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Abstract

Objective To summarize our early experience gained
from the chimney technique for type B aortic dissection
(TBAD) extending to the aortic arch and to evaluate the
aortic remodeling in the follow-up period.

Methods From September 2011 to July 2014, 27 con-
secutive TBAD patients without adequate proximal landing
zones were retrograde analyzed. Chimney stent-grafts were
deployed parallel to the main endografts to reserve flow to
branch vessels while extending the landing zones. In the
follow-up period, aortic remodeling was observed with
computed tomography angiography.

Results The technical success rate was 100 %, and
endografts were deployed in zone 0 (n = 3, 11.1 %), zone
1 (n =18, 66.7 %), and zone 2 (n = 6, 22.2 %). Imme-
diately, proximal endoleaks were detected in 5 patients
(18.5 %). During a mean follow-up period of 17.6 months,
computed tomography angiography showed all the aortic
stent-grafts and chimney grafts to be patent. Favorable
remodeling was observed at the level of maximum
descending aorta and left subclavian artery with expansion
of true lumen (from 184 £4.8 to 25 + 0.86 mm,
p<0.001 and 27.1 £0.62 to 28.5 % 0.37 mm,
p <0.001) and depressurization of false lumen (from
23.7 &+ 2.7 t0 8.7 &£ 3.8 mm, p < 0.001, from 5.3 + 1.2 to
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2.1 £ 2.1 mm, p < 0.001). While at the level of maximum
abdominal aorta, suboptimal remodeling of the total aorta
(from 24.1 £ 0.4 to 23.6 £ 1.5 mm, p = 0.06) and true
lumen (from 13.8 & 0.6 to 14.5 &+ 0.4 mm, p = 0.08) was
observed.

Conclusion Based on our limited experience, the chim-
ney technique with thoracic endovascular repair is
demonstrated to be promising for TBAD extending to the
arch with favorable aortic remodeling.

Keywords Type B aortic dissection - Aortic arch -
Endovascular repair - Chimney technique - Aortic
remodeling

Introduction

For the descending aortic pathology, the thoracic endovas-
cular aortic repair (TEVAR) has demonstrated favorable
short- and mid-term results [1]. Endovascular management
of the type B aortic dissection (TBAD) extending to the
aortic arch remains challenging because of the involvement
of supra-aortic branches. Although hybrid approaches have
been proposed as alternatives, the mortality and mobility
rates still remain high [2]. Other modified techniques such as
fenestrated grafts or branch grafts were limited by the evo-
lution of the treatment modalities and the complex proce-
dures. [3-6] Another option to perfuse supra-aortic vessels is
the chimney technique, firstly described by Greenberg et al.
as a mean to rescue renal arteries [7]. Advantageously, this
technique makes use of commercially available devices for
planned surgeries or accidental coverage of the supra-aortic
branches in emergent cases.

The chimney technique has been applied and presented
promising outcomes to extend the proximal landing zone
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during the endovascular repair of thoracic aortic aneurysms
[8-11]. However, in aortic dissections, this technique
might be substantially different from that in aneurysm
repairs owing to anatomical and pathophysiologic differ-
ences. Regarding the application of chimney grafts in
aortic dissection, reports have been limited to small series
with relatively short follow-up [12-15], and no study has
focused specially on aortic remodeling with this technique.
In this study, we summarize our initial experience with the
chimney technique and evaluate the follow-up aortic
remodeling for TBAD extending to the aortic arch.

Method

From September 2011 to July 2014, 27 patients with
TBAD extending to the aortic arch underwent TEVAR
combined with chimney technique, owing to the absence of
sufficient proximal landing zone (<15 mm landing zone
distal to left subclavian artery). All the patients were
assessed by a cardiac surgeon and considered unsuitable for
traditional open surgery according to the ASA (American
Society of Anesthesiologists). Characteristics of the
patients are listed in Table 1. Informed signed consent was
obtained from all patients involved, and this study was
approved by the Institution Review Board.

Among these 27 patients, 25 were acute (<15 days) and
2 chronic (>92 days). Seven were treated for malperfusion,
three for rupture, 13 failure of best medical management,
and four aneurismal enlargement. In addition, CTA was
used to classify locations of the ET into greater curvature,
lesser curvature, and anterior/posterior segments.

