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¤ ¤
Purpose: To analyze the outcomes of endovascular treatment of thoracic aortic pathologies
performed at a single center with the EndoFit thoracic stent-graft system.
Methods: From January 2002 to January 2007, 41 patients (33 men; mean age
69.369.7 years, range 48–84) were treated for thoracic aortic disease with the EndoFit
stent-graft system. Patient data were retrieved from a retrospective review of hospital
records. Indications for treatment were progression of aneurysm size in atherosclerotic
aneurysms (n524, mean aneurysm diameter 7.1961.48 cm), acute contained aortic rupture
(n55), aortic dissection (n56), penetrating atherosclerotic ulcers (n54), post-traumatic
pseudoaneurysm (n51), and post coarctation repair aneurysm (n51).
Results: The EndoFit stent-graft was successfully deployed in all 41 patients. The in-
hospital and 30-day mortality rate was 7.3% (3 patients). Three (7.3%) postoperative
endoleaks were recorded: a proximal type Ia and a distal Ib both resolved spontaneously at
1 and 3 months, respectively. The third patient had a persistent type Ia endoleak;
conversion was necessary after 1 year. There was only 1 case of spinal ischemia, with
consequent lower extremity weakness; no paraplegia was observed. During a mean 24.8-
month follow-up, 2 secondary type Ia endoleaks were treated with additional stent-grafts.
There were 7 (17%) deaths during follow-up. At 2 years, overall patient survival by Kaplan-
Meier analysis was 70%; aneurysm-related survival was 89%.
Conclusion: Endovascular treatment of vascular disease involving the descending thoracic
aorta can be safely performed with the EndoFit thoracic stent-graft system.
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The incidence of thoracic aortic aneurysm
(TAA) is growing universally due to the aging
population and the increased use of diagnos-
tic procedures in other aortic pathologies.1,2

For specific pathologies such as atheroscle-

rotic aneurysm, dissection, intramural hema-
toma, penetrating ulcer, or post-traumatic
pseudoaneurysm, open surgical repair of
thoracic aorta has been considered the gold
standard treatment strategy.3,4 However, in
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comparison to open surgery, endovascular
repair of thoracic aortic disease has proven to
reduce perioperative mortality, operative
time, intensive care unit (ICU) stay, and major
complications, especially spinal cord ische-
mia with resultant paraplegia.5,6 The risks of
open surgery of the thoracic aorta are pro-
hibitive in an elderly population (.75 years),
many of whom have multiple comorbidities
(cardiac, pulmonary, and/or renal).7,8 For
selected patients with suitable aortic anato-
my, endovascular treatment of thoracic aortic
disease may offer both short- and midterm
advantages to open surgery, as it avoids a
thoracotomy and aortic clamping.9–11

Over more than 7 years, our institution has
treated nearly 100 patients with thoracic
endografts, acquiring experience and analyz-
ing the characteristics of the different and
most commonly used endografts (Talent,
Excluder, and Zenith). In 2002, we began
using the EndoFit thoracic stent-graft, which
has a flexible introducer for navigating sharp-
ly curved aortic anatomies without kinking
and a tapered stent-graft design, for chronic
type B aortic dissection. The aim of this study
was to report the early and midterm results
from our experience with this device.

METHODS

The EndoFit Stent-Graft system (LeMaitre
Vascular, Burlington, MA, USA) is composed
of self-expanding nitinol stents that are
encapsulated in 2 layers of expanded polytet-
rafluoroethylene fabric using a thermal pro-
cess that avoids the need for fixation sutures
(Fig. 1A). The EndoFit thoracic stent-graft is
currently available in proximal and distal graft
diameters of 30 to 42 mm and a graft length
of 12 to 24 cm. Proximal extenders and cuffs
with and without external fixation are also
available, as is a true tapered stent-graft in
sizes ranging from 42 mm at the proximal
end down to 24 mm distally over a length of
24 cm.

