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Background. The mortality of patients with descending
horacic aortic rupture who are treated by conventional
urgery is high. Our current strategy for the management
f descending thoracic aortic rupture is to treat seriously
ll patients with endovascular stent-grafting using hand-

ade grafts, and to treat other patients with traditional
pen repair. The aim of this study was to assess the early
esults of our strategy.

Methods. Twenty-nine consecutive patients with de-
cending thoracic aortic rupture were referred to Sapporo

edical University Hospital from June 2001 to January
004. Eighteen of these 29 patients were selected for
ndovascular stent-grafting because of polytrauma (n �
), comorbidities (n � 6), advanced age (n � 2), past
istory of left thoracotomy (n � 2), and patient’s prefer-
nce (n � 1). The remaining 11 patients underwent
raditional graft replacement of the diseased aorta. Their
utcomes and follow-up data were collected and ana-
yzed retrospectively.
Results. The in-hospital mortality rate was 14% (4/29).
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he mortality rate for surgical patients and stent-grafting
atients was 9% (1/11) and 17% (3/18), respectively. The
urvival rate of patients at 2 years was 63% � 10%. In the
ollow-up period, 2 of the 18 patients who underwent
ndovascular stent-grafting required open repair, and 1
atient underwent a redo endovascular stent-grafting
rocedure because of stent failure. One of these 3 pa-

ients died of an intraoperative retrograde type A aortic
issection.
Conclusions. The early results of endovascular stent-

rafting for the treatment of high-risk patients with
escending thoracic aortic rupture are promising. Early
esults of open repair can also be improved by the
election of stabilized patients. However, the require-
ent of reintervention indicates that detailed follow-up

xaminations in patients who have undergone endovas-
ular stent-grafting with handmade stent-grafts should
e performed.

(Ann Thorac Surg 2004;78:1630–4)

© 2004 by The Society of Thoracic Surgeons
he rates of mortality and morbidity after the surgical
repair of descending thoracic aortic rupture are

igher than those after elective operations, despite im-
rovements in anesthetic management, surgical skills,
nd postoperative patient care [1–3]. Many patients with
escending thoracic aortic rupture have comorbidities
nd are of advanced age [3]. When surgical invasion is
dded to such unfavorable conditions, the high mortality
nd morbidity rates are inevitable. Ideally, less invasive
herapy is suitable for the treatment of acute thoracic
ortic rupture.
Endovascular stent-grafting has emerged as a less

nvasive alternative to traditional open repairs. There
ave been a few reports of endovascular therapy having
een performed in patients with ruptured thoracic aortic
neurysms or acute dissections [4–6]. The authors re-

ccepted for publication May 4, 2004.

resented at the Poster Session of the Fortieth Annual Meeting of The
ociety of Thoracic Surgeons, San Antonio, TX, Jan 26–28, 2004.

ddress reprint requests to Dr Morishita, Department of Thoracic and
ardiovascular Surgery, Sapporo Medical University School of Med-
orted excellent early results of endovascular stent-
rafting for acute thoracic aortic syndromes. However,
he long-term durability of stent-grafts, particularly that
f handmade stent-grafts, may be disappointing [7].
ecause grafts are not commercially available in Japan, it

herefore appears that endovascular stent-grafting for
he management of acute thoracic rupture should be
imited to high-risk patients. Our current strategy for the

anagement of acute thoracic rupture is to treat seri-
usly ill patients with endovascular stent-grafting and to
reat other patients by traditional open repair. The aim of
his study was to assess early results of our strategy.

