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NDOVASCULAR TREATMENTS—angioplas-
ty and stenting for stenoses, thromboly-

sis for thrombotic lesions, and grafting proce-
dures for aneurysms—now allow us to treat
patients less invasively than with open surgery.
This is particularly helpful in patients with
comorbidities that would previously have pre-
cluded any treatment.

For individual patients, however, the
choice is more complicated. Endovascular
treatments have been compared with tradi-
tional surgery in nearly all areas of the body in
many clinical series, and despite the plethora
of literature, the benefit of one over the other
remains hotly debated.

For instance, endovascular aneurysm
repair is less traumatic to the patient, but may
be less durable and more prone to complica-
tions such as leakage at the stenting site.
Neither surgery nor endovascular therapy is
traditionally offered to patients with claudica-
tion unless the case is particularly severe. Yet
mesenteric and renal artery stenting have gen-
erally replaced the open procedures.

Therefore, patients must be individually
assessed to determine the risks and benefits of
each therapy, taking into account the patient’s
arteries, his or her physical condition, and how
comfortable the patient and the physician feel
with the various options.

This article reviews the options for treat-
ing aortic aneurysms, carotid stenosis, periph-
eral vascular disease of the legs, and stenosis of
visceral vessels.

■ ANEURYSMAL DISEASE

When to treat an aneurysm
Abdominal aortic aneurysms have historically
been repaired if they are bigger than 5 or 5.5
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■ ABSTRACT

Endovascular therapy and open vascular surgery have
advantages and disadvantages. A single therapeutic option
is rarely ideal for all patients. Rather, the two options are
tools that are best used selectively; their availability allows
for therapy to be tailored to optimize patient care.

■ KEY POINTS

For aneurysms, endovascular repair has a lower incidence of
acute morbidity and patients recover faster than with
surgery, but surgical repair may offer better long-term
protection from aneurysm rupture.

For carotid stenosis, physiologically ill patients can undergo
open carotid endarterectomy. However, carotid stenting is
preferable in certain circumstances, eg, in patients who
have undergone prior neck surgery or radiation therapy to
the neck, or with lesions that extend high into the neck.
Carotid stenting remains untested in low-risk patients.

Neither surgery nor endovascular therapy is traditionally
offered to patients with claudication, as most of them do
not develop limb-threatening ischemia. Rather,
interventions (open or endovascular) are generally reserved
for patients with pain at rest or tissue loss.

Mesenteric and renal artery stenting have replaced open
surgical bypass for occlusive lesions in these arteries.
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cm,1,2 and thoracic aortic aneurysms are
repaired if they exceed 5.5 or 6 cm.3

These criteria are not hard and fast,
although they can serve as guidelines for
patient referral. Smaller aneurysms may be
electively treated in healthy young patients,
while an aneurysm of the same size in a frail
patient may be simply observed and followed
over time.

Two recent randomized trials of observa-
tion vs surgery demonstrated that watchful
waiting is safe for abdominal aortic aneurysms
smaller than 5.5 cm,4,5 although about half of
the patients in the observation groups eventu-
ally had their aneurysms repaired within 4
years.

Whether the aneurysm is treated or not,
it is mandatory to treat related medical con-
ditions optimally, including hypertension
(best managed with beta-blockers if not con-
traindicated), platelet aggregation (with
aspirin or clopidogrel), and dyslipidemia
(with statins).

Surgical treatment of aneurysms
Traditionally, aneurysms of the thoracic and
abdominal aorta have been treated with
open surgery. This involves a left thoracoto-
my to expose the thoracic aorta, or a
transperitoneal (midline) or retroperitoneal
(left flank) incision to expose the abdominal
aorta.

Regardless of the route, the aorta must be
cross-clamped while the prosthetic graft is
interposed immediately proximal and distal to
the diseased segment.

Endovascular treatment of aneurysms
Now, aneurysms can also be treated from with-
in the artery with a device called a stentgraft,
which is a metal stent covered with graft
material (FIGURE 1).