The stent-graft introducer is a 22-F or 24-F
hydrophilic sheath with a tapered conical
dilator over a 0.035-inch stiff guidewire.
Stent-graft–loaded cartridges (Fig. 1B) are
also available, which can be deployed
through the hydrophilic introducer sheath.

From October of 2006, the Flexi-Tip intro-
ducer tip was available with a shorter, more
flexible tip designed to reduce trauma
during passage above the aortic arch. Deploy-
ment is effected using the push-and-pull
technique.

Patient Population

In a retrospective review of our hospital’s
records from January 2002 to January 2007,
41 consecutive patients (33 men; mean age
69.369.7 years, range 48–84) were identified
as undergoing endovascular repair of thorac-
ic aortic disease using the EndoFit stent-graft.
Informed consent and institutional review
board approval had been obtained for all
patients.

Many patients had several risk factors and
so were judged to have high open surgical
risk (Table 1). The indications for treatment
were progression of aneurysm size in 24
(58.5%) atherosclerotic aneurysms with a
mean aneurysm diameter of 7.1961.48 cm;
acute contained aortic rupture in 5 (12.2%)
patients (2 presented aortoesophageal fistula
as a complicating factor); recurrent pain and
persistent hypertension or progression of
aneurysm size despite maximal medical ther-
apy in 6 (14.6%) patients with aortic dissec-
tion; recurrent pain in 4 (9.8%) patients
with penetrating atherosclerotic ulcers, 1
(2.4%) post-traumatic pseudoaneurysm, and
1 (2.4%) patient with post coarctation repair
aneurysm.

Patient Evaluation

All patients underwent preoperative helical
computed tomographic angiography (CTA) of
the chest, abdomen, and pelvis, with 3- or 5-
mm increments and 3-dimensional recon-
struction to determine the location, length,
and diameter of the diseased aortic segment
and the adequacy of distal vascular access.
The anatomical suitability for endovascular
grafting was determined by a proximal neck
$1.5 cm long and a distal aortic neck $2 cm
in length. Stent-graft dimensions were calcu-
lated from CTA images, with 10% to 20%
oversizing of the landing zone diameter; in
cases of aortic dissection, oversizing did not
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exceed 10%. In patients with a short proximal
neck, a careful examination of the extra- and
intracranial circulation was performed to
determine if there was a need for a pre- or
perioperative carotid-subclavian bypass.

Technique

After surgical exposure, the common fem-
oral artery was the most common site for
insertion, but a retroperitoneal or a right
subclavian approach was used as necessary
if this access was inadequate. All patients
received systemic heparin (70 U/kg). A 6-F
pigtail was placed through the contralateral
femoral artery to perform angiography. Intra-
operative transesophageal echocardiography
was routinely used in aortic dissection pa-
tients to position the stent-graft into the
true lumen and to monitor the efficacy of
the procedure. Pharmacological hypotension
(systolic blood pressure 80 mmHg) was in-
duced with nitroglycerine at the time of graft
deployment. In the event of an endoleak,
additional balloon dilations with a special tri-
lobe balloon (W.L. Gore & Associates, Flag-
staff, AZ, USA) were performed or an addi-
tional stent-graft was placed.

Follow-up

In all patients, a CT scan was routinely
performed at 1, 6, and 12 months and annu-
ally thereafter; in patients with a perioperative
endoleak, a CT scan was also obtained at

3 months. All significant events and deaths
were recorded. Aneurysm-related mortality
referred to a death that occurred within
30 days of the procedure or a death due to
aneurysm rupture at any time.

Statistical Analysis

Categorical data are described as the num-
ber and percentage of patients. Continuous
variables are presented as mean 6 standard
deviation. Kaplan-Meier survival analyses
were used to plot rates for freedom from
death, aneurysm-related death, and second-
ary interventions. Statistical analysis was
performed with SPSS statistical software
(version 13.0; SPSS, Chicago, IL, USA).

