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Prosthetic Graft Dilation at the Aortic Arch in
the Era of Hybrid Aortic Surgery

Daijiro Hori, MD, PhD, Sho Kusadokoro, MD, Toshikazu Shimizu, MD,
Naoyuki Kimura, MD, PhD, and Atsushi Yamaguchi, MD, PhD

Objective: This study aims to evaluate the chronological
size changes of the prosthetic graft in the aortic arch, which
is used as a landing zone for a subsequent stent grafting in
hybrid aortic surgery.

Materials and Methods: Eighty-five patients who under-
went total aortic arch replacement followed by computed
tomography follow-up for at least 30 months after the sur-
gery were included in the study.

Results: Prosthetic grafts used were Hemashield (Maquet,
Rastatt, Germany), J-Graft (Japan Lifeline Inc., Tokyo, Japan)
and Triplex (Terumo, Tokyo, Japan). There was an initial
increase in diameter compared to package size after implan-
tation (Hemashield, 1.04+0.035 vs. )-Graft, 1.06+0.027
vs. Triplex, 1.04+0.023, p=0.13). Significant difference in
graft dilation ratio was observed in Triplex (1.18+0.062)
at long-term compared to Hemashield (1.07+0.052,
p<0.001) and J-Graft (1.10+0.071, p<0.001). Multivari-
ate analysis showed that age (r=0.002; 95% confidence
interval [CI], 0.0001-0.0037; p=0.035), knitted-type pros-
thesis (r=0.089; 95% Cl, 0.0610-0.1163; p<0.0001), and
prevalence of cerebral vascular disease (r=0.038; 95% Cl,
0.0030-0.0732; p=0.034) were independently associated
with graft dilation after surgery.

Conclusion: Prosthetic graft selection and appropriate siz-
ing of the stent graft should be considered for each individ-
ual undergoing hybrid aortic surgery to maintain sufficient
oversizing of the stent graft.
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Introduction

With improvements in endovascular technology, more
patients are treated by hybrid technique for extensive
aortic arch diseases. The use of a frozen elephant trunk
and conventional elephant trunk as a landing zone for
subsequent thoracic endovascular aortic repair (TEVAR)
is the often-used technique.! Hybrid operation types
have been classified into three, depending on the need for
landing zone reconstruction: type 1, which are those with
suitable proximal and distal landing zone; type 2, which
are those requiring proximal landing zone reconstruction;
and type 3, which are those requiring both proximal and
distal landing zone reconstructions.?

Although landing zone reconstruction is often per-
formed by prosthetic graft replacement, prosthetic graft
dilation after implantation has also been reported. Alimi
et al.’) reported significant increases in prosthetic graft size
of up to 12.6% in woven-type graft and 28% in knitted-
type prosthetic graft. The expansion rate has also been re-
ported to differ depending on the location of the implant-
ed prosthesis.¥ This phenomenon of graft enlargement
may lead to endoleak after subsequent TEVAR treatment
for those patients undergoing type 2 or 3 hybrid opera-
tion. Residual endoleak after TEVAR should be avoided as
it is highly associated with risk for aneurysmal rupture.?
Choosing the appropriate graft size for an adequate land-
ing zone for subsequent TEVAR should be considered.

This study aims to evaluate the actual degree of graft
dilation in the aortic arch and its associated factors in pa-
tients undergoing total arch replacement using prosthetic
graft available in the era of hybrid aortic surgery.

Methods

From July 2007 to February 2016, 85 patients under-
went aortic arch replacement followed by a computed
tomography follow-up for at least 30 months after the
surgery. For the evaluation of chronological changes in
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prosthetic graft size at the aortic arch, the diameter of the
prosthetic graft, distal to the side branches, was evalu-
ated after the surgery at midterm and at long-term on the
computed tomography follow-up. The diameter of the
graft was calculated from the circumferential length of the
prosthetic graft, measured by multi-planar reconstruction
view using Ziostation (Ziosoft, Belmont, CA, USA). The
degree of size changes was evaluated by calculating a ratio
between the diameter of the prosthetic graft at follow-up
and the package size (graft dilation ratio). Changes were
compared for Hemashield (Maquet, Rastatt, Germany),
Triplex (Terumo, Tokyo, Japan), and J-Graft (Japan Life-
line Inc., Tokyo, Japan). The study was approved by the
Institutional Review Board of Saitama Medical Center,
Jichi Medical University (S19-038).

