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Barbara M. Alving, Charles W. Francis, William R. Hiatt, and Mark R. Jackson

Advances in vascular biology and drug develop-
ment, as well as improved interventional tech-
niques, are yielding multiple new treatments for
patients with venous and/or arterial thrombosis.
Hematologists who are providing consultations for
these patients often participate in a multi-
disciplinary approach to provide optimal care.
New anticoagulants, simplified and validated tests
for detecting vascular disease, and improved
interventional procedures can all reduce the
morbidity and mortality that result from venous
and arterial thrombosis. In this chapter, different
aspects of the diagnosis and treatment of these
disorders are addressed by a hematologist, an
expert in vascular medicine, and a vascular
surgeon.

The key to the prevention and treatment of
venous and arterial thrombosis is anticoagulant
and antiplatelet therapy. In Section I, Dr. Charles
Francis, a hematologist with expertise in thrombo-
sis and hemostasis, describes the clinical trials
that have resulted in the approval of newer antico-
agulants such as fondaparinux and the thrombin-

specific inhibitors. He also reviews the clinical
trials that have shown the efficacy of the new oral
anticoagulant ximelagatran. Although currently
under study primarily for the prevention and
treatment of venous thrombosis, these anticoagu-
lants are likely to undergo evaluation for use in
arterial thrombosis.

Peripheral arterial disease (PAD), which
affects as many as 12% of individuals over the age
of 65 years, provides a diagnostic and therapeutic
challenge to physicians across multiple
subspecialties. Dr. William Hiatt, a specialist in
vascular medicine, discusses in Section Il the
epidemiology and manifestations of PAD, the best
ways in which to diagnose this disorder and
determine its severity, and the most appropriate
pharmacologic treatment.

In Section lll, Dr. Mark Jackson, a vascular
surgeon, describes interventional procedures that
have been developed or are under development to
treat arterial thrombosis. He also reviews the
status of inferior vena caval filters that are retriev-
able.

bidity and mortality in developed countries. Before the
introduction of low-molecular-weight heparins
(LMWH), warfarin and heparin were the only two drugs
available, but the introduction of new anticoagulant
drugs has been rapid and is accelerating. The focus of
Clinical need and rapid scientific progress are the twibis review is the several recently introduced specific
powerful forces driving the rapid development of nevactor Xa and thrombin inhibitor3¢ble 1). These dif-
anticoagulant drugs. Knowledge of the biochemistrier fundamentally from previously available anticoagu-
of hemostasis has rapidly expanded in recent years widints because they are synthetic and also are targeted
characterization of the structures and details of intefe inhibit a specific enzyme in the coagulation system
action of the proteins involved. This knowledge perather than to affect multiple factorgigure 1). The

mits rational design of specifically targeted drugs andematologists’ “tool box” will certainly expand rap-
better prediction of anticoagulation effects. Drug dedly, as there are a variety of novel agents in develop-
velopment is also driven by the great burden of thronfent targeting these and other sites in the coagulation

botic disease, which represents the major cause of meystem. Broad application of these new agents requires
that they meet important clinical needs. Thus, the wide-

spread application of low-molecular-weight heparins
(LMWH) resulted from their simplicity of dosing and
subcutaneous (SC) administration in comparison with

I. NEWER ANTICOAGULANT AGENTS FOR THE
CoNsULTANT s TooLBOX

Charles W. Francis, MD*

* University of Rochester Medical Center, 601 EImwood
Avenue, Box 610, Rochester NY 14642-0001
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Table 1. FDA-approved indications for new anticoagulants.
Prothrombinase ]

Anticoagulant FDA-Approved Indication for Use ”a', lipid
Fondaparinux (Arixtra)  Prophylaxis of venous thromboembolism FONDAPARINUX Xa | LEPIRUDIN
in hip fracture, hip replacement, ARGATROBAN
knee replacement l / BIVALIRUDIN
XIMELAGATRAN

P )
Lepirudin (Refludan) Heparin induced thrombocytopenia (HIT) rothrombin Thr?mbm

Fibrinogen —" Fibrin
Argatroban HIT
HIT with percutaneous coronary
angioplasty Figure 1. Sites of action of new anticoagulants that inhibit
specific single enzymes in the coagulation system rather
o . ) than acting at multiple sites as do heparin, low-molecular-
Bivalirudin (Angiomax) Percutaneous coronary angioplasty weight heparin and warfarin.