RESULTS

Stent-graft deployment was successful in all
patients. General anesthesia was used in 14
(34.1%) patients and spinal or epidural anes-
thesia in 27 (65.8%). Proximal stent-graft
diameters ranged from 28 to 42 mm; only 3
grafts were implanted without free-flow ex-
ternal fixation. Nineteen (46%) patients had
more than 1 graft implanted, with overlaps of
at least 2 to 4 cm. The stent-grafts covered the
origin of left subclavian artery in 3 patients
with a short proximal neck, but no one
developed ischemic posterior circulation
symptoms or left arm ischemia.

There were 2 access complications: a
femoral artery dissection and an iliac artery

Figure 1¤ (A) Different configurations of the EndoFit thoracic stent-graft, from left: without
external fixation, with fixation, and tapered. (B) Cartridge-loaded graft (center) and the
Endomed Introducer System.
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rupture; both were surgically repaired with-
out any consequence.

There were 3 (7.3%) in-hospital deaths. The
first patient was a 76-year-old man with a 7-
cm thoracic aneurysm and a history of
previous myocardial infarction (MI) and low
left ventricular ejection fraction. He did not
tolerate hypotension during graft deployment
and developed cardiogenic shock; he died of
cardiac arrest in multiorgan system failure
after 2 weeks. The other 2 patients were a 65-
year-old man with hypertension, severe
chronic obstructive disease, and previous
stroke and an 82-year-old woman with hyper-
tension, severe chronic obstructive disease,
dyslipidemia, abdominal aortic aneurysm
(AAA), coronary artery disease, and peripher-
al artery disease. The man was treated for an
8-cm thoracic aneurysm and the women for
contained rupture of a 10-cm aneurysm in an
emergent procedure. Both patients developed
fatal stroke 1 and 2 days after the procedure,
respectively.

There were no cases of acute MI, dialysis,
respiratory failure, graft migration, infection,
or fracture (Table 2). There was, however, 1
instance of spinal ischemia, with consequent
lower extremity weakness, but no paraplegia
was observed in our population.

At discharge, 2 proximal type I endoleaks
existed, 1 resolved spontaneously 30 days
post graft deployment, but the other eventu-

ally required open conversion after 1 year.
One distal type Ib endoleak resolved sponta-
neously after 3 months. Over a mean
24.8618-month follow-up (range 1–60), 2
new type Ia endoleaks were found at
20 months and after 4 years. The endoleaks
were treated with additional stent-grafts, and
both patients are in good health.

One other patient developed a retrograde
type A dissection 15 months post procedure
and underwent emergent replacement of the
aortic valve and ascending aorta with an
uneventful postoperative course.

There were 7 (17%) deaths during the
follow-up period (Table 3). The mean age
was 76 years, and all had multiple, severe
comorbidities, including coronary artery dis-
ease (n53), previous stroke (n52), severe
chronic obstructive disease (n55), history of
cancer (n52), and concomitant AAA repair
(n51). However, only 1 of these deaths was
aneurysm-related. The 73-year-old man had a
7-cm aneurysm excluded with an EndoFit
stent-graft. Seventeen months after the pro-
cedure, the patient complained of sudden
chest patient; CT in an outlying hospital
showed sac enlargement, even though the
CT scan 7 months prior had shown no en-
doleak or aneurysm expansion, and his blood
pressure was under control. The patient was
immediately transferred to our hospital, but
he died 10 minutes after arrival. Rates for
freedom from all mortality and from aneu-
rysm-related mortality (Fig. 2) at 2 years were
70% and 89%, respectively. The Kaplan-Meier

¤ ¤
Table 1

Demographics and Characteristics of 41 Patients
Treated With the EndoFit Stent-Graft

Age, y 69.369.7
Male 33 (80.5%)
Hypertension 41 (100.0%)
Hyperlipidemia 15 (37.0%)
Coronary artery disease 13 (31.7%)
Chronic obstructive pulmonary

disease
21 (51.2%)

Peripheral vascular disease 3 (7.3%)
Renal failure 17 (41.5%)
Smoking 29 (70.7%)
Diabetes mellitus 5 (12.2%)
Abdominal aortic aneurysm 8 (19.5%)
Previous stroke 8 (19.5%)
¤ ¤

Continuous data are presented as means 6

standard deviation; categorical data are given as
counts (percentages).