Surgical methods

After a median sternotomy, aortic cannulation was per-
formed at the ascending aorta, and venous drainage was
performed from the superior vena cava and inferior vena
cava. If the ascending aorta was unsuitable for cannula-
tion, the right axillary artery or left axillary artery was
used. The left ventricular venting was inserted from the
right upper pulmonary vein. The patient was cooled down
to rectal temperature of 25°C. Under a circulatory arrest,

selective cerebral perfusion was started into all three aor-
tic arch branches. Distal anastomosis was performed at
the aortic caliber change via intermittent pledgeted suture
followed by a running suture with a 4-0 polypropylene.
Rewarming was started after distal anastomosis. Open
proximal anastomosis was performed in a similar manner,
and the aortic clamp was removed. Aortic arch branch
reconstruction was performed under beating heart.

Statistical analysis

Normal distribution of the data was assessed using
the Kolmogorov-Smirnov test. For continuous vari-
ables that were normally distributed, Student’s t-test
(mean *=standard deviation) and Pearson’s correlation
were used. For data that were non-normally distributed,
analysis was performed using Mann—Whitney test (medi-
an, Q1-Q3) and Spearman’s correlation. Chi-squared test
(n, %) was used for categorical variables, and paired t-test
was used for comparing paired data for each individual.
For comparing three groups, one-way analysis of variance
(ANOVA) with Bonferroni correction was used. Further,
preoperative factors were evaluated for their associa-
tion with graft dilation ratio. Variables with p<0.2 were
included in the multivariate analysis. P values less than
0.05 (p<0.05) were considered statistically significant,

Table 1 Demographics of patients who underwent total arch replacement. Patients are divided into the types of prosthesis used in their

operation
Hemashield n=23 J-graft n=22 Triplex n=40 P value

Type of graft Woven Woven Knitted

Follow-up months (months) 44.5+8.9 40.1+4.9 44.5+7.0 0.055
Age (years) 65.9+12.8 68.2+7.1 70.9+6.7 0.093
Male (%) 16 (69.6%) 18 (81.8%) 0 (75.0%) 0.63
Hypertension (%) 19 (82.6%) 21 (95.5%) 5 (87.5%) 0.22
Hyperlipidemia (%) 9 (39.1%) 10 (45.5%) (30 0%) 0.41
Diabetes (%) 0 (0.0%) 4 (18.2%) 4 (10.0%) 0.11
Cerebral vascular disease (%) 5(21.7%) 3 (13.6%) 7 (17.5%) 0.77
Hemodialysis (%) 0 (0.0%) 0 (0.0%) 1(2.5%) 0.57
Ischemic heart disease (%) 3 (13.0%) 3(13.6%) 1(2.5%) 0.18
Peripheral arterial disease (%) 1 (4.3%) 0 (0.0%) 0 (0.0%) 0.25
COPD (%) 0 (0.0%) 1(4.5%) 3 (7.5%) 0.41
Current smoker (%) 2 (8.7%) 6 (27.3%) 11 (27.5%) 0.19
Angiotensin-converting enzyme inhibitor (%) 0 (0.0%) 1(4.5%) 2 (5.0%) 0.57
Angiotensin Il receptor blocker (%) 2 (8.7%) 3 (13.6%) 7 (17.5%) 0.66
Calcium channel blocker (%) 8 (34.8%) 8 (36.4%) 6 (40.0%) 0.94
Beta blocker (%) 15 (65.2%) 13 (569.1%) 4 (60.0%) 0.78
HMG-CoA inhibitor (%) 9 (39.1%) 10 (45.5%) 20 (50.0%) 0.79
Antiplatelet therapy (%) 9 (39.1%) 9 (40.9%) 1(27.5%) 0.43
Anticoagulation therapy (%) 8 (34.8%) 9 (40.9%) 14 (35.0%) 0.90
Diuresis (%) 2 (8.7%) 1(4.5%) 5(12.5%) 0.59
Postoperative systolic blood pressure (mmHg) 110+11.9 107+10.2 109+9.6 0.66
Postoperative mean arterial pressure (mmHg) 79+8.1 76+7.7 79+8.4 0.42

COPD: chronic occlusive pulmonary disease
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Fig. 1 Prosthetic graft size: package size, after surgery, midterm, and long-term follow-up.

