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Thoracic Aortic Endografting Is the Treatment of Choice for
Elderly Patients With Thoracic Aortic Disease
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Benjamin B. Peeler, MD,* Nancy L. Harthun, MD,* Tae Chong, MD,* Kenneth J. Cherry, MD,*
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Objective: To assess the effect of age on outcomes following
thoracic aortic endografting.
Summary Background Data: Endograft therapy for thoracic aortic
disease is rapidly evolving. This therapy is less invasive, and elderly
patients with significant medical comorbidities are more frequently
referred for endografting. We hypothesized that elderly patients over
the age of 75 have worse outcomes after thoracic endografting than
patients under the age of 75.
Methods: We retrospectively reviewed the charts of the first 42
patients who underwent endografting for thoracic aortic pathology.
Charts were reviewed for demographics, comorbid conditions, periop-
erative complications and death, endoleaks, and results at 3, 6, and 12
months. Preexisting medical conditions were also evaluated to deter-
mine if any patient characteristics were associated with adverse out-
comes. Perioperative morbidity included cardiac, pulmonary, renal, hem-
orrhagic, and neurologic (stroke and spinal cord injury) complications.
Results: Twenty-four patients were under the age of 75, and 18
patients were 75 or older. Baseline demographics and comorbidities
were similar between the 2 groups. There were no differences in
operative time, length of stay, perioperative mortality, or the inci-
dence of significant complications between the 2 age groups. Gen-
der, however, was associated with a statistically significant differ-
ence between the occurrence of complications, with more women
experiencing complications than men (P � 0.026, relative risk �
2.36). One patient (age �75 years) in the entire cohort of 42 (2.4%)
suffered a spinal cord injury. At 3 months, endoleaks were more
common in the older age group (P � 0.059).
Conclusion: Endograft therapy for thoracic aortic disease can be
performed safely in elderly patients with no significant increase in
perioperative morbidity or mortality compared with younger pa-
tients. Female gender is associated with a higher likelihood of
perioperative complications, regardless of age. The overall inci-
dence of spinal cord injury is very low. Endograft therapy, when
anatomically possible, is the treatment of choice for thoracic aortic
disease in elderly patients.

(Ann Surg 2006;243: 815–823)

Endovascular therapy for thoracic aortic aneurysms, pene-
trating ulcers, traumatic transections, and other diseases of

the aorta is rapidly progressing. Presently, one device is FDA
approved and commercially available in the United States for
the treatment of thoracic aortic aneurysms, and at least 2
other devices are in clinical trials. Compared with conven-
tional open surgery, endograft repair is associated with a
shorter hospital stay, improved early recovery, and lower
perioperative morbidity and mortality rates.1 This is particu-
larly well studied in the treatment of abdominal aortic aneu-
rysms and is becoming increasingly well documented for
thoracic aortic aneurysms as well.2

The influence of age on outcomes following endovascular
treatment of the thoracic aorta is less well documented. Previous
studies have demonstrated higher perioperative complication
rates for elderly patients undergoing conventional open aortic
surgery compared with younger patients, and age is often
found to be an independent risk factor for postoperative
complications following thoracic aortic surgery.3–5 Because
older patients are more likely to be afflicted with comorbid
medical conditions, which may have a negative impact on
open surgical outcomes, endovascular therapy may be ideally
suited for such patients. The influence of age, independent of
other medical comorbidities, is not fully understood with
regards to its impact on outcomes following thoracic aortic
endografting. Based on the studies on open thoracic aortic
surgery, we hypothesized that elderly patients (over the age
of 75) have worse outcomes than their younger counterparts
(patients under the age of 75) following endovascular treat-
ment of the thoracic aorta.

METHODS
This study was reviewed and approved by the Human

Investigation Committee of the University of Virginia Health
System. Data were retrospectively analyzed after being col-
lected and stripped of all patient identifiers. This retrospective
hospital and chart review was carried out on the first 42
consecutive patients undergoing endovascular stent graft
therapy for thoracic aortic aneurysms, penetrating ulcers,
intramural hematomas, or traumatic aortic injuries, and in-
cluded all patients undergoing thoracic aortic endografting at
the University of Virginia from 1999 through October 2005.
Patients were offered endografting based on the availability
of an endograft (during clinical trials prior to FDA approval)
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and appropriateness of anatomy. No patients were excluded
or included specifically based on the presence or absence of
other medical conditions. Patients deemed not to be candi-
dates for conventional open surgery were offered endograft-
ing only if they had appropriate vascular anatomy.

Patients were divided into 2 groups: those under the age
of 75 and those 75 years or older. Baseline demographics and
preexisting medical conditions were documented and re-
corded for each patient and are demonstrated in Table 1. The
groups were analyzed and compared for their preexisting
medical conditions, operative times, hospital stay, complica-
tions (including hemorrhagic, renal, cardiac, pulmonary, neu-
rologic, and peripheral ischemic), as well as for the presence
of an endoleak (diagnosed with CT or MR angiography)
within the first 1, 3, 6, or 12 months postoperatively. Aneu-
rysm expansion and the subsequent need for reintervention
(due to expansion or endoleak) as well as early and late
mortality were also evaluated. The groups were evaluated for
differences in adverse events and results, and a risk factor
analysis was done to identify any significant predictors of
adverse outcomes.

