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ndovascular Repair of the Thoracic Aorta: Lessons
earned
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Background. Available information on outcome and
est strategies for thoracic endovascular repair is some-
hat limited and unclear. We sought to gain a better
nderstanding of these issues through a retrospective
eview of our 8-year clinical experience in the treatment
f thoracic aortic aneurysms and dissections.
Methods. A retrospective chart review of 186 patients

ndergoing stent-graft repair of thoracic aortic lesions at
ur institution during the 92-month period ending on
ecember 31, 2004 was performed. Patients were divided

nto two groups based on the indication for treatment;
roup A had thoracic aortic aneurysms (TAA) and group

had type B aortic dissections (TBAD). Both groups
ere analyzed for outcome variables including technical

uccess, mortality, major morbidity, endoleak rate and
ype, secondary endovascular interventions, and long-
erm survival. Mean follow-up was 40 months (range, 1 to
2 months).
Results. Compared to group B, group A patients were

lder and had a higher incidence of peripheral vascular
isease and chronic obstructive pulmonary disease. Sixty

ercent of all patients were American Society of Anes-
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hesiologists class III and the remainder were class IV
38.3%) and V (1.7%). The procedure was completed in
80 patients (96.7%), with all 6 failures being access-
elated. The average procedure time was 149 minutes
range, 72 to 405). The 30-day mortality was 4.7% (9
atients), and serious morbidity was 19.9% (37 patients).
ight patients (4.3%) developed spinal cord ischemia, 4

mmediately after the procedure and 4 delayed (1 to 3
ays). Total hospital length of stay averaged 6.7 days.
econdary endovascular interventions were successful in
7 patients with angiographically confirmed endoleaks
type I and III). At an average follow-up of 40 months,
reedom from all-cause mortality was 62.5% in group A
nd 58.1% in group B.
Conclusions. Stent-graft repair for TAA and TBAD can

e achieved with high technical success and compara-
ively low rates of morbidity and mortality. Midterm
urvival appears to be favorable. Further refinements in
evice technology and procedural techniques are needed.

(Ann Thorac Surg 2005;80:857–63)

© 2005 by The Society of Thoracic Surgeons
tent-graft intervention for treatment of thoracic aortic
diseases is an exciting new frontier in endovascular

herapy. Beyond the initial report by Volodos and col-
eagues [1], Dake and colleagues’ [2, 3] and Fann and

iller’s [4] pioneering works at Stanford did the most to
timulate the evolutionary developments and growing
nterest that have taken place over the past several years.
he availability of commercial devices and improve-
ents in procedural capabilities catapulted all such pro-

edures to the forefront of the endovascular specialty.
horacic aortic aneurysms (TAA) and type B aortic dis-
ection (TBAD) constitute the two most common indica-
ions for repair. Data are beginning to accumulate on best
nterventional strategies, technical results, and early and

idterm clinical outcome [5–12], but much remains un-
lear or unknown. We sought to gain a better under-

ccepted for publication March 16, 2005.

resented at the Fortieth Annual Meeting of The Society of Thoracic
urgeons, San Antonio, TX, Jan 26–28, 2004.
tanding of these issues through a retrospective review of
ur 8-year clinical experience with endovascular treat-
ent of TAA and TBAD.

atients and Methods

wo hundred and fifteen patients with thoracic aortic
athologies were treated endovascularly in the 92-month
eriod ending December 31, 2004. However, only 186
ould be classified as having TAA or TBAD and they
epresent the study group for all subsequent analysis.
atients were asked to sign an investigational informed
onsent approved by the Institutional Review Board, and
ade fully aware of the investigational nature of the

herapy. Regulatory pathways used to gain access to
horacic stent-graft devices included “emergent” and
compassionate” cases, a phase I clinical study of the

Dr Criado discloses that he has a financial relationship

with Medtronic Vascular.
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alent thoracic stent-graft (Medtronic Vascular, Santa
osa, CA), a physician-sponsored investigational device
xemption, and the VALOR Talent thoracic trial. For
nalysis purposes, patients were divided into two groups:
roup A (n � 111) included patients with TAA (both true
nd false) and penetrating aortic ulcers; group B (n � 75)
ncluded patients with TBAD (both acute and chronic).
or demographic data, �2 analysis was used to compare
ategorical comorbidity data. Age comparisons were an-
lyzed by the Student t test.

ndications for Intervention
roup A patients were considered for endovascular

epair when one or more of the following were present:
ymptoms (pain), maximum diameter of the sac greater
han 5.0 cm, or more than twice the diameter of an
djacent nonaneurysmal segment of the thoracic aorta, or
ocumented sac growth of greater than 0.5 cm over a
ecent 6-month period.