the difficulties with intravenous adjusted-dose hepariarogeneous and derived from animal sources, fonda-
for treatment of venous thromboembolism (VTE). Thearinux is entirely synthetic with a uniform composi-
two parenteral direct thrombin inhibitors, argatrobation. Binding of fondaparinux to antithrombin acceler-
and lepirudin, have been successfully introduced to meses inhibition of factor Xa activity approximately 300-
the need for treatment of heparin-induced thrombocyeld, but the short chain length renders it incapable of
topenia (HIT). inactivating thrombin, resulting in a specific Xa inhibi-
The value of new anticoagulants is judged by thetor with an activity of approximately 700 U/mg. This
effectiveness, safety, convenience, and cost in relationntrasts with unfractionated heparin and LMWH,
to the seriousness of the clinical problem. Their overalthich have varying amounts of both anti-Xa and anti-
use can be divided into short-term application for acutBrombin activity. The effectiveness of fondaparinux
problems in hospitalized patients and long-term use @s an anticoagulant provides the first clear demonstra-
preventing venous thrombosis or systemic embolizéion that specific inhibition of factor Xa alone can pre-
tion. In this latter group, there is a large unmet need feent thrombosis.
an alternative oral anticoagulant for warfarin, a drug Fondaparinux is completely absorbed following SC
that has serious problems with monitoring, dose adjustdministration with a peak concentration in 2 to 3 hours
ment, and a narrow therapeutic margin. The secoladd a half-life of 17 to 21 hours, allowing once daily
major problem is safety, as all available agents can @dministration. There is no significant metabolism, and
ther cause or exacerbate bleeding in doses within thest drug is excreted unchanged through the kidneys.
therapeutic range, and a major challenge is to devel®pere is no appreciable interaction with platelets or
new anticoagulants with a greater margin of safety. plasma proteins, including platelet factor-4, suggest-
Expert management of anticoagulation is an inmng that fondaparinux may be useful for patients with
portant and growing area for the consulting hematold4lT. Fondaparinux does not induce release of tissue
gist, particularly in hospitalized patients who often defactor pathway inhibitor and does not affect platelet
velop difficult management problems due to concufunction or fibrinolysis. It is not neutralized by prota-
rent bleeding risks and comorbidities. The basis fonine sulfate, and there is no specific agent for reversal.
successful use of these newer anticoagulants is an linkas minimal effects on the prothrombin time (PT)
derstanding of their principles, pharmacology, and trend activated partial thromboplastin time (aPTT); al-
clinical trial results that demonstrate their value. though not recommended routinely, plasma levels can
be measured using an anti-Xa assay employing
Fondaparinux fondaparinux as the reference.
Fondaparinux (Arixtra) is a recently-approved antico- The clinical development of fondaparinux has fo-
agulant that is novel in two respects: it represents a ttsed primarily on prevention and treatment of VTE,
tally synthetic polysaccharide and it has specificity foand several large Phase Il studies have been completed
factor Xa. Fondaparinux is a pentasaccharide whoéEable 2). A dose of 2.5 mg SC once daily was very
structure is based on the minimal saccharide sequergttective in prophylaxis of VTE following hip replace-
in heparin that interacts with antithrombin to accelement, with total rates of 4.1% and 6.1%, which com-
ate its activity. Whereas heparin and LMWH are hepare favorably with those in other large trials. The
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Table 2. Fondaparinux Phase lll trials.

Major

Group Study Name Treatment n VTEd P Bleeding P

Orthopedic Surgery Prophylaxis

Hip replacement Ephesus? fondaparinux® 908 4.1% <.0001 4.1%
enoxaparin? 919 9.2% 2.8% NS

Hip replacement Pentathalon? fondaparinux® 787 6.1% NS 1.8% NS
enoxaparin® 797 8.3% 1.0%

Hip fracture Penthifra3 fondaparinux® 626 8.3% <.001 2.2% NS
enoxaparin? 624 19.1% 2.3%

Knee replacement Pentamarks* fondaparinux® 361 12.5% <.001 2.1% <.01
enoxaparin® 363 27.8% 0.2%

