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ABSTRACT
Objective: The objective of this study was to identify young patients with isolated infrarenal aortic atherosclerotic stenosis
and to determine the clinical characteristics and midterm results of angioplasty and stenting.

Methods: Data from patients younger than 50 years with significant infrarenal aortic stenosis and at least 1 year of follow-
up were prospectively collected. Patients with coexistent suprarenal or iliofemoral disease and Takayasu arteritis were
excluded. All patients were treated with percutaneous transluminal angioplasty (PTA), primary stenting, or both. Pressure
gradient was measured intraoperatively before and after the intervention. Every patient was monitored postoperatively
with clinical examination, ankle-brachial index, and duplex ultrasound during follow-up.

Results: There were 51 patients, of whom 34 were excluded. Seventeen patients ranging in age from 37 to 49 years (mean,
437 years) met the study criteria, and they were all female. Fifteen patients had both history of hyperlipidemia and
smoking with a mean of 532 pack-years. Fourteen patients were claudicants, whereas seven patients presented with
distal embolization. Six patients were treated with primary stenting; four had PTA plus stent and seven had PTA alone.
The length of the stenotic segments treated was <2 cm in 7, between 2 and 4 cm in 8, and >4 cm in 2. The mean follow-
up for this cohort was 4.2 years. Mean pressure gradient before intervention was 49.06 + 1275 mm Hg, decreasing to
6.13 = 2.06 mm Hg after intervention with a mean reduction of 42.75 + 11.59 mm Hg. Mean ankle-brachial indices before
the intervention were 0.67 = 0.07, increasing to a mean of 0.92 + 0.06 after the procedure. Stenosis developed in three
patients during follow-up, requiring reintervention for a primary assisted patency of 100%.

Conclusions: Isolated infrarenal aortic stenosis in young patients is primarily a disease of women. Most of these patients
are heavy smokers with hyperlipidemia. PTA alone or with stenting has favorable midterm results. (J Vasc Surg 2017;m:1-7.)

Isolated infrarenal aortic stenosis not involving the
bifurcation is a relatively rare condition and occurs
primarily in young female patients with a history of
tobacco use and hyperlipidemia.'> Open surgery with
either aortic endarterectomy or bypass has traditionally
been applied to treat these lesions, with more recent
attention to an endovascular approach.“® Angioplasty
with or without stenting is a viable and safe alternative
to open surgery conferring high technical success with
attractive long-term results, low reintervention and
complication rates, and shorter hospital stay."”™®

Most of the studies have focused on the management
of aortoiliac disease, and only a few have reported treat-
ment of isolated infrarenal aortic stenosis. In our study,
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we included an age limit of 50 years to minimize the
effect of atherosclerosis on additional vascular beds
other than the infrarenal aorta. The purpose of this study
was to identify young patients with isolated infrarenal
aortic stenosis and to determine specific risk factors,
clinical characteristics, and midterm results of angio-
plasty and stenting.

METHODS

Study design. This study consists of prospectively
collected data from three institutions from 2003 to
2012. All the patients younger than 50 years with infrare-
nal atherosclerotic aortic stenosis were eligible to be
included in the study. The exclusion criteria include
aortic aneurysmal disease, patients with Takayasu arter-
itis, and atherosclerotic disease involving the suprarenal
aorta and the iliac and infrainguinal arteries. A 1-year
minimum follow-up was required to enter the study.
Institutional Review Board approval and informed
consent were obtained for this study.

A detailed history and physical examination were
obtained in all subjects. All the patients underwent pre-
procedure noninvasive vascular laboratory studies with
ankle-brachial indices (ABIs), duplex ultrasound imaging,
and waveform analysis. The ABI numbers reported reflect
the lower value in comparing the two legs; however, no
significant difference was noticed between the right
and left lower extremity in every individual. On duplex
ultrasound studies, a >50% diameter stenosis was
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defined by a velocity criterion of peak systolic velocity
(PSV) >200 cm/s or PSV ratio >2. A diameter stenosis
>50% was considered significant. All the patients had
arterial duplex ultrasound imaging of the abdominal
aorta as well as of the iliac, femoral, popliteal, and tibial
arteries. If a significant stenosis was found confined to
the vasculature distal to the abdominal aorta, the patient
was automatically excluded from the study.