Indications for repair in group B patients included
mperatives for intervention in 64 (85.3%): acute expan-
ion of the false lumen (� 4.5 cm), organ or limb mal-
erfusion, progressive or persistent pain. Eleven patients

14.7%) undergoing stent-graft procedures had uncom-
licated acute aortic dissection.

evice Strategy and Procedural Techniques
ndograft sizing and design, and implant strategy, were
ased on evaluation of morphology by angiography,

ntravascular ultrasound (IVUS), and 3-mm slice con-
rast-enhanced spiral computed tomography (CT) with
r without three-dimensional (3D) reconstructions. The
rocedures were performed in the operating room under
uoroscopic and angiographic guidance (40 degree left
nterior oblique projection). Anesthesia used was gen-
ral endotracheal in 124 (66.7%), spinal in 52 (27.9%), and
ocal with intravenous sedation in 10 (5.4%) patients. The
nesthesiologist was asked to maintain the mean blood
ressure at 80 mm Hg or lower during deployment of the
roximal-most endograft segment and ballooning. In
AA cases, the stent-graft device was placed to cover the

ength of the aneurysm and extend (if possible) a mini-
um of 20 mm proximally and distally. Endovascular

trategy for TBAD patients, on the other hand, consisted
f endograft placement from the origin (or just above) of
he left subclavian artery (LSA) down to the proximal
bdominal aorta, covering the full length of the descend-
ng thoracic aorta (DTA). An extra stiff (Lunderquist)
uidewire was inserted retrograde into the proximal
scending aorta using a catheter exchange technique
nder fluoroscopy. Such stiff wire provided the necessary
upport for advancement and delivery of the endograft
ystem. The device used in all instances was the Talent
elf-expanding thoracic stent graft (Medtronic Vascular,
anta Rosa, CA), with a 4 to 6 mm diameter oversize, and
n uncovered proximal stent (bare spring) allowing for
ransostial placement with preservation of branch-artery

atency (Fig 1).

�
v

urveillance and Follow-Up
tent-graft repair surveillance was performed using spi-
al thin section CT scans, with and without intravenous
ontrast and with 3D reconstruction, at intervals of 1
onth, 6 months, 12 months, and then yearly from the

ate of the procedure. Patients with evidence of endoleak
ere further evaluated by angiography (and sometimes

VUS). Secondary interventions were performed when
ndicated (type I or III endoleak, or expanding sac).
linical follow-up was also done at regular intervals and
veraged 3.2 years. Actuarial survival and endoleak-free
urvival Kaplan-Meier curves were generated using the
ife-table method.

esults

atients’ demographics and comorbid risk factors are
ummarized in Table 1. Group A patients were older
han patients in group B, and were more likely to have a
istory of peripheral vascular disease and chronic ob-

ig 1. Distal thoracic aortic aneurysm (left), repaired endovascularly
ith Talent stent-graft (middle, right).

able 1. Demographic and Clinical Risk Factors for Patients
ndergoing Endovascular Repair of Thoracic Aortic Lesions

Aneurysm Dissection p Value

ge (y) 72.4 � 9.4 66.3 � 15.8 0.005
ale (%) 54.5 52.5 0.82
ypertension (%) 91.9 97.5 0.22
igh cholesterol (%) 47.4 32.5 0.1
yocardial infarction (%) 20.2 17.5 0.71

TCA (%) 3.0 7.5 0.24
VD (%) 27.3 5.0 0.003
enal failure (%) 5.1 12.5 0.12
ABG (%) 12.1 7.5 0.42
AD (%)) 31.3 27.7 0.65
OPD (%) 29.3 10.0 0.02
enal insufficiency (%) 10.1 2.5 0.13
iabetes (%) 17.2 10.0 0.28

