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The Modified Chimney Technique With a Thoracic Aortic Stent Graft
to Preserve the Blood Flow of the Left Common Carotid Artery
for Treating Descending Thoracic Aortic Aneurysm and Dissection
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While thoracic endovascular aortic repair is an effective treatment option for descending thoracic aorta pathology, it does have limita-

tions. The main limitation is related to the anatomical difficulties when disease involves the aortic arch. A fenestrated, branched aortic

stent graft and hybrid operation has been introduced to overcome this limitation, but it is a custom-made device and is time consuming

to manufacture. Furthermore, these devices cannot be used in an emergency setting. We report two patients with massive descending

thoracic aortic aneurysm and ruptured aortic dissection very near the aortic arch who underwent a procedure which we named the modi-

fied chimney technique. The modified chimney technique can be used as a treatment option in such an emergency situation or as a rescue
procedure when aortic pathology is involved near the supra-aortic vessels. (Korean Cire J 2012;42:360-365)
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Introduction

Thoracic endovascular aortic repair (TEVAR) is a less invasive st-
rategy compared to open surgical repair for patients with various
types of aortic diseases. According to the recently published meta-
analysis of comparative studies on endovascular aortic repair ver-
sus open surgical repair for treating descending thoracic aortic dise-
ase, the non-randomized evidence showed that TEVAR may reduce
early mortality and morbidity when compared with conventional
open surgical management for patients who require intervention for
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descending thoracic aortic disease.” Despite these advantages, TE-
VAR has some difficulties. The common problem is the presence of
an inadequate short proximal and distal landing zone. To achieve an
adequate landing zone and sealing zone, the innominate artery, left
carotid artery and left subclavian artery occasionally need to be cov-
ered. Modification of the stent graft is needed to overcome these
limitations of TEVAR. The use of a fenestrated or branched stent
graft, which is able to preserve perfusion of the supra-aortic arch
vessels, could be one of the alternative approaches.? However, a
fenestrated or branched stent graft is a custom made device, and is
expensive and time consuming to manufacture. Furthermore, these
devices cannot be used in an emergency setting.?” An alternative
approach that can be used in these patients is the “chimney graft”
technique to preserve flow to the supra-aortic arch vessels with a
short landing zone, which is impossible to repair with a standard
stent-graft.” The chimney graft is defined as a bare or covered stent
that is placed parallel to the main stent graft to preserve blood flow
to the supra-aortic arch vessel, which is covered to achieve the pro-
per landing and sealing zone. Since the procedure was introduced,
the chimney graft has been successfully applied to preserve the
blood flow of the carotid, subclavian, renal and superior mesenter-
ic arteries during endovascular treatment of aortic disease.?” It has
been used as the rescue procedure for accidental overstenting of
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the carotid, subclavian, renal and superior mesenteric arteries dur-
ing endovascular treatment of aortic disease, and it has also been
used for patients with descending thoracic aortic dissection to over-
come the short landing zone using cut-down of the subclavian ar-
tery and the carotid artery.? There are a number of differences be-
tween the classical chimney graft and our "modified chimney" te-
chnique. We intentionally cover two thirds of the left carotid artery
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with the stent graft, select the left carotid artery via the other femo-
ral artery and then place the stent into the left carotid artery with-
out cut-down of the left carotid artery. We named this technical
modification the modified chimney technique. We report here on
our experience with the modified chimney technique used to pre-
serve the blood flow to a supra-aortic arch vessel in 2 patients with
ruptured thoracic aortic dissection and thoracic aortic aneurysm.

Fig. 1. CT showed a Stanford type B aortic dissection and intramural hematoma at the thoraco-abdominal aorta (A-D). An intimal flap was noted just dis-
tal from the left subclavian artery (white arrow in E and F). The intramural hematoma extended to the origin of the renal artery (C).
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Cases

Case 1

A 49-year-old female experiencing untreated hypertension for
several years presented with severe chest and back pain. A CT scan
was performed and revealed an aortic dissection (Stanford type B)
and an intimal flap was noted immediately distal from the origin
of the left subclavian artery. After 4 days of medical management,
her urine output decreased and both femoral pulses were weak-
ened. Another CT scan was performed, showing that the aortic dis-
section had worsened and there was nearly total occlusion of the
mid-aorta (Fig. 1). We recommended aortic repair operation, which
the patient and her family refused. TEVAR was recommended as an-
other treatment option to cover the intimal flap of the dissection.
To acquire the proper proximal landing zone, her left subclavian ar-
tery and two thirds of the origin of the left common carotid artery
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would be covered by the stent graft. For the occluded left subcla-
vian artery, revascularization can then be selectively considered in
a staged approach if left arm pain, claudication and subclavian steal
syndrome develop. The modified chimney technique was planned
to preserve the blood flow of the left common carotid artery. The pa-
tient was taken to the cardiac catheterization laboratory and a left
femoral arteriotomy was performed under general anesthesia. The
035 inch wire was placed in the ascending aorta and the left sub-
clavian artery through the left radial artery approach. This wire is im-
portant to rescue the left carotid artery flow. If an aortic stent graft
totally covers the left carotid artery or if it is difficult to select the
left carotid artery with a catheter, then we can perform emergency
balloon dilatation and place a chimney graft stent from the left sub-
clavian artery to the aorta via this wire. The deployment of a 38150
mm SEAL aortic stent graft (S&G Biotech, Seongnam, Korea) was
performed so that the proximal part of the stent graft covered two