aterial and Methods

wenty-nine consecutive patients (20 men, 9 women)
ith descending thoracic aortic rupture were referred to
apporo Medical University School of Medicine between
une 2001 and January 2004. The ages of the patients
anged from 19 to 86 years (mean age, 61 � 17 years).
atients who had an episode of hypotension (� 80 mm
g) and for whom computed tomographic (CT) scans

howed hemothorax (n � 15) or periaortic hematoma

n � 12) were considered to have a rupture. Patients who

0003-4975/04/$30.00
doi:10.1016/j.athoracsur.2004.05.014
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resented with massive hemoptysis were also considered
o have rupture if they had descending aortic aneurysms
n � 2). Acute rupture occurred because of trauma in 11
atients (38%), expansive degenerative aneurysm in 11
atients (38%), and acute dissection in 5 patients (17%).
wo patients (7%) had anastomotic false aneurysms.
ypotension was found in 12 patients (41%) on

dmission.
Twenty-three patients received CT scans in referring

ospitals. These patients were transported immediately
o an operating room or a cardiac catheterization labora-
ory. No or little information on CT images was available
or the other 6 patients, 2 of whom needed intensive
notropic and volume resuscitation because of hypoten-
ion. Because they responded to our resuscitation ther-
py, all patients underwent CT scans by which a diagno-
is and the information necessary for treatment were
btained. The mean interval from onset to treatment was
0 � 8 hours.

Patient selection for endovascular stent-grafting was
erformed according to clinical as well as anatomic
haracteristics. Endovascular stent-grafting was consid-
red to be an appropriate initial procedure for patients
ho were 80 years of age or older, those who had a past
istory of left thoracotomy, and those who had comor-
idities including chronic renal failure (serum creatinine

evel � 3.0 mg/dL), chronic obstructive pulmonary dis-
ase, and severe ischemic heart disease. Patients with
ead injuries and multiple fractures were also considered
rimary candidates for endovascular stent-grafting be-
ause their conditions would have been exacerbated by
he use of extracorporeal circulation and anticoagulants.
natomic inclusion criteria for stent-grafting included 15
m or more of proximal and distal lengths of the fixation

ite, landing zone diameters of less than 40 mm, and mild
r moderate kinking of the thoracic aorta (�60 degrees).
atients underwent traditional open repairs if they did
ot meet the above clinical or anatomic criteria.
Seventeen of the 29 patients (7 with trauma, 6 with

egenerative aneurysms, 2 with type B dissection, and 2
ith false aneurysms) were selected for endovascular

tent-grafting because of polytrauma (n � 7), comorbidi-
ies (n � 6), advanced age (n � 2), or a past history of left
horacotomy (n � 2). The main reason for placement of a
tent-graft in the 7 trauma patients was brain injury. One
atient with a type B dissection underwent endovascular
tent-grafting at his request. Comorbidities that were
onsidered to preclude traditional open repair included
hronic obstructive pulmonary disease (n � 3), chronic
emodialysis (n � 2), and brain tumor (n � 1). An
4-year-old woman who was considered to be a high-risk
atient for traditional surgery underwent open repair
ecause the diameter of her landing zone was too large to
e suitable for endovascular stent-grafting. Thirteen pa-

ients were American Society of Anesthesiologists (ASA)
lassification IV, 3 patients were ASA V, and 2 patients
ere ASA III.
The 11 patients (5 with degenerative aneurysms, 4 with
rauma and 2 with type B dissection) who were ASA III r

ats.ctsnetjournalsDownloaded from 
nderwent graft replacement of the descending thoracic
orta. One patient had a history of stroke. Three of these
atients received a central cannulation technique to
revent neurologic injury because of anticipated clamp-

ng on the atherosclerotic arch [8].

tent-Graft Placement
ascular and cardiothoracic surgeons performed endo-
ascular stent-graft placement with at least one perfu-
ionist on standby. Patients were placed in the supine
osition under general anesthesia. A 400-cm guidewire
as passed through the right brachial artery through the

ortic arch to the femoral artery. This brachial guidewire
echnique facilitates endovascular stent-grafting [9]. It is
ften difficult to advance a rigid stent-graft to a target

esion when the aorta or the iliac artery is unfavorably
ortuous. To overcome this difficulty, the guidewire is
traightened by applying tension to both of its ends,
hereby the stent-graft can be advanced easily, even

