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Midterm outcomes and evolution of gutter area after

endovascular aneurysm repair with the chimney graft

procedure
Hector W. L. de Beaufort, MD,a,b Elena Cellitti, MSc,a,c Quirina M. B. de Ruiter, MSc, PhD,a Michele Conti, PhD,c

Santi Trimarchi, MD, PhD,b Frans L. Moll, MD, PhD,a Constantijn E. V. B. Hazenberg, MD, PhD,a and

Joost A. van Herwaarden, MD, PhD,a Utrecht, The Netherlands; and San Donato Milanese and Pavia, Italy
ABSTRACT
Objective: The objective of this study was to describe our experience with endovascular aneurysm repair (EVAR) with the
use of chimney grafts for branch vessel preservation.

Methods: Patients treated with a chimney graft procedure between October 2009 and May 2015 were included for
analysis. Patients who were not considered eligible for open surgical repair or for conventional, branched, or fenestrated
endovascular repair were selected. A standardized operating procedure with left brachial or axillary artery cutdown
access for the chimney grafts and bilateral femoral artery cutdown access for the aortic main device was used. Outcomes
were noted according to the Society for Vascular Surgery reporting standards. In addition, evolution of gutter area over
time was determined. Estimated rates of survival, freedom from aneurysm growth, and clinical success at 24 months of
follow-up were calculated.

Results: Thirty-three patients (mean age, 77.6 6 6.8 years; 87.9% male) with a mean preoperative maximum aneurysm
diameter of 71.76 13.5 mmwere included. A total of 54 of an intended 54 chimney grafts were deployed. Primary technical
success and 30-day secondary clinical success rates were 87.9% and 84.8%, respectively. The early mortality rate was 6.1%
(n ¼ 2). The early type Ia endoleak rate was 6.1% (n ¼ 2), and the chimney graft occlusion rate was 6.1% (n ¼ 2). Median
follow-up duration was 26 months (interquartile range, 14.8-37.3 months). The estimated 2-year actuarial survival rate was
78.1% (standard error, 67.4%). Late complications included type Ia endoleak (n ¼ 1), chimney graft occlusion (n ¼ 2), type II
endoleak with aneurysm growth (n ¼ 4), and distal stent graft limb kinking and occlusion (n ¼ 1). Late reinterventions
included coil or glue embolization (n ¼ 3), distal limb extension (n ¼ 2), open endoleak ligation (n ¼ 2), Palmaz stent
placement (n ¼ 1), repeated EVAR (n ¼ 1), and femorofemoral bypass graft (n ¼ 1). At 2 years, the estimated secondary
clinical success and freedom from aneurysm growth rates were 80.5% (67.2%) and 84.4% (67.2%). Gutter size showed a
small but significant decrease over time at the level of the proximal markers and at 10 mm distal from the markers.

Conclusions: Midterm results show that a standardized procedure for EVAR using chimney grafts for branch vessel
preservation is an acceptable option for high-risk patients with large, complex aneurysms who are unfit for open repair
and who have been excluded from fenestrated EVAR. Gutter size decreases over time, but the rate of branch vessel loss
and reinterventions demonstrate that this approach should remain reserved for those who are at truly prohibitive risk for
open or fenestrated stent graft repair. (J Vasc Surg 2017;-:1-9.)
The indications for endovascular aneurysm repair
(EVAR) are increasing. Improved conformability of con-
ventional stent grafts to short or angulated aortic necks
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and the introduction of branched and fenestrated stent
grafts now allow endovascular treatment of patients
with infrarenal, pararenal, or suprarenal abdominal aortic
aneurysms that could previously be treated only with
open surgical repair.1,2 Although open repair remains
the “gold standard” for complex aneurysms,3 suprarenal
cross-clamping is required and can be prolonged in
these cases, significantly increasing the operative risk.4,5

The option of open repair is therefore denied to patients
with significant comorbidity.6 Moreover, despite tech-
nical progress, various anatomic characteristics or the
urgency of the clinical situation can still preclude treat-
ment with branched or fenestrated EVAR. For those
patients, the chimney technique has emerged as an
alternative treatment method.
The chimney technique was originally described as a

salvage method for unintentional renal artery coverage.7

Whereas they were initially used only for acute cases,
chimney grafts also became adopted for elective cases
in which fenestrated or branched EVAR and open repair
1
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center retrospective cohort
study

d Take Home Message: In high-risk patients with
juxtarenal abdominal aortic aneurysms who are not
candidates for fenestrated endovascular aneurysm
repair, the use of chimney grafts for renal and
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were unavailable, and first reports showed good periop-
erative results.8 However, worldwide experience is still
relatively limited and based on diverse patient selection
criteria and operative procedures.8-11 We have previously
described our initial experience with the chimney
procedure.12 In this study, we want to provide an update
of our experience and report gutter size changes and
midterm outcomes of the chimney procedure.
visceral branches during endovascular aneurysm
repair is associated with uncomplicated early
primary clinical success in 79% of patients with
2-year midterm actuarial survival of 78% and
freedom from aneurysm growth of 84%.

