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Technical Tips
and Imaging in
Aortoiliac Intervention

Considerations in selecting noninvasive imaging modalities

for use in treating peripheral arterial disease.

BY JOSE M. WILEY, MD; PRAKASH KRISHNAN, MD; ELIAS SANIDAS, MD;
JASON C. KOVACIC, MD, PHD; AND GEORGE DANGAS, MD, PuD

eripheral arterial disease (PAD) is a leading
cause of cardiovascular death, amputations,
and disability in the industrialized world. The
age-adjusted prevalence of PAD is approxi-
mately 12%." In the absence of myocardial infarction or
stroke, patients with PAD have a similar risk of death
from cardiovascular causes as patients with coronary
or cerebrovascular disease.? In PAD patients, the rate of
death from all causes is elevated, even in those without
symptoms. The severity of PAD is closely related to the
risk of myocardial infarction, stroke, and death from
vascular causes.! Patients with critical limb ischemia

(resting pain, ischemic ulcers, or gangrene) have an
annual mortality rate of 25%.3

The role of imaging modalities in the management of
vascular disease is crucial, with conventional digital
subtraction angiography (DSA) considered the gold
standard tool for the diagnostic assessment and
endovascular treatment of PAD (Figure 1). However,
even though DSA has previously been extensively used
in this regard, it appears to have certain shortcomings.
In recent years, it has been challenged by the rapid
development of noninvasive imaging methods such as
computed tomographic angiography (CTA), magnetic

Figure 1. DSA imaging during aortoiliac endovascular intervention for infrarenal aortic occlusion. Distal aortic occlusion with
prominent inferior mesenteric artery arising immediately proximal to aortic stump (A). Kissing-balloon dilation of aortoiliac
bifurcation following successful recanalization with a 0.035-inch straight, stiff guidewire and with catheter support (B). Final
result after endovascular intervention using bilateral balloon-expandable stents (C).
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resonance angiography (MRA),
intravascular ultrasound (IVUS), and
duplex ultrasonography.

CTA

Some studies have reported the
superiority of CTA over conventional
angiography in the diagnosis of vas-
cular disease.* However, other reports
on the diagnostic performance of
CTA have provided mixed results.®
One limitation of single-slice CTA is
the inability to cover the entire
length of the abdominal aorta and its
branches to the lower legs. The
tradeoff between scan volume and
spatial resolution along the z-axis of a
single-slice CT scan represents a
major limitation in the imaging of
the aortoiliac arteries with a single contrast injection,
because the resolution is not of the same intensity
(isotropic) when long vessel segments are covered. This
has been resolved with the introduction of MSCTA
scanning, which allows imaging of long vascular seg-
ments with a single breath hold and thinner slice sec-
tions (Figures 2 and 3). CTA can be performed more
efficiently with MSCTA because of faster scanning
speeds and higher spatial and temporal resolution with
a reduced dose of contrast medium.> MSCTA has two
major advantages compared to DSA in the detection of
PAD. First, eccentric lesions can be precisely evaluated
with the use of cross-sectional multiplanar reformatted
CTA, which requires only a single-bolus injection. In
comparison, multiple views including anteroposterior,
oblique, and lateral are required during DSA imaging.
Second, MSCTA allows visualization of segments imme-
diately distal to an occlusion that are not opacified by
DSA. This can be explained by the fact that the periph-
eral administration of contrast agent in MSCTA allows
for better opacification of the collateral circulation,
which in turn allows better opacification of arterial seg-
ments distal to the occlusion site. Therefore, arterial
occlusions are more frequently diagnosed with CTA
than DSA.>

One major disadvantage of MSCTA for aortoiliac and
lower extremity angiography is the potential for exces-
sive radiation exposure. Further studies are warranted
to define the extent and risks of radiation exposure
associated with 16- or 64-slice (or even higher-slice)
CTA before it may be recommend as an alternative to
DSA in the assessment of aortoiliac and lower extremity
PAD. Another important drawback of MSCTA is the

ulcerated lesion.