Hemashield (a); J-Graft (b); and Triplex (c). Graft dilation ratio was compared among

the three groups (d).

Mean period of midterm follow-up was 26+5.3 months, and the long-term follow-up

was 43+7.3 months.

and the analysis was performed using Stata (version 13.1,
Stata Corp., College Station, TX, USA) and Prism (version
8.0.2, GraphPad, La Jolla, CA, USA).

Results

The demographics of patients are shown in Table 1.
Twenty-three patients were treated by Hemashield (Ma-
quet, Rastatt, Germany), twenty-two by J-Graft (Japan
Lifeline Inc., Tokyo, Japan), and forty by Triplex (Terumo,
Tokyo, Japan). Postoperative computed tomography was
performed 1 week after the surgery. The mean follow-up
with computed tomography at midterm was 26+5.6
months (Hemashield), 27+ 5.3 months (J-Graft), and
25+5.2 months (Triplex) (p=0.52), and the mean fol-
low-up at long-term was 45+ 8.9 months (Hemashield),
40%4.9 months (J-Graft), and 45 +7.0 months (Triplex)
(p=0.055). There were no significant differences in pa-
tient age (p=0.093), gender (p=0.63), and other comor-
bidities including hypertension (p=0.22), hyperlipidemia
(p=0.41), diabetes (p=0.11), and peripheral arterial
disease (p=0.25). Further, there were no significant dif-
ferences in medication among the three groups (Table 1).

There was a significant increase in graft size in all
three types of prosthetic grafts after surgery compared to
package size (Hemashield [package, 26.0+1.48 mm vs.

after surgery, 27.2+1.55mm; p<0.001], J-Graft [pack-
age, 26.0*+1.41mm vs. after surgery, 27.6+1.81 mm;
p<0.001], and Triplex [package, 26.0 =1.36 mm vs. after
surgery, 27.1+1.40mm; p<<0.001]) (Figs. 1a—1c). There
was no significant increase in diameter at midterm com-
pared to graft size after implantation in patients receiving
Hemashield (after surgery, 27.2*+1.55mm vs. midterm,
27.6*x1.75mm, p=0.15) and J-Graft (after surgery,
27.6*1.81mm vs. midterm, 27.8+1.83mm, p=0.29)
(Figs. 1a and 1b). However, there was a significant in-
crease in graft diameter in patient receiving Triplex (after
surgery, 27.1+1.40mm vs. midterm, 29.6*+1.83mm,
p<0.001) (Fig. 1c). At long-term, there was a signifi-
cant increase in graft size in all types of prosthetic graft
compared to size after implantation (Hemashield [after
surgery, 27.2*+1.55mm vs. long-term, 27.8+1.99 mm,
p=0.004], J-Graft [after surgery, 27.6*=1.81mm vs.
long-term, 28.7 £2.36 mm, p=0.048], and Triplex [after
surgery, 27.1=1.40mm vs. long-term, 30.7*2.01 mm,
p<0.001]) (Figs. 1a—1c).