All patients underwent thoracic aortic endografting
using either a commercially available device or a manufac-
tured device as part of an FDA-approved clinical protocol.
All devices were inserted through the femoral or iliac artery,
either through a direct arteriotomy, a Dacron conduit, or a
percutaneous route. All patients received general anesthesia.
Patients who underwent endografting of their thoracic aorta
simultaneously during another operation or through an as-
cending aortic conduit through a sternotomy were excluded
from this study. All patients underwent preoperative CT or
MR angiography to size the device and plan the procedure,
while digital subtraction angiography and intravascular ultra-
sound were used selectively or as required by clinical proto-
cols. Patients underwent postoperative imaging (CT or MR
angiography) at 1, 3, 6, and 12 months postoperatively, or as
mandated by clinical protocols.

Four patients (3 younger than 75 years, 1 older than 75
years) underwent pre-endograft carotid to subclavian artery
bypass or subclavian artery transposition to allow safe cov-
erage of the left subclavian artery and provide an adequate
proximal landing zone for the endograft. These patients had
evidence of an incomplete circle of Willis with dependence

on the left vertebral artery, or were left vertebral artery dominant
based on preoperative CT or MR angiography. No patients
suffered complications from these adjunctive procedures.
One patient (younger than 75 years) underwent celiac artery
embolization prior to her endograft to obtain an adequate
distal landing zone. This patient had adequate collateraliza-
tion of her celiac artery through her superior mesenteric
artery as documented by arteriography and had no complica-
tion as a result of her celiac artery embolization or subsequent
endografting.

Statistical Analysis
Measurements for quantitative variables are reported as

mean � standard error of the mean (SEM). Student 2-sample
t tests were used to determine if these variables were signif-
icant risk factors. A univariate analysis of the qualitative
variables was performed using either a �2 analysis or a Fisher
exact test. Relative risk was computed to determine the strength
associated with certain risk factors. Results were determined to
be significant using the 5% significance level. Kaplan-Meier
curves, and mean and median implant days were evaluated
for both groups.

RESULTS
Thoracic endografting was successfully accomplished

in all patients. The age range in the under 75 group was 29 to
74 with a mean � SEM of 62.4 � 2.8 (SEM) years. The age
range in the 75 and over group was 75–82 with a mean of
78.6 � 0.5 (SEM). All patients underwent endografting for
focal aneurysmal disease, symptomatic penetrating ulcer or
intramural hematoma, or traumatic aortic injury. All patients
with traumatic aortic injury were in the younger age group.
None of the patients in either group had frank leak or rupture
at the time of endografting, and no patients were treated
emergently. Hypertension was the only pre-existing comor-
bidity that was more frequent in the older age group, but this
did not reach statistical significance (P � 0.076). All other
pre-existing comorbid conditions were similar between the 2
groups as shown in Table 1. There were more females in the
younger age group (P � 0.032). Kaplan-Meier curves for
length of implant and mean and median length of implant
were not statistically different between the 2 groups (Fig. 1).

Measured outcomes were similar between the 2 age
groups (Table 2). Operative time, length of hospital stay, the
need for blood transfusions, and significant postoperative
complications (pulmonary, renal, cardiac, neurologic, hemor-
rhagic, and embolic) were not statistically different between
the 2 groups. Mean length of stay in the older group was
9.7 � 3.6 (SEM) days and ranged from 2–66 days, while
mean length of stay in the younger group was 10.0 � 2.2
(SEM) days and ranged from 2 to 40 days. Ten of the 18 patients
75 years or older (56%) and 12 of the 24 patients younger than
75 years (50%) were discharged in under 5 days.

The overall stroke rate was 7.1% (11% in the older
group vs. 4.2% in the younger group, P � 0.57) and the
overall spinal cord injury rate was 2.4% (5.6% in the older
group vs. 0% in the younger group, P � 0.43). None of the
strokes was fatal. One patient (under 75) who underwent
pre-endografting carotid to subclavian artery bypass had a

TABLE 1. Patient Characteristics

74 and Under
(n � 24)

75 and Over
(n � 18) P

Age 62.4 � 2.8 78.6 � 0.5 0.0000031

Gender (M:F ratio) 1:2 2:1 0.03

Hypertension 58.3% 83.3% 0.08

Renal insufficiency 12.5% 11.1% 0.69

CVA 12.5% 27.8% 0.26

COPD 33% 33% 1.00

CAD 33% 33% 1.00

PVD 17% 33% 0.28

CVA indicates cerebrovascular accident; COPD, chronic obstructive pulmonary
disease; CAD, coronary artery disease; PVD, peripheral vascular disease.
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stroke during the endograft procedure. There was one early
death in the entire series, yielding a procedure related mor-
tality rate of 2.4% (5.6% in the older group vs. 0% in the
younger group, P � 0.43). The single death occurred in a
77-year-old woman with postprocedural pulmonary insuffi-
ciency (requiring a tracheostomy), renal failure, and spinal
cord injury. There were no other spinal cord injuries in the
entire series. Pulmonary insufficiency was the most common
complication seen in the older group, occurring in 22% of
these patients versus 8.3% in the younger group (P � 0.38).
Two patients, both in the older age group, required a trache-
ostomy. While all immediate postoperative complications
were evenly distributed between the 2 age groups (Fig. 2),
female gender was a risk factor for complications in general
(P � 0.026, relative risk 2.36), and was a strong risk factor
for pulmonary complications (P � 0.022) (Fig. 3).

