
CLINICAL REVIEW

 Vascular Disease Management®  September 2016    209 

The Chimney Technique for Juxtarenal  
Aortic Aneurysms
Kira N. Long, MD; Ross Milner, MD
From the University of Chicago Medicine & Biological Sciences, Chicago, Illinois.

Juxtarenal aortic aneurysms present a unique chal-

lenge in endovascular therapy. The short neck 

of these aneurysms, threatening stent coverage 

of the renal arteries, or even the superior mesenteric 

artery, limits the use of standard off-the-shelf stent-

grafts. The broader use of fenestrated grafts for endo-

vascular aneurysm repair (fEVARs) has allowed endo-

vascular treatment of more complex aortic pathology. 

The downside of fEVAR devices, however, is cost 

and timing. Each device is custom made based on 

an individual patient’s anatomy and can take up to a 

month to manufacture. Also, not every patient with a 

juxtarenal aneurysm has anatomy that conforms to the 

current FDA-approved fenestrated device. In emer-

gency situations, the use of fEVAR is not feasible. 

This would leave a potential gap in treatment options 

for patients who are not candidates for open proce-

dures.

Fortunately, there is an off-the-shelf option for these 

situations—the chimney/snorkel endovascular aneu-

rysm repair (chEVAR). First reported in 2003 and 2007, 

the chEVAR technique increases the length of the 

neck (the proximal landing zone) by stenting the renal 

arteries and/or SMA in parallel to the main body graft, 

thereby preserving flow and preventing ischemia.1–3 

The technique can also be used as a salvage maneuver 

when these aortic branches are inadvertently covered 

in the course of a routine EVAR.4

ABSTRACT: The advancement of endovascular technology has enhanced the treatment of complex 

abdominal aortic aneurysmal pathology. This is particularly evident in the treatment of juxtarenal aortic 

aneurysms. While the use of fenestrated grafts (fEVARs) is gaining popularity, it is not always feasible 

or even available in an emergent setting. Additionally, the technology is costly. The chimney/snorkel 

technique (chEVAR) is a practical alternative in emergent settings or as a salvage procedure when the 

renal arteries or superior mesenteric artery are covered. Although the technique is an off-label use of 

existing technology, it carries an acceptable risk of complications as well as an excellent technical success 

rate. The chEVAR technique should be strongly considered in the appropriate clinical setting and further 

research should be carried out to determine its use as an elective treatment option as well.
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The concerns that have been raised on the topic of 

chEVAR deal mainly with the to-be-determined vari-

ables. The technique is still considered an off-label 

use as it combines technology that has not been tested 

together. And although there is commonality amongst 

all users, there is yet to be standardization of technique.

Technical success in chEVAR is defined as no type I 

endoleak with a patent aortic endograft and chimney 

grafts.5–7 The avoidance of type Ia endoleak (or “gut-

ter” leak) is dependent on the interaction between 

the main body graft and the branch stents. Long-term 

consequences (if any) between the grafts and stents are 

unknown. Additionally, the durability and patency of 

these complex repairs is not known in the long-term 

when used in association with an aortic graft.

Several recent studies have commented on imme-

diate and midterm results (Table 1). Most recently, 

the PROTAGORAS study reported technical success 

in 100% of their 187 snorkel/chimney grafts (in 128 

patients), although 1.6% (2 patients) had a late type 

Ia endoleak requiring intervention. In this study, 30-

day mortality was low at 0.8% and midterm mortality 

was 17.2%. Mean follow-up was 24.6±17.4 months. 

Patency of all grafts was 95.7% and 93.1% of grafts 

avoided any re-intervention during the study period.7

The PERICLES registry evaluated the treatment of 

517 patients by chEVAR (a total of 898 stents). The 

technical success was similar to the PROTAGORAS 

study at 97.1%. Overall 30-day mortality was 4.9%, but 

30-day mortality in elective cases was 3.7%. Mortality 

at 3 years was 25.1%. Patency of the chimney grafts 

was 94.1%.5 

Scali et al reported on a cohort of 41 patients treated 

with chEVAR from 2008-2012, using a total of 76 

chimney grafts. The group did not specifically quan-

tify “technical success,” but they did report that 85% 

of patients had stabilization or reduction of abdominal 

aortic aneurysm (AAA) sac diameters. Three patients 

(7%) experienced a late type Ia endoleak. Chimney 

graft patency at 3 years was 85%.8

A smaller study from Portugal looked exclusively at 

35 patients over the age of 80 with juxtarenal aortic 

aneurysms who received a total of 51 chimney grafts. 