There was no significant difference in graft dilation
ratio after surgery between the grafts (Hemashield,
1.04+0.035 vs. J-Graft, 1.06*0.027 vs. Triplex,
1.04+0.023, p=0.13) (Fig. 1d). Significant difference
in graft dilation ratio between Hemashield and Triplex
was observed at midterm (Hemashield, 1.05%+0.038
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vs. Triplex, 1.13%x0.052; p<<0.001) and at long-term
(Hemashield, 1.07+0.052 vs. Triplex, 1.18*0.062;
p<0.001) (Fig. 1d). Similarly, significant difference in
graft dilation ratio was observed between J-Graft and
Triplex at midterm (J-Graft, 1.06+0.024 vs. Triplex,
1.13+0.052; p<0.001) and at long-term (J-Graft,
1.10+0.071 vs. Triplex, 1.18+0.062; p<<0.001) (Fig.
1d). However, there was no significant difference in graft
dilation ratio between Hemashield and J-Graft at midterm
(Hemashield, 1.05 = 0.038 vs. J-Graft, 1.06 =0.024; p=1)
and at long-term (Hemashield, 1.07=0.052 vs. J-Graft,
1.10=0.071; p=0.28) (Fig. 1d).

There was a significant difference in the ratio between
the diameter at the distal anastomosis and the graft size
(Hemashield, 0.88+0.093 vs. J-Graft, 0.87=0.109 vs.
Triplex, 0.95%+0.111; p=0.011). However, this was
not associated with graft dilation ratio at long-term
(Hemashield, r=—0.11; 95% confidence interval [CI],
~0.51-0.34; p=0.65; J-Graft, r=—-0.03; 95% CI,
~0.55-0.51; p=0.92; Triplex, r=0.16; 95% CI, —0.17—
0.46; p=0.34). There also was a significant difference
in the ratio of the diameter at proximal anastomosis

to the graft size (Hemashield, 1.05+0.099 vs. J-Graft,
1.01=0.144 vs. Triplex, 1.13+0.102; p=0.001). How-
ever, the diameter at the proximal anastomosis was larger
than the prosthetic graft used (Supplement A).

Of the 85 patients enrolled in the study, 38 patients
(44.7%) received postoperative pulse wave velocity
(PWV) measurements. Although the follow-up rate was
limited, there was a trend toward positive correlation
between the graft dilation ratio and postoperative PWV
(Supplement B).

Risk factors for graft dilation at long-term were evalu-
ated. For continuous variables, age (r=0.32; 95% ClI,
0.12-0.50; p=0.003) was correlated with graft dilation
ratio. However, the initial graft size was not associated
with graft dilation ratio (p=0.45) (Table 2). For cate-
gorical variables, there were no significant correlations
between medication and graft dilation ratio. However,
knitted-type prosthetic graft compared to woven-type
was associated with greater graft dilation ratio at long-
term (woven, 1.08+0.064 vs. knitted, 1.18*=0.063;
p<0.001) (Table 3). Multivariate analysis for graft dila-
tion showed that age (r=0.002; 95% CI, 0.0001-0.0037;

Table 2 Univariate analysis of continuous variable in relation to graft dilation ratio

Correlation ratio 95% confidence interval P value
Age (years) 0.323 0.118-0.501 0.003
Initial graft size (mm) -0.0834 -0.291-0.132 0.45
Postoperative systolic blood pressure (mmHg) -0.029 -0.240-0.186 0.79
Postoperative mean arterial pressure (mmHg) 0.045 -0.170-0.256 0.68
Table 3 Univariate analysis of graft dilation ratio for each categorical variable listed on the table
Graft dilation ratio for each variable
Preoperative variables P value
Without With
Male gender 1.13+0.090 1.13+0.077 0.69
Knitted-type graft 1.08+0.064 1.18+0.063 <0.001
Hypertension 1.10+£0.064 1.13+0.081 0.29
Hyperlipidemia 1.13+0.081 1.14+0.079 0.66
Diabetes 1.13+0.081 1.14+0.076 0.86
Cerebral vascular disease 1.12+0.068 1.16+0.119 0.15
Ischemic heart disease 1.13+0.082 1.13+£0.049 0.97
COPD 1.13+0.079 1.17+£0.093 0.32
Current smoker 1.13+0.078 1.12+0.088 0.63
Angiotensin-converting enzyme inhibitor 1.13%£0.079 1.16+0.111 0.54
Angiotensin |l receptor blocker 1.13+£0.081 1.13+0.075 0.93
Calcium channel blocker 1.13£0.078 1.13+0.083 0.71
Beta blocker 1.13+0.074 1.13+£0.083 0.81
HMG-CoA inhibitor 1.12+0.086 1.14+0.070 0.16
Antiplatelet therapy 1.12+£0.070 1.14+0.095 0.41
Anticoagulation therapy 1.13£0.077 1.13+0.084 0.86