hrough unfavorable anatomy.
The stent-graft was custom-made. It was reconstructed

y the suturing of graft material (Ube Corp, Ube, Japan)
o an endoskeleton of Gianturco Z stents (Cook Inc,
loomington, IN) in the operating room, which takes 20
inutes. There are various types of endoskeleton (6 cm,
cm, 12 cm, and 16 cm in length, and 3 cm and 4 cm in
iameter) consisting of 2.5-cm-long Z-stents. Z-stents are
ttached to each other with solder, leaving spaces of 8
m between stents (Fig 1). Endoskeletons were gas-

terilized and stored in our hospital so as to be available
mmediately if required.

Axial CT images were used to determine the diameter
f the landing zone and the length of the endoskeleton.
raft diameter was oversized by 10% to 20%. If there was

ittle information from CT images, digital subtracted
ngiography (DSA) was initially performed during the
rocedures.
The stent-graft was manually loaded into a proximal

nd of an 18F to 22F sheath (Cook Inc), depending on the
imensions of the stent-graft. The delivery system was
dvanced to the target region over the guidewire. The
heath was withdrawn after DSA confirmed the exact
ocalization in relation to the head vessels, primary entry
ear, and the diseased aortic segment. For patients with
issection, positioning of the guidewire into the true

umen was verified with intravascular ultrasonography.
ystolic arterial blood pressure was lowered to 80 mm Hg
uring deployment.
When a postprocedural DSA demonstrated endoleak,

alloon dilatation was performed; however, expansion by
xcessive balloon force was not done in an acute dissec-
ion. Two patients required stent-graft extension because
f persistent endoleak. The average diameter of the
eployed stent-graft was 33 � 3 mm and the mean length
f the endoskeleton was 14 � 2 cm. A tapered graft
34-mm proximal diameter, 24-mm distal diameter, and
6-cm length) was made for a patient with a perforated
ype B dissection. The iliac artery was used as the access

oute in 3 patients because of the small sizes of femoral
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essels (diameter less than 7 mm). Initially, 4 patients
nderwent the procedure in a cardiac catheterization

aboratory, but endovascular stent-graft deployment has
een performed in an operating room with a portable
-arm unit (OEC Digital Mobile Imaging System, GE
EC Medical Systems, Inc, Salt Lake City, UT) in the

emaining 14 patients.

ostoperative Care
ll patients were transferred to the intensive care unit for
ostoperative care after the open repair or stent-graft
lacement was completed. The surviving patients re-
eived postoperative follow-up examinations, including
T scans, at 1, 3, 6, and 12 months and every 6 months

hereafter. The survival of patients who did not visit our
utpatient clinic was confirmed by telephone contact to
he patients, their families, or the referring physicians.
he mean follow-up period was 12 months (range, 1 to 34

igure 1. Roentgenogram of endoskeleton. Partial attachment of
tents (arrows) increases flexibility for the endoskeleton to fit aortic
ortuosity.
onths). s

ats.ctsnetjournalsDownloaded from 
tatistical Analysis
ata were expressed as mean � standard deviation.
urvival rates were calculated using the Kaplan-Meier
ethod. StatView statistical software (SAS Institute Inc,
ary, NC) was used to analyze statistical data.

esults

tent-grafts were successfully placed in all patients, and
leeding was controlled in 16 patients. The remaining 2
atients (11%) suffered rebleeding. The 11 patients who
nderwent open repairs survived the procedures.

ortality
he in-hospital mortality rate was 14% (4/29). Three
atients who had undergone endovascular stent-
rafting died (17%, 3/18). One suffered from simulta-
eous brain injury, lung injury, rib fractures, and renal

njury. During deployment of the stent-graft, severe
ypoxemia developed despite ventilatory support with
igh fraction of inspired oxygen and positive end-
xpiratory pressure. The patient eventually underwent
ndovascular stent-grafting with the aid of extracorpo-
eal membrane oxygenation; however, the patient died of
cute respiratory distress syndrome immediately after
tent-grafting.