All procedures were performed under general anesthesia
in hybrid operation room. Chimney stent-grafts for
innominate artery (IA) and left common carotid artery
(LCCA) were routinely applied if the thoracic stent-grafts
were landed proximally in zone O (n = 3) and zone 1
(n = 18). In these cases, chimney grafts for left subclavian
artery (LSA) were not applied with a view to avoiding

Table 1 Patient demographics

Number of patients

Age, year 73.5(56-83)
Men 19 (70.4 %)
Acute 25 (92.3 %)
Hypertension 18 (66.7 %)
Diabetes mellitus 1 (3.7 %)
Hyperlipidemia 2 (7.4 %)
Renal insufficiency 1 (3.7 %)
COPD 2 (7.4 %)

endoleak. Adjunctive LCCA-LSA bypass prior to
endovascular repair was needed when these patients had a
dominant left vertebral artery (n = 3). In other patients
(n = 18), we intentionally overstented the LSA since the
risk of arm ischemia, stroke, and paraplegia was relatively
low. When the thoracic stent-grafts were landed proximally
in zone 2, single-chimney stent-grafts for LSA (n = 6)
were implemented.

After exposing the right common femoral artery
(RCFA) through a small incision, catheters were inserted
via the RCFA puncture under the guidance of appropriate
wires. The aortic lesions were measured through angiog-
raphy, and the diameters of aortic endograft and chimney
graft were generally oversized by 10 % aiming at adequate
sealing of ET. In order to prevent stent-graft-induced distal
dissections, distal restrictive bare stents (Sinus, OptiMed,
Germany) were used when the estimated mismatch rate
(ratio of distal diameter of stent-graft to long diameter of
true lumen) was greater than 120 %.

Guidewires for chimney grafts were placed via left
brachial artery access, left common carotid artery, or right
common carotid artery access. Percutaneous access guided
by ultrasound was used for small sheaths (<6-F), and a
cutdown was needed for >6-F sheaths to avoid iatrogenic
vascular injury. The relative positions of super-stiff wire
for aortic endograft and guidewire for chimney graft were
adjusted in order to avoid endoleak. For ET located in the
posterior segment, the chimney graft should be deployed in
front of the aortic stent-graft (left-anterior oblique view),
close to the anterior wall of thoracic aorta, whereas for ET
located in anterior segment, the chimney graft deployed
behind the aortic stent-graft (Fig. 1). In most cases, ET was
located in the greater curvature or lesser curvature, where
the position of chimney graft was not necessarily adjusted.
Chimney grafts [Fluency (C.R. Bard, USA); or Viabahn
(GORE, USA); E-LUMINEXX (C.R. BARD, USA)] were
then advanced to the aortic arch through the guidewires.
The aortic endograft was introduced upward to the thoracic
aorta, and types of endografts included TAG (W.L. Gore,
n = 9), Valiant (Medtronic, USA; n = 9), and Hercules
(MicroPort, China, n = 9). 1-2-cm overlap between the
aortic endograft and chimney graft was recommended.
Under controlled hypotension (systolic blood pres-
sure <90 mmHg) and fluoroscopy, the aortic endografts
were deployed, followed by the rapid deployment of the
chimney graft parallel to the main aortic stent-graft, except
in the IA chimney cases. In those cases, considering the
reduction of cerebral blood flow after aortic endograft
deployment, the chimney grafts for IA and LCCA were
deployed firstly followed by the aortic stent-graft. The
chimney graft was then dilated with suitable angioplasty
balloon.
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Fig. 1 The gutter should be formed as far away from ET as possible.
A Pre-operative computed tomography angiography (CTA) showed a
TBAD patient with ET located at the anterior segments, and the entry
tear (ET) was adjacent to the LSA (<15 mm). The arrow indicated
the position of the ET. B Left-anterior oblique view and C ortho
position of intra-operative digital subtraction angiography (DSA)

Completion ascending aortic angiogram was performed,
and proximal fixation of the endograft, immediate endo-
leak, and revascularization of supra-aortic branches were
evaluated. Finally, the RCFA access site was closed with a
5-0 Prolene. Technical success was defined as the accurate
proximal deployment of the aortic endograft and preserved
supra-aortic branches. All patients were routinely admin-
istered with oral aspirin (100 mg for at least 6 months).
Table 2 gives the characteristics of all procedures.