ABG � coronary artery bypss grafting; CAD � coronary artery
isease; COPD � chronic obstructive pulmonary disease; PTCA
percutaneous transluminl coronary angioplasty; PVD � peripheral
ascular disease.
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tructive pulmonary disease (p value � 0.05). All patients
ad an American Society of Anesthesiologists class of III
r higher (III: 60%; IV: 38.3%; V: 1.7%). Six patients in
roup A (5.4%) and 10 patients in group B (13.3%) had
vidence of rupture at the time of the index procedure.
Endoluminal access was achieved by femoral cutdown

n 162 patients (87.1%), an iliac artery access conduit in 23
12.4%), and through the infrarenal bifurcated graft at the
ime of simultaneous open abdominal aortic aneurysm
epair and endovascular TAA repair in 1 patient (0.5%). A
iagnostic pigtail catheter was used in all cases; trans-
rachial in 134 (72%, 130 through the left brachial artery,
through the right, and 1 bilateral) and transfemoral in

2.
Six procedures (2.6%) were aborted because of access

ailure; all but one in female patients. Among the 180
atients actually receiving an implant, proximal en-
ograft attachment was in the DTA more than 2 cm distal

o the origin of the LSA in 34, within 2.0 cm of the LSA
parasubclavian) in 69, and proximal to the LSA in 77 (Fig
). The endograft was placed across the origin of the LSA
occluding the vessel) in 62 (34.4%). Eighteen patients
9.7%) had preliminary adjunctive cervical operations
esigned to transpose and/or bypass the LSA and/or the

eft common carotid artery to enable more proximal
tent-graft attachment within the aortic arch. Distal stent-
raft attachment was at the level of T12 or lower in 123
68.3%). Among these, the celiac artery origin was
rossed with the uncovered stent in 9, and intentionally
ccluded (covered) by the endograft in 3. Nine patients
ith history of prior infrarenal aortic aneurysm repair
ad adjunctive placement of a cerebrospinal fluid drain-
ge (CSFD) catheter in an effort to minimize or prevent
isks of spinal cord ischemia (SCI). The average proce-
ure time was 149 minutes (range, 72 to 405).
The 30-day mortality was 4.7% (n � 9). Four of the 9

ig 2. Arch map denoting zones of proximal endograft attachment.
Z0: n � 0; Z1: n � 15; Z2: n � 62; Z3: n � 69; Z4: n � 34.)
atients who died had presented with ruptured TAA or p
BAD. The mortality for intact (nonruptured) lesions was
low 2.9% (5/170), but it was 37% (6/16) among those who
ad ruptured prior to the index procedure.
Within 30 days of the procedure, nonfatal serious

dverse events (SAE) occurred in 37 patients (19.9%).
ight patients (4.3 %) developed SCI: it was immediately
pparent postoperatively in 4, but delayed in onset (1 to

days) in the other 4. Predisposing or precipitating
onditions for this complication included prior abdomi-
al aortic aneurysm (AAA) repair in 2, extensive aortic
overage (LSA to celiac artery) in 2, shaggy aorta in 1,
ypotension in the setting of rupture in 1, and unclear in
. The ischemic syndrome consisted of paraplegia in 3
atients (1 improved dramatically after CSFD), parapa-
esis in 2, and monoparesis in 3. Four of the five patients
ith monoparesis or paraparesis had complete resolu-

ion of their symptoms and one had dramatic improve-
ent (4 received CSFD after the onset of symptoms).

hree other patients (1.6%) sustained carotid (n � 2) or
ertebro-basilar (n � 1) ischemic strokes that were felt to
epresent embolic phenomena, likely induced by cathe-
er and guidewire manipulations in the aortic arch re-
ion. One patient recovered fully and the other 2 had
ignificant improvement.