The device is constrained within a deliv-
ery system that is usually introduced through
one of the femoral arteries, accessed through
an oblique incision in the groin. Once appro-
priately positioned, the constraining compo-
nent of the delivery system is removed, allow-
ing the stentgraft to expand and appose itself
to the aortic wall above and below the dis-
eased aortic segment, similar to an open
repair.

Complications of open surgery
for aneurysm repair
Open surgical repair of abdominal aortic
aneurysms is plagued by high rates of serious
complications such as death (5% to 6%),
myocardial infarction (5%), pulmonary com-
plications (8%), renal failure (1.2%), and limb
loss (1%).6

Moreover, in a number of reports,6–8 up to
15% of patients who underwent an open
repair needed to undergo a second operation,
typically to treat a bowel obstruction, false
aneurysm, hernia, continued aneurysmal dila-
tion of the more proximal aorta, dilation of
the iliac arteries, or erosion between the graft
and surrounding structures.

Endovascular complications:
Endoleaks, migration, and material failure
A greater number of patients may require a
second intervention after receiving a stent-
graft for an abdominal aortic aneurysm, but
the reasons and the interventions are entirely
different.9

One of the problems with endovascular
aneurysm repair of the abdominal aorta is that
blood can continue to enter the aneurysm sac,
a complication called an endoleak.10,11 The
incidence of endoleak varies with different
devices, but typically ranges between 10% and
25%. Endoleaks are categorized into five
types:

Type 1—leakage around the points of
proximal or distal fixation

Type 2—blood entering the aneurysm sac
in a retrograde manner through a patent infe-
rior mesenteric artery or lumbar artery (which
are typically ligated during an open approach)

Type 3—extravasation of blood through a
fabric defect or modular joint

Type 4—due to graft porosity
Type 5—due to transmission of pressure

through a thrombus when blood is not visual-
ized in the sac.

Endoleaks are detected and classified by
either computed tomography or detailed
Doppler ultrasonographic examination of the
aneurysm sac. They are almost always asymp-
tomatic and are not universally predictive of a
required intervention.

Whether to treat an endoleak depends on
the type. Most interventionalists agree that

Watchful
waiting is
advisable for
some
abdominal
aortic
aneurysms
< 5.5 cm

ENDOVASCULAR THERAPY GREENBERG
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FIGURE 1
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Carotid angioplasty and stenting
remains investigational but is promising,
particularly with new embolic protection
devices

Endovascular aneurysm repair
uses a device called a stentgraft
and appears to be a reasonable
alternative to open surgery for
many patients with aneurysmal
disease

Thrombolysis of peripheral arterial or
venous lesions can open an occluded
vessel and may be coupled with other
interventional techniques such as
angioplasty and stenting, or used to
reduce the magnitude of the required
surgical procedure

■ Endovascular therapy
Endovascular treatments are less invasive than open vascular surgery, but each
has advantanges and disadvantages, and the choice is often complicated in
individual patients.
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aneurysms with a type 1 or 3 endoleak after
endovascular repair are still at risk of rupture
and that these leaks must be treated. In con-
trast, approximately 50% of type 2 endoleaks
spontaneously seal during the first year of fol-
low-up, and most interventionalists feel that
type 2 leaks may not cause long-term problems
and may not require therapy in most cases.
Whether to treat type 4 and type 5 leaks is
controversial.

When therapy is indicated, such as for a
type 1 or 3 leak, or a type 2 leak associated
with aneurysm expansion, it is often accom-
plished with an additional endovascular inter-
vention such as additional stentgraft place-
ment or embolization of collateral branches.

Are endovascular stentgrafts durable?
Grafts placed during open surgery are very
durable, but endovascular stentgrafts may be
less so. Some issues are:

Migration. Surgical grafts are sutured in
place proximally and distally, but stentgrafts
are held in place through a combination of
radial force (from the stent), hooks or barbs,
and longitudinal support (stiffness). An
ideal means of fixation has not been discov-
ered.

