
416 Copyright © 2013 The Korean Society of Cardiology

Korean Circulation Journal

Introduction

Endovascular aneurysm repair (EVAR) with stent grafts have re-
volutionized the treatment of abdominal aortic aneurysms (AAA) and 
have now become the procedure of choice especially in patients de-
emed intermediate or high risk for open aneurysm repair.1-3) Refer-
ral-based series from individual centers of excellence describe a 30-
day perioperative mortality of 1 to 5% following elective open in-
frarenal AAA repair.4)5) However, the feasibility of EVAR is dependent 
on specific anatomical criteria. AAA with a short (<15 mm) or an-
gulated (>60°) proximal neck is generally considered unsuitable for 
EVAR. Consequently, a complex open surgical repair with higher risk 
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of mortality and morbidity remains the preferred treatment option 
in patients with unfavorable proximal neck anatomy.

After the chimney graft technique was introduced, it drastically 
expanded EVAR’s applicability as a treatment option for AAA. Pa-
tients who were not previously considered candidates for EVAR were 
subject to open surgical repairs based on previous guidelines and 
now have another treatment option.

In this case report, we describe a 78-year-old patient with an AAA 
with a short and severely angulated proximal neck who was suc-
cessfully treated by EVAR using the chimney graft technique.

 

Case 

A 78-year-old male with a known infrarenal AAA presented with 
recent left flank pain at the Urology Department of Severance Hos-
pital. The patient had previously undergone a percutaneous translu-
minal coronary angioplasty at the mid right coronary artery (RCA) 
due to inferior wall myocardial infarction 22 years ago and had been 
regularly followed up. In addition, he also had a past history of hy-
percholesterolemia and benign prostate hyperplasia. He reported 
being a non-smoker without hypertension or diabetes. The AAA was 
incidentally discovered on coronary computed tomography (CT) taken 
six years ago and had a maximal diameter of 33 mm. 

The CT taken prior to admission demonstrated a thrombosed in-
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frarenal aortic aneurysm with an increased maximum diameter of 
63 mm, which prompted a referral to Cardiology (Fig. 1). The proximal 
aortic neck had an angulation of approximately 45° to the suprare-
nal aorta, and the length of the aortic neck to the right renal artery 
orifice was 16 mm. However, the left renal artery orifice was adja-
cent to the aneurysm, and there was practically no neck. Therefore, if 
the conventional EVAR technique were to be used, the blood flow to 
the left renal artery would be compromised due to the stent, inevi-
tably resulting in decreased renal function. 

Based on the patient’s advancing age and history of myocardial 
infarction, a preprocedural coronary evaluation was performed. An 
electrocardiogram showed normal sinus rhythm with ischemic ch-
anges in inferior leads, and echocardiography showed reduced left 
ventricular systolic function with an ejection fraction of 48% and 
akinesia of the RCA territory. The coronary angiography showed sig-
nificant tandem stenotic lesions of the proximal and distal left ante-
rior descending artery, which were subsequently treated with drug-
eluting stents (Endeavor Sprint 3.0×24 mm and 2.5×18 mm, Med-
tronic, Santa Rosa, CA, USA). 

Considering the patient’s age and history of significant coronary ar-
tery disease, we decided to perform EVAR using the chimney tech-
nique for AAA during his hospital stay. 

Vascular access in both femoral arteries was obtained percutane-
ously and was preclosed using two suture type closure devices (Pro-
Glide, Abbott, Abbott Park, IL, USA) on each side. A 7 Fr Shuttle Sheath 
was inserted into the suprarenal aorta through the left brachial ar-

tery access. The left renal artery was cannulated using a 5 Fr Multi-
purpose catheter through the Shuttle Sheath. A 0.035” wire (Amp-
latz stiff wire Cook Medical Inc., Bloomington, IN, USA) was in-
serted into the left renal artery, and a 6×50 mm graft stent (Viabahn, 
Gore, Flagstaff, AZ, USA) was placed into the left renal artery along 
the wire. 