The remaining nonfatal SAEs were in order of decreas-
ng frequency: respiratory complications prolonging hos-
italization (n � 9), access vessel thrombosis, bleeding or
upture (n � 8), “post-implant syndrome” with severe
ack pain, fever, and leukocytosis lasting several days (n

6), acute renal failure (n � 2), and lymph leakage from
cervical incision after a preliminary subclavian-to-

arotid transposition (n � 1). The average hospital length
f stay was 6.7 days (range, 1 to 45 days; median of 2
ays).
Length of follow-up ranged from 1 to 92 months, and

veraged 40 months. Eleven additional deaths have oc-
urred: TAA-related in 2, TBAD-related in 1, unrelated in
, and unknown in 3. The 2 aneurysm-related deaths (at

and 4 months) occurred in the setting of extensive
horacoabdominal aortic aneurysm (TAAA) with distal
ype 1 endoleak and failed secondary intervention (cuff
xtensions); in both cases, the aneurysm extended to or
eyond the origin of the celiac artery. One patient with
nown proximal endoleak after repair of chronic TBAD
ied presumably from rupture after a carotid-carotid
ypass in preparation for planned proximal extension

nto the arch.
Nineteen TAA patients (17%) were found (by CT) to have

n endoleak within 30 days. Only 1 of these was apparent
n completion angiography at the time of implantation.
iagnostic angiography confirmed the presence of a type 1

attachment site) or type 3 (modular disconnection) en-
oleak in 17 of 19 patients uncovered by CT. It was negative

n the other 2. There were no confirmed type 2 (branch
ow) endoleaks. Secondary intervention was undertaken in
ll 17 cases with angiographic confirmation. Eleven patients
nderwent placement of extension cuffs (proximal n � 5,
istal n � 6) between 1 and 6 months after the initial
tent-graft procedure. Five patients had relining of their

revious repair with a new endoluminal stent-graft system
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hat was deployed to seal a type 3 endoleak. Direct trans-
atheter (transbrachial) coil embolization of the endoleak
idus was performed in 1. Extension cuff placement and
elining resulted in resolution of the endoleak in 13 of 15
84%) patients, but failed in 2 whose thoracoabdominal
neurysm extended down to or beyond the celiac artery.
hey both died from aneurysm rupture (see above). Coil
mbolization of the endoleak nidus resulted in complete
hrombosis in the one patient it was attempted. Finally, the

patients with negative angiogram (but positive evidence
f endoleak on CT) have stable (nonenlarging) aneurysms;
he endoleak persists in 1, but has resolved on the other.

The TBAD patients have been scrutinized in much the
ame manner as those with TAA after stent-graft repair.
mong the 75 treated patients, 64 (85.3%) presented with
n imperative for intervention (malperfusion, continuing
ain, acute expansion of the false lumen, etc), but 11

14.7%) had none. The dissection was acute (� 2 weeks
rom onset) in 56 (74.7%), and 10 patients (13.3%) had
uptured by the time the endovascular procedure was
ndertaken. Preoperatively, the false lumen was patent

n 67 (89.3%) and thrombosed in 8 (10.7%). Endovascular
epair resulted in thrombosis of the false lumen in the
horacic aorta (by CT at 1 to 3 months) in 70 of 75 (93%)
atients. Continued patency of the false lumen in the
bdominal segment, on the other hand, remained un-
hanged in the majority of cases where the dissection
xtended to the infrarenal segment or iliac arteries. Two
atients underwent secondary intervention to extend
ndograft coverage of the true lumen to encompass the
ull length of the DTA. Both of these patients had been
reated during the initial phase of our TBAD experience,
efore adopting the policy of endograft coverage of the
ntire DTA. In both cases, continued patency and pres-
urization of the false lumen had resulted in continued
neurysmal dilatation in the thoracic aorta.
Survival was analyzed by the life-table methodology

sing available long-term follow-up data (TAA, n � 99;
issection, n � 41). Kaplan-Meier curves were compared
sing a log-rank test. At the end of the study period, after
n average follow-up of 40 months, 62.5% of group A and
8.1% of group B patients were still alive (p � 0.54) (Fig 3).
he endoleak-free survival was 43% and 44.9% in groups
and B, respectively (p � 0.9) (Fig 4).