Hip fracture Penthifra-Plus® fondaparinux 7d2 35.0% <.001
fondaparinux 28d2 1.4%

Treatment of DVT and PE

Pulmonary embolism Matisse PE® fondaparinux® 1103 3.8% NS 1.3% NS
heparinf 1110 5.0% 1.1%

Deep vein thrombosis Matisse DVT® fondaparinux® 1098 3.9% NS 1.1% NS
enoxaparin9 1107 4.1% 1.2%

Abbreviations: DVT, deep venous thrombosis; NS, not significant; PE, pulmonary embolism; VTE, venous thromboembolism.
82.5 mg SC qd starting 6 hrs post-op

b40 mg SC given 12 hours pre-op and then daily

€30 mg SC g12h starting 12-24 hours post-op

dyTE was determined by venography in prophylaxis studies.

€7.5mg SCqd

fIV adjusted-dose

91 mg/kg SC q12h

fondaparinux results in the Ephesus Studgre sig- hours postoperatively, a time that optimizes effective-
nificantly better than enoxaparin using the Europeamess while minimizing bleeding complicatiohs.
regimen, in which enoxaparin was administered pr&noxaparin was begun at least 12 hours before or after
operatively, but there was a nonsignificant differencgsurgery in the comparison groups.

in the groups in the Pentathalon Stydyhich used Studies of deep venous thrombosis (DVT) and pul-
enoxaparin twice daily beginning postoperatively, thenonary embolism (PE) treatment have been completed
regimen which is used in North America. The resultand presented in abstract fér(fable 2). Both studies
with fondaparinux in hip fractufeand knee replace- used a fondaparinux dose of 7.5 mg once daily but dif-
ment were superior to enoxaparin, and the Penthifrderent comparators. In the Matisse PE trial, patients were
Plug study of prolonged prophylaxis demonstrated mnitially treated with heparin followed by warfarin,
very low rate of 1.4% at 28 days. The surprising findwhereas enoxaparin was used for initial treatment in
ing in that study was a high rate of 35% in the groufhe Matisse DVT trial. The rates of recurrence were
that received fondaparinux for only 7 days. A metacsomparable at 3.8% and 3.9%, respectively, close to
analysis of the 4 trialfound a relative risk reduction the rates in the comparator groups and met statistical
for VTE of 55% compared with enoxaparin with a comeriteria for noninferiority. There was no significant dif-
parable effect across all types of surgery and subgroufesence in bleeding complications, which were low.
but major bleeding occurred more frequently in the Because fondaparinux excretion is renal, increased
fondaparinux groups. An important contribution to itglrug levels can occur with renal impairment resulting
high efficacy may be that fondaparinux was startedifi bleeding complications. Dose reduction and moni-
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toring plasma levels may be needed in patients withirudin
renal impairment and in the elderly, even if renal imHirudin is the native anticoagulant polypeptide in the
pairment is not evident. Elevated drug levels can occlaech, and the structure is slightly modified in the bio-
in patients of low body weight; fondaparinux shouldgynthetic molecule lepirudin (Refludan), which binds
also be used with caution with neuraxial anesthesia.tightly and nearly irreversibly to the catalytic site and
Small clinical studies have also evaluated the usxosite 1 of thrombin, resulting in prolonged antico-
of fondaparinux in the management of coronary arteggulant action. In patients with normal renal function,
disease. The Pentalyse trial compared fondaparinlepirudin has a half-life of 1 to 3 hours and results in
with unfractionated heparin as an adjunct to fibrinolydose-dependent prolongation of the aPTT, PT, and
sis in 333 patients with ST-elevation myocardial infthrombin time after intravenous administration. Therapy
arction in doses from 4 to 12 mg daily for 5 to 7 dayss typically monitored and the dose adjusted based on
with no significant difference in angiographic outthe aPTT. Formation of antilepirudin antibodies may
comes’ Four different doses of fondaparinux were alsoccur and result in decreased drug clearance and an
investigated in the Pentua trial in 929 patients with acutecreased anticoagulant efféétNo specific antidote
coronary syndromes in comparison with enoxapariiis available to neutralize its activity, although case re-
No clear dose response was foditiBondaparinux does ports indicate that dialysis may be usétful.
not react with platelet factor-4; it may therefore be a
useful alternative to heparin in the treatment of patienfs gatroban
with HIT, but clinical trials have not been reported. Argatroban is a synthetic derivative of arginine that
binds reversibly to the active site of thrombin. It is ad-
Direct thrombin inhibitors ministered intravenously and has a short half-life of
Thrombin may be viewed as the central enzyme in happroximately 45 minutes with hepatic metabolism.