Follow-up: The follow-up protocol included computed
tomography angiography (CTA) performed after 3, 6, and

demonstrated the completed exclusion of the ET. C Since the ET was
located at the anterior segments, the chimney graft was then deployed
close to the posterior wall of thoracic aorta in order to avoid endoleak.
A the anterior segments, P the posterior segments, G the greater
curvature

12 months and yearly thereafter. Three-dimensional
reconstructions of the CT scans were used for measuring
the lumen diameters and the true and overall aortic lumen
diameters of the latest CTA at the level of the LSA ostium,
the MDA point, and the MAA level.

Statistical Analysis
Continuous variables were represented as the mean +

standard deviation, whereas categorical and ordinal data
were summarized as frequencies and percentages. The

Table 2 TEVAR

Mean =+ SD or n (%)

characteristics
Acute/chronic 2512
Proximal landing zone(zone 0/zone 1/zone 2) 3/18/6
Locations of ET (L/G/A/P) 4/16/3/4
Two chimney stents 3 (11.1 %)
Stent types of chimney grafts (covered/bare) 22/8
Diameter of chimney grafts (mm) 89+ 14
Length of chimney grafts (mm) 58.7 £ 16.6
Diameter of aortic stent-grafts (mm) 364 £ 2.8
Length of aortic stent-grafts (mm) 166.7 &+ 24.0
LCCA-LSA bypass 3 (11.1 %)
Post-operative endoleak (Type I/Type II) 4/1
Follow-up time (month) 17.6 + 9.6
Follow-up results
Patent 27 (100 %)
Endoleak resolved 2 (40 %)
Endoleak diminished 2 (40 %)
Endoleak unchanged 1 (20 %)

Continuous data are presented as the mean =+ standard deviation; categorical data are given as the counts.
ET entry tear, L the lesser curvature, G the greater curvature, A the anterior segments, P the posterior

segments
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Fig. 2 Left subclavian artery (LSA) chimney stenting in TEVAR for TBAD. A Pre-operative computed tomography angiography (CTA) showed
type B aortic dissection with tear adjacent to the LSA. B-D Follow-up CTA showed exclusion of the tear and a patent chimney stent in the LSA

comparisons of pre- and post-operative values were drawn
by a paired ¢ test, and significant differences were assumed
at p < 0.05. Statistical analyses were performed using
software (SPSS Inc., Chicago, Illinois).

Results

The procedure of all 27 patients was technically successful.
The aortic stent-grafts were deployed in Zone 2 (six
patients, Fig. 2), Zone 1 (18 patients, Fig. 3), and Zone 0
(three patients) according to Ishimaru classification [13].
Distal restrictive bare stents were used in 18 cases with an
estimated mismatch rate greater than 120 %. Totally 30

chimney grafts were used, of which 22 were covered stents
and 8 were bare stents. Chimney-graft compression by the
main aortic stent-graft was not observed during the pro-
cedure. Immediately proximal endoleaks were detected in
five patients (18.5 %) despite that the aggressive angio-
plasties were performed, and for most of them the ET was
located at the greater curvature (four patients), and another
one patient with endoleak had ET at the anterior segment.
No endoleaks were detected in patients with ET located at
the lesser curvature and the posterior segment. There was
no perioperative death or acute spinal cord ischemia (SCI),
but two minor stokes were documented. These two patients
suffered from neurological deficit of limbs and recovered
completely after 2-3 weeks.
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Fig. 3 A Pre-operative computed tomography angiography (CTA)
showed a patient with entry tear (ET) adjacent to the left common
carotid artery (LCCA). The arrow indicated the position of the ET.
B Digital subtraction angiography (DSA) demonstrated complete

The mean follow-up was 17.6 months (range 3-34 months),
during which no death was aneurysm related. One patient died
of myocardial infarction 21 months later. CTA showed all the
aortic stent-graft and chimney grafts to be patent, with no
migration and fracture. Among five cases with immediate
proximal endoleak, two resolved spontaneously (3 months
after operation), two diminished (6 and 9 months after