Endoleaks were seen with equal frequency in both groups
within the first month after endografting (22% in the older group
vs. 12.5% in the younger group, P � 0.44), but by 3 months
were seen more commonly in the older patients (38.5% vs.
5.6%, P � 0.059) (Fig. 4). Immediate type I endoleaks

occurred in 2 patients in the younger group and in one patient
in the older group. One of the younger patients with a type I
endoleak had spontaneous resolution of his endoleak by 1
month while the other 2 patients were treated with catheter-
based embolization when the endoleak persisted for more
than 1 month. This was unsuccessful in both patients; how-
ever, one was then treated successfully with an endograft
extension. A total of 6 of the 42 patients required secondary
endovascular interventions for worsening or persistent en-
doleaks, with or without aneurysm expansion or extension. In
addition to the 3 patients with type I endoleaks, 3 other
patient underwent endograft extension or “repaving” to treat
either a type II or type III endoleak, or aneurysm extension
beyond the original endograft. No significant complications
or deaths resulted from the secondary interventions. Second-
ary interventions were successful in 4 of the six. To date,

TABLE 2. Postoperative Outcomes

74 and Under
(n � 24)

75 and Over
(n � 18) P

Length of stay (days) 10 � 2.2 9.7 � 3.6 0.96

Operative time (min) 205.8 � 20 176.8 � 70 0.28

Blood transfusion (%) 25 16.7 0.71

Death (%) 0 5.6 0.43

Endoleaks (%) 12.5 22.2 0.44

Stroke rate (%) 4.2 11.1 0.57

Spinal cord injury (%) 0 5.6 0.43

Pulmonary complication (%) 8.3 22.2 0.38

Cardiac complication (%) 0 11.1 0.18

Renal failure (%) 8.3 5.6 1.00 FIGURE 2. Comparison of complications after endovascular
treatment with respect to age group.

FIGURE 1. Kaplan-Meier curve evaluat-
ing implant days for both groups with
mean and median follow-up.
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isolated type II endoleaks through patent intercostal arteries
alone have not required treatment because these have not
been associated with aneurysm expansion.

DISCUSSION
The natural history of many thoracic aortic disease

processes is becoming better understood. While the tendency
at times may be to not offer elective surgery to older patients
with thoracic aortic aneurysms because of the increased
surgical risk associated with a thoracotomy and aortic cross
clamping in this frail population, the natural history of many
untreated thoracic aortic diseases can be unfavorable. Kawachi
et al performed a comparative study of the natural history and
operative results in patients older than 75 years with thoracic
aortic aneurysms.6 These authors concluded that patients over
75 years with asymptomatic thoracic aneurysms over 6 cm
should undergo an elective operation if they are in generally
good condition. In this study, the 3-year survival rate was
41% for patients undergoing nonsurgical observational man-

agement, versus 83% for patients undergoing successful elec-
tive open surgical repair. In a similar fashion, Davies et al
performed a retrospective review of 570 patients with tho-
racic aortic diseases.7 Five-year survival in patients not op-
erated on was 54% and aneurysm size was a very strong
predictor of rupture, dissection, and mortality. In this study,
death, rupture, or dissection occurred at a rate of 15.6% per
year for patients with an aneurysm greater than 6 cm. The
authors concluded that elective repair should be considered
for patients with aneurysms greater than 6 cm.

While the natural history of thoracic aortic aneurysms
greater than 6 cm is often less than favorable, the surgical
treatment, particularly of elderly patients, can be a formidable
challenge. Although associated medical comorbid conditions
are often responsible for less than ideal results following open
thoracic aortic surgery in elderly patients, studies have shown
that increasing age is itself a predictor of operative mortality
and poor outcomes. Coselli et al performed a risk factor analysis
in 1220 consecutive patients undergoing thoracoabdominal
aneurysm repair from 1986 to 1998 using multiple logistic
regression with stepwise modeling.3 For elective cases, in-
creased age was a strong predictor of operative mortality. In
a later study by Coselli et al, multivariable analysis revealed
that increased age, along with renal insufficiency, and in-
creased red cell transfusion requirements were the 3 predic-
tors for mortality following open surgical repair in patients
with Crawford extent II thoracoabdominal aortic aneurysms.8

In a large study that illustrated the difficulties of oper-
ating on elderly patients with thoracic aortic aneurysms,
Okita et al reviewed the results of over 1000 patients who
underwent standard open surgery for thoracic aortic disease
between 1978 and 1997.5 In this study, 261 patients were 70
years or older and were compared with 896 patients under the
age of 70 years. Early mortality, postoperative stroke, respira-
tory difficulties, and time in the intensive care unit were all
significantly worse in the elderly group of patients. Even in the
most contemporary patients (1991–1997), 30 days in hospital
postoperative mortality was significantly higher in the older
patients versus the younger patients (15.6% vs. 8.6%, P �
0.03). Logistic regression analysis revealed that age over 70
years was one of 7 patient-related preoperative variables that
were significant risk factors for postoperative hospital death.
In a similar type of review, Miller et al used a complex
statistical analysis to describe the 30-day rate of renal failure,
neurologic deficit, stroke, or death following thoracoabdomi-
nal aneurysm repair in 841 patients.4 Age was 1 of only 5
predictors for at least 1 of the 4 adverse outcomes.