Fig. 2. The overall procedure of the patient. A: the aortogram before stent graft deployment; the proximal entry tear was distal to the LSCA. B: the aorto-
gram after stent graft deployment; the proximal entry tear was completely sealed. The origins of the left carotid artery and LSCA were covered because of
the short proximal landing zone. C: selection of the LCCA with a Judkin right 5 Fr catheter through the right femoral artery. D: stent deployment in the
LCCA by the chimney graft technique. E: the aortogram after successful stent graft deployment; the occluded true lumen was reexpanded and the false lu-
men was not seen. The mean pressure gradient between the thoracic and abdominal aorta was decreased to 20 mm Hg from 90 mm Hg after TEVAR. There
was no endoleak. TEVAR: thoracic endovascular aortic repair, LSCA: left subclavian artery, LCCA: left common carotid artery.
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thirds of the ostium of the left common carotid artery. After selec-
tion of the left common carotid artery using a 5 Fr Judkin right ca-
theter (Cordis, Hialeah, FL, USA) through the gap between the stent
graft and the left carotid artery, we passed a 035 inch Terumo wire
(Terumo, Tokyo, Japan) into the left carotid artery through the right
femoral artery and exchanged it with an Amplatz stiff wire. Then,
an 8x60 mm SMART nitinol stent (Cordis, Hialeah, FL, USA) was de-
ployed into the left common carotid artery. A final angiogram sh-
owed excellent results with good flow to both the thoracic aorta and
the left common carotid artery. No endoleak was noted (Fig. 2). The
occluded true lumen was re-expanded and the false lumen was not
seen. The mean pressure gradient between the thoracic and abdomi-
nal aorta was decreased to 20 mm Hg from 90 mm Hg immediately
after TEVAR (Fig. 2). After 18 months there has been no endoleak, re-
stenosis of the stent in the left carotid artery or other complications.

Case 2

A 75-year-old male with hypertension and medically treated
aortic dissection that occurred several years ago again presented
with severe chest and back pain. A CT scan revealed an aortic dis-
section (Stanford type B) combined with a massive aneurysmal dila-
tation, and the intimal tear site was nearly 2 cm from the left sucla-
vian artery. Because the aortic aneurysm involved an aortic arch,
the proximal landing zone was less than 1 cm wide (Fig. 3). Because
of his age and the characteristics of the lesion, there was the pos-
sibility of further operation related complication (perioperative
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mortality, morbidity, stroke, paraplegia etc.) and the patient did not
want open surgery; we therefore decided to perform TEVAR rather
than open surgery. The patient was taken to the cardiac catheteriz-
ation laboratory and an arteriotomy for the left femoral artery was
performed under general anesthesia. The 035 inch wire was placed
in the ascending aorta and the left subclavian artery through the
left radial approach. The aortogram confirmed a large aortic aneu-
rysm adjacent to the origin of the left subclavian artery. Two thirds
of the origin of the left common carotid artery was covered by the
proximal part of a 40X 160 mm SEAL thoracic aortic stent (S&G bio-
tech, Seongnam, Korea) to achieve an adequate landing zone. An-
other 40x 130 mm SEAL thoracic aortic stent (S&G biotech, Seong-
nam, Korea) was deployed in the first aortic stent graft with a 7 cm
overlapped segment to protect against disconnection of the aortic
stent grafts. After selection of the left common carotid artery using
a 5 Fr Judkin right catheter through the gap between the stent graft
and the left carotid artery, we passed a 035 inch Amplatz stiff wire
into the left carotid artery through the right femoral artery. An 8X
60 mm SMART nitinol stent (Cordis, Hialeah, FL, USA) was then de-
ployed into the left common carotid artery. The final angiogram sh-
owed excellent results with good flow to both the thoracic aorta
and the left common carotid artery. No endoleak was noted (Fig. 4).
On the clinical follow-up of this patient (20 months to date), the pa-
tient has had no problems related to the graft and the follow-up CT
scan showed no sign of malfunctioning grafts, restenosis of the
stent in the left carotid artery or other complications.

Fig. 3. The CT scan revealed a Stanford type B aortic dissection combined with a huge aneurysmal dilatation for which the entry site was the aortic arch
level and the aneurysm extended to the infrarenal level and ran to the common iliac artery.
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Fig. 4. The overall procedure of the patient. A and B: the aortogram before stent graft deployment; the proximal entry tear was distal to the LSCA and
there was a huge aneurysm. C: the aortogram after stent graft deployment; the huge aneurysm was completely sealed. The origins of the left carotid artery
and LSCA were covered because of the short proximal landing zone. D: selection of the LCCA with a Judkin right 5 Fr catheter through the right femoral
artery. E: stent deployment in the LCCA by the chimney graft technique. F: the aortogram after successful stent graft deployment: There was no endoleak.

