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Objective: We sought to study changes in morphology and stent-graft configuration
of descending thoracic aortic aneurysms after endovascular repair.

Methods: Twenty-three patients treated with custom-made stent-grafts were stud-
ied. The stent-graft consisted of continuous, stainless-steel Z stents mounted with-
in a polyester graft. In the last 11 cases the stents were interconnected with 3 lon-
gitudinal wires. Contrast-enhanced spiral computed tomography was performed
preoperatively and at 1, 3, and every 6 months postoperatively. Angiography was
used preoperatively and at 1-year follow-up. Proximal and distal necks were
assessed for diameter and length. Aneurysm diameter, endoleaks, stent-graft migra-
tion, and changes in stent-graft configuration were evaluated.

Results: During follow-up (median, 18 months; range, 1-48 months), excluded
aneurysms decreased in diameter by 4 mm (0.5-10 mm, P = .0018). Endoleaks pre-
vented size decrease. Five patients displayed neck dilatation, 4 at both the proximal
and distal fixation sites and 1 only distally. In 7 (30%) patients there was proximal
migration of the distal end of the stent-graft. Three (13%) patients displayed both
distal migration of the proximal end of the stent-graft and proximal migration of the
distal end of the stent-graft. There was a significant correlation between stent-graft
kinking and appearance of proximal or distal stent-graft migration (P = .05 and 
P = .0007, respectively). In no case did the migration lead to appearance of an
endoleak before intervention was performed.

Conclusion: Excluded descending thoracic aortic aneurysms decrease in size on
midterm follow-up. A subgroup of patients prone to neck dilatation might exist. A
combination of neck dilatation and vector forces acting on stent-grafts in the tortu-
ous thoracic aorta might lead to stent-graft migration.

O
pen surgical procedures are the current treatment of choice for
descending thoracic aortic aneurysms (TAAs). Although
improvements in surgical technique have led to reduced opera-
tive risks, open surgical procedures still carry significant mor-
bidity and mortality.1-3 Preliminary studies of TAA endovascu-
lar repair have indicated that this might be a less traumatic

treatment alternative, especially for high-risk surgical candidates.4-11 Despite
these early promising clinical results, little is known regarding changes in mor-
phologic characteristics of thoracic aneurysms after endovascular stent-graft
repair and the implications this might have on midterm and long-term outcome.
In the endovascular arena of abdominal aortic aneurysms, morphologic changes
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in the native aorta have been shown to have a significant
effect on the durability of the aneurysm repair, and fears
are that this may be valid for TAA repair as well.

In the present study we have studied morphologic TAA
changes after endovascular stent-graft repair, as well as the
structural integrity of the stent-graft itself.

Material and Methods
Between June 1995 and September 1999, 34 patients (17 men;
mean age, 74 years; age range, 47-88 years) underwent endovas-
cular repair of the descending TAA. During the same time peri-
od, 35 patients underwent open repair of the descending TAA.
Inclusion criteria for endovascular use of stent-grafts were as
follows: proximal and distal aneurysm necks greater than 15 mm
in length (from the left subclavian artery to the start of the
aneurysm and from the end of the aneurysm to the celiac artery,
respectively) and less than 36 mm in maximum transverse diam-
eter. All patients fulfilling the criteria underwent endovascular
TAA repair. Eleven patients were excluded from this study. Six
patients, of whom 4 presented with aneurysm rupture, died with-
in the first postoperative month (massive distal embolism intra-
operatively, n = 2; had unsuccessful stent-graft placement, n = 2;
myocardial infarction, n = 1; secondary rupture, n = 1).
Additionally, 5 patients treated for nonaneurysmal disease (aor-
tic ulcers, n = 2; acute type B dissection, n = 2; traumatic dis-
section, n = 1) were also excluded. The remaining 23 patients
were treated for either extensive atherosclerotic (n = 20) or
chronic dissecting (n = 3) descending TAA. Median radiologic
follow-up was 18 months (range, 1-48 months).

Imaging Technique
All patients underwent preoperative calibrated digital subtraction
angiography and contrast-enhanced spiral computed tomographic
(CT) scanning (5-mm collimation, 5-mm table movement, and 3-
mm reconstructed axial slices). Images were also presented as
multiplanar reconstructions. These reconstructions were not used
for diameter or length measurement because of the lack of appro-
priate software but rather to give a better understanding of the vas-
cular anatomy and to estimate the changes in stent-graft configu-
ration (ie, kinking; increased angulation of the stent-graft of ≥30°
in any projection compared with the first postoperative CT). A set
of precontrast scans was always performed to detect calcifications
in the aorta that might be mistaken for endoleaks.