The group also reported a technical success rate of 

100%. Median follow-up was 36 months and mortal-

ity was 27.3%. New endoleaks were seen in 9.1% of 

patients, but none were gutter-type endoleaks. Chim-

ney graft stenosis (>75%) was noted in 2 patients (6%) 

and occlusion was seen in 1 patient. Freedom from 

reintervention was 91% at 3 years.6

The technique of chEVAR bears all the risks of a 

traditional EVAR, but also carries risks related to the 

placement of additional branch stents. These potential 

complications include an increased risk of renal insuffi-

ciency or failure, both in the short and long term; bowel 

ischemia; and access-related complications, particularly 

from the upper extremity (upper-extremity ischemia 

or embolic stroke).

The PROTAGORAS study reports 6 patients who 

experienced high-grade renal artery stenosis in follow-

up, but experienced no decline in renal function. Eight 

total chimney grafts were occluded in the follow-up 

period. Three patients had a temporary creatinine in-

crease and 1 patient needed permanent hemodialysis 

after occlusion of both renal chimney grafts. The two 

occlusions reported in SMA grafts had no long-term 

consequences after reintervention.7

The PERICLES registry reported that 17.5% of pa-
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Table 1

Author/study 
group

Publication 
year

# of  
patients

Mean age 
(yrs)

Type of  
aneurysm Type of aortic graft

Number of 
chimney 
grafts

Ohrlander  
et al4 2008 10 69.5 TAA: 4; 

AAA: 6

Cook Zenith 30%; 
Gore TAG 10%; 
Cook Trifab 40%; 
Zenith Fenestrated 
10%

TAA: 4; AAA: 
11

Lee et al2 2012 28 75 all AAA

Cook Zenith 68%; 
Cook Renu 7%; 
Cook TX2 7%; 
Medtronic Endurant 
7%; Gore Excluder 
3.5%; Gore TAG 
3.5%; Medtronic Tal-
ent 3.5%

56

Scali et al8 2014 41 73
all AAA or 
thoracoab-
dominal

Cook Zenith 63%; 
Endologix 7%; Gore 
EVAR 5%; Medtron-
ic Talent 2%; Gore 
TAG 2%; Cook 
Renu 2%; Cook TX2 
10%; Cook AUI 5%; 
Medtronic Captiva 
2%

76

Donas et al/
PERICLES5 2015 517 75.2 all AAA

Medtronic Endurant 
49.5%; Cook Zenith 
17.3%; Gore Exclud-
er 14.5%; Gore TAG 
5.3%; Jotec 3.2%; 
Cook TX2 2.1%; 
Medtronic Valiant 
6%; Medtronic Tal-
ent 0.7%

898

Donas et al/
PROTAGORAS7 2015 128 76.6 all AAA Medtronic Endurant 

100% 187

Silveira et al6 2016 35 83.5 all AAA Medtronic Endurant 
100% 51
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Table 1
Graft details Mean aneurysm 

size (range)
Mean proximal 
neck length

Access point(s) Follow-up Patency Endoleaks

TAA: 2 left CCA, 1 
innominate, 1 left 
SA; AAA: 3 unilateral 
RA, 3 bilateral RA, 2 
SMA

not listed not listed TAA: brachial or 
carotid cut-down;                   
AAA: open brachi-
al or laparotomy

not clear-
ly defined

not dis-
cussed

TAA: 1 type I

5 unilateral RA; 17 
bilateral RA; 6 celi-
ac/SMA/renal com-
binations

64.8 mm (53-
87)

Median  0 mm 
(0-5)

Open subclavian/
axillary/ proximal 
brachial; percuta-
neous femoral

10.7 
(3-25) 
months

3 
months 
98.2%

25% early: 2 
type I, 3 type 
II, 2 type III 
(1 interven-
tion)

13 bilateral RA; 
10 unilateral RA + 
SMA or CA; 7 unilat-
eral RA; 5 CA; 
4 bi-lateral RA + 
SMA or CA; 
2 SMA