d Recommendation: This study suggests that chim-
ney grafts in patients with complex juxtarenal
abdominal aortic aneurysms have acceptable results
at 2 years, but reinterventions are frequent, and the
procedure should be reserved as the last resort.
METHODS
Selection of patients. All patients treated with a

chimney procedure of the abdominal aorta at the
University Medical Center Utrecht between October
2009 and May 2015 were included. An infrarenal aortic
neck of <10 mm denied the execution of conventional
EVAR. All included patients were considered ineligible
for open surgical repair in a multidisciplinary meeting.
Depending on their severity, one or more of the following
criteria were reasons for exclusion from open surgery:
chronic obstructive pulmonary disease, congestive heart
failure, coronary artery occlusive disease, and hostile
abdomen. When postponement of treatment was
considered unacceptable because of a perceived acute
rupture risk (eg, presence of symptoms, very large aneu-
rysm), no consultation for customization of a branched or
fenestrated stent graft was done. Anatomic criteria that
prohibited fenestrated or branched EVAR were severe
angulation of the aorta at the level of the target vessel,
narrow diameter of the aorta at the level of the target
branches, and very diseased or narrow target branches.
Furthermore, a minimum proximal sealing zone length
in the juxtarenal aorta of 15 mm was required for each
patient undergoing a chimney procedure and deter-
mined the number of branches targeted for a chimney
graft.

Procedure. Procedures were performed in a standard
operating room using a mobile C-arm (Veradius; Philips
Medical Systems, Best, The Netherlands) until June 2013
(n ¼ 19); a hybrid operating room was used from then
on (n ¼ 14; Allura FD20; Philips Medical Systems). Both
femoral arteries and the left brachial or axillary artery
were surgically exposed, and 100 IU/kg of heparin was
administered before catheterization. A pigtail angio-
graphic catheter was positioned above the ostium of
the most proximal target vessel using a 0.035-inch Rad-
ifocus hydrophilic guidewire (Terumo Medical, Tokyo,
Japan) from one of the femoral arteries. This was
followed by introduction of a long 10F to 12F flexor
sheath (Cook Medical, Bloomington, Ind) through the left
brachial artery. It was advanced to 5 to 7 cm above the
most proximal target vessel, after which angiography
was performed to allow cannulation of all target vessels,
first with a 0.035-inch hydrophilic guidewire, which was
then changed for a 0.035-inch Rosen guidewire
(Merit Medical, Galway, Ireland). After this, a self-
expandable covered stent could be inserted $15 mm in
the intended vessel. Gore Viabahn (W. L. Gore & Associ-
ates, Flagstaff, Ariz) was most commonly used. In cases of
more than one chimney, the Viabahns were inserted
sequentially through one flexor sheath using separate
guidewires. The aortic stent graft was deployed next,
followed by deployment of the contralateral limb and
distal extensions, if applicable. The preferred stent graft
was the Medtronic Endurant (Medtronic, Santa Rosa,
Calif). Ballooning of the main device was performed only
distal to the position of the chimney grafts. A percuta-
neous transluminal angioplasty balloon with a similar
diameter to the covered stent was then used for
ballooning of the chimney grafts. If necessary, these were
extended with a second covered stent with the same
diameter to end above the main body of the stent graft.
After completion angiography, all guidewires and cath-
eters could be removed, and access vessels were surgi-
cally closed. During the procedure, the activated clotting
time was kept at $250 seconds. Postoperatively, patients
were treated with dual antiplatelet therapy (clopidogrel
75 mg daily and aspirin 100 mg daily) for 6 months, then
with single antiplatelet therapy indefinitely.