The development of aortic endografting and the appli-
cation of this technology to treat thoracic aortic disease were
first described in the early 1990s. Dake et al reported in 1994
on the feasibility of stent-grafts to treat descending thoracic
aortic aneurysms, including dissections.9 While the matura-
tion of stent-graft technology has significantly changed the
treatment algorithm for patients with abdominal aortic aneu-
rysms over the last several years, the widespread use of this
technology to treat thoracic aortic pathology has lagged
behind. In general, patients with thoracic aortic aneurysms,
particularly those who are older, face higher risks with

FIGURE 4. The percentage of endoleaks within the initial
month after treatment and 3 months after treatment.

FIGURE 3. Comparison of complications after endovascular
treatment with respect to gender.
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standard open surgery, and may derive more benefit from
stent-graft therapy than their counterparts with aneurysms
limited to the infrarenal aorta. However, despite the logical
assumption that high-risk and elderly patients with thoracic
aortic aneurysms would fare better with less invasive therapy,
little data are available to support this notion. The EUROSTAR
collaborators recently reported their results with endografting in
patients over the age of 80 years with abdominal aortic aneu-
rysms and compared them with patients younger than 80
years.10 Whereas the authors concluded that endovascular aneu-
rysm repair should be considered for elderly patients with
appropriate anatomy, the 30-day in-hospital mortality was
higher in the octogenarians compared with the younger patients
(5% vs. 2%, P � 0.0001). In addition, more device-related
complications, systemic complications, and bleeding complica-
tions were noted in octogenarians. Another recent report by the
EVAR participants evaluated the results of endografting for
abdominal aortic aneurysms.11 For many high-risk elderly pa-
tients with abdominal aortic aneurysms over 5.5 cm, close
observation may yield similar survival rates as endovascular
treatment.

Ehrlich et al in 1998 compared the results of endograft-
ing versus open surgery for the treatment of descending
thoracic aortic aneurysms.12 In this report, 68 patients under-
went replacement of the thoracic aorta: 58 underwent con-
ventional open repair and 10 underwent endografting with a
commercially manufactured device. The 30-day mortality in
the conventional surgery group was 31% versus 10% in the
patients undergoing endografting. In addition, operative time,
spinal cord injury rate, ICU, and hospital stay were all signifi-
cantly higher in the conventional surgery group. This was one of
the first studies to document the benefits of endografting over
conventional surgery for the treatment of thoracic aortic aneu-
rysms. Other studies have corroborated the benefits of endograft-
ing for thoracic aortic disease, but few have evaluated the impact
of patient age. Two independent case-controlled studies evalu-
ating the short-term and midterm results of endografting for
descending thoracic aortic disease have demonstrated improve-
ments in perioperative morbidity, ICU and hospital stay, and
hospital costs, with one study showing lower 30-day mortal-
ity and comparable complication rates in older patients com-
pared with those undergoing open surgery.13,14 Improve-
ments in midterm and long-term life expectancy, however,
have yet to be realized in older patients undergoing en-
dografting for thoracic aortic disease. One other recent study,
in addition to our present study, evaluated age as a determi-
nant of postinterventional outcome following thoracic aortic
endografting. Eggebrecht et al evaluated the determinants of
outcome following stent-graft treatment of aortic dissec-
tion.15 Multivariable analysis revealed that poor preoperative
clinical health status (ASA �3) and increased age were the only
independent determinants of postinterventional mortality.

Our present study was undertaken to test the hypothesis
that older patients fare more poorly than younger patients
following thoracic aortic endografting. All thoracic aortic dis-
ease processes other than chronic dissections were included in
this review. In our study, medical comorbidities and demo-
graphic characteristics were remarkably similar between the

older and younger age groups. Operative time, the need for
blood transfusions, postoperative complications, and length of
hospital stay were similar between the 2 groups. Only one early
postoperative death occurred in the entire series (1 of 42, 2.4%).
Although this death occurred in the older age group, there was
no statistically significant difference in mortality between the
younger and older patients. In addition, the rate of spinal cord
injury was also very low (2.4% overall) and no different
between the 2 age groups. The mortality and spinal cord
injury rates observed in our present study compare favorably
to all contemporary reports of open surgical repair of thoracic
aortic aneurysms.16 A persistent endoleak at 3 months was
the only complication that was more commonly seen in the
older patients. Whether or not this complication will predict-
ably lead to recurrent interventions and predispose these
patients to further risk is unknown. Six patients have under-
gone secondary interventions to treat persistent or worsening
endoleaks, with success in four of the six. Fortunately, no
procedure-related complications have resulted from these
secondary interventions. While other studies have demon-
strated a cost benefit with thoracic aortic endografting as
compared with open thoracic aortic surgery, it is unclear if
this benefit will be durable given the need for continued
follow-up, imaging, and the potential for secondary interven-
tions required for endograft patients.14 One unexpected find-
ing in our study was the significance of female gender and its
association with more complications (relative risk 2.36, P �
0.026). This was in spite of the fact that females were more
prominent in the younger age group. Female gender was also
associated with longer operating times; and while it is pos-
sible the longer operating times were due to smaller vessels
and the greater need for access conduits, whether or not this
should have resulted in more complications is unclear (Table 3).