The aortic stenoses were further defined by diagnostic
angiography while “pullback” pressures were obtained
intraoperatively in all patients. A pressure gradient of
>10 mm Hg was considered significant. Angiographic
lengths of the lesions were measured and grouped as
stenoses <2 cm, 2 to 4 cm, and >4 cm. Clinical improve-
ment was defined as improvement in symptoms and
physical examination findings; hemodynamic improve-
ment was considered resolution of intraoperative pres-
sure gradient and an increase in ABI of 0.15 or greater.
Patients were followed up at 1 month, 6 months, and
1year and then yearly thereafter to a maximum of 7 years.
The follow-up consisted of history and physical examina-
tion combined with ABlI measurement and aortic duplex
ultrasound. Hemodynamic aortic patency was defined as
PSV <200 cm/s and a PSV ratio <2. Any symptomatic
change, risk factor modification, and compliance with
medical therapy were again noted at each follow-up.
The diagnosis of embolization was clinical. With ultra-
sound examination, it was possible to identify emboli in
the distal arteries including the digital ones. However,
imaging in the latter was not done in all such patients.
These patients had lower limb arteries with no athero-
sclerotic plaques, and it was easy to identify areas of
obstruction that corresponded with their symptoms
and their acuity in the affected extremities.

Patient population. One of the major scopes of this
study was to identify how the atherosclerotic disease
affects the infrarenal aorta in a younger population. For
that reason, an upper age limit of 50 years was intro-
duced. The patient’s risk factors were recorded in detail
with special attention to smoking history, elevated lipid
levels, hypertension, diabetes mellitus, and history of
cardiovascular disease (stroke and coronary artery dis-
ease) in the included patients and their family members.
The history of tobacco use was investigated more in
depth by calculating the pack-years and the starting
age for all subjects. Almost all of these patients were not
taking antiplatelets or statins as they did not visit their
physicians until their symptoms worsened over time or
an acute embolic event occurred.

The clinical presentation of the patients stands as a
point of great interest. To that extent, all the patients
were symptomatic. The presenting symptoms included
disabling claudication and clinically evident microembo-
lization to one or both lower extremities. There were no
patients with rest pain in this cohort. In patients with
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center prospective cohort
study

- Take Home Message: Of 17 patients younger than
50 years with isolated infrarenal aortic stenosis, all
were women; 15 were smokers and had hyperlipid-
emia. Balloon angioplasty with or without stenting
resulted in 100% primary assisted patency, with a
follow-up of 4.2 years.

- Recommendation: These data suggest that balloon
angioplasty with or without stenting is beneficial in
young female patients with isolated infrarenal aortic
stenosis.

emboli in the extremities, computed tomography
angiography of the aorta and transthoracic or transeso-
phageal echocardiography were performed to identify
other embolic sources.

Procedure. Perioperative antiplatelet agents were
used in all patients. All the lesions were approached
through retrograde femoral access. A pressure gradient
was measured during the procedure, and a value of
>10 mm Hg was considered significant. To treat the
stenotic segments, balloon angioplasty, stent place-
ment, or a combination was used. The choice of the pro-
cedure was left to the discretion of the interventionist.
Several balloon catheters were used from different man-
ufacturers during the course of the years as devices
constantly improved in sizes, pressure, and delivery
mechanisms (6-25 mm in diameter, 4-13 atm pressure).
For all the patients who required stent placement, a
balloon-expandable Palmaz (Cordis Corporation,
Miami, Fla) was used. A pressure gradient measurement
was repeated at the end of the procedure, and a
completion angiogram was obtained. Technical success
was defined as residual stenosis <30% with a pressure
gradient <10 mm Hg across the lesion. The need for
reintervention was decided on the basis of the recur-
rence of symptoms and associated with a decrease in
the ABI >0.15 during follow-up.

Statistical analysis. The demographics and clinical
characteristics of the patients were analyzed using
descriptive statistics. Differences of the means for contin-
uous variables were compared with a two-tailed t-test.
The 95% confidence interval for the difference of the
means was calculated. Patency of the aortic intervention
was calculated with Kaplan-Meier curves and 95%
confidence intervals.