Figure 2. Three-dimensional recon-
structed multislice CTA (MSCTA) of dis-
tal aortic segment (as also shown in

Figure 3).There is no evidence of
aneurysmal disease in relation to the
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suboptimal imaging of calcified ves-
sels. Ota et al® reported a series of 27
cases of MSCTA utilizing a stratifica-
tion system based on the severity of
arterial calcification. The investiga-
tors reported a decreased diagnostic
accuracy of MSCTA in vessels with
increased calcification. This diagnos-
tic inaccuracy may enhance the
potential for overestimation of the
severity of luminal stenoses.” The
diagnostic accuracy of MSCTA is dif-
ficult to ascertain because the ideal
gold standard of reference with
which to compare a new modality
may differ depending on the extent
and pattern of the disease.® Sun®
reported on the diagnostic value of
MSCTA in the diagnosis of PAD
compared with DSA. The pooled sensitivity, specificity,
and accuracy rates were 92%, 91%, and 91%, respective-
ly, at all arterial levels; 92%, 94%, and 93% at the aortoili-
ac arteries; 96%, 85%, and 92% at the femoropopliteal
arteries; and 91%, 85%, and 87% at the infrapopliteal
arteries.” The lower sensitivity of MSCTA for the detec-
tion of aortoiliac versus femoropopliteal disease may be
due to the fact that the aortoiliac arteries are more tor-
tuous than those in the lower limb. The presence of
high-grade calcification in the aortoiliac region may also
explain this difference.” Despite these concerns, with
the increasing clinical use of 64-slice CT scanners,
MSCTA may be a convenient alternative to DSA in the
diagnosis of PAD.

MRA

MRA compares the difference in T1 relaxation times
of blood and the surrounding tissues following a rapid
bolus infusion of a paramagnetic contrast agent. These
gadolinium-based agents exert a T1 shortening effect,
generating a high intravascular signal-to-noise ratio that
is generally unaffected by inflow. Contrast-enhanced
MRA has improved spatial resolution compared to pre-
vious MR modalities such as time-of-flight and phase
contrast. Contrast-enhanced MRA images represent a
record of the vessel lumen, and the timing of scan
acquisition is crucial to ensure high-quality images and
avoid venous contamination. Hence, bolus-tracking
techniques have been used to detect the arrival of con-
trast. However, contrast-enhanced MRA is limited by
the largest available field of view being < 50 cm and the
presence of venous signal, which increases with time
after contrast injection.’ The field-of-view limitation has
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Figure 3. DSA imaging during aortoiliac endovascular intervention of distal aortoiliac ulcerated lesion (as shown in Figure 2).
Distal aortoiliac lesion (A). Aortoiliac lesion immediately following kissing-balloon dilation (B). Final result after endovascular
intervention using bilateral self-expanding stents (kissing-stent technique) (C). Additional extension was required with a proxi-
mal right common iliac artery stent due to the length of the iliac stenosis.

been resolved with the use of a stepping-table tech-
nique in association with a single contrast injection.™
Contrast-enhanced MRA has been shown to correlate
with DSA in the detection and grading of iliac artery
stenoses.”’ When intra-arterial pressure measurements
are used as a reference, comparable results have been
achieved between contrast-enhanced MRA and DSA in
assessing iliac artery disease.'? The three-dimensional
quality of MRA, coupled with an arbitrary choice of
projections and multiplane reconstructions, offers an
additional potential advantage over DSA in assessment
of iliac lesions. Contrast-enhanced MRA has thus played
a major role in the evaluation of severe stenoses or the
occlusion of the aorta and aortoiliac vessels.

A meta-analysis of gadolinium-enhanced MRA in
patients with aortoiliac disease reported a pooled sensi-
tivity and specificity of 97.5% and 96.2%, respectively.'
However, as a major limitation, MRA in patients with
metallic stents is an unsolved challenge. Stents cause
magnetic field inhomogeneities, which lead to image
distortion and regional loss due to intravoxel
dephasing.' Band-like artifacts as well as false luminal
narrowing are well-described phenomena. Although
nitinol stents exhibit less artifacts than steel stents, the
delineation of in-stent restenosis remains problematic.'
Therefore, the inferior ability of MRA to assess in-stent
restenosis must be considered when choosing an opti-
mal imaging strategy in patients with endovascular
stents.