CONCLUSION
Our data demonstrate that older patients do as well as

their younger counterparts after thoracic aortic endografting.
While this study has several limitations, including those of
being a retrospective review, being nonrandomized, and hav-
ing no direct comparison to conventional surgical patients,
we believe the data lend support to the use of endograft repair
of thoracic aortic diseases in the elderly. Age alone should
not be a criterion for withholding endograft therapy from
patients with thoracic aortic aneurysms, intramural hemato-
mas, or penetrating ulcers. Although advanced age is an
independent risk factor for mortality after open thoracic
surgery, in our experience, it does not appear to be a risk
factor for mortality after thoracic aortic endografting. These
data support the assumption that older patients with thoracic

TABLE 3. Gender Comparison

Male Female P

Age 73.3 � 2.0 65.8 � 3.2 0.06

Operative time (min) 149.6 � 13 234.6 � 20 0.001

% of all complications 27.8 72.2 0.026

Length of stay (days) 6.4 � 1.6 13 � 3.3 0.08
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aortic pathology should be considered for thoracic aortic
stent-grafts if the anatomy is suitable.

ACKNOWLEDGMENTS
The authors thank Anthony Herring, Cynthia Dodson,

and Dot Cage for their efforts and technical assistance in
gathering these data and completing this project.

REFERENCES
1. Greenberg R, Resch T, Nyman U, et al. Endovascular repair of descend-

ing thoracic aortic aneurysms: an early experience with intermediate-
term follow-up. J Vasc Surg. 2000;31:147–156.

2. Heijmen RH, Deblier IG, Moll FL, et al. Endovascular stent-grafting for
descending thoracic aortic aneurysms. Eur J Cardiothorac Surg. 2002;
21:5–9.

3. Coselli JS, LeMaire SA, Miller CC 3rd, et al. Mortality and paraplegia
after thoracoabdominal aortic aneurysm repair: a risk factor analysis.
Ann Thorac Surg. 2000;69:409–414.

4. Miller CC 3rd, Porat EE, Estrera AL, et al. Analysis of short-term
multivariate competing risks data following thoracic and thoracoab-
dominal aortic repair. Eur J Cardiothorac Surg. 2003;23:1023–1027.

5. Okita Y, Ando M, Minatoya K, et al. Early and long-term results of
surgery for aneurysms of the thoracic aorta in septuagenarians and
octogenarians. Eur J Cardiothorac Surg. 1999;16:317–323.

6. Kawachi Y, Nakashima A, Kosuga T, et al. Comparative study of the
natural history and operative outcome in patients 75 years and older with
thoracic aortic aneurysm. Circ J. 2003;67:592–596.

7. Davies RR, Goldstein LJ, Coady MA, et al. Yearly rupture or dissection
rates for thoracic aortic aneurysms: simple prediction based on size. Ann
Thorac Surg. 2002;73:17–28.

8. Coselli JS, LeMaire SA, Conklin LD, et al. Morbidity and mortality after
extent: II. Thoracoabdominal aortic aneurysm repair. Ann Thorac Surg.
2002;73:1107–1116.

9. Dake MD, Miller DC, Semba CP, et al. Transluminal placement of
endovascular stent-grafts for the treatment of descending thoracic aortic
aneurysms. N Engl J Med. 1994;331:1729–1734.

10. Lange C, Leurs LJ, Buth J, et al. Endovascular repair of abdominal aortic
aneurysm in octogenarians: an analysis based on EUROSTAR data.
J Vasc Surg. 2005;42:624–630; discussion 630.

11. EVAR Trial Participants. Endovascular aneurysm repair versus open
repair in patients with abdominal aortic aneurysm (EVAR trial 1):
randomised controlled trial. Lancet. 2005;365:2179–2186.

12. Ehrlich M, Grabenwoeger M, Cartes-Zumelzu F, et al. Endovascular
stent graft repair for aneurysms on the descending thoracic aorta. Ann
Thorac Surg. 1998;66:19–24.

13. Brandt M, Hussel K, Walluscheck KP, et al. Stent-graft repair versus
open surgery for the descending aorta: a case-control study. J Endovasc
Ther. 2004;11:535–538.

14. Glade GJ, Vahl AC, Wisselink W, et al. Mid-term survival and costs of
treatment of patients with descending thoracic aortic aneurysm. Endo-
vascular vs. open repair: a case-control study. Eur J Vasc Endovasc
Surg. 2005;29:28–34.

15. Eggelbrecht H, Herold U, Kuhnt O, et al. Endovascular stent-graft
treatment of aortic dissection: determinants of post-interventional out-
come. Eur Heart J. 2005;26:431–432.

16. Huynh TT, Miller CC 3rd, Estrera AL, et al. Thoracoabdominal and
descending thoracic aortic aneurysm surgery in patients aged 79 years or
older. J Vasc Surg. 2002;36:469–475.

Discussions
DR. JOHN W. HAMMON, JR. (WINSTON-SALEM, NORTH

CAROLINA): I would like to make a comment related to the title
of the manuscript. When I first read this I got very excited,
hoping that we were going to see a comparison between
endografting of the thoracic aorta with the very excellent

series that the University of Virginia has in open repair of
thoracic aortic aneurysms. I suspect that is going to have to
wait for a future publication. At any rate, I do feel that there
are a couple of areas here that have been brought out in the
presentation that I would like to elaborate on and maybe ask
a couple of questions.

