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Endovascular stent-graft for blunt thoracic
aortic rupture: a novel and useful approach

in selected cases

Francois Dagenais, MD;” Perrine Lavoie, MD;" Richard Bauset, MD;T Jean-Pierre Normand, MD'

lunt thoracic aortic rupture (BTAR)

is a life-threatening injury that is re-
sponsible for 15% to 23% of deaths from
motor vehicle crashes.! Most victims die at
the scene from exsanguination, but 15%
to 20% reach the hospital alive because the
rupture is contained by the aortic adventi-
tia and the surrounding mediastinal struc-
tures.” Up to 80% of patients with BTAR
have concomitant injuries such as pul-
monary contusion, neurologic trauma and
intra-abdominal or pelvic hemorrhage.?
The accepted management of patients
with BTAR comprises prompt diagnosis,
evaluation and treatment of other life-
threatening injuries followed by open aor-
tic repair. Early open aortic repair in the
presence of associated injuries increases
operative mortality and morbidity. Death
after open surgical repair of BTAR ranges
from 7% to 28% with a 4% to 36% risk of
paraplegia.*® Recently, placement of an
endovascular stent-graft has been pro-
posed as an alternative to open surgical re-
pair for BTAR, and excellent early results
have been reported.*” We describe our ex-
perience with 3 cases of BTAR managed
with endovascular stent-grafts and discuss
the indications and the management issues
related to this procedure.

Cases reports
Case 1

An 18-year-old woman involved in a

motor vehicle crash was found at the
crash site unconscious, hypotensive and
tachycardic. Initial resuscitation measures
included orotracheal intubation. In the
Emergency Department, there was evi-
dence of multisystem injuries. A diagno-
sis of hemoperitoneum necessitated a
laparotomy. A splenectomy and a partial
colectomy with a Hartmann procedure
were performed, and chest tubes were
inserted bilaterally for left and right
pneumothoraces. Computed tomogra-
phy demonstrated bilateral pulmonary
contusions, multiple rib fractures, an un-
stable pelvic fracture and a possible aortic
rupture at the level of the isthmus. After
correction of her life-threatening injuries
and multiple blood transfusions her vital
signs stabilized. Aortography (Fig. 1)
confirmed the aortic rupture, which was
located 2.4 cm distal to the left subcla-
vian artery. The aortic diameter mea-
sured 17 mm (inner diameter) at the
level of the left subclavian artery.

In view of her multiple injuries, open
surgical repair of the aorta was deemed a
high-risk procedure. An endoluminal ap-
proach was considered. However, the
only rapidly available compatible stent
was a graft extension (with proximal
webbed flanges) measuring 24 mm prox-
imally and 20 mm distally. Through a cut
down in the right common femoral
artery, the 80-mm Talent graft
(Medtronic, Santa Rosa, Calif.) was de-
ployed successtully. The proximal closed

web stent-graft required coverage of the
left subclavian artery to avoid a leak prox-
imally, resulting in a left subclavian steal
phenomenon (Fig. 2). Aortography per-
formed after stent-graft placement
showed no endoleak (Fig. 3).

The patient recovered and was dis-
charged from the intensive care unit after
2 months. Three months after stent-graft
insertion, chest CT showed no evidence
of an endoleak or stent-graft migration.
At the time of writing, the patient had no
sign of vascular or neurologic deficit of
the left arm.

Case 2

A 65-year-old man, involved in a mo-
tor vehicle crash, was seen at a commu-
nity hospital. His medical history was rel-

FIG. 1. Case 1. Aortography demon-
strating aortic rupture.
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evant for high blood pressure treated
with [B-blocking agents and gastric
surgery. He was alert and hypotensive
(blood pressure 90,/50 mm Hg) with a
heart rate of 65 beats/min. A chest
radiograph demonstrated severe left pul-
monary contusion, multiple left hemi-
thorax rib fractures and a widened
mediastinum. He required orotracheal
intubation for progressive respiratory dis-
tress. A left chest tube drained 300 mL
of blood. Gross hematuria was noted.
CT suggested an isthmic aortic rupture
and a severe left renal contusion. The
aortic rupture was confirmed by aortog-
raphy (Fig. 4). Because of his multiple
injuries an endoluminal approach was se-
lected. Through a right femoral arteri-
otomy a 30-mm diameter proximal and
distal open-webbed 100-mm long Talent