Follow-up consisted of intravenous contrast-enhanced spiral CT
at 1, 3, 6, and every 6 months thereafter. After 1997, chest radi-
ographs were also performed at the same intervals.

The first postoperative CT was used to define anatomic land-
marks, allowing for subsequent measurements to be performed in
a reproducible manner. The left subclavian artery was used as a
reference point, and in addition, cross-references to anatomically
fixed structures, such as the carina and vertebral bodies, were
always performed.

Measurements
Vessel diameters were measured on axial CT scan hard copies with
callipers and a centimeter scale provided on the film. The shortest
transverse inner diameter of the artery was measured to avoid over-

estimation of size caused by vessel tortuosity. All measurements
were done by one observer (N.V.D.).

The following parameters were evaluated preoperatively on
CT: maximal TAA diameter; length of the proximal and distal
necks; and aortic diameter at the position where the proximal
and distal stents were finally deployed (ie, stent position).
Proximal and distal necks were defined as thrombus-free por-
tions of the aorta 15 mm or longer and 36 mm or less in diame-
ter extending from the left subclavian artery to the proximal end
of the aneurysm and from the distal end of the aneurysm to the
celiac trunk, respectively.

During follow-up CT, the maximal diameters of the aneurysm
and of the aorta at the stent positions were measured. The presence
of endoleaks was evaluated.12

Displacement of the stent-graft from the original fixation points
(ie, migrations) was evaluated by measuring the distances from the
proximal and distal stents to the left subclavian artery and com-
paring these with the corresponding distances at the first postoper-
ative CT scan. Migration of 5 mm or greater was considered sig-
nificant. Changes in neck diameter of 3 mm or greater seen on
multiple successive CT studies (using the first postoperative CT
scan as starting point) were considered to represent neck dilatation.

Procedure
All procedures were performed in the operating room after
achievement of general anesthesia.

Twenty-two Gianturco Z stent-based custom-made stent-
grafts (William Cook, Europe A/S, Bjaeverskov, Denmark) and
one Excluder device (W. L. Gore & Associates, Inc, Flagstaff,
Ariz) were used. The median stent-graft length was 140 mm
(range, 80-280 mm), and stent-grafts were oversized by 15% to
the neck diameter. In the custom-made devices several stents
were sutured on the inside of an uncrimped polyester graft
(Cooley Veri-Soft; Meadox Medicals Inc, Oakland, NJ) with
interrupted 6-0 polytetrafluoroethylene* sutures. The proximal
stent had 4 sets of caudally oriented barbs and cranially orient-
ed hooks for fixation. In all cases the stent-graft was placed with
at least one stent length (25 mm) within the necks. The excep-
tion consists of the 3 patients described in the paragraph below.
In the last 11 cases, 3 longitudinal interrupted stainless-steel spi-
rals were mechanically fixated to the stents to provide addition-
al longitudinal support.

In 2 patients the proximal end of the stent-graft was sutured to
the aortic wall during a combined open and endovascular proce-
dure. In another patient a polyester band was placed immediately
below the left subclavian artery to constrict the aorta to create a
suitable neck. Proximal neck measurements on these 3 patients
were excluded from the analysis.

Statistics
All statistical analyses were performed with StatView 5.0 soft-
ware (Abacus Concepts, Berkeley, Calif). Normal distribution
was not assumed. Values are given as medians with interquartile
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*Gore-Tex suture, registered trademark of W. L. Gore & Associates, Inc,
Flagstaff, Ariz.
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ranges (IQRs) in parentheses if not otherwise indicated. The
Mann-Whitney U test was used for nonpaired comparisons, and
the Wilcoxon rank sum test was used for paired comparisons.
Correlations were performed according to the Spearman coeffi-
cient and given with confidence intervals (CIs) within parenthe-
ses. The χ2 test was used to compare proportions.

This study was approved by the institutional review board, and
informed consent was obtained from each patient regarding proce-
dures and radiologic follow-up.

Results
Maximum TAA Diameter
The maximum preoperative TAA diameter was 57 mm (51-67
mm).

In 19 patients with completely excluded TAAs, there was a
4-mm (0.5-10 mm) cumulative decrease of the TAA diameter
at 12-month follow-up (P = .0018). This time was chosen as
representative because it contained the largest number of
patients. The decrease was progressive over time (Figure 1).

Four patients displayed early graft-related endoleaks,
all of which were distal. These patients all showed an
increase in aneurysm diameter before subsequent percuta-
neous intervention was performed (stent-graft extension,
n = 3; coil embolization, n = 1). Subsequently, the
aneurysms decreased in diameter. No proximal perigraft
leaks were seen.