The first, and as you said, a very unexpected finding,
was that of gender; 72% of all the complications in this series
occurred in women. Plus, many of the women were in the
younger age group. It is obvious that this fits into the same
classification as stenting of coronary disease, coronary bypass
surgery, in that women have a higher incidence of complica-
tions, and perhaps mortality. I am wondering if you have any
thoughts on this. Does this have to do with the learning
curve? Were there more women early in the series? Does it
have to do with perhaps bulkier devices? I think it is very
important that we try and understand this phenomenon.

There were very few differences between the older and
the younger group overall, particularly related to complica-
tions, although late endoleaks were more common in the
older group. Since this series has only been followed for a
year, I was wondering if you had any speculation as to if you
think these late endoleaks, which may be related perhaps to
calcification of the landing zone or tortuosity of vessels, are
going to make the late results worse in the elderly patients.

I would also like to have you give us some information,
if you could for educational value, on the number of patients
during this time period that were seen, evaluated, and oper-
ated using an open technique for thoracic aortic aneurysm so
that we understand the differences in selection between these
two groups.

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): From
the standpoint of being able to do a direct comparison of open
repair versus endografting in older patients, although we do a
large volume of thoracic aortic surgery and this endograft expe-
rience represents probably about one third to one half of our
practice, it is too difficult, I believe, to get enough numbers to
accurately answer that question. The influence of age on open
thoracic aortic surgery is well documented in the literature,
and we simply wanted to review our experience with en-
dografting to see if age is an important risk factor when it
comes to endografting these older folks, as it is in conven-
tional surgery. The issue of the significance of female gender
is a finding that was totally unexpected. I don’t know that we
have a good explanation for this. Certainly, we need to give
it more thought. It might be something along the lines, as you
pointed out, as with our experience in coronary stents in
females. One of our hypotheses, however, from the stand-
point of aortic endografting, is that women in general have
smaller vessels, which prompted the need for more cut-down
procedures on the iliacs and even the distal aorta.

Even though most of these patients were operative
candidates, meaning they were safe for general anesthesia,
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not all of them were. Having said that, all of them did get
general anesthesia. So it might be just a compilation of
several small factors leading up to the fact that in the long
run, statistically, women did more poorly with more compli-
cations. However, it did turn out to be a significant difference
for the female gender.

The late endoleak issue continues to be a problem. We
really generated the greatest number of these patients over the
last year. So we don’t have very long follow-up for the
majority of these patients. In addition, within our experience,
we have essentially used three different devices during the
study period. We did not do a subgroup analysis to see if the
device played a role in the presence of late endoleaks. We
simply did not have enough numbers, I believe, to do a
subgroup analysis. Patients treated in the early part of our
experience were treated with the Medtronic AneuRx device,
which, we believe, has a little stiffer radial hoop strength. The
device most commonly used now is the FDA-approved Gore
TAG device, which, we believe, has a little less radial hoop
strength. This may be important because our first 4 or 5
patients who underwent treatment with the AneuRx device
essentially developed no late endoleaks. So we may be
finding, that if you have a patient who is a bit older and who
has more calcium in the landing zone, a device with more
radial hoop strength may be beneficial.

DR. JULIE ANN FREISCHLAG (BALTIMORE, MARYLAND): I
had a few questions. A couple of them were taken by Dr.
Hammon.

But in your open group which you had, have you seen
this gender factor as well? Do your women in the group that
you take care of open, do they have more complications?
Because in the abdominal aortic aneurysm endovascular
group, women had more trouble, but it was mainly in device
deployment. Once the device was in by the conduit, or was
aborted, they started to still do as well. It was not complica-
tions following the procedure which you really saw in your
results here.

What is your follow-up time? I was a little unclear
about your average follow-up time for your group of patients.
It sounds like it is somewhere between 3 months and 12
months, but I don’t think you told us.

In the prospective randomized study we are doing in the
V.A. of endograft versus open for infrarenal aneurysms, we
have randomized almost 560 patients now. They gave us 5
million more dollars, so we are hoping to get to almost a
thousand. And we find, after the first year, they tend to still
have as many troubles in the endogroup as the open group.
The halo effect of having a more minimal operation goes
away and they start getting their cancer, heart disease, and
more endoleaks. So certainly watching later, that is certainly
what we are finding now that we are 3 and a half years into
ours.

Have you done emergent patients? We find that is
probably the most important group to have this available for,
because those do so poorly. If so, how was your outcome?

And the pulmonary complications. I thought you would
avoid the pulmonary complications of these patients because
that really does them in, at least a fourth of them. And I am
just amazed you had such a high increase of pulmonary
complications, even though you didn’t make that big incision
on the chest.

And my final question was about your technique of
treating the endoleaks, which may be beyond this group but
I am interested. Embolization of a proximal endoleak has not
worked in infrarenal aortic aneurysms, and one of yours did
and one didn’t. What did you use and what did you do to the
one that failed? You also had one extension that didn’t work.
What did you do with that patient? Are you just watching
those 2 patients to see if the aneurysm grows?