The concept of interventional MR imaging (MRI) is
appealing. A prerequisite for MRI-assisted endovascular
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intervention is visualization of catheters and guidewires.
There are two methods to visualized hardware: a passive
and an active approach. Passive imaging visualizes
instruments in a similar fashion as fluoroscopy. Treating
the surface of the catheters with gadolinium ions'® or
enhancing the inherent signal void of instruments has
offered promising results.” Active imaging techniques
incorporate radiofrequency microcoils that are embed-
ded into the catheters and guidewires. Thus, the possi-
bility of MRI-assisted endovascular intervention is closer
than ever. However, potentially due to inferior spatial
resolution, clinical pilot studies have failed to demon-
strate any clear advantage of MRI over conventional flu-
oroscopic intervention.'®

IVUS

IVUS has the ability to overcome several pitfalls of
DSA. Fluoroscopic angiography and DSA suffer from the
limitation of having only a very limited capacity to
define the morphology of an occlusive lesion or the
structure of the vessel wall. It is a luminogram that is fre-
quently inaccurate in defining the cross-sectional area
and diameter of diseased vessels. Furthermore, angiogra-
phy has been shown to underestimate residual stenosis
in 50% to 80% of treated lesions, particularly those that
are eccentric. By comparison, IVUS offers an increased
spatial resolution capacity and is able to define vessel
and lesion-level detail. IVUS can image vessels in a cross-
sectional plane and provide information regarding the
morphology of the lesion and the vessel wall, precise
cross-sectional measurements, and the location of
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important branch vessels. It also
provides spatial relationships
between a deployed stent and
the vessel wall, including the
adequacy of stent apposition.
Incomplete stent apposition is a
known cause of subsequent
restenosis and vessel occlusion,
and among other applications,
IVUS has evolved a niche role in
assessing the proper deployment
of stents at the conclusion of an
endovascular intervention.

DUPLEX ULTRASOUND

Duplex ultrasound is a techni-
cal approach that combines
high availability with moderate
cost. However, it is highly opera-
tor-dependent. The examination
of the aortoiliac vessels is tech-
nically challenging in obese
patients or in those with exces-
sive bowel gas or calcified arteries. Pooled sensitivity
and specificity are 87.6% and 94.7%, respectively, for the
detection of lower limb PAD using color-guided duplex
ultrasonography.™

CASE REPORT

This case involved an 80-year-old woman with chron-
ic renal insufficiency and significant comorbidities,
including refractory hypertension, cervical spinal cord
compression (awaiting surgery), coronary artery disease
recently treated with bare-metal stent implantation in
the left anterior descending coronary artery, and
peripheral vascular disease manifesting as severe bilater-
al claudication (right greater than left). The patient was
taking 81 mg of aspirin as well as 75 mg of clopidogrel
daily for 1 month after the coronary stent implantation.

At the time of the coronary procedure, severe diffuse
aortic atherosclerosis was fluoroscopically documented
(Figure 4). The extent of the infrarenal aortic disease
was classified as category 3 according to the American
Heart Association Task Force on Peripheral
Angioplasty."

In preparation for the endovascular procedure, a CT
scan of the abdominal aorta and iliac arteries was per-
formed on an outpatient basis, which verified the
absence of an aortic aneurysm and allowed for precise
measurement of aortic lumen dimensions at the proxi-
mal and distal reference sites, as well as at the target
lesion, and also of the distance between the target
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Figure 4. Preintervention evaluation of the renal artery, infrarenal aortic,and common
iliac artery stenoses by angiography (A). Positioning of the aortic stent. A marker
catheter has been placed from the contralateral femoral access site to indicate target
lesion length and the location of the renal artery ostia (B). Final angiographic result
after implanting aortic, bilateral renal artery, and bilateral common iliac artery bare-
metal stents (C).

lesion and both renal arteries (Figure 5). Based on this
information, the infrarenal aortic procedure was
planned with use of a 10-mm-diameter balloon-
expandable stent, with plans to postdilate with a 12-
mm balloon. Both devices could be delivered via a 7-F
sheath. The bilateral ostial iliac stenoses precluded the
use of larger-size sheaths.