mostasis, and it has been a key target in developmdititerapy is monitored and the dose is adjusted accord-
of new anticoagulant drugs. Although its major actioing to the aPTT. No specific antidote is available, but
is often viewed as conversion of fibrinogen to fibrinthe drug is rapidly cleared except in patients with poor
thrombin has other prothrombotic actions through feediepatic function.
back amplification, activation of factor XIII, and plate-
let activation. Other important functions include ameparin-induced thrombocytopenia
anticoagulant effect through activation of protein CThe direct thrombin inhibitors show no immunologic
inhibition of fibrinolysis through activation of throm- cross-reactivity with the antibodies responsible for HIT,
bin activatable fibrinolysis inhibitor, and a variety ofand both lepirudin and argatroban are approved by the
effects on endothelial and vascular smooth muscle cellRDA for treatment of HIT. Approval was based on small
Thrombin is inhibited physiologically through anti-clinical studies using historical controls that showed a
thrombin, and this forms the basis for the pharmacoeduced rate of adverse clinical outcortfé$Argatro-
logical effectiveness of both heparin and LMWH.  ban is also approved for percutaneous coronary inter-
Direct thrombin inhibitors block the enzymaticventions in patients with HIT, based on a small study
action of thrombin without the need for antithrombirshowing satisfactory outcomé&sBoth agents are ef-
or other cofactors. Detailed structural studies of thronfective, but argatroban is a better choice in patients with
bin including resolution of its crystallographic strucrenal compromise, whereas lepirudin is a better choice
ture have led to the development of novel direct thronn patients with hepatic dysfunction. Both drugs are
bin inhibitors for therapeutic use including lepirudingiven intravenously with doses titrated to achieve an
bivalirudin, argatroban, melagatran, and ximelagatranPTT 1.5 to 3 times the initial baseline. Because both
Direct thrombin inhibitors have several potential adprolong the PT as well as the aPTT, monitoring the con-
vantages over anticoagulants that act through antithronersion to warfarin can be problematic. Management
bin. They show little interaction with plasma protein®f patients with HIT who require urgent surgery with
or blood cells, resulting in predictable pharmacokinetardiopulmonary bypass is difficult, although bivali-
ics and anticoagulant response, and their activity is natdin®* recombinant hirudif and argatrobah have
reduced when antithrombin levels are low. They aral been used with success.
also able to inhibit thrombin bound to fibrin or fibrin
degradation products because of their small sizBjvalirudin
whereas the large heparin-antithrombin complex do@&valirudin (Angiomax) is a small peptide whose struc-
not completely inhibit thrombin bound to fibrin or toture was engineered based on naturally occurring hiru-
cells, thus allowing it to maintain coagulant activity. din. The domain that inhibits the active site of throm-
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bin is connected by 4 glycine residues to a dodeceeceptor inhibitof® In a composite primary end point
peptide that interacts with a thrombin exo$it€ol- of death, myocardial infarction, urgent repeat re-
lowing parenteral administration, the half-life is apvascularization, or major bleeding by 30 days, the use
proximately 30 minutes with dose-dependent proloref bivalirudin with provisional GP |lII , receptor block-
gation of the aPTT and activated clotting time (ACT)age was not statistically inferior to heparin plus planned
and elimination through both liver and kidney. In 2000GP IL 11l receptor blockage. Bleeding complications
the FDA approved bivalirudin in combination with aswere somewhat less with bivalirudin, but this advan-
pirin for patients with unstable angina who were untage was mostly related to a reduction in minor bleed-
dergoing percutaneous transluminal coronary angigig. Bivalirudin and other direct thrombin inhibitors
plasty (PTCA); approval was based largely on trialseed further evaluation in the setting of acute coronary
performed several years earfieiThe development of syndromeg’

the direct thrombin inhibitors for coronary indications

has been difficult, and early studies were equivocal &imelagatran

showed excess bleediffigThe recently-reported RE- Ximelagatran (Exanta; H376/95) is an oral direct throm-
PLACE 2 trial evaluated bivalirudin in patients needbin inhibitor, currently in Phase lll trials, that shows
ing urgent or elective percutaneous coronary intervepromise in both VTE and atrial fibrillation. Ximel-
tion and included the use of heparin and a GH ]I agatran is an oral “prodrug” formulation of melagatran,

Table 3. Ximelagatran Phase lll trials.