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): This is
a very good question, and I really cannot answer for sure
whether or not we see more complications in our female
patients who have undergone open thoracic aortic surgery. It
in general has not been my impression; however, we have not
looked at it scientifically.

In terms of the follow-up, this is a tricky issue. If you
look at the median follow-up time for this group, it is
somewhere in the 30-month range. Perhaps not quite that
long. The mean follow-up is quite short, probably somewhere
around 12 months.

How things are going to pan out down the road, we
cannot say for sure. I am a bit concerned about the potential
lack of radial hoop strength for the FDA-approved Gore
device and how this may prove to be more of an issue,
particularly as we try to treat lesions other than aneurysmal
disease and lesions close to the aortic arch.

Up to this point in time, we have not done any emer-
gent procedures; well, we have done one very recently. We
have, however, done several urgent patients, and I have no
reason to suspect that doing these patients on an emergent
basis will necessarily pan out any differently. It is simply a
matter of having enough stock on the shelves, which gets into
a cost issue.

In terms of the surprising rate of pulmonary complica-
tions, which is the one thing that we thought we would see a
lot less of, I think our numbers are still a bit too small to make
any sound conclusions. Again, even though the bulk of these
patients were indeed operative candidates, there were about 8
of them which were clearly less than ideal open thoracic
aortic surgery candidates. As we know, one of the reasons
patients are not candidates for open thoracic aortic surgery is
usually for pulmonary issues. Having said that, all of the
patients did indeed undergo general anesthesia. As a result, I
think there as a small group of patients who were quite frail
from a pulmonary standpoint who nevertheless underwent
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general anesthesia; in addition, they may have been female
patients requiring an aortic or iliac cut-down, and as a result,
the complications were more likely seen in this group.

In terms of the techniques utilized for treating the en-
doleaks, that is an evolving process. Depending on the location
of the original aneurysm and the length of the landing zones,
sometimes if an endoleak is a proximal or distal type I endoleak,
additional stent grafts can be placed. Treatment of type II
endoleaks, however, could prove to be a bit trickier. Fortunately,
we have had no patients with aneurysm growth in whom we
have seen a type II endoleak.

We have had 2 patients die with type I endoleaks who
we have intervened upon endovascularly. Both of these
patients were nonsurgical candidates; and in one, we were
able to successfully treat the endoleak with coil embolization
of the proximal type I endoleak. The other patient was unable
to be treated and we simply are at a loss to be able to offer her
any further treatment.

DR. ALI F. ABURAHMA (CHARLESTON, WEST VIRGINIA): I
still feel like the issue of endoleak is a very critical issue to be
brought before this audience. If you don’t have the exact
measurement of the landing zone proximally and distally, or
the angulation, it is difficult to say that older patients have
more endoleaks than younger patients because all of us know
that you aren’t dealing with the same thoracic aorta in
78-year-old patients as you are in younger patients.

Secondly, your mean operative time was surprisingly
long. I noticed most of your patients had a few hours of surgery.
Most of the studies so far, including our work, reported a much
shorter operative time. Were there any factors in your group
which made the procedure longer?

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): In
terms of the endoleaks and the causes, this is true. We are
learning as we are going. Every patient we do, we feel we
gain a great deal of knowledge about the limits of endograft-
ing when it comes to tortuosity of the aorta. We believe the
tightness of the radius of the arch is also very important. Not
so much along the greater curve, but the lesser curve. All of
these issues are coming into play. We are hopeful that one
day we will have formulas perhaps, and even computer
software, to help us figure out if we can truly treat someone
endovascularly.

From the standpoint of operating time, we do our
endografts in the interventional radiology suite. It is not a true
standard operating room and, therefore, all of our equipment
is not right outside the door. There is a fair amount of
downtime that has been factored into the total operating time
for these patients. We do recognize our times are a bit longer
than what most other folks are reporting. It is also possible
that the longer operating times may have played a role in the
increased rate of pulmonary complications that we have
noticed in our patients.

DR. NORMAN E. MCSWAIN, JR. (NEW ORLEANS, LOUISIANA):
Realizing that this is a paper comparing ages, you did men-
tion in answer to a previous question that you did one trauma
patient. Would you elaborate a little bit on that trauma
patient? What were your indications for doing it? Why did
you do it? Why did you choose this over the open technique,
over nonoperative management, et al? Just a couple of your
thoughts as to what place this device is going to play in the
management of trauma.

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): I think
that is an absolutely great question, and I think we are going
to really see a change in the way we treat traumatic aortic
injuries. In order to avoid confusion, however, I would like to
make a point. The patient that I mentioned in response to Dr.
Fleischlag’s question was the one patient treated as a true
emergency, and this was done within the past week and was
not included in our study. This study included our first 42
patients up through October of this year, who were all
elective or, at the most, urgent patients. In the present study,
however, there were 4 patients with traumatic aortic injuries
who we treated on an urgent basis. In these 4 patients, endovas-
cular therapy worked extremely well.

One of our patients with a traumatic aortic injury whom
we treated endovascularly did indeed have a very small type
I endoleak immediately after the repair. However, when we
re-imaged him 1 month later, the endoleak had resolved. I
think that case reflects the fact that most people with trau-
matic aortic injuries have otherwise normal aortas with no
associated calcification or atherosclerotic disease. As a result,
with a compliant aorta, I believe we will see type I endoleaks
less frequently.