¤ ¤
Table 2

Thirty-day Postoperative Complications
and Mortality

Stroke 2 (4.8%)
Acute myocardial infarction 0
Dialysis 0
Respiratory failure 0
Spinal ischemia with lower

extremity weakness
1 (2.4%)

Paraplegia 0
Graft migration or fracture 0
Intraoperative arterial injury 2 (4.8%)
Type I endoleak 3 (7.3%)
Type II endoleak 0
Type III endoleak 0
Mortality 3 (7.3%)
¤ ¤
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curve for freedom from secondary endovascu-
lar or open interventions is shown in Figure 3.

DISCUSSION

Endovascular stent-graft treatment of patients
with thoracic aortic disease was introduced in
1992 at Stanford University, and in 1994 Dake
and colleagues12 reported the results of their
initial experience. It was initially indicated for
the treatment of descending TAA using
custom-made devices for high surgical risk
patients, subsequently also in patients with
aortic dissection and penetrating atheroscle-
rotic ulcers.13,14

In comparison to open surgery, stent-graft
repair is a less invasive alternative in the
treatment of thoracic aortic disease, especial-
ly in elderly patients who very often have
significant comorbidities, including coronary
and cerebrovascular disease, renal failure,
and chronic obstructive pulmonary disease.
In fact, among these patients, respiratory
complications and severe renal failure repre-
sent the most frequent cause of morbidity
and mortality, ranging from 5.3% to 33% and
2.5% to 13.3%, respectively.15 Okita et al.16

showed that the most severe complication
after thoracic aortic surgery in septuagenari-
ans and octogenarians was postoperative
stroke, which represented a strong incremen-
tal risk factor for both early and late death.

Another major complication of open sur-
gery in the descending aorta is spinal cord
ischemia, which has been associated with
perioperative hypotension, prior history of
infrarenal AAA repair, and long segment
coverage of the thoracic aorta compromising
the intercostal arteries to the spinal cord. In
fact, despite advances in surgical technique
such as reimplantation of intercostal arteries
and shortened cross-clamping times, this

complication occurs in ,7% to 17% of cases.6

However, in our series of 41 patients in whom
no protective maneuvers (spinal fluid drain-
age) were used, we encountered no paraple-
gia and only 1 case of paraparesis in a 65-
year-old man with hypertension, dyslipide-
mia, diabetes, coronary artery disease, and
severe chronic obstructive disease. His 8-cm
thoracic aneurysm was excluded with 2
EndoFit devices (403220 and 423130 mm).
This is an interesting result, particularly if we
compare this data to the spinal neurological
events in other endovascular studies.17,18 In
our experience, reducing the duration of
hypotension during device deployment and
then restoring blood pressure to $120/80
mmHg soon after may reduce ischemic time
to the spinal cord.

The EndoFit device has a 22- or 24-F
hydrophilic introducer sheath to limit vascu-
lar complications, so one femoral artery has
to have a diameter of .7 mm. In our study,
the common femoral artery was the most
common site for access, but 3 patients
required a retroperitoneal approach due to
an inadequate femoral artery. Another patient
had a right subclavian approach due to the
occlusion of the abdominal aorta. Our 4.8%
rate of vascular complications was less than
the 10% to 15% reported.19,20

Three patients with a short proximal neck
had the origin of the left subclavian artery
covered, which typically causes few compli-
cations.21 It is our practice to reserve pre- or

Figure 2¤Kaplan-Meier survival curves.