@ Springer

exclusion of the ET and preserved LCCA blood flow. C and D Pre-
operative CT scan showed patency of the aortic stent-graft and the
chimney graft for LCCA, compression of the false lumen and
enlargement of the true lumen

operation, respectively), and one was stable. Three persistent
endoleaks were not treated because sac enlargement was not
detected during the follow-up period, and these patients remain
being under close surveillance. Complete thrombosis of the
false lumen of the aorta was noted in 16 patients (16 of 27,
59.2 %), and partial thrombosis was noted in 11 patients (11 of
40.7 %).
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Mean overall aortic lumen diameter at the point of MDA
significantly decreased from 42.1 & 3.8 mm before the
stent grafting to 33.7 & 3 mm during the follow-up
(p < 0.001). Furthermore, the diameter at the level of LSA
decreased significantly, from 32.4 4+ 1.4 to 30.6 & 2.0 mm
(p = 0.002). MAA (241 £04 vs. 23.6 £ 1.5 mm,
p = 0.06) was not significantly different between pre-op-
erative and follow-up measurements. True lumen diameter
increased from 18.4 + 4.8 to 25 4+ 0.86 mm (p < 0.001)
at the point of MDA, from 27.1 + 0.62 to 28.5 & 0.37 mm
(p < 0.001) at the level of the LSA, and from 13.8 £ 0.6 to
145 &+ 0.4 mm, but without significant difference
(p = 0.08), at the level of MAA. The diameter of false
lumen at different levels significantly decreased in the
follow-up: from 23.7 & 2.7 to 8.7 £ 3.8 mm (p < 0.001)
at the point of MDA, from 53 + 1.2 to 2.1 £ 2.1 mm
(p < 0.001) at the level of the LSA, and from 10.3 £ 2.4 to
9.1 £ 3.3 mm (p = 0.003) at the level of MAA (Fig. 4).

Discussion

The chimney technique represents a viable option for
treating TBAD patients involving supra-aortic branches.
This technique, firstly performed in 2002, was thought to
be a “bailout” option to rescue inadvertently covered
vessels, and the follow-up observation proved the good
results of this alternative [14, 16]. This technique was then
used even in planned procedures for patients considered
unsuitable for open repair [12, 17]. Its relatively easy
procedure, familiar to most practicing surgeons, has shown
its potential advantages and has been reported by increas-
ingly more literature [3—6]. Nevertheless, scarce studies
focus on safety and efficacy of chimney technique in
TBAD. In the treatment of aortic dissection, some note-
worthy details should be paid attention to for good
outcomes.

The first choice for patients with TBAD extending to the
aortic arch is still controversial. The repair hereof is more
challenging compared to classical TBAD, for which open
surgery has been a feasible and safe approach, with
acceptable results, especially in centers of excellence.
Early results of chimney technique just demonstrated the
feasibility only. Owning to the limited quantity of reports
and the lack of long-term observation, some surgeons
suggested that chimney technique should be considered
only in acute poor surgical risk patients or as a bailout in
case of unintentional coverage of supra-aortic vessels.
However, one has to take the learning curve into account
for developing stent-grafts and chimney technique proce-
dure. In addition, considering the relatively high mortality
among patients treated by open surgery, a niche may
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Fig. 4 Bar graphs illustrating the mean diameter of A the total
diameter, B the true lumen, and C the false lumen compared between
pre-operative and follow-up measurements. The asterisk indicates
that the change was significant (p < 0.05). MDA maximum descend-
ing aorta, LSA left subclavian artery, MAA maximum abdominal aorta

therefore exist for TEVAR to supplement open surgery for
patients with TBAD extending to the arch.

High technical success, low complication, and excellent
post-operative patency rate engendered enthusiasm for
chimney technique. In this study, the procedure of all 27
patients was technically successful, similar to previous
studies [12]. In three cases, the aortic endograft had to be
deployed into Zone 0 to obtain an adequate proximal
landing zone. This procedure was associated with consid-
erable risks since IA and LCCA serve as branch vessels for
the cerebral circulation. The innominate stent-graft should
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be initially deployed to preserve RCCA flow to prevent
cerebrovascular events. Notably, two patients in our series
had documented stroke. It is likely that the required
manipulation of supra-aortic vessels was the source of
emboli in our cohort. Some researchers believed that the
likelihood of cerebral embolization was associated with the
implantation of aortic endograft into atherosclerotic lesions
[15]. During a mean follow-up of 17.6 months, all the
chimney graft remained to be patent. Routine administra-
tion of aspirin is one of the factors possibly contributing to
the patency of the chimney grafts, and chimney graft for
the supra-aortic branches might be of higher blood flow in
contrast to the chimney grafts for visceral arteries. In our
opinion, another speculative reason for the high patency
rate was the relatively short follow-up period. Chimney
stent thrombosis may occur at a higher rate with increasing
follow-up time. The chimney graft is usually under great
mechanical pressure from the aortic endograft, and the
chimney graft can lead to alternation of branch vessel
anatomy (e.g., take-off angle of the branch vessel), so
obstruction or fracture of the chimney grafts could occur
anytime during the follow-up period. Aggressive image
surveillance protocol is mandatory despite the early posi-
tive outcome of our study.