RESULTS

There were 51 patients with aortic stenosis, of whom 34
did not meet the inclusion criteria. Of the excluded
patients, 23 were above the age limit of 50 years
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(18 male, 5 female), 5 had concomitant atherosclerotic
disease including the iliac or femoral arteries, and 4
had stenosis of the suprarenal aorta; 2 patients did not
complete a 1-year follow-up after the intervention. Finally,
17 patients met all the inclusion criteria, and they were all
female patients. The age ranged from 37 to 49 years
(mean, 43.7 years). Regarding the risk factors, the history
of tobacco use was the most prevalent, with all but one
patient being smokers. More specifically, these patients
were heavy smokers with mean pack-years of 5318
(range, 32-77 pack-years). All patients with isolated
infrarenal aortic stenosis had an early initiation to smok-
ing; the youngest patient started when she was 12 years
old, and the oldest started at the age of 17 years. The sec-
ond most prevalent risk factor was hyperlipidemia, with
15 patients having elevated lipid levels. The combination
of smoking with hyperlipidemia was present in 15 of the
17 patients (88%); 11 patients had hypertension. The least
prevalent risk factor was diabetes mellitus, present in
three patients (17%). The prevalence of each risk factor
is depicted in Table I.

The patients presented with intermittent claudication,
peripheral microembolization, or a combination of these
to one or both lower extremities. Eleven patients were
complaining of claudication to both lower extremities,
and three had claudication confined to only one extrem-
ity. Clinically evident microembolization was present in
five patients involving only one lower extremity; two
additional patients had evidence of microembolization
to both feet. Intermittent claudication associated with
microembolization was present in four patients.

The choice of the procedure was left to the discretion of
the interventionist. The majority of the patients (n = 7)
were treated with angioplasty alone. Primary stenting
was performed in six patients, whereas angioplasty with
additional stenting was used in four patients (Fig 1). The
technical success was 100%, and no case was converted
to open. There was no recorded mortality. Complications
were detected in three patients, and they were all access
related. One patient had a common femoral artery
dissection that was treated conservatively and healed
over time; another patient had a groin hematoma associ-
ated with local pain; and the third patient developed a
common femoral artery pseudoaneurysm that was
managed with ultrasound-guided thrombin injection.
The mean pressure gradient (AP) significantly reduced
after the intervention as shown in Fig 2. Mean AP reduc-
tion was 42.75 * 11.59 mm Hg (95% confidence interval,
35.2-47.9; P < .0001). Most of the patients had a fairly local
aortic stenosis. The length of the stenotic segment
treated was <2 cm in 7 patients, between 2 and 4 cm
in 8 patients, and >4 cm in two patients. Aortic diame-
ters ranged from 12 to 20 mm and did not differ signifi-
cantly in comparison to women of the same age group
without disease. The degree of stenosis was >75% in 10
patients.
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Table I. Characteristics of the patients (N = 17)

Age, years, mean * standard deviation 43705 + 3.85
Body mass index (range) 30.18 (23-37)
Female gender 17 (100)
Hypertension 11 (65)
Past history of cardiovascular disease 4 (23)
Family history of cardiovascular disease 12 (70)
Hyperlipidemia 15 (88)
Smoking 16 (94)
Diabetes mellitus 3(17)

Values are reported as number (%) unless otherwise indicated.

The mean ABI as measured before the intervention was
0.671 = 0.077 (range, 0.54-0.79). Immediately after the
intervention, there was an increase of the mean ABI to
0.925 = 0.060. All the patients were monitored with
aortic duplex ultrasound and ABI at each follow-up.
A Kaplan-Meier curve was used to show the primary
aortic patency (Fig 3). The hemodynamic aortic primary
assisted patency'® was 100%. On the follow-up at
6 months, 1 year, and 2 years, there was no significant
change in the mean ABI as P = 11 for the largest differ-
ence. However, three patients with restenosis of the
treated area required a reintervention. They all presented
with recurrent claudication associated with a decrease in
the ABI at 3, 4, and 5 years, respectively. As a result, there
was a minor decrease of the mean ABI as noted in Fig 4.
All three patients were subject to successful reinterven-
tion; two were treated with percutaneous transluminal
angioplasty (PTA) alone, whereas the remaining patient
had PTA combined with stenting. A 1-year follow-up
was available for all subjects with a maximum of 7 years
and mean follow-up of 4.2 years.