FIG. 2. Case 1. Delayed aortography
phase showing the left subclavian steal
owing fo coverage of the subclavian
artery by the webbed portion of the en-
doprosthesis.
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stent-graft was placed (Fig. 5). After bal-
loon dilatation, control aortography
showed no endoleak. The patient was
progressively weaned from the ventilator
over the next 3 weeks. At 3-month fol-
low-up, he had recovered fully without
signs of stent-graft complication clinically
or on CT.

Case 3

A 45-year-old man was involved in a
head-on automobile collision. On arrival
at a community hospital, he was uncon-
scious with normal vital signs. An intrac-

erebral frontal hematoma was demon-
strated on CT and isthmic rupture of the
aorta was considered highly likely. He
was intubated and his blood pressure was
controlled by medication, and he was
transferred within 24 hours to our insti-
tution. An initial chest radiograph

FIG. 4. Case 2. Aortogram demonstrat-
ing aortic rupture.

showed multiple rib fractures. Angiogra-
phy confirmed the isthmic rupture
(Fig. 6). Because of the intracerebral
hematoma, an open repair was con-
traindicated. However, since the aorta
measured 22 to 24 mm in diameter, no
stent-grafts were readily available. A 28
to 28 mm x 100-mm long graft was
shipped within 12 hours. In the mean-
time, the patient had complications with
respect to oxygenation, hypotension and
tachycardia. A chest radiograph showed a
serious new hemothorax (1 L of frank
blood was obtained). Concomitant with
resuscitation measures, and because of
impending aortic rupture, a 28 to 28
mm x 100-mm Talent endoprosthesis
was placed to seal the ruptured aorta
(Fig. 7). Follow-up CT 1 week and 3
months postoperatively revealed no en-
doleak. Patient recovered from his neu-
rologic deficit over the next 5 months.

FIG. 6. Case 3. Aortogram demonstrat-
ing aortic rupture.

FIG. 3. Case 1. Post-procedural aor-
togram showing no endoleak.

FIG. 5. Case 2. Aortogram obtained af-
ter the procedure shows no endoleak.
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FIG. 7. Case 3. Aortogram obtained af-
ter the procedure shows no endoleak.
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Discussion

The diagnosis of BTAR depends on
acute awareness of the condition, mainly
by identifying the presence of a major de-
celeration injury. BTAR may supervene at
any level of the thoracic aorta. Patients
with BTAR involving the ascending aorta
usually die at the scene of the accident:
93% of patients reaching the hospital alive
have a BTAR located at the level of the
isthmus.®” The natural history of this con-
dition was outlined more than 40 years
ago by Parmley and colleagues,' who re-
ported that 86% of victims died at the
scene of the accident or within 30 min-
utes of their arrival at the hospital. Of the
surviving victims, 20% die within 6 hours,
30% within 24 hours and 75% within 8
days. Without treatment, only 2% survive,
and they have a chronic pseudoaneurysm.

Because of its poor prognosis, BTAR
has traditionally been managed with
emergent surgical aortic repair. Recently,
in light of appropriate pharmacologic
treatment aimed at lowering systemic
blood pressure, the natural history de-
scribed by Parmley and colleagues has
been challenged.'"* By reducing stress
on the aortic wall with short-acting -
blockers and with meticulous blood pres-
sure control, Walker and Pate'" have pro-
posed delayed open surgical aortic repair,
especially in patients with concomitant
injuries requiring lifesaving procedures
such as laparotomy or embolization for
pelvic artery bleeding. However, the time
for safely delaying the aortic repair in the
modern era of pharmacologic treatment
remains unknown. Maggisano and col-
leagues® have reported successtul delayed
treatment of BTAR in patients with se-
vere concomitant injuries contraindicat-
ing immediate open aortic repair. On the
other hand, other clinical studies indicate
that in-hospital death remains an issue
when treatment is delayed."® Our third
case illustrates the ongoing risk of rup-
ture even with tight control of blood
pressure. Fabian and associates,™ in a
multicentre prospective study encom-
passing 274 patients with BTAR, re-
ported a 9% rate of aortic rupture in
patients who reached the hospital in a
stable condition. Furthermore, 8% of pa-
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tients were denied surgery for severe con-
comitant diseases. The overall death rate
in the series was 31%. The operative mor-
tality of patients sustaining BTAR is
high, regardless of the surgical technique
used; death is mainly linked to associated
injuries or significant comorbidity.'*'®
Furthermore, neurologic complications
are significant, paraplegia being reported
in up to 8% of patients who undergo
open repair.'”'