“With” represents dilation ratio of the patient with variable listed on the table, while “Without” represents graft dilation of patients without

variable listed on the table.
COPD: chronic occlusive pulmonary disease
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Table 4 Multivariate analysis for graft dilation ratio

Prosthetic Graft Dilation

r Standard error 95% confidence interval P value
Age (years) 0.002 0.0008 0.0001-0.0033 0.035
Knitted-type prosthesis 0.089 0.0139 0.0610-0.1163 <0.001
Cerebral vascular disease 0.038 0.0176 0.0030-0.0732 0.034
HMG-CoA inhibitor 0.014 0.0139 -0.0137-0.0418 0.32

p=0.035), knitted-type prosthesis (r=0.089; 95% ClI,
0.0610-0.1163; p<0.0001), and cerebral vascular dis-
case (r=0.038; 95% CI, 0.0030-0.0732; p=0.034) were
independently associated with graft dilation at long-term
(Table 4). PWV was not entered in the multivariate analy-
sis due to small sample size.

Discussion

There was a significant increase in graft size at the aor-
tic arch in all three types of prosthetic graft used (He-
mashield, J-Graft, and Triplex). Multivariate analysis
showed that age, prevalence of cerebral vascular disease,
and use of knitted-type prosthetic graft were independent
risk factors for graft dilation.

Gelseal graft dilation has been reported previously.
Takami et al. reported 26% increase in graft size com-
pared with the package size in Gelseal graft used in the
ascending aorta. This was further dilated to up to 10.5%,
5 years after the surgery.®) Mattens et al. reported Gelseal
graft dilation in the descending aorta, which was dilated
to up to 31.4%, 2 years after the surgery.”) Similar to these
results, Etz et al. reported Dacron graft dilation in the as-
cending and descending aorta, which showed a slight dif-
ference in the dilation rate.? In their study, the ascending
aorta was more likely to dilate at a median rate of 2.8%
per year, while descending aorta dilation was limited to
1.1% per year.¥ Our study has also shown that there was
an initial increase in diameter after implantation com-
pared to the package size for Hemashield, J-Graft, and Tri-
plex. Although graft size continued to increase within the
median observation period of 43 months, Triplex showed
the most increase in diameter among the three grafts.

There are two types of prosthetic graft in the market
based on how the fibers are assembled: woven graft, which
is made of over and under patterned structure, and knitted
graft, which is structured by looping fibers in an interlock-
ing chain pattern. Due to its structure, woven-type is stron-
ger and has less porosity compared to knitted-type graft.
However, it is less compliant and may fray when cut. On
the other hand, knitted-type is soft and more stretchable
than the woven-type graft.® Among the three prosthetic
grafts used in our study, Hemashield and J-Graft are clas-
sified as woven-type prosthetic graft. On the other hand,
Triplex is a three-layer structured graft in which the inner

and outer layers are made of knitted graft and the middle
layer is made of self-sealing elastomeric membrane. The
nonbiological elastomeric membrane has been reported to
minimize bleeding and inflammatory response after sur-
gery.$?) Although it consists of knitted-type graft, Triplex
has been assembled to prevent graft dilation. However,
similar to the previous results, our study has shown that
degree of graft dilation was larger in knitted Triplex graft
compared to the woven-type prosthetic graft in the aortic
arch. Although there was no correlation between the nar-
rowing of the anastomosis site to the graft dilation ratio,
Triplex showed the least reduction in the diameter of the
anastomosis. This may be due to the stiffness of the three-
layered structure preventing it from graft folding from
the intermittent suture. Larger diameter at the proximal
anastomosis may be due to our surgical strategy in which
proximal graft is cut at a 45-degree angle for anastomosis.