One patient displayed collateral perfusion through an
intercostal artery at follow-up. No change in the aneurysm
diameter was seen. The patient died of unrelated causes.

Aneurysm Necks

The preoperative proximal aneurysm neck was 30 mm (28-32
mm) in diameter and 64 mm (41-115 mm) in length. The dis-
tal neck was 29 mm (26-32 mm) in diameter and 60 mm (40-
118 mm) in length. Four (20%) patients displayed dilatation of
both the proximal and distal necks of 3 mm or greater (mean,
8.5 mm [range, 7-10 mm; SE, 0.75] and 7.5 mm [range, 6-10
mm; SE, 0.9], respectively). Another patient displayed dilata-
tion of the distal aneurysm neck only (6 mm). No correlation
was found between neck dilation and preoperative neck diam-
eter (proximal neck: r = 0.2 [95% CI, –0.4 to 0.7; P = .5]; dis-
tal neck: r = 0.5 [95% CI, –0.8 to 0.02; P = .06]). No correla-
tion was found between neck dilation and preoperative neck
length (proximal neck: r = –0.4 [95% CI, –0.8 to 0.2; P = .2];
distal neck: r = 0.3 [95% CI, –0.3 to 0.7; P = .3]).

Stent-Graft Migration
In 7 (30%) patients there was proximal migration of the dis-
tal end of the stent-graft. Three (13%) patients displayed
both distal migration of the proximal end of the stent-graft
and proximal migration of the distal end of the stent-graft
(Table 1). There was a positive relationship between neck
dilatation and stent-graft migration at both the proximal and
distal necks (P = .03 and P = .02, respectively, χ2 test). In
no case did the migration lead to the appearance of an
endoleak before intervention was performed.

Eight (32%) patients displayed stent-graft kinking during
follow-up (Figure 2). There was a significant correlation

TABLE 1. Stent-graft migration and aneurysm neck 
dilatation

Neck dilatation

Graft migration No Yes

Proximal neck 
aneurysm (n = 20)

No 15 (75%) 2 (10%)
Yes 1 (5%) 2 (10%)

Distal neck 
aneurysm (n = 23)

No 15 (65%) 1 (5%)
Yes 3 (13%) 4 (17%)

Stent-graft migration is defined as 5 mm or greater cranial or caudal dis-
location of the stent-graft. Neck dilatation is defined as 3 mm or greater
increase in neck diameter. Three patients had surgical fixation of the prox-
imal end of the stent-graft and are not included in the measurements of the
proximal neck. Three patients displayed both cranial and caudal stent-
graft migration. Four patients displayed both proximal and distal neck
dilatation. There was a positive relationship between neck dilatation and
stent-graft migration at both the proximal and distal necks (P = .03 and P =
.02, respectively, χ2 test). Figure 1. Change in maximum TAA diameter during follow-up.

Horizontal lines in box plots represent 10th, 25th, 50th, 75th, and
90th percentiles.
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between stent-graft kinking and the appearance of proximal
or distal stent-graft migration (P = .005 and P = .0007,
respectively).

Discussion
Changes in aneurysm morphologic characteristics and stent-
graft configuration after endovascular repair of descending
TAAs are not yet clearly established. It is possible that, in
resemblance to endovascular repair of abdominal aortic
aneurysm (AAAs), these factors might become determi-
nants for successful midterm and long-term outcome.

Successful TAA exclusion leads to thrombosis of the
aneurysm sac in most cases, but changes in the aneurysm
diameter are unknown. It has been stated that the aneurysm
increases in size in 26% of patients, remains stable in 26%
of patients, and decreases in 48% of patients over the first
1.1 years after the initial procedure.8 Our results show that
when primary or secondary TAA exclusion is achieved, the
aneurysm reduces in size in a way similar to that found with
AAAs.13-15 The presence of an endoleak seems to prevent
aneurysm size decrease. Thus, when a TAA fails to decrease
in size after technically successful endovascular TAA exclu-
sion, further investigations should be performed to rule out
endoleaks. Collateral perfusion of the excluded aneurysm
sac after AAA repair has been reported in 5% to 25% of
cases.16 It seems to be a less common event after TAA
repair, as shown by us and others. Its implications for
changes in aneurysm morphologic characteristics are hard

to determine because of its infrequent occurrence. It may
have an effect equal to that found after AAA repair (ie, pre-
venting a decrease in aneurysm size but not promoting
aneurysm growth). The single case of collateral perfusion in
this series was left untreated, and percutaneous coil
embolization was not considered because of the stability in
aneurysm diameter. Whether collateral perfusions should
only be treated in the presence of TAA growth is unclear,
and further studies are needed.