Surveillance and imaging protocol. All patients under-
went physical and laboratory examination and
computed tomography angiography (CTA) before hospi-
tal discharge. The subsequent follow-up protocol con-
sisted of physical and laboratory testing after 6 weeks.
Control CTA scans were made yearly from then on. A 64-
or 256-slice computed tomography (CT) scanner (Philips
Medical Systems) with a standardized acquisition pro-
tocol with a slice thickness of 0.9 mm and increment of
0.7 mm was used; 120 mL of intravenous nonionic
contrast agent (Iopromide; Schering, Berlin, Germany)
was injected at a rate of 6 mL/s, followed by a 60-mL



Fig 1. Measurement of gutter area in a patient with double
chimneys. 1, Total aortic area; 2 and 3, chimney area;
4, main graft area; 5a, 5b, and 5c, gutter area.
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saline chaser bolus, and scanning started using bolus-
triggering software with a threshold of 100 HU over
baseline. The acquired data sets were transferred to a
workstation (3mensio Vascular 4.3; 3mensio Medical
Imaging BV, Bilthoven, The Netherlands) for assessment.

Gutter size measurements. Using the 3mensio work-
station, a center lumen line was drawn starting from
the top of the chimney graft onto the iliac bifurcation,
through the aorta’s main graft. Within each scan, three
areas of interest were measured perpendicular to the
center lumen line: total aortic area (outer edge of the
aorta including the main device and the chimneys),
main device area (outer edge of the main device), and
chimney area (outer edge of the chimneys). The residual
gutter area was calculated by subtracting the main
device and chimney area from the total aortic area
(Fig 1). The areas of interest were measured at the level
of the proximal marker of the main device (level 1) and
10 mm distally (level 2). The final outcome of interest was
the gutter area as a percentage of the total aortic area
(proportional gutter area). All measurements were
repeated three times for each CT scan; the mean was
considered for analysis. An intraobserver variation
analysis for proportional gutter area was performed
through random sampling of CT scans from the total set
of follow-up scans.

Analysis. A prospective database with all patients
treated with EVAR at our institution was reviewed to
identify patients treated with a chimney procedure. The
local Medical Research Ethics Committee confirmed
that patient informed consent and official approval of
this study by the Medical Research Ethics Committee
were not required. Data on medical history, medication
use, laboratory results, operative characteristics, and
follow-up outcomes including imaging complications
and reinterventions were extracted from the digital
patient history chart. Last preoperative, highest post-
operative before discharge, and last available serum
creatinine concentrations were noted. Acute post-
operative renal function changes were graded using Risk,
Injury, Failure, Loss, and End-stage renal disease (RIFLE)
criteria, and the Chronic Kidney Disease Epidemiology
Collaboration method was used to assess renal function
in the chronic phase.13,14 Last preoperative, first post-
operative, and last available CTA scans of included
patients were used for imaging analysis. On preoperative
CTA, the diameter of the aorta directly inferior to the
lowest renal artery and the distance between this level
and the upper boundary of the aneurysm were
measured to evaluate, if present, the infrarenal sealing
length. The level of the inferior border of the most distal
branch in which no chimney graft placement was plan-
ned was identified, first to determine the landing zone
length added by the chimney procedure by measuring
the distance to the upper boundary of the aneurysm,
then to calculate the degree of proximal oversizing by
measuring the diameter at this level. Baseline measure-
ments of maximum aortic diameter and total aneurysm
volume were also obtained. Follow-up measurements of
maximum aortic diameter and total aneurysm volume
were obtained on first postoperative and last available
CTA scans. Outcomes were reported according to the
reporting standards of the Society for Vascular Surgery.15

In addition, the occurrence of bowel ischemia, deterio-
ration of renal function, and any aneurysm-related rein-
tervention was noted.

Statistics. SPSS Statistics version 22 (IBM Corp, Armonk,
NY) was used for statistical analysis. Normality of data
was tested with the Shapiro-Wilk test. Differences in
gutter size between single and double chimneys were
compared using an independent samples Student t-test.
The evolution of gutter size over time was tested with
Spearman rank correlation. Kaplan-Meier analysis was
used to assess midterm follow-up outcomes. Statistical
significance was assumed at P < .05.

RESULTS
Preoperative characteristics. Baseline characteristics

can be seen in Table I. A total of 33 patients (mean age,
77.6 years; 87.9% male; mean maximum aneurysm
diameter, 71.7 6 13.5 mm) were included. During the
study period, 74 fenestrated EVARs and 88 open
aneurysm repairs were performed.