Another patient had a past history of pyothorax as a
ostoperative complication of a descending thoracic
orta repair. He was successfully treated with antibiotics
nd irrigation. The patient presented with mild hemop-
ysis 17 months later. CT images demonstrated a proxi-

al anastomotic aneurysm. He was admitted to our
nstitution urgently because of massive hemoptysis.
ndovascular stent-grafting was selected because of

echnical difficulties in redoing the thoracotomy. After
he placement of an endovascular stent-graft, the hemop-
ysis stopped. Though postprocedural CT documented
he exclusion of the pseudoaneurysm, the patient sud-
enly suffered a massive pulmonary hemorrhage and
ied 2 weeks after the stent-grafting. An autopsy was not
llowed.
Hemoptysis reoccurred in the third patient who re-

eived chronic hemodialysis. Its origin could not be
etected, though CT scans showed a false aneurysm
roximal to the previously placed descending aortic
raft. Because that patient developed massive hemopty-
is, physicians suspected a ruptured false aneurysm. The
atient was referred to our department for endovascular
tent-grafting. Despite successful stent-grafting, the pa-
ient died of recurrent hemoptysis 20 days after the
tenting. The autopsy confirmed complete thrombosis of
he false aneurysm. However, disrupted collateral circu-
ation from the bronchial artery had caused recurrent
emorrhage.
One patient (9%) of the 11 patients who underwent

pen surgery died of respiratory failure 10 days after the

urgery.
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orbidity
ight (44%) of the 18 patients who underwent stent-
rafting required prolonged mechanical ventilation (� 72
ours), 2 patients (9%) required postoperative dialysis for
hronic renal dysfunction, and 1 patient needed extracor-
oreal membrane oxygenation as previously described.
Three (27%) of the 11 patients who underwent open

epair received prolonged mechanical ventilation (� 72
ours), and 1 patient (9%) suffered from renal failure that
equired dialysis. None of the patients had cerebral
mbolism, although 1 patient (9%) who underwent open
epair suffered from paraplegia. No patients in this series
eceived cerebral spinal fluid drainage.

ollow-Up
ive patients died during the follow-up period. One
atient suffered from a rupture of a remote (arch) aneu-
ysm 8 months after the successful open repair of a
uptured descending thoracic aortic aneurysm. The pa-
ient died of shock despite emergency total arch graft
eplacement.

One patient, a 64-year-old man, had endovascular
tent-grafting for a ruptured aortic dissection. CT images
emonstrated thrombosis of the false lumen of the tho-
acic aorta. However, there was retrograde filling of the
alse lumen in the abdominal part through reentries.
our months later, the diameter of the proximal descend-

ng thoracic aorta had expanded to 7 cm. He underwent
raft replacement of the descending thoracic aorta. Dur-

ng the operation, a retrograde type A aortic dissection
ccurred that caused dissection of the left coronary
rtery. Emergency coronary artery bypass grafting was
dded; however, he died of low cardiac output syndrome.
The other 3 deaths were unrelated to aneurysms (hep-

toma, apoplexy, and chronic pancreatitis). Actuarial
-year survival rates were 63% � 10% (Fig 2).
Three patients who underwent stent-grafting required

eintervention in the form of open repair (n � 2) or
ndovascular stent-grafting (n � 1) because of stent-
rafting failure. In addition to the 64-year-old patient
reviously discussed, distal migration of the stent-graft
ccurred 2 weeks after the procedure in another patient,
29-year-old man, causing headache and hypertension

� 180 mm Hg). His stent-graft was successfully re-
rieved, and traditional graft replacement of the descend-
ng thoracic aorta was performed under hypothermic
irculatory arrest. In another patient, the size of the
neurysm increased because of proximal endoleak. Prox-
mal stent-grafting extension was performed in that pa-
ient 4 months after stent-grafting.