The fate of the aneurysm neck after endovascular TAA
repair remains uncertain. Our results suggest that there
might be an association between neck dilatation and stent-
graft migration, with analysis reaching statistical signifi-
cance. However, the presence of neck dilatation without
migration was also seen (Table 1). In the current study we
did not measure the length of the stent-graft extension into
the fixation sites prospectively. Because this type of mea-
surement cannot be made retrospectively in an accurate
fashion, we have not been able to study what effect, if any,
this has had on the development of neck dilation and stent-
graft migration, respectively. This might very well be of
importance for the outcome. In the AAA endografting arena
there is an ongoing debate on infrarenal neck changes.
Although some state that neck dilation occurs and is respon-
sible for distal stent-graft migrations,17,18 others argue that
aneurysm neck morphologic characteristics do not change
after AAA stent grafting.19,20 Neck dilatation after endovas-
cular TAA repair has previously been recognized in 2

Surgery for Acquired Cardiovascular Disease Resch et al

Figure 2.  Plain chest radiograph performed on postoperative day 1 (left) showing good stent-graft configuration
and alignment within the descending thoracic aorta. At 14 months postoperatively, an angiogram was performed
(right) that showed severe kinking of the stent-graft.
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patients by a group at Stanford University.6 In our series 5
patients displayed neck dilatation, and 4 of these patients
displayed dilatation at both fixation sites. This might sug-
gest the presence of a subgroup of patients prone to
aneurysm neck dilatation. We could not, however, identify
such a group by radiologic means.

The incidence of neck dilatation was similar in the proxi-
mal and distal fixation sites. However, stent-graft migration
was almost twice as frequent at the distal fixation site. Thus
some mechanism in addition to neck dilatation seems to
promote stent-graft migration. The association between
upward migration of the distal end of the stent-graft and
subsequent kinking suggests that there are forces acting on
the stent-graft to cause a pull-up. The action of vector forces
in stent-grafts has been described for the abdominal aorta,21

and the often severe tortuosity in the thoracic aorta might
induce even stronger vector forces after TAA repair. The
reinforced proximal stent provides a stronger attachment
than the plain distal stent that is held in place only by the
expansile force of the stent. As a result, vector forces may
result in a selective pull-up on the distal end of the stent-
graft, with the proximal end as the fixation point. When
stent-graft migration is associated with kinking, the vector
forces may be further accentuated, leading to further migra-
tion. In our opinion, this is an area where further develop-
ments in stent-graft design with improved distal stent-graft
fixation might improve the midterm and long-term results.
The measurement of a significant migration, which we have
chosen to define as greater than 5 mm, is cumbersome when
using axial CT reconstructions, as we have done. This is
especially true with regard to the curved portion of the aorta.
We are, however, confident in our findings. The addition of
multiplanar reconstructions and plain chest radiographs in
follow-up gives good appreciation of tortuosity. We have
also had only one physician make the measurements. This
allows for reproducible results. In addition, the finding of
progressive displacement of the stent-graft on serial exami-
nations strengthens the finding of migrations.

When considering the findings in this study, it must be
remembered that the endovascular device used is a first-gen-
eration device. The problems with stent-graft kinking and
migration may be entirely specific for this type of device
and not transferable to newer, more flexible conforming
designs. However, the concept of vector forces acting on
stent-grafts will apply to all devices and must be considered
when designing and evaluating endovascular devices for
TAA repair. We believe that the use of interconnecting wires
in the stent-graft, as done in our last 11 cases in this series,
might be a possible way of lessening the problem of kink-
ing and migration.

When encountering cases of stent-graft migration and
kinking, we use stent-graft extensions or giant Palmaz stents
for correction. However, if the aneurysm is well excluded

without sign of endoleak and no flow problem is encoun-
tered, we sometimes choose not to intervene but continue to
monitor the patient closely on the basis of the patient’s con-
dition and suitability for additional intervention.

In conclusion, our results show that endovascularly exclud-
ed TAAs decrease in size on midterm follow-up. Stent-grafts
have a significant risk of migration, possibly caused by a com-
bination of aneurysm neck dilatation and vector forces acting
on the stent-graft in the tortuous descending thoracic aorta.
Close follow-up is warranted, and at present, the procedure
must still be considered experimental. Further system devel-
opment and careful patient selection is needed to improve
midterm and long-term results.

We thank Jan-Åke Nilsson, Consultant Statistician, Lund
University, for help with the statistical analysis.
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