omment

t is clear that endovascular treatment represents an
xciting new treatment option for many patients with
ife-threatening thoracic aortic lesions, for whom stan-
ard surgical reconstruction carries significant or prohib-

tive risks. Technical approaches and overall strategies
ave evolved considerably in the recent past as a result of
apidly mounting experience. Numerous reports in the
iterature have described use of these techniques for a
ariety of conditions including degenerative aneurysms,
raumatic injuries, acute and chronic type B dissections,
ortoesophageal and aortobronchial fistulas, mycotic an-
urysms, and penetrating aortic ulcers [12–23]. The ad-

antages over standard open surgery are quite obvious: a
he avoidance of a thoracotomy incision, aortic cross-
lamping, and cardiopulmonary bypass (among others)
ead to enhanced safety and significantly lower rates of
perative morbidity and mortality. Thoracic stent-graft
echnology, on the other hand, has not kept pace with
hese developments. Most devices in use today are “close
ousins” or simple derivatives of endografts created for
reatment of AAA. Their performance is less than
ptimal because they have not been designed to ad-
ress the unique anatomic, hemodynamic, and patho-

ogic features that characterize the aortic arch and
TA. Additionally, the bulky nature of most such
evices with their large (� 22F) delivery systems rep-
esent significant limitations (and increased risk of
rterial injury) for patients with small and/or diseased
ccess femoral-iliac arteries. Such shortcomings can be
raced back, at least in part, to the failure of leading
nvestigators and endovascular industry as a whole to
ecognize the potential of stent-graft intervention in
he treatment of thoracic aortic diseases. Fortunately,
his situation is rapidly changing at this time. Signifi-
ant technologic developments and new ideas are all
ut sure to emerge in the very near future.
Unlike abdominal aortic repair, where conventional sur-

ical reconstruction is widely available and produces good
esults with relatively low mortality rates, open repair of the
ortic arch and thoracic aorta is accompanied by very high
if not prohibitive) mortality and morbidity. Published mor-
ality rates vary between 3% and nearly 30% for elective
ases, and even higher in emergent situations [12, 18,
3–26]. Our own results, with an overall 30-day mortality of
.7% and a low 2.9% rate in intact-nonruptured cases, are
mpressive examples of the advantages of the endovascular
pproach. The same cannot be said about stent-graft inter-
ention for ruptured TAA and TBAD, where the overall
ortality was 37%.
In addition to its role in aneurysmal disease and

elated conditions, stent-graft repair is emerging as an
ttractive treatment choice for complicated acute type B

ig 3. Kaplan-Meier survival curve of the two groups.
ortic dissection, where open surgical repair has pro-
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uced dismal results [12, 14, 26–28]. The principle of
simple” coverage of the entry tear, thereby redirecting
ow exclusively down the true lumen and decompress-

ng the false lumen, is sound and appealing. However,
e have found that persistent flow in the false lumen and

he need for secondary intervention can be minimized
hrough more extensive endograft coverage during the
nitial endovascular procedure [27, 29]. The result has
een the adoption of the new policy of covering essen-

ially the whole length of the DTA with the endograft
uring endovascular repair of acute TBAD. While this
ay theoretically increase the risk of SCI and paraplegia,
e have not had a single such occurrence. Stent-graft

epair is particularly sound and effective for treatment of
alperfusion, which is largely related to compression of

he true lumen by the pressurized false channel. On the
ther hand, intervention for uncomplicated TBAD (14.7%

n the current series) is controversial and cannot be based
n available evidence. Randomized clinical trials will
opefully resolve this important issue in the near future.

n the meantime, stent-graft repair should be used spar-
ngly in the absence of clinical imperatives, although it is
empting to think that it should “logically” represent an
mprovement over the rather unfavorable natural history
f untreated aortic dissection.
The incidence of SCI was 4.3% in this series, consistent
ith other published results [5, 6, 8, 30, 31]. Risk factors for

his dreaded complication include concomitant or previous
AA repair, extensive endograft coverage of the aorta, and
ypotension. Cerebrospinal fluid drainage has been shown

o prevent SCI during open repair of TAAA (level I evi-
ence) [32], which has prompted several investigators to do

he same during endovascular repair [33, 34]. We adhere to
his policy as well, and maintain CSF drainage intraopera-
ively and for 2 to 3 days postoperatively on all patients at
isk, especially those who have had prior infrarenal replace-
ent. A CSF catheter is also promptly inserted on any