Endoleaks, especially type I endoleak, are always con-
sidered as the Achilles’ heel of the chimney technique, and
they were poorly understood in TBAD. TBAD is charac-
terized by primary ETs which might locate at the greater
curvature, lesser curvature, and anterior or posterior seg-
ments. The gutters between the main aortic and chimney
graft become the potential channel between ET and the
aortic canal. As a result, the gutter should be formed as far
away from ET as possible. We observed its consistence
with prior studies that the immediate endoleak rate was
higher especially when the ET was located at the greater
curvature of the aortic arch [17]. Theoretically, the supra-
aortic branches took off from the greater curvature, and it
was hard to keep the gutter away from ET located at the
greater curvature. As a result, the relative positions of ET
and chimney grafts are of great importance to avoid
endoleak. When ET was located in posterior segment, the
chimney graft should be deployed in front of the aortic
stent-graft, close to the anterior wall of thoracic aorta,
whereas chimney graft deployed behind the aortic stent-
grafts when ET was located in anterior segment.

Patients with immediate type I endoleak were usually
treated with kissing balloon technique to minimize gutter
formation. The safety of this approach needed further
exploration considering the highly fragile aortic wall in the
aortic dissection. Excessive angioplasties might cause ret-
rograde type A dissection in aortic dissection. Another
promising technique to deal with endoleak is the minimally
invasive coil embolization. The gutters could be selectively
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catheterized and embolized with coils [18]. Anyway, it was
encouraging that most of the endoleaks resolved (40 %) or
diminished (40 %) during the follow-up period.

Choosing the ideal configuration for chimney graft is
another controversial topic. Both covered and uncovered
stents have been used in the chimney technique. In our
experience, we preferred using covered stent. Covered
stent might be helpful for reducing the risk of endoleak
since it can decrease the blood flow coming via the meshes
of bare stent into the gutter. Moreover, the gutter is like a
blind channel, where thrombosis could be formed and be a
cause of cerebral emboli, and covered stents might reduce
this risk [19]. However, the large delivery system is the
main drawback of the covered stent. Some of the covered
stents had to be implanted by surgical access, whereas the
bare stent can be implanted by percutaneous access. As a
result, some surgeons still prefer using bare stents, and the
reasonable choice of different stents needs to be confirmed
by future studies.

Successful TEVAR is characterized by effective aortic
remodeling with depressurization of false lumen and
expansion of true lumen, so it is in the TEVAR in com-
bination with chimney technique. During the follow-up
observations, favorable remodeling was observed in sev-
eral aortic levels containing the level of MDA and LSA,
but suboptimal remodeling of the aorta was noticed at the
level of MAA. The discrepancy of remodeling between
different aortic levels may be attributed to residual distal
fenestrations located in the abdominal aorta. Hughes GC
[20] found that distal aorta with fewer than three residual
fenestrations was the ideal anatomy for complete aortic
remodeling. As a result, while chimney technique makes it
possible to cover the proximal ET, care should be taken to
deal with the distal entry aiming at favorable aortic
remodeling.

It is one of our acknowledgements that the present study
is limited. Our current experience to avoid endoleak is to
form the gutter as far away from ET as possible. However,
this hypothesis could not be confirmed without rigorous
comparative effectiveness data in this preliminary study.
Furthermore, long-term follow-up observation and com-
parison to fenestrated endovascular repair or open repair
were needed to determine the long-term efficiency of the
chimney technique.

Conclusion

Our limited experience demonstrated that the chimney
technique with TEVAR seems promising for TBAD
extending to the arch with favorable aortic remodeling. It
could be completed with a high technical success rate,
and its post-operative complications were acceptable.
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Considering the pathophysiologic characteristics of aortic
dissection, the gutter should be formed as far away from
ET as possible for avoiding endoleak.
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