A 36×70 mm aortic extension stent graft (Endurant, Medtronic) 
was inserted into the abdominal aorta through the right femoral 
artery and deployed so that the upper end of the graft of the aortic 
extension is positioned just below the right renal artery. The ostium 
of the left renal artery was covered by the graft (Fig. 2A). Subse-
quently, the Viabahn stent graft (Gore Viabahn Endoprothesis, W.L. 
Gore and Associates, Flagstaff, AZ, USA) placed in the left renal ar-
tery was deployed. Thereafter, a 36-20-166 mm bifurcated Endu-
rant main body stent was inserted into the abdominal aorta 
through the left femoral artery and deployed in overlap with the 
aortic extension (Fig. 2B). Also, a 16-24-93 mm contralateral limb 
piece (Endurant, Medtronic) was inserted through the right femo-
ral artery and deployed.

The apposition of the aortic extension and the Viabahn stent graft 
to the aortic wall was achieved by a kissing balloon method using a 
46 mm Reliant balloon and a 6×40 mm peripheral angioplasty bal-
loon (Fig. 2C). Immediate post-procedure angiography showed no 
significant endoleak and patent left renal artery (Fig. 3). The left bra-
chial artery access site was manually compressed and the femoral 
puncture sites were closed by tightening the prepared sutures. 

A   B   C  
Fig. 1. Baseline CT images of abdominal aortic aneurysm. A: three dimensional reconstruction image of the abdominal aortic aneurysm. B: axial view of 
abdominal aortic aneurysm at right renal artery (upper) and left renal artery level (middle) with a maximum diameter of 63 mm (below). C: coronal view of 
the infrarenal abdominal aortic artery, the black arrow indicates the length of the aortic neck to the right renal artery orifice which was 16 mm, and the 
white arrow indicates the left renal artery. The left renal artery orifice was adjacent to the aneurysm and there was practically no neck.
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No endoleaks or other complications were noted on routine post-
procedural follow-up CT (Fig. 4). The laboratory results showed the pa-
tient’s creatinine level at 1.14 mg/dL, which had no interval change 

of creatinine (baseline creatine 1.2 to 1.4 mg/dL) and estimated 
glomerular filtration rate. 

The patient developed a fever after the procedure, but with no ev-

A   B  

C   D  
Fig. 2. Procedure steps of the chimney technique. A: insertion of an aortic extension stent graft (36×70 mm, Endurant, Medtronic, Santa Rosa, CA, USA) 
and a renal stent graft (6×50 mm, Viabahn, Gore, Flagshiff, AR, USA). B: the main body (36×20×166 mm, Endurant, Medtronic) was inserted at AAA in 
overlapping with the distal part of the aortic extension stent graft. C: adjuvant balloon dilation was performed by kissing balloon technique using a 46 mm 
Reliant balloon (Medtronic) for aorta stent graft and a 6×40 mm balloon for the left renal stent graft. D: additional balloon dilation of bifurcated stent 
graft was performed.
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ident leukocytosis and negative blood culture, it was considered as 
a post-implant syndrome. The patient was discharged without other 
significant complications. 

 

Discussion

Randomized trials have demonstrated that EVAR has shorter 
hospital stays, less blood loss, shorter operating times, and lower pe-
rioperative mortality and morbidity compared to those of open sur-

gical repair.1)6) Longer-term outcomes also seem to further favor of 
endovascular repairs, although more interventions were required 
after in EVAR over a longer follow-up.1)6)7) However, the anatomical 
suitability of AAA restricts the general applicability of EVAR. Ana-
tomic suitability is generally defined as the absence of the follow-
ing characteristics: 

1) proximal aneurysm neck length less than 15 mm, 2) proximal 
neck diameter greater than 28 mm, 3) proximal neck angulation 
greater than 60 degrees in one or more planes, 4) extreme aortic or 

A   B   C  
Fig. 3. Angiographic result after endovascular aneurysm repair using the Chimney graft technique. A: final angiogram showing no significant endoleak 
and patent left renal artery. B: stent at main body and left artery. C: flow through the left renal artery.