Endovascular treatment for aortic disor-
ders was initially proposed by Parodi and
colleagues
aneurysm. Subsequent utilization of stent-
grafts for the thoracic aorta was proposed by
Dake and associates.”” Recent reports have

¥ to treat abdominal aortic

shown excellent early results of thoracic
stent-grafts for the treatment of BTAR”?"
The 3 patients with BTAR whom we
treated successfully with endoluminal stent-
grafts had severe associated injuries, which
we thought increased significantly the risks
of open surgical repair. The advantages of
an endoluminal treatment are its minimal
invasiveness and its rapidity, thus decreasing
the morbidity and mortality linked to associ-
ated injuries and comorbid conditions.
Moreover, paraplegia after stent-graft im-
plantation is exceedingly rare and is princi-
pally linked to extensive coverage of the
thoracic aorta combined with an old or con-
comitant abdominal aortic procedure.”
Thoracic endograft procedures are
preferably conducted under general anes-
thesia, and arterial and central venous
pressure monitoring with an external
pacemaker for backup. Insertion of a lum-
bar drain should be considered when a
large portion of the descending aorta re-
quires endografting especially in the pres-
ence of a previous or concomitant ab-
dominal aortic procedure. Vascular access
necessitates a calibre of artery allowing in-
troduction of a 22 to 25 French delivery
system. Access other than the common
femoral artery may be required in up to
30% of cases, which increases the com-
plexity and morbidity of the procedure.
Emergent stent-grafting procedures re-
quire readily available “on the shelf”
stents. Standard-sized stent-grafts are
available in diameters ranging from 32 to
44 French. The need to ship the correct
size from the manufacturer may delay the

procedure by 24 to 48 hours. Custom-
made stent-grafts may require up 6 to 8
weeks to obtain. Thus, with the present
generation of stents, graft availability may
be problematic, as encountered in our
first and third patients in whom small
aortic size contraindicated the use of stan-
dard, larger, readily available grafts. In
our first case, the available graft was an
extension graft with proximal webbed
flanges necessitating coverage of the left
subclavian artery to avoid a proximal leak.
All currently available standard grafts
compromise proximal and distal bare
stents. Erosion of the bare stents is ex-
ceedingly rare but remains a long-term
concern, especially in young people who
are most of those who have BTAR. Fur-
thermore, proximal and distal necks in
most patients with BTAR are normal, so
the need for bare stents to enhance fixa-
tion is questionable. To ensure precise
graft deployment, especially in the vicinity
of the left subclavian artery, adenosine-in-
duced cardiac arrest is utilized. For isth-
mic ruptures within 2 cm of the left sub-
clavian artery, partial or total coverage of
the left subclavian artery should be con-
sidered. However, before that, the arch
vessels require careful assessment by mag-
netic resonance imaging, angiography or
noninvasive duplex scanning to exclude
significant stenosis of the right common
or internal carotid artery. Excluding an
anomalous origin of the left vertebral
artery from the aortic arch or a diseased
right vertebral artery ensures an adequate
posterior brain circulation. In such cir-
cumstances where the posterior cerebral
circulation would be compromised, we
recommend an extra-anatomic bypass to
revascularize the left subclavian artery be-
fore stent-graft implantation. Otherwise,
this artery may be covered with minimal
risks of neurovascular compromise.?*
Complications of stent-grafts may be
divided into early and late. The rate of
early procedural complications, such as
aortic rupture and stroke, remains low
with the more flexible shafts and with
meticulous manipulation of the device in
the vicinity of the aortic tear and the aor-
tic arch. Early endoleaks should be rare
when graft size is selected accurately.
Proximal and distal “landing” sites com-