Mechanical failure of the stentgraft. This
issue touches on both the material properties
of the device (particularly the marriage of the
metal stent to the graft material) and the
forces to which it is subjected. Although graft
material alone rarely degenerates within 10 to
15 years, it can develop accelerated fatigue

when it is combined with metallic structures.
Tortuous arteries can make stentgrafts more
prone to fatigue, especially if the device is stiff.
A more detailed analysis of this topic is pre-
sented elsewhere.12

If a defect develops in the graft material or
the fixation mechanisms are overcome, allow-
ing the device to slip, the aneurysm is again at
risk for rupture. This underscores the impor-
tance of radiographic follow-up after endovas-
cular repair.

How to decide between
surgery or endovascular repair?
Both procedures have advantages and disad-
vantages. Endovascular aneurysm repair is
associated with a lower incidence of acute
morbidity, and patients recover faster, with an
average 2-day hospital stay. On the other
hand, surgical repair offers better long-term
protection from aneurysm rupture.

For patients who are too ill to undergo
surgery, the choice is between medical therapy
and endovascular repair (TABLE 1).13 Those who
have an aneurysm that is anatomically
amenable to endovascular repair are likely
best served with that approach.

In contrast, patients who are fit and have
an anatomically complex aneurysm not well
suited for endovascular repair are better treat-
ed with open surgery.

Patients at high physiologic risk with
complex anatomy are either treated medically
(antihypertensive regimens) or with endo-
grafting techniques using adjunctive (less

Endovascular
aneurysm
repair requires
meticulous
follow-up

ENDOVASCULAR THERAPY GREENBERG

Surgery or endovascular repair for aortic aneurysms?

LOW ANATOMIC RISK* HIGH ANATOMIC RISK

Low physiologic risk* Open surgery or enrollment in a study† Open surgery

High physiologic risk Endograft Endograft if possible using
adjunctive techniques

*Physiologic risk is the perceived risk to the patient, were the patient to undergo open surgical repair. Anatomic risk refers to the
complexity of the anatomy: eg, a long, straight distance between the renal arteries and the aneurysm would likely be consid-
ered a low anatomic risk.

†Healthy patients desiring endovascular repair are treated in this manner, provided they agree to follow-up protocols and under-
stand the risks and benefits involved.

T A B L E  1
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invasive) surgical methods or newer grafts
that are under investigation.

How to manage patients at low physiolog-
ic risk who have straightforward anatomy is
the most controversial. These patients need a
careful explanation of the risks and benefits of
each therapy.

In fact, all patients with aneurysms should
understand their options. Should endovascu-
lar grafting be entertained, the patient must
understand that lifelong follow-up will proba-
bly be needed, because the long-term durabil-
ity of the endovascular devices is unknown

Since we do not yet have any long-term
data with contemporary endografts, we can-
not make any definitive comparisons between
surgery and endovascular treatment.
However, a multicenter prospective random-
ized trial is underway in Europe to evaluate
the potential superiority of one technique
over the other.14

Which type of endovascular device?
At this time, there are four commercially
available devices  (Ancure,15 Excluder,16,17

AneuRx,18 and Zenith19,20) and four investi-
gational devices (Lifepath,21 Powerlink,22

Talent,23 and Terramed24). It is anticipated
that an additional investigational device will
be approved by the end of 2003.

The choice of the device depends on the
patient’s anatomy, the physician’s familiarity
with the devices, and, for an investigational
device, whether the patient is willing to par-
ticipate in a research trial. Some patients have
more options than others, owing to anatomic
restrictions.

New procedures using novel techniques
and devices have been developed for patients
with thoracic, juxtarenal, suprarenal, and rup-
tured aneurysms, as well as complex aortic dis-
sections (FIGURE 2). Although these procedures
are technically complicated, early results have
been favorable. Currently, most complex
endovascular repair procedures are done only
in investigational device protocols.

■ CAROTID DISEASE

Most treatment for occlusive disease within
the carotid arteries is done to prevent a stroke.
Thus, the treatment is prophylactic (like the

management of aneurysms), and the physician
and patient must understand the natural his-
tory of the disease, the risks of stroke with
medical therapy, and the risks associated with
intervention.