Major
Group Study Name Treatment n VTE P Bleeding P

Orthopedic Surgery Prophylaxis

Melagatran/Ximelagatran (Europe)

Hip or knee Express?? melagatran®

replacement ximelagatran® 1141 20.3% <.001 3.1% <.001
enoxaparin? 1184 26.6%

Hip or knee Methro 11130 melagatran®

replacement ximelagatran 1146 31.0% NS 1.4% NS
enoxaparin? 1122 27.3% 1.7%

Ximelagatran only (North America)

Knee replacement 31 ximelagatran® 276 19.2% NS 1.7% NS
warfarin 261 25.7% 0.9%

Knee replacement Exult32 ximelagatran 24¢ 614 24.9% 0.8% NS
ximelagatran 36 629 20.3% .003 0.8% NS
warfarin 608 27.6% 0.7% NS

Hip replacement 33 ximelagatran® 782 7.9% <.05 0.8% NS
enoxaparind 775 4.6% 0.9%

Other Indications

Stroke and Major
Group Study Name Treatment n  Systemic Emboli P Bleeding P
Atrial Sportif 11134 ximelagatran' 1704 1.6%/yr NS 1.3%lyr NS
fibrillation warfarin 1703 2.3%lyr NS 1.8%l/yr NS
Recurrence
DVT treatment Thrive 11135 ximelagatran® 612 2.0% <.0001 1.0% NS
placebo 611 11.0% 0.8% NS

Abbreviations: DVT, deep venous thrombosis; NS, not significant; VTE, venous thromboembolism.

@melagatran 2 mg subcutaneous (SC) immediately pre-op; 3 mg SC the evening of surgery followed by ximelagatran 24 mg po bid
benoxaparin 40 mg SC 12 hrs pre-op and then daily