Reports on the risk factors have also been presented. Etz
et al. reported that arterial hypertension was associated
with graft growth in the descending aorta, but not in the
ascending aorta. Further, smaller grafts had proportion-
ally greater increases in diameter.¥) However in their re-
port, probable risk factors including age, sex, or history of
smoking were not associated with graft dilation.? Other
studies have also reported that age, hypertension, and
initial diameter were not associated with graft dilation.”
On the contrary, our study has shown that age and history
of cerebral vascular disease was associated with graft dila-
tion independent of types of prosthetic graft used.

The concept of aortic compliance and compliance
mismatch after graft implantation has been documented
in several reports. The absence of elasticity of the native
aorta after graft replacement results in subsequent flow
changes to the vascular wall, which has been suggested
to enhance graft enlargement.!?) Aortic stiffness and
compliance is associated with atherosclerosis, which has
also been reported to increase with age.!) Our findings of
increased age and prevalence of cerebral vascular disease
may be associated with greater compliance of the vascular
system, which may result in enhanced enlargement of the
prosthetic graft.!9 Although limited in sample size, our
data has also shown a possible correlation between the
graft dilation ratio and postoperative PWV measurement,
which is a measure for aortic stiffness.

Long-term freedom rate from aneurysm-related com-
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plication after endovascular repair of the descending tho-
racic aortic aneurysm has been reported to be 96.2% at
11.8 years. However, endovascular reintervention was re-
quired in 7.3% due to endoleak.!2) With hybrid approach,
Melissano et al.!3) examined type 1 endoleak at incidence
rate of 7.1% in stent graft coverage from zone 0, 0.33%
from zone 1, and 7.9% from zone 2. In another report by
Kanaoka et al. risk factors for early type 1 endoleak after
TEVAR included landing zone 0-1, large proximal neck,
large stent graft diameter, and excessive oversizing.!¥
Undersizing of the stent graft can also cause endoleak due
to insufficient attachment of the stent graft to the land-
ing zone and further to stent graft migration.'3-1¢) Due to
changes in the diameter of the landing zone, insufficient
oversizing of the stent graft at the time of surgery could
lead to undersizing of the stent graft at long-term. Con-
sideration of appropriate oversizing of the stent graft is
needed to prevent stent graft-associated complications in
a hybrid operation. In the previous report, decrease in ex-
pansion rate from 2% to 3% per year for the first 2 years
to 1% year after 18 months has also been reported.’ Al-
though further investigation is needed, our study showed
continuous increase in graft dilation during the median
observation period of 43 months for the three grafts used.
Two-stage hybrid surgery may be a better option for pa-
tients who have allowance for time, as enlargement of the
prosthetic graft was continuous; thus, the measurement
of oversizing could be more accurate and appropriate for
preventing undersizing of the stent graft at long-term.

This study has several limitations. First, this is a ret-
rospective study with a limited sample size. Follow-up
study with a larger sample size is preferable to determine
independent risk factors. Second, J-Graft and Triplex are
only used in Japan; thus, expansion rate for other grafts
should be further evaluated. Third, radial force of a stent
graft differs with its graft size. In hybrid surgery, radial
force of a larger device may have more profound influence
on the graft dilation. It is also suggested that radial force
of a stent graft itself differs with its opening diameters;
thus, different sizes in landing zone may also have influ-
ence on the emerging radial force of an implanted stent
graft. Although multivariate analysis in our study showed
that graft size was not an independent factor for graft
dilation, further study is needed for confirmation. Fourth,
graft dilation ratio may be affected by the difference in
the manufacturing line for each graft. However, dilation
patterns observed in our study were similar in most grafts
used for each graft type. Further, grafts used in our hospi-
tal were not particularly selected by the company, and it
is unlikely that the data observed in this study is specific
to our hospital. Finally, data on PWV was limited in this
study. Further study is needed to confirm the effect of
PWYV on graft dilation.