Trials support surgery for carotid disease
Although still controversial, endarterectomy
surgery for asymptomatic and symptomatic
carotid disease has undergone rigorous study
in prospective randomized trials. Two clinical
advisories,25,26 followed by publications,27,28

have tipped the balance in favor of performing
surgery early for significant internal carotid
artery disease.

The NASCET (North American
Symptomatic Carotid Endarterectomy Trial)
concluded that patients should undergo
carotid endarterectomy if they have symptoms
attributable to stenosis and the stenosis is
greater than 70%. In these patients, surgery
reduced the 5-year risk of ipsilateral stroke to
9%, compared with 25.6% with medical man-
agement.29 Patients with symptomatic inter-
mediate-grade stenoses (50%–70%) also ben-
efited from surgery.30

The ACAS (Asymptomatic Carotid
Atherosclerosis Study) found that carotid
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The balance has
tipped in favor
of early
intervention for
internal carotid
disease

FIGURE 2. This computed tomographic scan reconstruction
depicts a follow-up study on a patient who underwent
successful endovascular repair of a ruptured abdominal aortic
aneurysm with a stentgraft and femoral-femoral bypass.

Endovascular repair of a ruptured aneurysm

Stentgraft
in aorta

Aneurysm wall

Stentgraft
in iliac artery

Femoral-femoral
bypass
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endartererctomy was beneficial in patients
with asymptomatic carotid stenoses in excess
of 60%. In men, the 5-year risk of stroke was
4.1% with treatment vs 12.1% without treat-
ment, a relative risk reduction of 66%.29

However, in women, the relative risk reduc-
tion was only 17%, although the sex-specific
conclusions have been contested by some.31

Of note: this benefit was only in patients
with a perceived surgical risk of less than 3%
and a life expectancy of at least 5 years.

Carotid stenting
Angioplasty and stenting of the carotid artery
became somewhat popular in the late 1990s.
The procedural risks are relatively low and
comparable to those of surgery.32–35

Moreover, devices that prevent embolism
during the procedure by occluding the distal
carotid artery, by trapping emboli in a fil-
ter,36–38 or by reversing the flow39 have been
reported to decrease the incidence of peripro-
cedural neurologic events,34,35 and most inter-
ventionalists believe that using these devices
will prove to be superior to treatment without
such a device.40

To date, carotid stenting remains contro-
versial. In the United States the procedure
remains investigational, and Medicare and
many other insurance companies will provide
reimbursement for it only if it is performed
under an investigational protocol.

Ongoing trials of carotid stenting
The SAPPHIRE trial (Stenting and Angio-
plasty with Protection in Patients at High
Risk for Endarterectomy) is evaluating carotid
stenting in patients with and without symp-
toms who are believed to be at high risk for
complications; the CREST (Carotid
Endarterectomy vs Stent Trial) is in patients
with symptoms. Prospective registries are also
accruing patients.

These studies should show whether
carotid stenting is inferior, equivalent, or
superior to carotid endarterectomy with
respect to acute procedural complications
and short-term protection from stroke.
However, they will tell us little about long-
term rates of stroke or restenosis. For that,
long-term studies with more patients will be
needed.

Carotid stenting procedure
Patients first receive heparin to maintain the
activated clotting time greater than 250 sec-
onds. Some interventionalists also use intra-
venous antiplatelet agents. However, we pre-
fer to give the patient loading doses of the oral
antiplatelet drug clopidogrel 3 days before the
procedure and maintenance doses for 30 days
afterward.

Carotid stenting is performed under local
anesthesia. Typically, a long sheath or guide is
advanced through the femoral artery and
tracked over a wire that is placed in the exter-
nal carotid artery until the sheath is lodged
within the common carotid artery proximal to
the stenosis.