¤ ¤
Table 3

Midterm Outcomes in 41 Patients Treated With
the EndoFit Stent-Graft

Follow up, mo 24.8618
Range, mo 1 to 60
Late deaths (.30 days) 7 (17%)
Secondary endoleaks (.30 days) 2 (4.8%)
All reinterventions 4 (9.7%)
¤ ¤

58 ENDOFIT STENT-GRAFT IN THE THORACIC AORTA
Inglese et al.

J ENDOVASC THER
2008;15:54–61



perioperative carotid-subclavian bypass for
those in whom it is necessary to preserve the
left internal mammary artery and/or left
vertebral artery due to critical posterior
cerebral circulation (left dominant vertebral
artery; aberrant, occluded, or critically ste-
nosed right vertebral artery).

In-hospital and 30-day mortality for emer-
gent and non-emergent cases treated by open
surgical repair have ranged from 5.5% to
22.6% and up to 39% in patients with ruptured
TAA and acute aortic dissection.22–24 The
EUROSTAR and UK Thoracic Endograft reg-
istry reported a 30-day mortality of 9.3%,25

which was higher than ours (7.3%).
We had a low incidence (7.3%) of endoleaks

compared to other studies.26–29 While 2 of the
type I endoleaks resolved, the third persisted
at discharge and eventually led to conversion
after 1 year. This patient had a type A aortic
dissection and underwent open surgical repair
of the arch and ascending aorta with reim-
plantation of the left carotid artery during the
same hospital admission in which the EndoFit
device was implanted in the descending aorta.
Our strategy in patients with type B aortic
dissection is to cover the proximal entry point
and to stent the entire dissected descending
aorta because aortic remodeling is induced by
thrombosis of the false lumen.30,31

Our low rate of late endoleaks (4.8%, both
type I) is, in our opinion, a result of the
EndoFit stent-graft’s flexibility and tapered
design, which enable customized seating of
the graft in the thoracic aorta. Moreover, we

believe that the flexibility of the introducer
system minimizes vascular complications
compared to the other devices.18,19 The
flexible introducer can be navigated through
sharply curved aortic anatomies without
kinking (Fig. 4). We also saw no stent frac-
tures or collapse in our 41 patients.

Our data are similar to those of Saratzis et
al.32 but differ from those reported by Melis-
sano et al.33 In our opinion, the disappointing
results of the Melissano group were the
consequence of the small, heterogeneous
group of patients and treatment of patients
with very critical anatomies in their learning
curve (their previous experience with endo-
vascular exclusion of thoracic aortic disease
comprised 31 patients treated with 29 Exclud-
er and 2 Talent stent-grafts). As in the Saratzis
study, we did not select patients (they were at
high surgical risk with aortic dissection,
penetrating atherosclerotic ulcers, and acute
contained rupture), and we also used the
EndoFit device to treat very difficult anato-
mies.

The natural course of untreated TAA is
correlated to aneurysm size.34 A recent study
reported a 3-year survival of 50% to 70% after
surgery for TAA and aortic dissection.35 In our
cohort, the 17% late mortality rate was owing
largely to underlying pathologies. In fact, we
saw only 1 aneurysm-related death in a mean
2-year follow-up.

Conclusion

Our results suggest that the EndoFit stent-
graft system offers the potential to treat even

Figure 4¤ Large (8.5 cm) aneurysm of thoracic
aorta excluded with 2 Endofit stent-grafts that
adapted very well to the native aortic tortuosity.Figure 3¤ Freedom from secondary endovascu-

lar or open surgical intervention.
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high surgical risk patients with confidence
and overall good results. This is largely due to
the technical features of this device, availabil-
ity of a wide range of stent-grafts for specific
anatomies, and the flexibility of the EndoFit
introducer sheath. With all variables consid-
ered, we can conclude that positive results
have been obtained with the EndoFit stent-
graft. Longer follow-up is needed to confirm
these short and midterm results.

REFERENCES

1. Fabian TC, Richardson JD, Croce MA, et al.
Prospective study of blunt aortic injury: multi-
center trial of the American Association for the
Surgery of Trauma. J Trauma. 1997;42:374–
383.