DISCUSSION

Atherosclerotic disease of the abdominal aorta most
often occurs in association with iliofemoral involvement.
Infrarenal aortic stenosis has been reported concomi-
tantly with iliac disease. Traditionally, infrarenal aortoiliac
occlusive disease has been treated with open surgical
procedures such as endarterectomy and aortobifemoral
bypass. There are few studies examining isolated infrare-
nal aortic stenosis. The papers by Simons et al" and
Yilmaz et al'> have described focal aortic stenosis as a
disease occurring generally in younger patients and
have highlighted successful treatment with primary
stenting. Information on this topic is found segmented
in different papers. Our study is the first one to have infor-
mation prospectively collected on all aspects. Limiting
the age to <50 years would allow us to identify risk
factors and clinical characteristics unique to such
patients. We implemented stringent criteria with a
minimum of 1 year of follow-up. The patients were
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Fig 2. Mean pressure gradient = 1 standard deviation
across the aortic stenosis before and after the intervention.
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Fig 3. Primary patency as demonstrated by the Kaplan-
Meier curve (solid line) in 7 years. The dotted line repre-
sents the 95% confidence interval for each time interval.
The table underneath shows the patients at risk for each
time interval.

consistently monitored with detailed history and phys-
ical examination and annual noninvasive studies.

All 17 patients meeting the criteria were female
patients. High prevalence in the younger women could

Fig 1. A 43-year-old woman with aortic stenosis and intermittent claudication. a, Focal infrarenal aortic stenosis.
b, Angioplasty with obvious “waisting” of the balloon at the area of stenosis. ¢, Stenting of the infrarenal aorta to
treat residual stenosis after angioplasty. The patient had complete resolution of her symptoms.
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Fig 4. Mean ankle-brachial index (ABI) + 1 standard devi-
ation before intervention, after intervention, and during
follow-up. The number above each line indicates the pa-
tients available at each time interval.

be related to the smaller aortic diameter. Similar disease
occurring in young male smokers may remain asymp-
tomatic because of a larger aortic diameter until later
in life. Focal atherosclerotic stenosis of the infrarenal
aorta may behave differently from typical atherosclerotic
disease elsewhere in the body. It is well known that
arteries dilate in response to intima-media thickening
and atherosclerotic plaque formation. This adaptive
response occurs at the site of the lesion to preserve
luminal area. This effect has also been found to be the
least in the aorta and more pronounced in peripheral
arteries.”” Whether this compensatory response is further
diminished in women remains to be determined. None
of these patients had involvement of mesenteric and
renal arteries but only focal atherosclerotic disease of
the infrarenal aorta.

Typical in these patients was the lack of going to their
physicians for any check before development of symp-
toms. Those with an acute embolic event went straight
to the emergency department or to their physician and
after that to the emergency department. The time taken
to see a specialist varied from the same date to 3 months.
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Table Il. Literature review

Charlebois et al® 1986 14 11 infrarenal aortas PTA 100 1-58

Odurny et al** 1989 25 18 infrarenal aortas, 7 aortoiliacs PTA 100 15-83

Ravimandalam et al'® 1991 27 27 infrarenal aortas PTA N/A 13-48

Hallisey et al®’ 1994 14 14 infrarenal aortas PTA 100 7-118

Hedeman Joosten et al’® 1996 36 36 infrarenal aortas PTA 94 1-92

Westcot and Bonn®° 1998 25 25 infrarenal aortas PTA and stent 92 0.5-24

Nyman et al® 2000 30 21 infrarenal aortas, 9 aortoiliacs Stent 93 5-60

d'Othee et al'” 2002 52 35 infrarenal aortas, 17 aortoiliacs PTA and stent 100 0-130

de Vries et al' 2004 69 69 infrarenal aortas PTA 98 6-180

Laxdal et al® 2007 25 19 infrarenal aortas, 6 aortoiliacs PTA and stent 100 0-135

Schwindt et al'® 201 52 52 infrarenal aortas Stent 100 1-117

Tapping et al*? 2013 22 11 infrarenal aortas, 11 aortoiliacs Stent 100 60-132

Grimme et al*® 2014 36

All except one patient were smokers with a >30 pack-
year history. All but two of them had hyperlipidemia. It
appears from these observations that smoking and
hyperlipidemia are the two major risk factors for devel-
opment of aortic stenosis at a young age. It has been
shown that risk factors are associated with pathologic
changes in the arteries of young patients similar to age-
related changes, indicating that arteries may “age” faster
than the actual age of the person.* The smokers started
young, and the lowest amount of smoking was 32 pack-

ing may be necessary before development of a symp-
tomatic focal aortic stenosis. Whereas there are
multiple studies reporting a strong association of
tobacco use with isolated infrarenal aortic stenosis, this