Once the sheath is in place, the lesion is
crossed with an 0.014" wire. If the lesion is
tight, predilation with a small coronary bal-
loon can be performed, although preferably,
a protection device would be in place prior
to any angioplasty. If one is using a filter-
type embolic protection device, access across
the lesion may be lost if a “buddy wire” (dual
wire access) is not established with the filter
wire prior to predilation, in which case the
lesion must then be recrossed with an
embolic protection device wire. The embol-
ic protection device is deployed at least 5 cm
distal to the diseased segment, and the stent
is then advanced over the protection device
wire.

The stent is deployed to cover approxi-
mately 0.5 to 1 cm above and below the
lesion. Balloon-expandable stents, which
were initially favored, have been largely
replaced by more flexible self-expanding
stents, some specifically designed for the
carotid system.

After the stent delivery system is
removed, a balloon that is slightly smaller or
equal in diameter to the carotid artery is then
used to expand the stent. The embolic protec-
tion system is recaptured and withdrawn
through the sheath or guide within the com-
mon carotid artery after angiography is com-
pleted.

The heart must be monitored meticu-
lously throughout the procedure, as brady-
cardia and ectopy are common due to
stretching forces in the region of the carotid
sinus.

Carotid
stenting
remains
controversial
and
investigational

ENDOVASCULAR THERAPY GREENBERG
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We obtain a duplex ultrasound scan the
following day to determine the amount of
baseline of residual stenosis. Follow-up is
similar to that for open carotid endarterecto-
my, with ultrasound examinations at 30 days,
6 months, 12 months, and annually there-
after.

Complications of carotid stenting
Complication rates are similar with carotid
stenting vs carotid endarterectomy,33 but the
complications are not entirely comparable.
Rates of major problems such as intracranial
hemorrhage, stroke (thrombotic or embolic),
myocardial infarction, and death are easily
compared and are believed to be similar,33

although the preliminary results of the SAP-
PHIRE trial (presented in abstract form41)
demonstrated a lower combined rate of
stroke, myocardial infarction, or death in
high-risk patients treated with stenting vs
open surgery.

Procedure-specific complications include
puncture site hematomas, pseudoaneurysms,
contrast nephropathy, and noncranial
atheroembolic events, which are all difficult
to compare with complications of open
surgery such as wound infection and cranial
nerve injuries.

How to decide between
carotid stenting vs endarterectomy?
Ultimately, the decision to undergo an open
carotid endarterectomy or carotid stent place-
ment is made by a well-informed patient in
conjunction with a physician who is familiar
with both treatments. Currently, there is no
approved carotid stenting system; therefore,
most patients undergoing this form of therapy
are enrolled in a clinical trial.

Physiologically ill patients do not neces-
sarily have to forgo open carotid endarterecto-
my in favor of stenting, because the surgery
can be done under local anesthesia and has a
similar effect on cardiovascular physiology as
carotid stenting.

However, carotid stenting is clearly more
preferable in certain circumstances, eg, in
patients who have undergone prior neck
surgery or radiation therapy to the neck (both
of which destroy the normal anatomic planes,
causing an increased risk of cranial nerve

injury), or who have lesions that extend high
into the neck.

With open surgery, practice makes per-
fect: the most favorable results are obtained by
experienced teams with high patient vol-
umes,42,43 and the same will probably hold
true for endovascular procedures.

■ PERIPHERAL VASCULAR DISEASE
OF THE LEGS

Surgery
The primary surgical procedures for improving
the circulation in the legs are femoropopliteal
and femorotibial bypass. These operations are
largely reserved for patients who have truly dis-
abling claudication (femoral-popliteal bypass),
or limb-threatening ischemia (femoral-tibial
bypass) as evidenced by pain at rest or tissue
loss (nonhealing ulcers or gangrene).

The success of these procedures depends
on the inflow to the lower extremity via the
iliac arteries, the outflow to the foot via the
tibial and plantar vessels, and the conduit
that is used (autologous vein or prosthetic
material such as polytetrafluoroethylene or
Dacron).