Conclusion

The types of prosthetic graft used for landing zone recon-
struction, patient demographics, oversizing of the stent
graft, and the timing of endovascular approach should be
considered in prevention of probable endoleak and migra-
tion in patients undergoing hybrid surgery for extensive
aortic disease.

Disclosure Statements

Atsushi Yamaguchi serves as a consultant to Japan Lifeline
Inc. All other authors have no conflict of interest.

Author Contributions

Study conception: DH

Data collection: DH, SK, TS

Analysis: DH

Investigation: DH, SK, TS

Writing: DH

Critical review and revision: all authors

Final approval of the article: all authors
Accountability for all aspects of the work: all authors

Supplementary Materials

Supplementary materials are available at the online article
sites on J-STAGE and PMC.

References

1) Roselli EE, Bakaeen FG, Johnston DR, et al. Role of the fro-
zen elephant trunk procedure for chronic aortic dissection.
Eur J Cardiothorac Surg 2017; 51 Suppl 1: i35-9.

2) Desai ND, Szeto WY. Complex aortic arch aneurysm and
dissections: hybrid techniques for surgical and endovascular
therapy. Curr Opin Cardiol 2009; 24: 521-7.

3) Alimi Y, Juhan C, Morati N, et al. Dilation of woven and

knitted aortic prosthetic grafts: CT scan evaluation. Ann

Vasc Surg 1994; 8: 238-42.

Etz CD, Homann T, Silovitz D, et al. Vascular graft replace-

ment of the ascending and descending aorta: do Dacron

grafts grow? Ann Thorac Surg 2007; 84: 1206-12; discus-

sion, 12-3.

Kudo T, Kuratani T, Shimamura K, et al. Type 1a endoleak

following Zone 1 and Zone 2 thoracic endovascular aortic

repair: effect of bird-beak configuration. Eur J Cardiothorac

Surg 20175 52: 718-24.

Takami Y, Tajima K, Kato W, et al. Long-term size follow-

up of knitted Dacron grafts (Gelseal) used in the ascending

aorta. Interact Cardiovasc Thorac Surg 2012; 14: 529-31.

Mattens E, Engels P, Hamerlijnck R, et al. Gelseal versus

Gelweave Dacron prosthetic grafts in the descending tho-

racic aorta: a two-year computed tomography scan follow-

up study. Cardiovasc Surg 1999; 7: 432-5.

=

Nl

2

o

168

Annals of Vascular Diseases Vol. 13, No. 2 (2020)


http://dx.doi.org/10.1093/ejcts/ezw338
http://dx.doi.org/10.1093/ejcts/ezw338
http://dx.doi.org/10.1093/ejcts/ezw338
http://dx.doi.org/10.1097/HCO.0b013e3283317c91
http://dx.doi.org/10.1097/HCO.0b013e3283317c91
http://dx.doi.org/10.1097/HCO.0b013e3283317c91
http://dx.doi.org/10.1007/BF02018170
http://dx.doi.org/10.1007/BF02018170
http://dx.doi.org/10.1007/BF02018170
http://dx.doi.org/10.1016/j.athoracsur.2007.05.034
http://dx.doi.org/10.1016/j.athoracsur.2007.05.034
http://dx.doi.org/10.1016/j.athoracsur.2007.05.034
http://dx.doi.org/10.1016/j.athoracsur.2007.05.034
http://dx.doi.org/10.1093/ejcts/ezx254
http://dx.doi.org/10.1093/ejcts/ezx254
http://dx.doi.org/10.1093/ejcts/ezx254
http://dx.doi.org/10.1093/ejcts/ezx254
http://dx.doi.org/10.1093/icvts/ivr086
http://dx.doi.org/10.1093/icvts/ivr086
http://dx.doi.org/10.1093/icvts/ivr086
http://dx.doi.org/10.1016/S0967-2109(98)00168-9
http://dx.doi.org/10.1016/S0967-2109(98)00168-9
http://dx.doi.org/10.1016/S0967-2109(98)00168-9
http://dx.doi.org/10.1016/S0967-2109(98)00168-9

8) Tabata M, Shimokawa T, Fukui T, et al. New uncoated

vascular prosthesis reduces mediastinal tube drainage after
thoracic aortic surgery. Ann Thorac Surg 2011; 91: 899-902.