Intraoperative characteristics. Intraoperative charac-
teristics can be seen in Table II. A total of 54 of an
intended 54 chimney grafts were deployed. Thirteen
patients received a chimney graft in a single renal artery,



Table I. Baseline characteristics

Age, years 77.6 (66.8)

Male sex 29 (87.9)

BMI 25.4 (64.6)

Indication

Juxtarenal or suprarenal aneurysm 11 (33.3)

Inadequate proximal fixation or type Ia
endoleak after conventional EVAR

10 (30.3)

Postsurgical para-anastomotic aneurysm 4 (12.1)

Infrarenal aneurysm with short proximal
sealing zone

7 (21.2)

Infrarenal aneurysm with large accessory
renal

1 (3.0)

Smoking

Current smoker 8 (24.2)

Former smoker 15 (45.5)

No 10 (30.3)

Hypertension

None (diastolic pressure usually
<90 mm Hg)

9 (27.3)

Controlled with 1 drug 8 (24.2)

Controlled with 2 drugs 9 (27.3)

Requires >2 drugs or is uncontrolled 7 (21.2)

Peripheral arterial occlusive disease 5 (15.2)

Cardiac status

Asymptomatic, with normal ECG 9 (27.3)

Asymptomatic, but with MI >6 months,
occult MI on ECG, or fixed defect
on stress test

8 (24.2)

Stable angina, reversible defect on stress
test, silent ischemia on Holter, EF
25%-45%, controlled arrhythmia,
history of CHF

12 (36.4)

Unstable angina, symptomatic or poorly
controlled arrhythmia, poorly
compensated or recurrent CHF,
EF <25%, MI <6 months

4 (12.1)

Coronary artery disease 17 (51.5)

Cardiac arrhythmia 9 (27.3)

Diabetes 5 (15.2)

Cerebrovascular disease 3 (9.1)

Pulmonary status

Asymptomatic, with normal chest
radiograph

22 (66.7)

Asymptomatic or mild dyspnea on exertion,
mild chronic parenchymal changes,
function tests 65%-80% of predicted

6 (18.2)

Between 1 and 3 3 (9.1)

Vital capacity 1.85 L, FEV1 <1.2 L or <35%,
maximum voluntary ventilation <50%,
partial pressure of carbon dioxide
>45 mm Hg, supplemental oxygen,
pulmonary hypertension

2 (6.1)

Cancer 12 (36.4)

(Continued)

Table I. Continued.

Renal function

eGFR $60 mL/min/1.73 m2 16 (48.5)

eGFR 20-60 mL/min/1.73 m2 16 (48.5)

eGFR <20 mL/min/1.73 m2 1 (3.0)

Statin use 20 (60.6)

Platelet inhibitor use

No 12 (36.4)

Aspirin 19 (57.6)

Dual antiplatelet 2 (6.1)

Anticoagulation use 11 (33.3)

ASA score

2 15 (45.5)

3 18 (54.5)

Maximum aneurysm diameter, mm 71.7 (613.5)

Total aneurysm volume, mL 281.5 (6151.3)

Proximal sealing zone diameter, mm 26.9 (63.3)

Infrarenal sealing length, mm 6.0 (65.6)

Distance of proximal sealing zone to
aneurysm, mm

23.8 (611.7)

ASA, American Society of Anesthesiologists; BMI, body mass index;
CHF, congestive heart failure; ECG, electrocardiogram; EF, ejection
fraction; eGFR, estimated glomerular filtration rate; EVAR, endovas-
cular aneurysm repair; FEV1, forced expiratory volume in 1 second;
MI, myocardial infarction.
Categorical variables are presented as number (%). Continuous
variables are presented as mean (6 standard deviation).
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and 18 patients underwent bilateral renal revasculariza-
tion; 1 patient underwent revascularization of both renal
arteries, the superior mesenteric artery (SMA), and the
celiac trunk. One patient underwent chimney placement
of the SMA only. This patient had a history of bilateral
nephrectomy, and both renal arteries had been over-
stented in a previous EVAR procedure. Primary technical
success was 87.9% (n ¼ 29). Immediate failures were due
to type Ia endoleak (6.1%; n ¼ 2), type III endoleak (3.0%;
n ¼ 1), and renal artery occlusion (3.0%; n ¼ 1).