2. Clouse WD, Hallet JW, Schaff HV, et al. Im-
proved prognosis of thoracic aortic aneurysm:
a population based study. JAMA. 1998;280:
1926–1929.

3. Svensson LG, Labib SB. Aortic dissection and
aortic aneurysm surgery. Curr Opin Cardiol.
1994;9:191–199.

4. Chiesa R, Melissano G, Civilini E, et al. Ten
years experience of thoracic and thoracoab-
dominal aortic aneurysm surgical repair: les-
sons learned. Ann Vasc Surg. 2004;18:514–520.

5. Buffolo E, da Fonseca JH, de Souza JA, et al.
Revolutionary treatment of aneurysm and
dissections of descending aorta: the endovas-
cular approach. Ann Thorac Surg. 2002;74:
S1815–1817.

6. Attar S, Cardarelli MG, Downing SW, et al.
Traumatic aortic rupture: recent outcome with
regard to neurologic deficit. Ann Thorac Surg.
1999;67:959–965.

7. Hamerlijnck RP, Rutsaert RR, De Geest R, et al.
Surgical correction of descending thoracic
aorta aneurysm under simple aortic cross-
clamping. J Vasc Surg. 1989;9:568–573.

8. Huynh TT, Miller CC, Estrera AE, et al. Thora-
coabdominal and descending thoracic aortic
aneurysm surgery in patients aged 79 years or
older. J Vasc Surg. 2002;36:469–475.

9. Demers P, Miller DC, Mitchell RS, et al. Mid-
term results of endovascular repair of descend-
ing thoracic aortic aneurysm with first-genera-
tion stent grafts. J Thorac Cardiovasc Surg.
2004;127:664–673.

10. Criado FJ, Clark NS, Barnatan MF. Stent graft
repair in the aortic arch and descending
thoracic aorta: a 4-year experience. J Vasc
Surg. 2002;36:1121–1128.

11. Patel HJ, Shillingford MS, Williams DM, et al.
Survival benefit of endovascular descending
thoracic aortic repair for the high risk patient.
Ann Thorac Surg. 2007;83:1628–1633.

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

13. Dake MD, Miller DC, Mitchell RS, et al. The
‘‘first generation‘‘ of endovascular stent-grafts
for patients with aneurysms of the descending
thoracic aorta. J Thorac Cardiovasc Surg.
1998;116:689–704.

14. Murgo S, Dussaussois L, Golzarian J, et al.
Penetrating atherosclerotic ulcer of the de-
scending thoracic aorta: treatment by endo-
vascular stent-graft. Cardiovasc Intervent
Radiol. 1998;21:454–458.

15. Svensson LG, Crawford ES, Hess KR, et al.
Variables predictive of outcome in 832 patients
undergoing repairs of the descending thoracic
aorta. Chest. 1993;104:1248–1253.

16. Okita Y, Takamoto S, Ando M, et al. Predictive
factors for postoperative cerebral complica-
tions in patients with thoracic aortic aneurysm.
Eur J Cardiothorac Surg. 1996;10:826–832.

17. Wheatley GH, Gurbuz AT, Rodriguez-Lopez JA,
et al. Midterm outcome in 158 consecutive
Gore TAG thoracic endoprostheses: single
center experience. Ann Thorac Surg. 2006;81:
1570–1577.

18. Cambria RP, Brewster DC, Lauterbach SR, et al.
Evolving experience with thoracic aortic stent
graft repair. J Vasc Surg. 2002;35:1129–1136.

19. Ishida M, Kato N, Hirano T, et al. Endovascular
stent-graft treatment for thoracic aortic aneu-
rysms: short- to midterm results. J Vasc Interv
Radiol. 2004;15:361–367.

20. Makaroun MS, Dillavou ED, Kee ST, et al.
Endovascular treatment of thoracic aortic an-
eurysms: results of the phase II multicenter
trial of the GORE TAG thoracic prosthesis. J
Vasc Surg. 2005;41:1–9.
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