promise normal aorta. Stent-graft place-
ment requires angiography with injection
of contrast medium, which may result in
an allergic reaction or renal failure. Use
of contrast medium may be minimized
by measuring graft size (aorta size +
15%-20%) on the enhanced chest CT.
Mid- and long-term complications of
thoracic endograft placement in patients
with BTAR remain unknown. With a
proximal and distal neck of normal aorta
greater than 1.5 cm, the frequency of
stent migration and late endoleaks, al-
though reported with aneurysmal dis-
ease, should remain low. Stent fractures
of thoracic endografts have been re-
ported. However, erosion of graft mater-
ial with late endoleak has not been re-
ported to our knowledge. Such mid- and
long-term complications necessitate a
thorough, lifelong follow-up of patients
treated with thoracic stent-grafts.

The place of stent-grafts in the manage-
ment of patients sustaining BTAR remains
unsettled. Young patients without comor-
bidity or significant associated injuries
should be managed with open surgery us-
ing a distal perfusion technique such as a
left heart bypass. Excellent operative results
and long-term outcome have been re-
ported in such patients.”® In patients with
multiple blunt injuries with hemodynamic
instability or injuries contraindicating an
open repair, such as a severe pulmonary
contusion or a severe central nervous sys-
tem injury, a delayed open surgical ap-
proach or an endograft should be consid-
ered. In the presence of adequate vascular
access, we favour a semiurgent endovascu-
lar approach to avoid early in-hospital rup-
ture. The risk of this approach is difficult to
quantify but is definitely present as illus-
trated in our third case. In addition, pa-
tients sustaining BTAR with serious co-
morbid conditions such as severe chronic
obstructive pulmonary disease, severe heart
or renal failure or shortened life expectancy
(e.g., neoplasia) should be managed with
stent-graft placement in the presence of
adequate vascular access. Finally, special
circumstances in conjunction with BTAR,
such as associated contaminated thoracic
wounds, major burns or established sepsis,
require the use of a less invasive approach
such as stent-graft insertion. Long-term
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follow-up of patients with BTAR treated
with stent-grafts will allow us to better de-
fine the late outcome of this subgroup of
patients. Only through a systematic follow-
up will we be able to define the indications
for stent-graft use in patients with BTAR.
In the event of a favourable long-term out-
come in patients with BTAR managed
with stent-grafts, the endoluminal ap-
proach may prove to be the optimal treat-
ment modality in such circumstances.

Competing interests: None declared.
References

1. Williams JS, Graft JA, Uku JM, Steinig JP.
Aortic injury in vehicular trauma. Ann
Thorac Sury 1994;57:726-30.

2. Merrill WH, Lee RB, Hammon JW Jr,
Frist WH, Stewart JR, Bender HW Jr.
Surgical treatment of acute traumatic tear
of the thoracic aorta. Ann Surg 1988;207:
699-706.

3. Maggisano R, Nathens A, Alexandrova
NA, Cina C, Boulanger B, McKenzie R,
et al. Traumatic rupture of the thoracic
aorta: Should one always operate immedi-
ately? Ann Vasc Surg 1995;9:44-52.

4. Soyer R, Bessou JP, Bouchart F, Tabley A,
Mouton-Schleifer D, Arrignon J, et al.
Acute traumatic isthmic aortic rupture.
Long-term results in 49 patients [review].
Eur ] Cardiothorac Surg 1992;6:431-7.

5. Duhaylongsod FG, Glower DD, Wolfe
WG. Acute traumatic aortic aneurysm: the
Duke experience from 1970 to 1990. |
Vasc Sury 1992;15:331-43.

6. Semba CP, Kato N, Kee ST, Lee GK,
Mitchell RS, Miller DC, et al. Acute rup-
ture of the descending thoracic aorta: re-
pair with use of endovascular stent-grafts.
] Vasc Interv Radiol 1997;8:337-42.