Initial outcomes. Details on complications and reinter-
ventions during the initial postoperative period can be
seen in Table III. Median duration of postoperative
hospitalization was 4 days (interquartile range, 3-8 days).
Primary clinical success was 78.8% (n ¼ 26). After
repeated performance of an EVAR procedure to resolve a
type III endoleak and a thrombectomy to resolve a left
brachial artery thrombosis, secondary clinical success
amounted to 84.8% (n ¼ 28). Two patients had chimney
graft occlusion. The first patient, who was treated with
bilateral renal chimney grafts for a symptomatic
juxtarenal aneurysm, showed patent renal chimneys but
partial stenosis of the SMA and a de novo occlusion of
the celiac trunk on CTA (both caused by fresh thrombus)
2 days postoperatively. Successful stenting of both
vessels was undertaken. During this procedure, angiog-
raphy again showed normal patency of the two



Table II. Intraoperative characteristics

Timing

Elective 28 (84.8)

Symptomatic 5 (15.2)

Anesthesia

General 32 (97.0)

Spinal 1 (3.0)

Stent graft type

Medtronic Endurant 29 (87.9)

Gore Excluder 3 (9.1)

Endurant þ Excluder 1 (3.0)

Stent graft conformation

Bifurcation prosthesis 13 (39.4)

Bifurcation prosthesis with
proximal extension

4 (12.1)

Uni-iliac prosthesis 2 (6.1)

Proximal cuff only 9 (27.3)

Abdominal tube 5 (15.2)

Proximal oversizing, % 22.6 (67.7)

No. of chimneys

One 14 (42.4)

Two 18 (54.5)

Four 1 (3.0)

Total no. of chimneys intended 54

Total no. of chimneys deployed 54

Operation duration, minutes 244.9 (678.3)

Blood loss, mL 686.4 (6331.7)

Contrast agent use, mL 99.2 (631.8)

Fluoroscopy duration, minutes 59.8 (621.0)

Intraoperative complication 3 (9.1)

Intraoperative unplanned procedure 0

Intraoperative conversion 0

Intraoperative death 0

Type I or type III endoleak at completion
angiography

3 (9.1)

Stent graft or chimney obstruction
>30% <24 hours

1 (3.0)

Primary technical success 29 (87.9)

Categorical variables are presented as number (%). Continuous
variables are presented as mean (6 standard deviation).

Table III. Postoperative characteristics

Total cohort

Intensive care duration, days 0 (0-5)

Hospitalization duration, days 4 (1-41)

30-Day or in-hospital death 2 (6.1)

Any major complicationa 9 (27.3)

Type Ia endoleak 2 (6.1)

Type III endoleak 1 (3.0)

Chimney thrombosis (leading to severe
deterioration of renal function)

2 (6.1)

Respiratory complication 2 (6.1)

Bowel ischemia 2 (6.1)

Access vessel thrombosis 1 (3.0)

Myocardial infarction 1 (3.0)

Any minor complication 15 (45.5)

Type II endoleak 5 (15.2)

Undetermined type endoleak 4 (12.1)

Access site hematoma 4 (12.1)

Mild deterioration of renal function 4 (12.1)

Renal functionb

Mild deterioration of renal function 4 (12.1)

Severe deterioration of renal function 2 (6.1)

Any reintervention 3 (9.1)

Repeated EVAR procedure 1 (3.0)

SMA and celiac trunk stenting 1 (3.0)

Access vessel thrombectomy 1 (3.0)

30-Day primary clinical success 26 (78.8)

30-Day secondary clinical success 28 (84.8)

EVAR, Endovascular aneurysm repair; SMA, superior mesenteric artery.
Continuous variables are reported as median (range). Categorical
variables are reported as number (%).
aTwo patients had more than one major complication.
bMild renal function deterioration was defined as 25% to 50% decrease
in estimated glomerular filtration rate or a 1.5 to 2� increase in serum
creatinine concentration; severe renal function deterioration was
defined as >50% decrease in estimated glomerular filtration rate or
>2� increase in serum creatinine concentration (Risk, Injury, Failure,
Loss, and End-stage renal disease [RIFLE] criteria).
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chimneys in the renal arteries. However, on postoperative
day 15, the patient developed anuria. CTA showed a
patent SMA and celiac trunk but a new complete
occlusion of both renal chimneys. Cardiac embolisms or
low-flow state was considered the most likely cause of
the branch vessel occlusions because the patient had a
history of ischemic cardiomyopathy and had been
transferred to the cardiac care unit for decompensated
heart failure when the bilateral renal occlusions
happened. The patient refused further interventions and
died of renal failure on postoperative day 18. The second
patient showed occlusion of a renal artery adjacent to
the chimney graft on duplex ultrasound within 24 hours
postoperatively, which was confirmed with CTA 3 days
afterward. It showed that the chimney graft was
much longer than originally intended and that it
protruded too far into the renal artery and almost 2 cm
above the bare stent of the aortic main device. The
patient was admitted to the intensive care unit
with acute renal failure requiring dialysis. The patient
was discharged with a stable serum creatinine concen-
tration around 200 mmol/L (estimated glomerular filtra-
tion rate, 27 mL/min/1.73 m2), and his renal function has
been under regular surveillance of a nephrologist since.
Two patients had persistent type Ia endoleaks, which

for both patients had also been the indication for
chimney repair. The first patient presented with
symptomatic bilateral hypogastric aneurysms caused by



Fig 2. Kaplan-Meier curve showing estimated survival rate
with 95% confidence intervals up to 3 years of follow-up.