atient who develops SCI after repair.
Cerebral ischemia and strokes have also been reported

ig 4. Kaplan-Meier curve depicting endoleak-free survival.
s a complication of thoracic endovascular repair [25]. d
hree patients (1.6%) suffered such events in our series.
hey were likely caused by embolic phenomena from
ndovascular manipulation in the aortic arch. Advance-
ent of the delivery system and actual graft deployment
aneuvers may be implicated as well. It cannot be

veremphasized that optimal interventional skills and
entle execution are paramount requirements for the
afe conduct of these procedures. Further device refine-
ents will also be helpful in this regard.
Not unexpectedly, endoleaks occur with a relatively high

ncidence. The rate in this series (17% of TAA patients) is
onsistent with other publications [17, 25]. It is noteworthy
hat all endoleaks were found to be type 1 (attachment site)
r type 3 (modular disconnections). There were no in-
tances of confirmed type 2 leaks. The latter, of course, are
he most frequent type after stent-graft repair of AAA.
nsufficient endograft coverage of the diseased aortic seg-

ent could be implicated in several of the cases, necessi-
ating second intervention for placement of an extension
uff. More aggressive pursuit of good-quality completion
ngiography, including more frequent use of general endo-
racheal anesthesia that allows for respiratory cessation for
etter imaging, and more generous endograft coverage of

he diseased aorta have emerged as important lessons
earned from this experience. Type 3 leaks, on the other
and, may be related to insufficient overlap length between
odular components. Relining the repair with a new en-

ograft placed within it has worked well in such a scenario.
revention of this problem can be achieved through the use
f longer, single-segment endografts, and more generous
5.0 cm�) overlap of modular components when necessary.

Management of aortic arch branches ranks among the
ost significant unresolved and somewhat controversial

ssues [11, 13, 35]. In 34.4% of the cases in this series, the
SA origin was covered-occluded by the endograft device.
y and large, we have found this maneuver to be very
ell-tolerated. Approximately 35% of the patients develop

rm claudication, which tends to be self-limited and non-
ncapacitating. One patient died from bilateral cerebellar
nfarctions; he had preexistent occlusion or absence of the
ontralateral vertebral artery. At present, in all elective
ituations where coverage of the LSA is contemplated,
atients are referred for magnetic resonance angiography
tudies where patency of the vertebral arteries and intact-
ess of the circle of Willis are assessed. Preliminary perfor-
ance of LSA transposition or bypass is reserved for

atients with absent contralateral vertebral artery flow, or
hose with a history of coronary artery bypass graft using
he left internal mammary artery. In all others, we prefer to

aintain patency-continuity of the LSA, allowing place-
ent of a transbrachial-LSA catheter that has been found to

e so helpful for safe and precise placement of the stent-
raft device in the aortic arch (Fig 5). Transcatheter coil
mbolization of the LSA (performed at the end of the
rocedure) can address issues related to possible backflow
ndoleak when proximity to or involvement by the TAA
ake such occurrence likely.
Issues related to endograft coverage of aortic branches at

he caudad end of the endovascular repair are worth

iscussing as well. Most investigators (ourselves included)
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ould be reluctant or unwilling to cover-occlude the celiac
rtery, especially without prior angiographic demonstration
f collateral filling from branches of the superior mesenteric
rtery. Albeit anecdotally, several instances of catastrophic
schemic complications have been reported. While we man-
ged to achieve inconsequential intentional coverage of the
eliac artery in three patients with extensive TAA, this
aneuver should obviously be avoided as much as

ossible.
In conclusion, current advances with stent-graft thoracic

ntervention must be viewed as exciting new developments
hat offer hope to many patients with TAA, TBAD, and
ther serious conditions affecting the thoracic aorta. Tech-
iques and technologies continue to evolve, and present-
ay concepts and results should be viewed within the
ontext of work-in-progress. Most significantly, early and
idterm results demonstrate a significant advantage over

istoric surgical outcomes. It is likely that these techniques
ill soon become first-line therapy for most cases with

uitable anatomy. However, since little if any information is
vailable on long-term results in terms of durability of the
epair and device integrity, these procedures should prob-
bly be performed only within the confines of well-
ontrolled clinical trials at present.
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ISCUSSION
R PETER C. PAIROLERO (Rochester, MN): This presentation
learly is a wake-up call for all thoracic surgeons, and it represents
form of new technology that Dr Guyton discussed so eloquently

n his presidential address two days ago. If thoracic surgeons do not
earn this technique, we will not be doing thoracic aortic surgery in
he future. This technology is clearly in the domain of the inter-
entionists, and they are right before us now.