omment

he results of this study showed that the use of endolu-
inal stent-grafting to treat ruptured descending tho-

acic aorta in high-risk patients yielded acceptable early
esults. Some previous studies have also indicated that
atients with ruptured thoracic aorta benefit from endo-

ascular stent-grafting, at least in the early term [6, 10, m

ats.ctsnetjournalsDownloaded from 
1]. It appears that stent-grafting guarantees early results
ecause of its small degree of invasiveness. To take
dvantage of this merit, we have used stent-grafting in
atients in whom the risk of death was highly expected.
s a consequence, early results of open repair in this

eries were also satisfied by the selection of stabilized
atients.
Some authors [5, 6] reported no mortality of stent-

rafting for the treatment of acute thoracic aortic syn-
romes. In contrast, the mortality rate of stent-grafting in

his study was 17%. A partial explanation for this is that
nly high-risk patients underwent endovascular stent-
rafting. If those patients had undergone conventional
pen repair, the mortality would likely have been higher.
he cause of death in our patients who underwent
tent-grafting was associated with recurrent bleeding.
ato and associates [12] reported that rebleeding re-

ulted from infection. They speculated that infection led
o degeneration of the aorta. One of 2 patients with
ersistent hemoptysis in our study also had infection.
ndotension must have caused the infectious aneurys-
al wall to rupture, resulting in recurrent hemoptysis.
Stent-grafting appears to be the first choice in the

reatment of thoracic aortic rupture. However, whether
tent-grafting is durable has not been determined. A
linical study of a large series showed a high frequency of
ate complications occurred with the placement of hand-

ade grafts [7]. Our patients also suffered from late
omplications related to stent-grafting that required re-
ntervention. Some authors [6, 10] have emphasized that
urther intervention is not needed when commercially
vailable stent-grafts are used. Commercially manufac-
ured, standardized stent-grafts could have improved
ate postoperative results in our series if they had been
eadily available in appropriate sizes.

In addition to the lack of commercially available de-
ices, some other explanations for the higher incidence of
eintervention in our series are possible. One is that the
all of the ruptured aorta is so fragile that the aortic wall

igure 2. Actuarial survival rates of patients.
ay be vulnerable to even a small force generated by
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ndotension or endoleak. Another possible explanation
s that the emergency situation did not allow for an
ccurate evaluation of the anatomic pathology. Stent-
raft migration occurred in one patient because the graft
ize was determined inappropriately on the basis of
nsufficient data.

Considering the high rate of reintervention, close fol-
ow-up examinations should be performed for surveil-
ance of late complications of handmade grafts. However,
e believe that late stent-graft failures do not offset early

atisfactory survival rates obtained by endovascular
tent-grafting. Even if a high mortality of open repair is
xpected at the time of rupture, patients are likely to
ndergo a secondary operation with an acceptable mor-

ality because their conditions are stabilized.
One patient in our series who had undergone stent-

rafting suffered from a retrograde type A aortic dissec-
ion during secondary surgery. The proximal clamp was
laced between the left carotid artery and the left sub-
lavian artery together with the proximal part of the
tent-graft. After resecting the proximal descending tho-
acic aorta, the stent-graft was retrieved easily by releas-
ng the clamp temporarily; however, the proximal clamp-
ng likely caused a tear in the arch that resulted in aortic
issection. The force of a proximal Z-stent on the arch
ight have led to wall degeneration. That patient died

mmediately after the operation. We have subsequently
topped applying a clamp near a previously deployed
tent-graft and have used open proximal anastomosis
ith hypothermic circulatory arrest.
In conclusion, early results of endoluminal stent-

rafting for high-risk patients, such as those with poly-
rauma and comorbidities and those of advanced age, in
he treatment of ruptured descending thoracic aorta are
romising. Early results of open repair can also be

mproved by the selection of stabilized patients. How-
ver, the requirement of reintervention in some patients

ndicated that detailed follow-up examinations in pa-

ats.ctsnetjournalsDownloaded from 
ients who have undergone stent-grafting with hand-
ade stent-grafts should be performed.
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