Fig 3. Kaplan-Meier curve showing secondary clinical
success rate with 95% confidence intervals up to 3 years of
follow-up.

Fig 4. Kaplan-Meier curve showing freedom from aneu-
rysm growth rate with 95% confidence intervals up to
3 years of follow-up.
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type II endoleak 2 months after the chimney procedure.
Open repair was considered the only possible interven-
tion for these symptomatic and growing hypogastric
aneurysms (maximum diameter, 9.7 cm), but the
82-year-old patient decided to refrain from open repair.
The decision was made to not intervene for the type Ia
endoleak either, as the rupture risk of the hypogastric
aneurysms was estimated to be much higher than that
of the abdominal aneurysm. The patient is being fol-
lowed up in another hospital and was alive at 2 years of
follow-up. The other patient underwent an attempted
embolization of the endoleak. However, the endoleak
was no longer visible during the procedure, and there
has been no follow-up CT yet to see whether there is
continued aneurysm growth. One patient, who had
been treated for a symptomatic aneurysm, was in poor
condition preoperatively and suffered from a Clostridium
difficile infection postoperatively, from which she could
not recover, and she died on postoperative day 23.

Midterm outcomes. Median follow-up duration was
26.0 months (interquartile range, 14.8-37.3 months). The
estimated 2-year actuarial survival rate was 78.1%
(standard error, 67.4%; Fig 2; Supplementary Table I,
online only). Causes of death were aneurysm rupture
(n ¼ 2), mesenteric ischemia due to partial occlusion of
the celiac trunk (n ¼ 1), unrelated (n ¼ 7), and unknown
(n ¼ 2). The first case of rupture occurred in a patient who
refused treatment for a type Ib endoleak, the second in a
patient in whom chimney EVAR was used as a last resort
to treat an aortic infection. Estimated 2-year primary
clinical success rate was 73.3% (68.2%). Late complica-
tions included type Ia endoleak (n ¼ 1), chimney graft
occlusion (n ¼ 2), type II endoleak with aneurysm growth
(n ¼ 4), and distal stent graft limb kinking and occlusion
(n ¼ 1). One of the chimney graft occlusions happened in
a chimney in an accessory renal artery with a diameter of
3.7 mm. Late reinterventions included coil or glue
embolization (n ¼ 3), distal limb extension (n ¼ 2), open
endoleak ligation (n ¼ 2), Palmaz stent placement (n ¼ 1),
repeated EVAR (n ¼ 1), and femorofemoral bypass graft
(n ¼ 1), leading to a secondary clinical success rate of
80.5% (67.2%) at 2 years (Fig 3; Supplementary Table II,
online only). Follow-up serum creatinine values were
available for 21 patients, of whom 52.4% showed a
decline in renal function. Last available postoperative
CTA scan could be compared with first postoperative
CTA scan for 29 patients. Estimated freedom from
aneurysm growth at 2 years was 84.4% (67.2%; Fig 4;
Supplementary Table III, online only).

Gutter size changes. Gutter size changes were assessed
for 22 patients (12 single and 10 double chimneys) who



Fig 5. Scatter plot showing evolution of (A) gutter area and (B) proportional gutter area for patients’ single and
double chimneys.
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had at least two postoperative CT scans. The 11 patients in
whom gutter size was not assessed had similar charac-
teristics to those of the patients in whom it was assessed.
The initial gutter areas were significantly larger for
patients treated with double chimneys than for patients
treated with a single chimney (93.0 6 37.5 mm2 or
14.9% 6 5.3% vs 44.7 6 12.0 mm2 or 9.2% 6 3.2%;
P ¼ .01). Gutter areas showed a weak trend of decrease
over time at the level of the proximal markers
(r ¼ �0.22; P ¼ .08) but not at 10 mm distally
(r ¼ �0.01; P ¼ .97). Proportional gutter area showed a
weak but significant decrease over time at the level of
the proximal markers (r ¼ �0.30; P ¼ .02) and at
10 mm distally (r ¼ �0.28; P ¼ .05). The results of gutter
size measurements can be seen in Fig 5. Intraobserver
variability was assessed for 22 scans using Bland-Altman
analysis. The differences between repeated measure-
ments were situated within the limit of agreement (2.2%
and �2.1%), variation between measurements was small,
and the coefficient of dispersion was 10%.