Whether or not we will be able to treat all patients with
traumatic aortic injuries endovascularly waits to be seen. I do
believe, given the fact that these patients tend to have normal
aortas, that we may be able to treat patients successfully with
minimal landing zones above and below the injury.

DR. L. D. BRITT (NORFOLK, VIRGINIA): I have to raise
some concerns about trauma because, in all fairness, a dis-
section is not a rupture. A traumatic injury is a transmural
rupture through all the layers of the wall with, perhaps only
the adventitia intact.

So, I would ask the following question: If you feel that
endovascular stenting is appropriate for trauma, should we be
concerned about stent migration, the possibility of endoleak,
and compliance issues? As you know, once you insert an
endoluminal stent, the patient has to be followed for life! I am
lucky to see my trauma patients once, much less having to
follow them for life?

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): Dr.
Britt, I appreciate your comments and your questions are very
appropriate. As I said, however, I do believe we are learning
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as we are going. Clearly, there is a spectrum of traumatic
aortic injuries, from small intimal flaps to complete transsec-
tions. I think patients with intimal flaps and those without
complete transsections, we will certainly be able to treat with
very short devices and we will likely see most of those folks
do well over the long term. Patients with more complete
transsections certainly would need to be followed much more
closely to see if we are really curing them of their injury.

I have some of your same concerns over the long term
for the potential of stent graft migration and what we will
need to do should this occur. Obviously, we will not be able
to figure this out if we cannot follow the patients longitudi-
nally. As a result, I do believe we need to be very thoughtful
and careful as we move forward in treating patients with
traumatic aortic injuries and most of these patients should
probably be treated at tertiary high-volume centers in whom
we can make a very serious effort to make sure we follow
these patients long term.

DR. MARC E. MITCHELL (JACKSON, MISSISSIPPI): My ques-
tion has to deal with the left subclavian artery. In our somewhat
smaller series, we find that quite frequently we have to cover
the left subclavian artery. I am wondering if in your study any
of the patients had the left subclavian covered and if the
incidence of type 1 leaks is related to covering the left
subclavian?

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): I can’t
say that we have looked at it statistically to say if covering the
left subclavian or crossing the left subclavian and taking care
of it has increased the rate of type I endoleaks. It does not
appear to have done so.

From a standpoint of how we handle the left subcla-
vian, preoperatively all patients undergo a CT angiogram or
an MR angiogram of their cerebral circulation to evaluate the
completeness of their circle of Willis. If their intracranial
circulation is not dependent on the left vertebral artery, then
we will go ahead and cover the left subclavian and not worry
about performing any prophylactic carotid-to-subclavian by-
pass. So far, we have had no problems with this.

More interesting are those patients with aberrant left
vertebral arteries coming directly off the aortic arch. In these
patients, the vertebral artery is no longer a source of collateral
blood flow to the arm and, as a result, we are not sure how
these folks will do once you cover their vertebral and sub-
clavian arteries. We recently have had one such patient and so
far he has done well, but we are keeping a very close eye on him.

DR. EUGENE M. LANGAN, III (GREENVILLE, SOUTH

CAROLINA): Two questions. When you talk about a type 1
endoleak, are you talking about proximal graft migration or
are you talking about distal enlargement causing a type 2
endoleak with retrograde circulation refilling it? Number two,
if you are having a problem with type 1 endoleaks, have you
used IVIS in order to judge where you are going to place this
to make sure that you can get a good landing zone so you
don’t get type 1 endoleaks?

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): When
we say Type I endoleak, we mean either proximally or
distally at the landing zone of the stent graft, which in essence
would be the anastomosis. As a result, it is either proximal or
distal. At times, it can be difficult to determine for sure
whether or not someone has a type I leak or a type II or type
III leak. As a result, if someone has an enlarging endoleak
and certainly if their aneurysm is enlarging, these patients go
back to the angio suite and undergo arteriogram to better
define where the endoleak is originating. If it is a type III or
IV endoleak or, if it is a type I endoleak and we have room
to land more stent grafts, then we will go ahead and do so and
simply repave the entire area with new grafts. Thus far, we
have not used intravascular ultrasound to see if we can better
identify the source of the leak because we have been able to
do so through our cross-sectional and catheter-based imaging.

DR. RICHARD A. LYNN (WEST PALM BEACH, FLORIDA): I
was going to ask the same question about the subclavians and
the carotid and whether there were any extra-anatomic grafts
having to be done.

DR. JOHN A. KERN (CHARLOTTESVILLE, VIRGINIA): We
have done a few. The ones that we felt were very necessary
were those patients with no right vertebral artery; therefore,
the intracranial circulation was totally dependent on the left
vertebral artery. Obviously, those are the easy scenarios. The
patients in whom it gets a bit more difficult to figure out what
to do are those with the vertebral artery coming directly off
the arch in whom the intracranial circulation is maintained by
the right vertebral, but we no longer have the left vertebral as
a source of collateral blood flow to the arm. We have no way
to figure out ahead of time if, in these patients, by covering
the vertebral and subclavian artery, will the arm be okay
through other sources of collateral flow. From our very small
experience in 1 patient, it appears as though it is possible to
do this.
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