7. Lobato AC, Quick RC, Philips B, Vranic
M, Rodriguez-Lopez J, Douglas M, et al.
Immediate endovascular repair for descend-
ing thoracic transection secondary to blunt
trauma. J Endovasc Ther 2000;7:16-20.

8. Schmidt CA, Jacobson JG. Thoracic aortic
injury: a ten-year experience. Arch Sury
1984;119:1244-6.

9. Ahrar K, Smith DC. Trauma to the aorta
and aortic arch branches. Curr Opin Car-
diol 1998;13:355-68.

10. Parmley LF, Mattingly TW, Marian WC,
Jahnke EJ. Nonpenetrating traumatic in-
jury of the aorta. Circulation 1958;17:
1086-100.

11. Walker WA, Pate JW. Medical management
of acute traumatic rupture of the thoracic
aorta. Ann Thorac Surg 1990;50:965-7.

12. Pate JW. Traumatic rupture of the tho-
racic aorta: emergency operation. Ann

13.

14.

15

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gn J Surg, Wol. 46, No. 5 Qctober 2003

Thorac Sury 1985;39:531-7.

Feczko JD, Lynch L, Pless JE, Clark MA,
McClain J, Hawley DA. An autopsy case re-
view of 142 nonpenetrating (blunt) injuries
of the aorta. J Trauma 1992;33:846-9.
Fabian TC, Richardson JD, Croce MA,
Smith JS Jr, Rodman G Jr, Kearney PA, et
al. Prospective study of blunt aortic injury:
Multicenter Trial of the American Associa-
tion for the Surgery of Trauma. | Trauma
1997:42:374-83.

DelRossi AJ, Cernaianu AC, Madden LD,
Cilley JH Jr, Spence RK, Alexander ]JB, et
al. Traumatic disruptions of the thoracic
aorta: treatment and outcome. Surgery
1990;108:864-70.

Schmidt CA, Wood MN, Razzouk AJ,
Killeen JD, Gan KA. Primary repair of
traumatic aortic rupture: a preferred ap-
proach. J Trauwma 1992;32:588-92.

von Oppell UO, Dunne TT, De Groot
MK, Zilla P. Traumatic aortic rupture:
twenty-year meta-analysis of mortality and
risk of paraplegia. Ann Thorac Sury
1994;58:585-93.

Nocolosi AC, Almassi GH, Bousamra M
2nd, Haasler GB, Olinger GN. Mortality
and neurologic morbidity after repair of
traumatic aortic disruption. Ann Thorac
Sury 1996;61:875-8.

Parodi JC, Palmaz JC, Barone HD. Trans-
femoral intraluminal graft implantation for
abdominal aortic aneurysms. Ann Vasc
Sury 1991;5:491-9.

Dake MD, Miller DC, Semba CP,
Mitchell RS, Walker PJ, Liddell RP.
Transluminal placement of endovascular
stent-grafts for the treatment of descend-
ing thoracic aortic aneurysms. N Engl |
Med 1994;331:1729-34.

Singh MJ, Rohrer MJ, Ghaleb M, Kim D.
Endoluminal stent-graft of a thoracic aor-
tic transection in a trauma patient with
multiple injuries: case report. J Trauma
2001;52:376-81.

Ahn SH, Cutry A, Murphy TP, Slaiby JM.
Traumatic thoracic aortic rupture: treat-
ment with endovascular graft in the acute
setting. J Trauma 2001;50:949-51.

Dake MD, Miller DC, Mitchell RS,
Semba CP, Moore KA, Sakai T. The “first
generation” of endovascular stent-grafts
for patients with aneurysms of the de-
scending thoracic aorta. | Thorac Cardio-
vasc Sury 1998;116:689-703.

Mattison R, Hamilton IN Jr; Ciraulo DL,
Richart CM. Stent-graft repair of acute trau-
matic thoracic aortic transection with inten-
tional occlusion of the left subclavian artery:
case report. | Trauma 2001;51:326-8.
Bouchart F, Bessou JP, Tabley A, Litzler
PY, Haas-Hubscher C, Redonnet M, et al.
Ruptures traumatiques aigués de I’aorte
thoracique et de ses branches. Résultats du
traitement chirurgical. Ann Chir 2001;
126:201-11.

389