After securing left and right common femoral artery
access, aortography was performed, and a 20-MHz IVUS
imaging catheter was used over a 0.014-inch support
wire to further assess the infrarenal aorta and the left
common iliac artery stenosis (Figure 6). A 7- X 27-mm
balloon-expandable stent was positioned across the left
ostial common iliac artery lesion and a 7- X 37-mm bal-
loon-expandable stent across the right ostial common
iliac artery lesion; the sheaths were retracted to uncover
the stents in an inverse V position. The stents were
sequentially deployed at 14 atm inflation pressure, and
then simultaneous kissing-balloon inflations were per-
formed at 6 atm. A compliant 8- X 20-mm balloon was
then used at 10 atm for 30 seconds to selectively
expand the distal aspect of the right common iliac
artery stent that was located at an area of poststenotic
dilation distal to the ostium.

After removal of the balloon catheters, a marker 5-F
pigtail catheter was advanced to the level of the renal
arteries from the right side while the dilator was rein-
serted in the left side sheath and was subsequently
advanced across the infrarenal aortic stenosis, which
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Figure 5. Interrogation of the infrarenal aortic stenosis by CT scan. CT scanning shows diffuse, heavy calcification of the aortic
wall, especially at the lesion site, and can accurately measure the distance from neighboring arterial ostia (superior mesenteric
artery), as well as the target lesion length (A). The closest ostium to the largest lesion is the right renal (7.9 mm; 12.4 mm from
the left renal artery). The stenosis is purely due to calcification and atherosclerosis without any aneurysmal contribution
(14.7- X 15.6-mm outer wall dimensions, which is limited in visualization due to calcium-related shadowing) (B). The distal
reference segment has circumferential calcification (as does the entire aorta); the outer-wall diameter is 13.5 mm (C).

was approximately 75% obstructive on angiography.
The dilator was then exchanged for a 10- X 37-mm bal-
loon-expandable stent, and the sheath was retracted to
uncover the stent in position. Guiding angiography
from the marker catheter was used to avoid stent
deployment across the renal arteries (Figure 4), and
then the diagnostic catheter was withdrawn. The stent
was deployed with one inflation at 10 atm and was sub-
sequently postdilated at 14 atm with a 10- X 12-mm
balloon showing excellent angiographic and ultrasound
results (Figures 4 and 6). The thoracic aorta-to-femoral
pressure gradients were eliminated bilaterally.

Attention was subsequently given to the renal arteries.
Using a no-touch technique with a 6-F, 55-cm internal
mammary guiding catheter and a 190-cm, 0.014-inch
wire, a 4- X 15-mm compliant monorail balloon was
inflated at 14 atm across the 80% stenotic right renal
artery lesion. A 5.5- X 15-mm balloon-expandable stent
was subsequently deployed at 12 atm and flared. Using a
similar technique after predilation, a 5- X 18-mm and
then a 5- X 12-mm stent (both balloon-expandable)
were serially deployed at 12 atm across the left renal
artery lesion (90% stenotic, approximately 18-20 mm
in length). Final flow and angiographic results were
excellent.

The entire case was completed with limited iodinated
contrast use (60 mL). Heparin (3,000 units intravenous-
ly) was used for anticoagulation, allowing the sheaths to
be removed 2 hours after the procedure without com-
plication. No decrease in hematocrit or increase in
serum creatinine was observed postprocedure or at fol-
low-up laboratory analysis.
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CONCLUSION

Practice guidelines require a complete anatomical

evaluation of the affected arterial territory, including
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Figure 6. IVUS lumen dimensions of the infrarenal aortic
stenosis before (A) (3.2 X 6 mm) and after (B) (9.5 X 10.1 mm)
stenting. IVUS lumen dimensions of the left common iliac
artery stenosis before (C) (1.7 X 3.5 mm) and after (D)

(6.5 X 7.1 mm) intervention.

occlusive lesions as well as arterial inflow and outflow,
before making decisions about revascularization.
Although DSA remains the gold standard, noninvasive
modalities are attractive alternate tools that have proven
to be highly efficacious for the evaluation of PAD.
Recognizing the potential advantages and disadvantages
of these respective imaging modalities is an important
aspect of contemporary clinical practice and endovascu-
lar revascularization.
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