9) Tamura A, Yamaguchi A, Yuri K, et al. Clinical experience

10

11

12

with a new vascular graft free from biodegradable material.
Interact Cardiovasc Thorac Surg 2011; 12: 758-61.
Spadaccio C, Nappi F, Al-Attar N, et al. Old myths, new con-
cerns: the long-term effects of ascending aorta replacement
with dacron grafts. Not all that glitters is gold. ] Cardiovasc
Transl Res 2016; 9: 334-42.

Hori D, Akiyoshi K, Yuri K, et al. Effect of endoskeleton
stent graft design on pulse wave velocity in patients under-
going endovascular repair of the aortic arch. Gen Thorac
Cardiovasc Surg 2017; 65: 506-11.

Ranney DN, Cox ML, Yerokun BA, et al. Long-term results
of endovascular repair for descending thoracic aortic aneu-

Prosthetic Graft Dilation

rysms. ] Vasc Surg 2018; 67: 363-8.

13) Melissano G, Bertoglio L, Civilini E, et al. Results of tho-
racic endovascular grafting in different aortic segments. J
Endovasc Ther 2007; 14: 150-7.

14) Kanaoka Y, Ohki T, Maeda K, et al. Analysis of risk factors

for early type I endoleaks after thoracic endovascular aneu-

rysm repair. ] Endovasc Ther 2017; 24: 89-96.

Litwinski RA, Donayre CE, Chow SL, et al. The role of aor-

tic neck dilation and elongation in the etiology of stent graft

migration after endovascular abdominal aortic aneurysm

repair with a passive fixation device. ] Vasc Surg 2006; 44:

1176-81.

Buijs RV, Zeebregts CJ, Willems TP, et al. Endograft sizing

for endovascular aortic repair and incidence of endoleak

type 1A. PLoS One 2016; 11: e0158042.

15

16

Annals of Vascular Diseases Vol. 13, No. 2 (2020)

169


http://dx.doi.org/10.1016/j.athoracsur.2010.11.030
http://dx.doi.org/10.1016/j.athoracsur.2010.11.030
http://dx.doi.org/10.1016/j.athoracsur.2010.11.030
http://dx.doi.org/10.1510/icvts.2010.262022
http://dx.doi.org/10.1510/icvts.2010.262022
http://dx.doi.org/10.1510/icvts.2010.262022
http://dx.doi.org/10.1007/s12265-016-9699-8
http://dx.doi.org/10.1007/s12265-016-9699-8
http://dx.doi.org/10.1007/s12265-016-9699-8
http://dx.doi.org/10.1007/s12265-016-9699-8
http://dx.doi.org/10.1007/s11748-017-0787-8
http://dx.doi.org/10.1007/s11748-017-0787-8
http://dx.doi.org/10.1007/s11748-017-0787-8
http://dx.doi.org/10.1007/s11748-017-0787-8
http://dx.doi.org/10.1016/j.jvs.2017.06.094
http://dx.doi.org/10.1016/j.jvs.2017.06.094
http://dx.doi.org/10.1016/j.jvs.2017.06.094
http://dx.doi.org/10.1177/152660280701400206
http://dx.doi.org/10.1177/152660280701400206
http://dx.doi.org/10.1177/152660280701400206
http://dx.doi.org/10.1177/1526602816673326
http://dx.doi.org/10.1177/1526602816673326
http://dx.doi.org/10.1177/1526602816673326
http://dx.doi.org/10.1016/j.jvs.2006.08.028
http://dx.doi.org/10.1016/j.jvs.2006.08.028
http://dx.doi.org/10.1016/j.jvs.2006.08.028
http://dx.doi.org/10.1016/j.jvs.2006.08.028
http://dx.doi.org/10.1016/j.jvs.2006.08.028
http://dx.doi.org/10.1371/journal.pone.0158042
http://dx.doi.org/10.1371/journal.pone.0158042
http://dx.doi.org/10.1371/journal.pone.0158042