In general, autologous veins make better
conduits than prosthetic materials with respect
to patency and limb salvage.44 However, both
types of conduits have been used quite success-
fully for above-the-knee procedures45 and
have had acceptable results for more distal
bypasses when used in conjunction with surgi-
cal adjunctive techniques designed to improve
patency (eg, the intentional creation of an
arteriovenous fistula or the use of a vein cuff at
the distal anastomosis).44,46

However, any surgical procedure in the
legs can be associated with complications,
incisions are painful and may become infect-
ed, and most notably, ischemia can progress as
a result of the bypass (due to complications or
the development of neointimal hyperplasia)
or in spite of the bypass.

For this reason, neither surgery nor
endovascular therapy is traditionally offered
to patients with claudication, as most of
them do not develop limb-threatening
ischemia. Rather, these procedures are
reserved for patients with pain at rest or tis-
sue loss.

Dissection risk
is higher with
use of large
tibial artery
balloons

ENDOVASCULAR THERAPY GREENBERG
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Endovascular therapy
for peripheral vascular disease
Endovascular therapies for lower-extremity
lesions include balloon angioplasty, stenting,
thrombolysis, and stentgraft placement.
Laser therapy, atherectomy devices, and
gene therapies continue to be evaluated in
clinical trials.

The critical factors predicting success of
endovascular therapy for atherosclerotic
occlusive disease are the anatomic location of
the lesion (the more proximal the better) and
the length of the lesion.47–49

For iliac lesions, success rates are excellent
with balloon angioplasty and stenting, which
is now the initial treatment of choice for these
lesions.50 In some circumstances, such as small
vessel size and recurrent disease, aortob-
ifemoral or biiliac grafting may be favored,
however.

Short, focal lesions of the superficial
femoral artery have respectable intermediate-
term results with angioplasty and stenting.51

However, long lesions in either circulation
bed, occlusions, or multilevel disease are pre-
dictors of failure,47 and must be treated with
extreme caution when employing endovascu-
lar means.

If the lesion is complex, we tend to use
endovascular treatment only if the patient has
no acceptable bypass conduits (precluding
autologous bypass grafting) or would obvious-
ly develop wound complications should an
incision be made on the leg (eg, if the patient
is on hemodialysis, is steroid-dependent, or is
morbidly obese). In these patients, we can use
long stents or segmental stenting to treat focal
hemodynamic problems in the superficial
femoral artery, and subintimal dissection
(recanalization) and angioplasty to treat the
tibial vessels.

Lesions of intermediate length in the
superficial femoral artery have been success-
fully treated with endovascular grafting,52

with respectable 2-year patency results.
Interventional procedures for the lower

extremities can be divided into iliac proce-
dures and lower-leg procedures.

Iliac procedures
Iliac lesions can be approached from either
the groin or the brachial artery. We prefer con-

tralateral groin access because it allows the
most freedom to address both the proximal
and distal iliac arteries.

Although some randomized trials showed
angioplasty without stenting to be as good as
stenting in the iliac arteries, most interven-
tionalists prefer to use stents.53–55

Short focal lesions at the aortic bifurca-
tion are typically treated with balloon-
expandable stents. Caution must be taken to
protect the other iliac artery at the level of
the aortic bifurcation from compression dur-
ing balloon and stent expansion. This is
done using a “kissing stent” or balloon tech-
nique (bilateral inflations performed simul-
taneously).

More distal iliac lesions, particularly
those traveling distally into the external iliac
arteries, are better handled with the more
flexible self-expanding stents. Pressure gradi-
ents and careful angiographic assessment of
the artery just distal to the stented segment
for evidence of flow-limiting dissections will
improve results.

Femoral artery procedures
Interventions in the superficial femoral artery
have been the subject of great controversy.
Angioplasty and stenting procedures of this
vessel have been faulted for having low paten-
cy rates, high rates of neointimal hyperplasia,
and, given the flexibility of the artery, device-
integrity issues over time.