®melagatran 3 mg SC 4-12 hrs post-op followed by ximelagatran 24 mg po bid

denoxparin 30 mg SC q12 starting 12-24 hrs post-op

€24 mg po g12h

f36 mg po bid
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which is the active thrombin inhibitor. Melagatran isa Phase Il study compared ximelagatran in several doses
being developed in Europe as a parenteral direct throto-enoxaparin after knee replacement in 594 pati#nts.
bin inhibitor. It is a dipeptide whose structure mimic#\ dose-response effect on efficacy or safety was not
the sequence immediately N-terminal to the thrombiestablished, but the 24 mg dose was comparable in ef-
cleavage site on thea®chain of fibrinogen. Melagatran fectiveness and safety to enoxaparin and was chosen
is very selective for thrombin with minimal activity to-for initial studies. The initial Phase Il study in knee
ward other relevant serine proteases. Because of ligplacemerit compared ximelagatran with warfarin and
small size and high affinity, it inhibits clot-bound asshowed comparable efficacy and safety. A study in hip
well as free thrombin. Absorption is nearly completeeplacement compared ximelagatran 24 mg twice daily
after SC administration, reaching a maximum after 3@ith enoxapariri® Designed to show noninferiority, this
minutes with a half-life of approximately 1.6 hoursstudy demonstrated that enoxaparin was better than
Clearance is primarily renal with over 80% excretedimelagatran at this dose with no difference in bleed-
unchanged. Following oral administration, ximelagatramg end points. Based on these 2 studies, the dosing
is rapidly absorbed and yields melagatran as its mawas reevaluated, and a larger study in knee replace-
metabolite with maximum plasma concentrations ahent was performed comparing 24 and 36 mg twice
melagatran between 1.5-2 hrs and a half-life of approxdaily with warfarin after knee replacement. The results
mately 3 hours. Plasma concentrations of melagatraith 24 mg were similar to warfarin and comparable
are linearly related to ximelagatran doses with low irwith that reported previously, whereas efficacy with
ter- and intra-individual variability. There appear to baimelagatran 36 mg twice daily was significantly bet-
no significant food or drug interactions. The thrombiner than with warfarin with comparable bleeditig.
time, PT, and aPTT are all prolonged after administr®verall, the results with the oral ximelagatran only pro-
tion of ximelagatran and other direct thrombin inhibigram are mixed, and dependent on dosing, type of sur-
tors, but monitoring with the ecarin clotting time maygery, and choice of comparator. The knee replacement
also be useful, especially for elevated drug levels sustudies are encouraging and suggest that the lower, 24
as are needed during cardiopulmonary bypass sufgeryng dose, is comparable with warfarin, whereas the 36
Clinical studies have excluded patients with poor renaig dose is superior.
function because the drug is excreted renally. Studies with long-term ximelagatran treatment of
Melagatran and ximelagatran are not approved festablished DVT include the Thrive Il and V study that
clinical use but are in advanced Phase Il clinical trialsompared standard treatment with enoxaparin (followed
(Table 3). Several large studies have been published by adjusted-dose warfarin) to a regimen of ximelagatran
reported in prevention of VTE after orthopedic surger§6 mg twice daily as both initial and chronic theré&py.
with different approaches in Europe compared witfihe results have yet to be reported in detail. The Thrive
North America. The European Expré&sand Methro Il study examined 1233 patients with VTE who re-
[11%° studies used an initial dose of melagatran to proeived 6 months of initial anticoagulation and then were
vide rapid anticoagulation, and this treatment was fotandomized to receive either ximelagatran (24 mg twice
lowed by oral ximelagatran. In the Express study, 2 nagily) or placebo for another 18 month§he results
of melagatran was given SC immediately before sushowed a clear benefit for prolonged treatment with
gery, another 3 mg on the evening of surgery, followedmelagatran, with recurrence in significantly fewer
by ximelagatran 24 mg orally twice daily. This regipatients than in those assigned to placébeg (0001).
men had superior efficacy to the enoxaparin compara- Treatment of patients with atrial fibrillation to pre-
tor, but there was also an increase in major bleedingnt stroke is a common indication for long-term war-
defined as “excessive bleeding as judged by the invdafin anticoagulation and the subject of the large Sportif
tigator.” A modified regimen was used in Methro Il1,11l study2* Patients with atrial fibrillation and 1 or more
which started ximelagatran 3 mg SC 4 to12 hours aftadditional risk factors for stroke were randomized in
surgery followed by 24 mg of ximelagatran orally twicean open-label study with blinded adjudication to treat-
daily.*® This study showed comparable efficacy andhent with adjusted-dose warfarin or ximelagatran 36
similar bleeding results to enoxaparin. Notably, the Eung twice daily to establish noninferiority. The inten-
ropean studies have combined hip and knee repla¢en-to-treat analysis of the primary efficacy end point
ment subjects together for primary analysis. of stroke and systemic embolism showed 40 events in
The North American program in orthopedic prothe ximelagatran group (1.6%/yr) and 56 events (2.3%/
phylaxis has differed, with separate studies for kneg) in the warfarin group, indicating noninferiority. An
and hip replacement and use of oral ximelagatran ontn-treatment analysis showed a significantly better out-
The initial dose of 24 mg twice daily was chosen aftaaome in the ximelagatran group. There were no differ-
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ences in major bleeding or all-cause mortality. developed, as are soluble thrombomodulin and other
The interpretation of studies of long-term therapgirect thrombin inhibitors.
with ximelagatran must consider the problem of tran-
saminase elevations. Elevations of greater than 3 tim&ammary
the upper limit of normal of alanine aminotransferaséhe availability of new anticoagulants is expanding
occurred in 6.4% of ximelagatran-treated patients ichoices for prevention and treatment of thrombotic dis-
Thrive Il and in 6.5% in Sportif lll. The clinical impli- ease. The synthetic pentasaccharide, fondaparinux, pro-
cations are unclear, as levels may decline to normdtes excellent prophylaxis in orthopedic patients, and
with continued treatment. However, ongoing trials reaew studies suggest it may have a role in treating DVT
quire discontinuation of ximelagatran in participantand PE with once-daily injections. Either argatroban
who develop marked or persistent transaminase elewa-epirudin is an excellent choice for patients with HIT,
tions; this side effect may eventually result in the neealith argatroban preferable in patients with renal com-
for routine monitoring of liver function tests if ximel- promise and lepirudin in those with liver dysfunction.
agatran treatment is continued for longer than 30 daygivalirudin should be considered for patients undergo-
The potential clinical application of ximelagatraning percutaneous coronary intervention and may offer
and melagatran will depend on the results of additiondie advantage of reduced bleeding complications.
studies and regulatory review. A new oral anticoagkimelagatran is not yet approved, but studies in atrial
lant would be welcome, and ximelagatran appears fibrillation, DVT treatment, and prophylaxis in ortho-
have comparable or better efficacy and safety thagedic surgery suggest this new oral agent will be an
warfarin in short-term prophylaxis studies. Initial longimportant anticoagulant.
term studies with ximelagatran show promise, but limi-