DISCUSSION
EVAR with a chimney graft procedure offers an endo-

vascular solution for the treatment of patients with
juxtarenal, pararenal, or suprarenal aortic aneurysms. It
is seen as a viable alternative for open repair or for fenes-
trated or branched endovascular repair, although it
features off-label use of endovascular devices. We have
previously reported our initial experience with the chim-
ney procedure, which showed a technical success rate of
92.3%, a 30-day mortality rate of 0%, and an aneurysm
stabilization or shrinkage rate of 85%.12 This study was
undertaken to give an update of the experiences gained
since then. We now noted a primary technical success
rate of 87.9% and 30-day mortality rate of 6.1% in 33
patients with asymptomatic (n ¼ 28) and symptomatic
(n ¼ 5) aneurysms and an estimated 2-year survival rate
of 78%. Because the alternatives to EVAR with a chimney
graft are likely to offer more durable outcomes, selection
criteria for a chimney graft procedure should be strict in
this population of patients with a reduced life
expectancy.
Overall, reported short-term results of the chimney pro-

cedure have been good to excellent. Initial reports
described technical success rates of up to 100% and
short-term primary stent patency rates of up to
98%.9,10,16,17 A recently published registry shows similar
technical success and stent patency rates of 97% and
94% for >500 patients.18 Of note, fenestrated EVAR was
available in just 3 of 13 participating centers, so many of
these patients had not been excluded from fenestrated
EVAR, which may lead to favorable technical outcomes
for performance of chimney EVAR. Moreover, at
71.7 mm, mean aneurysm size was large in our series.
Larger aneurysms are known to have worse outcomes,
and high rates of postoperative complications after
chimney procedures are not uncommon.9,11 We observed
major postoperative complications in 27.3% of patients.
The selection of only high-risk patients with complex
anatomy is a likely explanatory factor for the rate of
complications. Of the nine patients with postoperative
complications in our series, two were treated for a symp-
tomatic aneurysm. Finally, the freedom from aneurysm
growth rate (Fig 4) shows a similar pattern to what has
been described for regular EVAR, namely, a steep
decrease somewhere during midterm follow-up due to
crossing of the 5-mm growth threshold in relatively
“stable” aneurysms.19,20

We observed mild early renal function decrease in 12.1%
and severe early decrease in 6.1% of patients. Early renal
complications are common after endovascular treat-
ment of juxtarenal aneurysms, whether with chimney
or fenestrated repair.11,21,22 The complexity of the endo-
vascular procedures requires increased use of contrast
material, which can lead to renal injury. Open repair inev-
itably involves renal ischemic time, and postoperative
renal dysfunction can be expected in about 18% of
patients with juxtarenal aneurysms, although the
reported incidences vary widely, depending on defini-
tions used.3 Therefore, endovascular treatment is still
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more attractive than open repair for most patients with
preoperative renal dysfunction. Although renal damage
after EVAR is usually mild and transient, a significant
decline of renal function at long-term follow-up is
encountered not infrequently after conventional, chim-
ney, or fenestrated EVAR.11,23-25

The chimney configuration is prone to type Ia endoleak
when gutters between themain device and the chimney
graft persist. To minimize the risk of gutter endoleaks, we
advocate the use of covered stents and in principle
adhere to a policy of 20% to 30% proximal oversizing
and proximal sealing length of at least 15 mm. We have
previously reported the rationale behind these choices.12

We preferentially use Viabahn stent grafts because they
have less radial force than balloon-expandable covered
stent grafts, which we believe may be beneficial for mini-
mizing gutter size. Furthermore, Viabahn stent grafts
have a heparin-bonded coating that may be beneficial
for patency. In the current cohort, this approach led to
a reduction in gutter size in 95% of patients. By aiming
to ensure a relatively long sealing length, we performed
chimney graft extension in the majority of cases. As
increased length comes with increased resistance, the
theoretical drawback of using relatively long covered
stents is an increased risk of graft thrombosis. Two cases
of chimney occlusion occurred because the chimney
graft was longer than intended. Visualization problems
with the mobile C-arm played a role in this; they have
not been an issue any longer in the hybrid operating
room. One of these chimneys also had a small diameter
of 3.7 mm. We have abandoned deploying chimneys
with such a small diameter. In accordance with our
experience, a diameter of <4 mm has been recognized
by others as a risk factor for occlusion.25

