Table 2 shows the concomitant injuries, the emergent
interventions that were performed prior to TEVAR, and
the other emergent interventions performed within 24 h
after TEVAR. The median ISS was 34 (29-34) and prob-
ability of survival was 0.82 (0.16-0.94). As Table 3 shows,
the overall survival rate was 100% in both groups.

Table 4 lists the outcomes of the operation. The indica-
tions for debranching were four patients with left vertebral
artery dominance, two patients with left vertebral artery
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Fig.3 Patient selection. TEVAR
thoracic endovascular aortic
repair, LSCA left subclavian
artery, LCCA left common
carotid artery
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N=25
Exclusion: (N=16)
Cardiopulmonary arrest: N=9
Conservative therapy: N=7
N=9

v

y

Simple TEVAR: N=3
(LSCA occlusion: N=1)

Debranching TEVAR: N=6
LSCA occlusion+ LCCA-LSCA bypass

Table 1 Patient characteristics

Table 3 Injury Severity Scores

N=9 Simple TEVAR Debranching TEVAR

Sex, male/female 5/4 M: 66.7% 1SS 34 (34-34) 34 (29-34)
Age, years 44 (28-57) Probability of 0.82 (0.45-0.85) 0.845 (0.35-0.95)
Mechanism of injury survival

Fall from height 5(55.6%) Survival 100% 100%

Pedestrian hit by car 4 (444%) TEVAR thoracic endovascular aortic repair, ISS Injury Severity Score
SVS injury grade (I/I/III/IV)

Zone 0-1 0

Zone 2 7 (0/0/6/1) Despite the 60-min longer operation time in the debranch-

Zones 34 2 (0/0/1/1) ing TEVAR group, no unexpected hemodynamic or respira-

SVS Society for Vascular Surgery

directly branching from the aorta. The time from admission
to operation was 296 (187-358) min in the simple TEVAR
group and 312 (172-365) min in the debranching TEVAR
patients. And the operation time for simple TEVAR was
approximately 60 min less than that of debranching TEVAR.
There seemed no significant difference in the number of
units of blood transfused between the two groups.

tory instabilities occurred during the surgeries. All patients
were operated on under general anesthesia, and two patients
were treated without heparinization because of the evidence
of intracranial hemorrhage and concomitant intra-abdominal
bleeding.

Three patients underwent simple TEVAR (LSCA occlu-
sion: 1) and six underwent debranching TEVAR (LSCA
occlusion + LCCA to LSCA bypass). The only postopera-
tive complication to occur in either group was left arm clau-
dication in one patient in the simple TEVAR group. There

Table 2 Concomitant injuries

Simple TEVAR Debranching TEVAR
Intracranial hemorrhage 1 —ICP catheter insertion® 0
Hemothorax/pneumothorax 2-2:TT? 2—-2: TT*
Liver injury 1 2
Kidney injury 0 1—1: TAE?
Pelvic fracture 2 1—1: TAE® & EF°

Extremities fracture

2—2: Traction® 2 — 1: Traction®

TEVAR thoracic endovascular aortic repair, /CP intracranial pressure, 7T tube thoracostomy, TAE trans-
catheter arterial embolization, EF external fixation

*Performed prior to TEVAR

®Performed concurrently or after TEVAR
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Table 4 Operative results

Simple TEVAR  Debranching TEVAR

Time from admission to
first aortography (min)

296 (187-358) 312 (172-365)

Operation time (min) 108 (75-157) 177 (112-218)

No heparinization 1 1
Blood transfusion (units) 6 (2-12) 8 (4-10)
Complications

Stroke 0 0

Spinal cord ischemia 0 0

Arm claudication 1 0
Surgical conversion 0 0
Intra-operative death 0 0

TEVAR thoracic endovascular aortic repair

were no surgical conversions and no hospital deaths in either
group. Ultimately, 33.4% of the patients were discharged
home and the other 66.7% were transferred to rehabilitation
hospitals.

Discussion

Although the incidence of BTAI is low, it is a life-threaten-
ing trauma and is the second most common cause of death
[1, 2]. More than 80% of BTAI patients are estimated to die
at the scene, and even in those who arrive at the hospital
alive, the mortality related to BTAI is reported to be approxi-
mately 30% [5, 10]. Because of developments in aortic endo-
vascular therapy such as stent grafts in recent decades, the
strategies for BTAI have also changed dramatically.

There are many reports describing the advantages of
TEVAR compared to open surgery even in trauma patients
[10-12]. However, to our knowledge, there are still no
reports or any consensus on how to manage the LSCA
in multiple trauma patients requiring a zone 2 TEVAR.
Although some reports support the option of simple LSCA
coverage in elective aortic surgical cases because of no
increased risk of complications [11, 13], there is no doubt
about the 3—-10% risk of LSCA occlusion or ischemia of the
left arm, spinal cord or vertebral artery even after evaluation
of the circulation [9, 14]; hence, the SVS practice guidelines
also recommend some type of bypass for the LSCA [15].

We performed debranching TEVAR for multiple trauma
in six patients and experienced no short-term mortality or
morbidity. One disadvantage of debranching TEVAR is the
approximately 60-min longer operation time required during
the acute phase of multiple trauma. This waste of time can
sometimes be critical for the patient if some other life-threat-
ening injuries have been missed, uncontrolled bleeding sites
still exist or intracranial pressure is progressively increasing.

However, there were no unexpected changes in vital indica-
tors, and no unexpected interventions were required during
the surgeries in the present study patients. We surmise that
there are two important reasons for this safe perioperative
management. First is how we prioritize interventions for
each organ injury. If the patients have other bleeding sites
such as in the abdomen, retroperitoneum or some other body
cavity, we perform abdominal exploration, pelvic packing
or trans-arterial embolization first prior to TEVAR. A good
monitoring system is also vital during the surgery. If there
are suspicions or risks of increasing intracranial pressure,
an ICP monitoring sensor is inserted prior to surgery. Sec-
ond is the timing of endovascular therapy. Recently, several
previous studies reported that delaying surgery by almost
24 h or more after injury was associated with a reduction in
mortality [16-22]. We also believe this conclusion is rea-
sonable because it allows more time for the evaluation of
the circulation of the posterior cerebral circle or vertebral
flow and also for confirmation of the status of the other inju-
ries or bleeding sites. Clamping of the LCCA and TEVAR
itself are reported to carry risks of cerebral infarction of
3-8%, especially in elderly patients with an aneurysm in a
shaggy aorta [23, 24], but we suppose that these data are not
applicable to young trauma patients with no degeneration
of the aorta. Thus, taking all of these risks and benefits into
consideration, the approximately 60-min longer operation
time required for the LSCA bypass is thought not to be a
disadvantage even in patients with multiple trauma.

Limitations

The present single-center study is a small preliminary report,
and further multi-institutional, prospective, randomized tri-
als will be planned on the basis of this study to assess the
need for LSCA bypass for zone 2 TEVAR and the appropri-
ate timing of TEVAR for BTAL

Conclusion

The short-term results of TEVAR with debranching tech-
nique for BTAI in patients with multiple trauma were accept-
able and no complications or critical delays in intervention
for other injuries occurred in these patients. We thus con-
clude that the short-term results indicated that TEVAR with
debranching technique for BTAI in patients with multiple
trauma is acceptable to avoid LSCA complications unless
we fail to stop bleeding first.
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