tations include the need for twice-daily administration Il. E VALUATION OF PATIENTS WITH
and monitoring of liver function. Additionally, no spe- PeErIPHERAL VAscULAR DISEASE
cific agent to reverse the anticoagulant effect is avail-

able, as is also true with other direct thrombin inhibi- William R. Hiatt, MD*

tors. Given the short half-life of the drug, this is un-
likely to be a problem unless ximelagatran is adminigeripheral arterial disease (PAD) of the arterial circu-

tered to patients with poor renal function. lation to the lower extremities is one of the major mani-
festations of systemic atherosclerosis. The disease is
Future Directions initially asymptomatic (patients are identified only by

The development of fondaparinux and direct thrombia reduced blood pressure in the ankle) but with pro-
inhibitors has established that effective anticoagulatiagfression will cause exertional symptoms of intermit-
can be provided with a drug specifically targeted to @nt claudication. In rare cases, the disease progresses
single enzyme in the coagulation system, representingsevere chronic leg ischemia which can result in limb
a new therapeutic concept. The availability of multipl¢poss. All patients with PAD have an increased risk of
drugs targeting different enzymes raises the possibiliardiovascular morbidity and mortality. Thus, therapy
of combined therapy using several agents in individis directed to both the limb and the systemic athero-
alized doses, based on the characteristics of a patierterotic disorder. Venous thromboembolic diseases also
hemostatic system or pattern of vascular disease aaftect a large segment of the population, but have a dif-
thrombosis. Many other new anticoagulant agents afierent pathophysiology from arterial disease. However,
in the early phases of clinical development and shomcent reports describe an association between these
promise. Idraparinux is a parenteral antithrombin-desonditions, suggesting that many patients with sponta-
pendent specific anti-Xa inhibitor similar to fonda-neous venous thrombosis also have atherosclerosis in
parinux but with a much longer half-life, allowing oncethe peripheral arterial circulatidrRatients with primary
weekly administration. Heparin can be chemicallglotting disorders may therefore need assessment of
derivatized to permit oral bioavailability and 1 suchheir arterial circulation, with special attention to ad-
agent, SNAC-heparin, has shown promise in prophyressing their cardiovascular risk.