LSCA: left subclavian artery, LCCA: left common carotid artery.
Discussion

Over 40% of the patients who have undergone TEVAR have pa-
thology that starts near the left subclavian artery In these circum-
stances, the aortic stent grafts are currently typically placed over
the origin of the left subclavian artery, thereby occluding the aortic
arch vessel. Published reports have shown that the baseline risks
of adverse outcomes in patients who have TEVAR and left subcla-
vian artery coverage are 6% for arm ischemia, 4% for spinal cord
ischemia, 2% for vertebrobasilar ischemia, 5% for anterior circula-
tion stroke and 6% for death. Despite these adverse outcomes (wh-
ereby the necessity of left subclavian artery revascularization is con-
troversial), most practitioners generally agree to perform left sub-
clavian artery revascularization in certain situations, and particularly
when there is a dominant left vertebral artery (60%), a previous left
internal mammary coronary artery bypass graft or when the distal
right vertebral segment is absent.” In many circumstances, individ-
ualized care must be tailored using clinical judgment. Routine left
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subclavian artery revascularization may not be possible in some
patients in whom ruptured aortic dissection or a ruptured aortic
aneurysm requires immediate TEVAR or when the proper surgical
expertise is not available. In our cases, the patients were in an em-
ergency situation, the aortogram performed during the procedure
showed no dominant left vertebral artery and the patients had not
undergone a previous coronary artery bypass graft operation. It is
reasonable to suggest that the left subclavian artery revasculariza-
tion should be planned in a staged approach when symptoms (arm
pain, claudication and subclavian steal syndrome) occur. For the
modified chimney technique, we consistently placed the 035 wire
in the ascending aorta and then in the left subclavian artery through
the left radial approach. This wire is important to rescue the left ca-
rotid artery flow. If an aortic stent graft totally covers the left ca-
rotid artery or it is difficult to select the left carotid artery with the
catheter, then we can perform emergency balloon dilatation and a
classic chimney graft stent from the left subclavian artery to the
aorta via this wire. The wire could be useful for left subclavian ar-
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tery revascularization if this is needed.

In the modified chimney technique, the chimney stent is inserted
via the femoral artery and not via the carotid artery. There is no need
to puncture or cut down the supra-aortic arch vessels as this pro-
cedure is inconvenient for the operator and there could be complic-
ations during the procedure such as bleeding, pneumothorax and
stroke. Using a 5 Fr catheter (Judkin Right 5 Fr) through the other fe-
moral artery, super selection of the left common carotid artery was
easily performed and the 035 inch Terumo guidewire was placed
into the left common carotid artery. Then, the guide wire was ex-
changed with a 035 inch Amplatz stiff guide wire. The self expand-
able stent was inserted via the other femoral artery, and the chim-
ney stent was placed protrusively into the aorta across the aortic
stent graft to preserve the left carotid flow. Actually, we selected
the left carotid artery within 5 minutes. This was possible and easily
performed because the proximal end of the main stent covered only
two thirds of the left common carotid artery orifice. We were able to
acquire an adequate proximal landing zone by the modified chimn-
ey technique.

The classic chimney graft technique had a low rate of adverse ev-

ents,"

yet it is possible that the chimney graft technique has an
increased risk of endoleak compared to that of the conventional
TEVAR. This is because the chimney graft stent was inserted paral-
lel to the proximal end of the main stent. An endoleak could possibly
occur between the two stents. The modified chimney technique is
similar to the two stent insertion technique for the coronary bifur-
cation, and the chimney stent was not inserted exactly parallel to
the main stent. Thus theoretically, there is less chance for blood to
leak between the two stents. However, further studies will be re-
quired to firmly determine this.

The modified chimney technique could be useful when the aortic
main stent graft accidentally covers the supra-aortic branch ves-
sels. As described above, there are advantages in using the modi-
fied chimney technique, including: using the same entry site of the
main stent; there is no need to puncture or cut down the carotid ar-
tery; a short procedure time; and fewer complications such as
bleeding, pneumothorax and stroke. However, when the main stent
accidentally covers the entire orifice of the left common carotid ar-
tery and the aortogram shows no blood flow to the left common
carotid artery, then the retrograde approach needs to be performed
via the left carotid artery.

The modified chimney technique could be useful due to various
aspects. However, it is unable to become the next step of TEVAR be-
cause the modified chimney technique cannot be applied in all the
patients with thoracic aortic pathology. The branched and fenes-
trated aortic stent graft may be the next approach if it is convenient,
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less complicated and it becomes available as an off-the-shelf de-
vice. This may become clear after further studies are carried out.

In conclusion, While TEVAR is a treatment option for thoracic
aortic pathology, it does have limitations such as anatomical prob-
lems. The modified chimney technique could be used as an alter-
native option when aortic pathology is involved near the supra-aor-
tic arch vessels in an emergency situation, and as a rescue procedure
when a stent graft covers the left carotid artery accidentally.
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