A   B  
Fig. 4. A CT scan taken 4 days after the procedure showing complete exclusion of the abdominal aortic aneurysm sac and patent Viabahn stent graft deployed 
in the left renal artery. A: 3 dimensional reconstruction view. B: axial view of the aortic stent. White arrows indicate the stent graft in the left renal artery.
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iliac tortuosity, defined in most cases as the presence of two or more 
90-degree angulations within an iliac artery or subjectively as the 
inability to deliver a device without adjunctive measures, including 
modified access procedures or delivery adjuncts such as brachiofe-
moral access, 5) concomitant occlusive disease with an external or 
common iliac artery diameter less than 8 mm, and 6) inability to 
preserve at least one hypogastric artery by means of standard en-
dovascular techniques.8)9) 

Of these, the adverse anatomy of the infrarenal aneurysm neck 
is the predominant reason patients are excluded from EVAR candi-
dacy. Although the threshold of 10 mm has been stipulated as suf-
ficient to produce an adequate sealing zone for stent-graft posi-
tioning in more recent studies,7)9) the risk of type I proximal endoleak 
increases significantly with decreasing infrarenal neck length.10) The 
chimney graft technique, originally developed as a salvage proce-
dure for saving visceral arteries that accidentally get covered dur-
ing EVAR, can be a solution to this problem. 

The chimney graft technique creates a conduit that runs outside 
the aortic main endograft by deploying a covered or bare-metal 
stent parallel to the aortic endograft, and has been proposed to 
ensure secure proximal fixation extending the sealing zones.11) Re-
cent studies report that this technique can be an alternative treat-
ment option to replace the complex open surgical repair of AAAs 
in high-risk patients with very short infrarenal necks.11)12) The chim-
ney technique also can be an alternative to the fenestrated and br-
anched stent-graft for preserving blood flow to side branches in the 
sealing zones of aortic stent-grafts.13) Fenestrated endovascular 
grafts (f-EVAR) require high-resolution imaging studies and the im-
plantation procedure is challenging for the operator. Although re-
cent improvements of fenestrated grafts have demonstrated prom-
ising results, the use of such devices mandates highly precise pl-
anning, a manufacturing delay of 6 to 12 weeks, and an expensive 
cost for manufacturing as the devices are customized for each pa-
tient’s anatomy.14) However, the chimney graft is a simple technique 
that can be accomplished with regular stents and stent grafts and 
less radiation exposure compared with f-EVAR, especially beneficial 
in emergency settings.15)

The main question against the efficacy of the chimney graft 
technique lies in the development of type I endoleak, mainly due to 
the inadequate proximal sealing of the repair. Proximal fixation forc-
es of the graft could be decreased due to modification of the graft-
aorta interface, because covered stents placed between the endo-
graft and the aortic wall decreases the extent of the contact sur-
face area between the endograft and the aorta. 

The reported incidence of type I endoleak after EVAR using the 
chimney technique is variable, ranging from 0 to 37.5%.16) In a recent 
article review reported by Moulakakis et al.,12) in which a total of 93 pa-

tients were analyzed, type I endoleak was present in 10.7% (10/93) 
of patients postoperatively, excluding three endoleaks that were 
detected and treated intraoperatively.

With the chimney graft technique, type I endoleak is usually of 
low flow because the gutters between the main aortic graft, the chi-
mney graft, and the aortic wall was created as narrow as possible 
during the procedure. Thus, the accurate estimation of the diameter 
for the native aorta and the appropriate diameter of the deployed 
grafts may be of great importance for the prevention of type I en-
doleaks when using the chimney technique.

Another concern related to the chimney technique is the potential 
for procedure-related renal function impairment. In a recent review 
study, postprocedural renal function was impaired in 11.8% of the 
patients.12) Whether a hyperplastic response to the renal stent will 
ultimately threaten renal perfusion needs to be investigated. A thor-
ough follow-up of renal function using a laboratory study is needed. 

Late patency and the stability of chimney grafts are unknown. 
Thus, long-term follow-up studies are required to assess the efficacy 
and safety of the chimney technique.

In summary, an elderly AAA patient with a short angulated proxi-
mal neck was treated successfully with EVAR using the chimney 
technique. The use of the chimney technique expands the applica-
bility of EVAR for the management of complex AAAs. However, the 
efficacy and safety of this endovascular technique needs to be in-
vestigated in further long-term studies. 
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