65 mm (±12) not reported percutaneous 
left brachial (1 
chimney), bilat-
eral percutaneous 
brachial/open 
axillary (multiple 
chimneys); percu-
taneous femoral

not speci-
fied

1 year 
88% 
(±5); 3 
years 
85% 
(±5)

1 type Ia

342 right RA; 316 
left RA; 34 acces-
sory RA; 156 SMA; 
50 CA

65.9 mm 
(±216.5)

4.8 mm (0-13) not specified 17.1 
(1-70) 
months

6 
months 
94.9%;    
1 year 
91.8%;          
2 years 
89.2%;         
3 years 
87%

7.9% type Ia

160 RA; 15 acces-
sory RA; 10 SMA; 2 
CA

64.8 mm (48-
135)

4.7 mm Open left brachial 
(1 chimney), open 
left axillary (mul-
tiple chimneys); 
percutaneous & 
open femoral

24.6 
(0-61) 
months

95.7% Late 1.6% 
type Ia

22 right RA; 23 left 
RA; 6 SMA; 0 CA  
single 62.9%; dou-
ble 28.6%; triple 
8.5%

64.3 mm 
(±18.5)

not listed Open left bra-
chial/ axillary 
(1 chimney), bi-
lateral brachial/
axillary artery (2 
chimneys); percu-
taneous femoral

36 (1-69) 
months

not dis-
cussed

Primary 
8.6%          
(2 type II, 1 
type Ia)

Cop
yri

gh
t H

Mp C
om

mun
ica

tio
ns



CLINICAL REVIEW

 Vascular Disease Management®  September 2016    213 

tients experience some type of kidney injury in the 

postoperative period. Of this group, 8 (1.5%) required 

any duration of hemodialysis. During “midterm fol-

low-up,” 83 patients were found to have worsening 

kidney function with 12 progressing to a hemodialysis 

requirement. Renal chimney graft occlusion resulted 

in the need for hemodialysis in 5 patients.5 The octo-

genarian group reported one incident of acute upper 

extremity ischemia related to access. No kidney-related 

complications were discussed.6

Scali et al reported that 3 patients had brachial artery 

thrombosis requiring surgical intervention and 1 ex-

perienced an axillary artery avulsion requiring bypass. 

Two patients experienced stroke. The authors reported 

20% of patients with kidney injury, 2 of whom required 

dialysis postoperatively.8

While the body of literature on the topic is growing, 

the unknowns cannot be entirely discounted. There 

is not yet consensus over which type of stent to use in 

branch vessels (balloon-expandable, self-expandable, 

bare metal). Acceptable rates of stent stenosis have not 

been established in this setting. Additionally, the PRO-

TAGORAS study recommends that creating a neck 

length of >15 mm should be the goal in chEVAR.7

The success of EVAR is dependent on achieving a 

dependable seal at both ends of the device, as well as 

ensuring reliable fixation to prevent stent graft migra-

tion. Balancing these two factors leads to technical 

success of the procedure and prevention of a type 1 

endoleak.

Table 1
30-day mortality Survival Technical success Complications

0% 4 months 90% not discussed 1 death due to intestinal ischemia from a covered 
SMA

7.1% 3 months 89.3% 98.2% 1 renal stent deployment failure; perinephric he-
matoma (7.1%), permanent HD (3.6%), iliac artery 
injury (3.6%), brachial plexus nerve injury (3.6%), 
self-limited arrythmias (14.3%), non-Q-wave MI 
(3.6%)

5% 93% 93% New need for HD 5%; Respiratory failure/PNA 
12%; GI complications 7%; Cardiac complications 
7%; Stroke/TIA 5%; SCI 2%

4.9% 6 months 91.3%; 
1 year 84.9%; 2 
years 77.2%; 3 
years 74.9%

97.1% Rupture 30-day mortality 24.1%; Elective 30-day 
mortality 3.7%; Procedure-related death 0.7% (3 
bowel ischemia, 1 graft infection); Embolic stroke 
1.7%

0.8% Midterm 82.8% 100% Cardiac decompensation 0.8%; Ischemic stroke 
1.6%; aortic rupture 0.8%

TAA, thoracic aortic aneurysm; AAA, abdominal aortic aneurysm; RA, renal artery; SMA, superior mesenteric 
artery; HD, hemodialysis; MI, myocardial infarction; CCA, common carotid artery; SA, subclavian artery; CA, 
celiac artery; ESRD, end-stage renal disease; PNA, pneumonia; TIA, transient ischemic attack; SCI, spinal 
cord ischemia.
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Fixation of the graft can occur in a supra- or infrarenal 

fashion. While suprarenal fixation helps prevent stent 

graft migration, the wire struts and barbs can potentially 

diminish blood flow to the renal arteries. 