R JOSEPH S. COSELLI (Houston, TX): I congratulate you on a
onderful presentation and your reporting upon both candid

nd sobering results. I must agree entirely that this is a wake-up
all to all cardiac surgeons to embrace technology, future op-
ortunities for new surgical interventions, and to continue to

ead in stretching the envelope.
When we compare the endovascular treatment of aortic pa-

hology against standard open surgical therapy, I believe it is
elpful to remember that the latter is, as yet, the gold standard.
learly, open surgical technique cannot compare with the

horter recovery time, reduced ICU time, abbreviated hospital-
zation, and possibly, with time, preferred economics. However,
hen I evaluated 469 descending thoracic aortic replacements,
ur 30-day mortality was 4%, the combined paraplegia and
araplegia rate was 2.6%, renal failure was 2.3%, and postoper-
tive bleeding requiring return to the operating room was 2.6%.

e, of course, encountered no endoleaks and none of our
atients died of later rupture of their aneurysms.
I would like to pose the following questions. What would the

uthors’ recommendation be with regards to mycotic aneurysms
mploying current endovascular technology? What are the lim-
ts of what we are currently able to offer from an endovascular
tandpoint? Who would the authors not treat? In other words,
ho would they absolutely select for operative intervention at

his point in time?
There are at least eight reports in the literature with retro-

rade extension into the ascending aorta and aortic root of
ndovascular therapy, in effect converting a DeBakey type III
issection into a DeBakey type I; ie, Stanford type A dissection.
he authors refer to placing the uncovered portion of the stent
raft into the anatomic transverse arch. Do they have any other
ecommendations to prevent this dreaded complication (retro-
rade extension), which requires urgent open surgical interven-
afety in this respect? Finally, what recommendations do the
uthors make regarding the training of thoracic residents in this
mportant, if not critical, emerging technology?

I do believe that stent grafting will find a role in the treatment of
horacic aortic aneurysms; it is pioneering work such as this, which
ill help us define both its role and its limitations. Thank you.

R CRIADO: I appreciate Dr Coselli’s remarks and certainly
ecognize his pioneering monumental work in this area. I agree
hat surgery continues to be the gold standard, but I would add
hat this is going to change rapidly in the near future, especially
or treatment of lesion from the mid arch down.

He asked about mycotic thoracic aortic aneurysms. I would be
ery hesitant to place an endograft for that indication. On the
ther hand, my experience and view are that most cardiotho-
acic surgeons are unwilling to operate on such cases anyway. So
ometimes we are forced to intervene, albeit reluctantly, but I
ould certainly remain concerned about the potential for devel-
pment of a serious endograft infection.
In terms of the retrograde dissection issues, there are 19

eported cases of either retrograde dissection or perforation and
uptures, and the majority have been associated with the place-
ent of an endograft with a proximal bare spring. Interestingly

nd intriguingly, we have not had a single such occurrence. It is
y view that the insistence of securing proximal attachment
ithin the mid or distal arch may have contributed to prevention
f these complications. Ultimately, further technological refine-
ents and new endograft designs will likely address all such

ssues in the near future.
The training issues are enormously important and difficult to

ort out. I would like to emphasize the point that thoracic
ndovascular procedures can be extraordinarily difficult to per-
orm, even for seasoned interventional specialists. The thoracic
orta is not the place to start one’s endovascular experience,
ame as repair of arch aneurysms is not where surgical trainees
ould begin. It would be very difficult to achieve minimum

cceptable competency to perform these procedures without a
revious overall endovascular background and training. An-
ther potential pathway would be an association or collabora-
ion with an interventional specialist.

I really appreciate the opportunity to present this information.

hank you very much.
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