However, the results with focal stenoses
or even short occlusions have been more
favorable with newer stents and a better
understanding of the technical aspects of the
procedure. An individualized approach is
best, and both the patient and physician
should understand the natural history of the
disease, the risks of open and endovascular
procedures, and the expected long-term
results. We do not routinely advocate the
endovascular treatment of long-segment
occlusions; on the other hand, it is extreme-
ly uncommon to offer an open surgical bypass
operation for a short stenosis of the superfi-
cial femoral artery.

Procedures in the superficial femoral
artery or tibial arteries can be done via a con-
tralateral or ipsilateral approach. Crossing the
offending lesion is best done through a subin-

Patients with
occluded
visceral vessels
need lifelong
aspirin
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timal plane (if very tight) or through the true
lumen. Predilation with small-diameter bal-
loons should precede stent or stent graft place-
ment in the superficial femoral artery. We try
to avoid stenting in or distal to the popliteal
artery if possible. Long, small-diameter bal-
loons (2–4 mm) are ideal for long tibial
lesions, and one should be careful not to use
too large a balloon, given the severe conse-
quences of an arterial dissection or disruption
in these vessels.

Adequate anticoagulation is achieved
with heparin, and patients are premedicated
with clopidogrel starting 3 days before the
procedure and continuing for at least 30 days
afterward.

Thrombolysis
Thrombolysis has been used for quite some
time to treat occlusive lesions in native ves-
sels or bypass grafts. Thrombolysis of an
occluded bypass graft has the potential to
restore the graft to its preoccluded state,
unmasking the offending lesions and allowing
the physician to best address these lesions in
a directed manner.

The risks associated with thrombolytic
therapy (remote hemorrhage and puncture
site problems) must be weighed against the
benefits of reopening an occluded vessel.
This calculation is not straightforward and
requires a detailed knowledge of the patient’s
medical history and the risks of open surgery,
and an assessment of the level of difficulty
and prediction of success of the lysis proce-
dure.

Even though no thrombolytic agent has
been approved to treat acute peripheral
ischemia, three agents are currently being
used: urokinase, recombinant tissue plasmino-
gen activator (alteplase), and reteplase.
Urokinase has been the agent best studied for
peripheral occlusive disease,56–58 and was
recently re-released after being withdrawn
from the market. None of the agents has been
shown to be effective for the treatment of
chronic occlusions.

■ VISCERAL VESSEL PROCEDURES

Mesenteric and renal artery stenting have
evolved over the past 10 years and have large-
ly replaced open surgical bypass for occlusive
lesions in these arteries. Experienced inter-
ventionalists have achieved high levels of
technical success.59

We currently rely on interventional
means to treat most acute and chronic cases of
ischemic bowel disease and nearly all renal
artery lesions, unless they are associated with
aneurysmal disease of the renal artery or aorta.
Exceptions to this rule include pediatric renal
stenosis and some forms of arteritis.
Indications for renal interventions are contro-
versial but generally include cases in which
the pathologic process is presumed to be due
to angiotensin. Mesenteric interventions are
reserved for patients with acute or chronic
symptomatic stenosis of the superior mesen-
teric or celiac artery.

Although most renal interventions can be
done with a femoral approach, mesenteric
angioplasty and stenting are more typically
done with a brachial approach. Balloon-
expandable stents are usually used to maxi-
mize the radial force needed to oppose the
highly calcific lesions typically found at the
ostia of the visceral vessels.

Furthermore, most occlusive lesions of the
visceral vessels extend into the aorta; thus, one
must be certain to extend the stent into the
aorta. However, stents protruding into the aortic
lumen preclude other types of interventional
therapies—specifically endovascular aneurysm
repair. In this light, patients with aneurysmal
and visceral occlusive disease are best handled
by physicians familiar with both procedures.

Patients with occlusive disease treated
with an endovascular or open approach
should be placed on lifelong aspirin therapy. A
4-week course of clopidogrel following angio-
plasty or stenting of an occlusive lesion is like-
ly to decrease the risk of acute and subacute
thrombosis and may lower the long-term risk
of restenosis.
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