Resch et al demonstrated that while not as strong 

as a sutured anastomosis, devices with wire struts and 

barbs used in suprarenal fixation were superior to those 

devices without when it comes to migration.9 

Parmer and Carpenter studied suprarenal vs infrarenal 

fixation and found that while there were no differences 

in renal function in the short term, both groups trended 

toward decreasing renal function over the course of the 

study period. They recommended further studies to 

determine longer-term outcomes.10 Similarly, Sun and 

Stevenson found no difference in renal function dur-

ing the short- and midterm follow-up after suprarenal 

(referred to as “transrenal” in their work) or infrarenal 

fixation, but did comment that there was increased 

incidence of renal infarction when suprarenal fixation 

devices were used.11

More recently, Miller et al looked at the suprarenal vs 

infrarenal fixation issue and again found no statistically 

significant differences in renal function in the short and 

mid term, but encouraged longer study periods.12

The chEVAR technique used by our group, as well as 

others, involves a minimum of 2 access point: femoral 

and an upper extremity.4,6-8,13 Femoral access can be 

completed in a percutaneous fashion. One or both up-

per extremities are accessed dependent on the number 

of chimney grafts planned. We utilize an open ap-

proach to the axillary artery and most commonly use 

the right side due to ease of positioning and access by 

the surgeon. We gain proximal and distal control of 

the axillary artery and place a 10 mm Dacron conduit. 

This conduit serves as the access point for the sheaths 

and wires during chimney graft placement (Figure 

1). Each 7 Fr sheath placed in the conduit is labeled 

with the vessel it is selectively catheterizing. Once the 

selected branches have wires in place, the aortic endo-

graft is deployed and subsequently, each chimney graft 

is deployed with a planned 15 mm to 20 mm overlap 

with the aortic endograft and extending 10 mm to 15 

mm beyond the proximal extent of fabric of the aortic 

endograft. An effort is made to place the chimney graft 

below the “suprarenal” or active fixation of the device.

The potential advantage of the chEVAR technique 

using devices designed with suprarenal fixation is that it 

separates the potentially compromised fixation and seal 

that occur using this technique. The chimney stents can 

be specifically placed above the fabric of the device, but 

Figure 1. Intraoperative photograph of a right 
axillary artery exposure with placement of a 10 mm 
conduit; 4 sheaths are in place and labeled with the 
selectively catheterized vessels.
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below the fixation, so that fixation is not compromised 

(Figures 2 and 3). This technical aspect still allows for 

potential “gutter” endoleaks, but will likely minimize 

the risk of migration. Micro and standard computed 

tomography (CT) scan imaging have demonstrated the 

successful interaction between the chimney stents and 

an endograft with suprarenal fixation (Figures 4 and 

5). The above data from the registries and micro and 

standard CT scan imaging confirm the efficacy of this 

technique with suprarenal fixation. 

The complication rate for chEVARs is acceptable, but 

further long-term studies are needed for widespread 

standardization and certainly before the chEVAR is 

widely used as an elective treatment for juxtarenal AAA. 

Figure 2. 25 mm Endurant II (Medtronic) with 
chimney stents above the fabric, but below the fixation. 

Figure 3. 36 mm Endurant II (Medtronic) with 
chimney stents above the fabric, but below the fixation.

Figure 4. Micro computed tomography image with 
renal chimney stents and endograft.
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For the time being, it is a viable and valuable treatment 

option in urgent and emergent cases with challenging 

anatomy. n
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Figure 5. CT images aortic endograft, superior 
mesenteric artery snorkel, and right renal snorkel (A); 
bilateral renal artery chimney reconstruction (B); single 
renal chEVAR (solitary kidney) for a failed Talent device 
(Medtronic) (C).
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