36 infrarenal aortas

Stent 100 0-60

is the only study that elaborates further on this subject,
demonstrating a correlation between the amount of
pack-years and development of symptoms. The inci-
dence of diabetes mellitus (18%) was predictably low in
this young population, but the incidence of hypertension
(64%) is higher than would otherwise be expected.
Increased arterial stiffness from smoking and hyperlipid-
emia may explain this finding. The three patients
younger than 40 years did not show any particularly
different characteristics from those older than 40 years.
These three patients presented with claudication and
had history of smoking and hyperlipidemia without
diabetes mellitus.

The incidence of distal embolization from focal aortic
stenosis is reported to be very low, and most studies
have reported the clinical classes as claudication,
ischemic rest pain, and tissue loss. Interestingly, although
most of our patients were claudicants to one or both legs
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(91%), seven patients (41%) presented with distal emboli-
zation, two of them to both legs. This incidence of distal
embolization in our group of patients is much higher
than reported.”®'® This may be due to inclusion of find-
ings of preoperative evaluation of lower extremities by
duplex ultrasound. We deemed that embolism had
occurred when there were duplex ultrasound character-
istics of acute embolism in the arteries. The infrarenal
aorta was considered the source of embolization by
excluding other potential sources through computed
tomography angiography and transthoracic or transeso-
phageal echocardiography studies. No other source of
embolization was found in our patients. This is probably
due to having women with isolated infrarenal disease
and no other embolic conditions being present.

The majority of these patients (88%) had aortic
stenoses <4 cm long, indicating that these lesions are
focal. This specific pattern of focal aortic atherosclerosis
has been identified by previous authors and was suc-
cessfully treated with angioplasty and stenting.>>'” Focal
lesions confer favorable anatomy when they are being
considered for endovascular management. Either PTA
alone or primary stenting is associated with high tech-
nical success.'® In our population of patients, Palmaz
was the stent of choice. To date, there are no reliable
data to support better patency using a covered stent
vs a bare-metal stent. However, some authors prefer
the use of a covered stent in cases of peripheral emboli-
zation to exclude the inciting lesion from the circula-
tion.?'” In addition, a covered stent would potentially
seal an aortic rupture that is a rare complication, espe-
cially in ballooning of highly calcified atherosclerotic
plaques.

PTA was the first modality used to treat infrarenal aortic
stenosis as an alternative to open surgery in the
1980s.4°162922 portic stenting was later introduced by
Diethrich et al in the early 1990s.%> Most of the published
studies report a low complication rate, high technical
success, and excellent short-term patency for both tech-
niques. In our study, the choice of stent vs PTA did not
appear to affect the patency. There are no randomized
trials available comparing the long-term patency be-
tween the two modalities. Some authors support that
primary stenting would be preferable because of the
high restenosis rate after PTA alone?*; however, most of
the studies reported similar patency rates. The use of a
stent should be highly considered in case of failed
PTA? Ideally, long-term data where the minimum
follow-up is 5 years should be reported in this cohort of
relatively younger patients but is not available in our
study or any other report in the literature. A brief sum-
mary of the existing literature is demonstrated in Table Il.

Our study has several limitations. First, the sample size
was small as the prevalence of this disease is probably
very low. Second, the follow-up was mostly at midterm
because the majority of the patients were not seen after
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5 years. Endovascular procedures for isolated aortic
stenosis appear to be a durable intervention and a
preferred approach. However, data for open repair do
not exist in this group of patients to have a valid
comparison.

CONCLUSIONS

Atherosclerotic stenosis of the infrarenal aorta in
patients younger than 50 years is primarily a disease of
women. It is strongly associated with smoking, particu-
larly when it is started early in life, and elevated lipid
levels. The use of PTA with or without stenting is safe
and confers high technical success with favorable
short-term and midterm patency. Reintervention in
cases of patency loss is highly successful. We propose
an endovascular approach as the first-line treatment in
patients with symptomatic infrarenal aortic stenosis
and suitable anatomy.
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