This study has several limitations. The retrospective
nature and small sample size make our results vulner-
able to bias. Second, follow-up data beyond 5 years
were not available. This can be explained by the
advanced age and comorbidity of the patients but leaves
the uncertainty about long-term chimney durability
unanswered. Finally, although we assessed the intraob-
server variability of gutter area measurements, it is not
a validated tool for assessing gutter size.
CONCLUSIONS
Midterm results show that a standardized procedure

for EVAR using chimney grafts for branch vessel preser-
vation is an acceptable option for high-risk patients
with large, complex aneurysms who are unfit for open
repair and who have been excluded from fenestrated
EVAR. Gutter size decreases over time, but the rate of
branch vessel loss and reinterventions demonstrate
that this approach should remain reserved for those
who are at truly prohibitive risk for open or fenestrated
stent graft repair.
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Supplementary Table I (online only). Kaplan-Meier survival table for all-cause survival

Patient No. Months Status Kaplan-Meier estimate Standard error No. of cumulative events

1 0.5 No 0.970 0.030 1

2 0.8 No 0.939 0.042 2

3 2 No 0.909 0.050 3

4 5 No 0.879 0.057 4

5 12 No 5

6 12 No 0.818 0.067 6

7 12 Yes 6

8 13 Yes 6

9 13 Yes 6

10 15 Yes 6

11 17 Yes 6

12 19 No 0.781 0.074 7

13 24 Yes 7

14 24 Yes 7

15 25 No 0.740 0.080 8

16 25 Yes 8

17 26 No 0.696 0.087 9

18 26 Yes 9

19 28 No 0.650 0.093 10

20 30 Yes 10

21 33 Yes 10

22 34 No 0.596 0.099 11

23 34 Yes 11

24 35 Yes 11

25 35 Yes 11

26 36 No 0.521 0.111 12

27 36 Yes 12

28 38 Yes 12

29 45 No 0.417 0.129 13

30 50 Yes 13

31 51 No 0.278 0.142 14

32 54 No 0.139 0.121 15

33 57 Yes 15
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Supplementary Table II (online only). Kaplan-Meier survival table for secondary clinical success

Patient No. Months Status Kaplan-Meier estimate Standard error No. of cumulative events

1 0.5 No 0.970 0.030 1

2 0.8 No 0.939 0.042 2

3 2 No 0.909 0.050 3

4 5 No 0.879 0.057 4

5 12 Yes 4

6 12 Yes 4

7 12 Yes 4

8 13 No 0.845 0.064 5

9 13 Yes 5

10 15 Yes 5

11 17 Yes 5

12 19 Yes 5

13 24 No 0.805 0.072 6

14 24 Yes 6

15 25 Yes 6

16 25 Yes 6

17 26 Yes 7

18 26 No 0.710 0.090 8

19 28 No 8

20 30 Yes 8

21 33 Yes 0.655 0.098 9

22 34 No 9

23 34 Yes 9

24 35 Yes 9

25 35 Yes 9

26 36 No 0.574 0.115 10

27 36 Yes 10

28 38 No 0.478 0.130 11

29 45 No 0.382 0.134 12

30 50 Yes 12

31 51 Yes 12

32 54 Yes 12

33 57 Yes 12
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Supplementary Table III (online only). Kaplan-Meier survival table for freedom from aneurysm growth

Patient No. Months Status Kaplan-Meier estimate Standard error No. of cumulative events

1 0.5 Yes 0

2 2 No 0.964 0.035 1

3 5 No 0.929 0.049 2

4 12 Yes 2

5 12 Yes 2

6 12 Yes 2

7 13 No 0.888 0.061 3

8 13 Yes 3

9 15 Yes 3

10 17 No 0.844 0.072 4

11 19 Yes 4

12 24 Yes 4

13 24 Yes 4

14 25 Yes 4

15 25 Yes 4

16 26 No 5

17 26 No 0.723 0.100 6

18 28 No 0.663 0.109 7

19 30 Yes 7

20 33 No 0.597 0.116 8

21 34 Yes 8

22 34 Yes 8

23 35 Yes 8

24 36 No 0.497 0.133 9

25 36 Yes 9

26 38 No 0.373 0.147 10

27 51 Yes 10

28 54 No 0.186 0.151 11

29 57 Yes 11
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