laxis in orthopedic patient8. NAPc2, an inhibitor of

factor Vlla/tissue factor derived from the nematode,

showed effectiveness in Phase Il studies in thrombo-

prophylaxis®® and an oral anti-Xa agent has been ir

Phase Il trialslin orthopedic thromboprophylaxis. O'[r_‘e"'University of Colorado Health Sciences Center, 4200 East
agents targeting factor Vlla and factor IXa are beingth Avenue, Box 180, Denver CO 80262
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Epidemiology cers are usually on the plantar surface of the foot at
In the Framingham study, both men and women hadpaessure points). Patients with diabetic neuropathy may
similar incidence of intermittent claudication, whichhave normal pedal pulses, but even diabetic ulcers are
increased with age, and had a peak incidence in olddten associated with some degree of arterial occlusive
individuals of approximately 60 new cases per 10,00fisease. Reflex sympathetic dystrophy may be present
persons per yedWhen noninvasive screening instru-after trauma to the limb, and leads to a painful, discol-
ments are used (the ankle/brachial index [ABI] desred, swollen extremity. Patients with arteritis may
scribed below), the prevalence of PAD is quite higlpresent with ischemic limbs, particularly those with
affecting 12% of the adult population and 20% of indiBuerger’s disease (thromboangitis obliterans). Claudi-
viduals over the age of ?0.These figures extrapolate cation-like symptoms may also arise from spinal steno-
to approximately 8 million persons affected with PADsis, which is due to osteophytic narrowing of the lum-
in the United States. bar neurospinal canal. These symptoms include numb-
Patients with PAD are at high risk for concomitanhess and weakness in the lower extremity that is pro-
coronary and carotid arterial diseases, resulting in iduced by standing. Patients with arthritis of the knee or
creased morbidity and mortality. For example, in paiip may also have pain in the joint with ambulation,
tients with PAD, the adjusted all-cause mortality risk ibut also pain at rest or with weight bearing. Finally,
increased 3-fold and cardiovascular mortality is inpatients with prior venous thrombosis can develop
creased 6-fold.This risk is approximately the samevenous claudication. This is characterized by venous
for both men and women, and remains high even if temgorgement in the affected leg with walking that causes
patient has had no prior evidence of cardiovascular dswelling and discomfort. Relief requires leg elevation.
easée’’” With increasing severity of PAD, as measured
by the ABI, there is a concomitant increased risk ofascular Testing
myocardial infarction, ischemic stroke, and vascularhe noninvasive evaluation of patients with PAD be-
death®® Thus, the ABI provides important informationgins in the physician’s office. Patients considered at risk

regarding the diagnosis and prognosis of PAD. for PAD are older, have cardiovascular risk factors of
smoking or diabetes, or have exercise-induced leg
Clinical Evaluation and Differential Diagnosis symptoms. The initial evaluation includes a thorough

Chronic arterial insufficiency of the lower extremityvascular history and physical examination, followed by
causes two very characteristic types of pain: intermithe measurement of an ABI.
tent claudication and ischemic rest pain. Claudication
discomfort most commonly involves the calf and is reAnkle/brachial index
solved within 10 minutes of rest. In contrast, patient8atients considered to be at risk for PAD should have
with chronic critical limb ischemia typically presentan ABI. Patients considered for screening would be
with rest pain in their distal foot that occurs at nighthose between the ages of 50-69 years who have a his-
and is relieved with dependency. These patients aretaty of smoking or diabetes, and all patients over the
risk for developing painful ischemic ulcers at the distage of 70 year®.In these patients, the prevalence of
points of the foot. PAD can be as high as 29%. Patients with exertional
Palpation should be performed of the brachiagymptoms in their legs or foot ulcers should also have
femoral, and pedal arteries. The location of the postan ABI to determine if their symptoms are due to vas-
rior tibial pulse is behind the medial malleolus, and theular disease. Performing an ABI allows the physician
dorsal pedis pulse runs along the dorsum of the fotmt make the diagnosis of PAD, judge the severity of the
between the first and the second metatarsal bones. Tég arterial disease and risk of cardiovascular events,
grading of pulses can be described as normally presamid identify patients with severe limitations in their
(easily palpable), diminished (difficult to palpate), oexercise capacity. Arteriography is not necessary to
absent. Patients with a palpable femoral pulse, but alnake the diagnosis of PAD, but rather should be re-
sent pedal pulses, typically have arterial disease caerved for patients who are being considered for
fined to the leg, whereas a diminished or absent femevascularization therapy.
ral pulse indicates disease of the aorta or iliac arteries In order to perform an ABI, the physician needs a
(the inflow). blood pressure cuff and a handheld Dopgtegure 2
The differential diagnosis in these patients includedemonstrates the locations of the ankle and arm cuffs
diabetic sensory neuropathy that produces burning atalobtain the ABI. The higher of the two systolic bra-
numbness in both feet at rest. Severe neuropathy admnal pressures is used as the denominator of the ABI
lead to chronic diabetic malperforans ulcers (these walculation. The higher of the two ankle pressures (ei-
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ther the dorsalis pedis or posterior tibial artery) is usqahtient is asked to report initial symptoms of limb dis-
as the numerator of the ABI calculation for each leg. Bomfort, and then terminate the exercise when the dis-
normal ABI is defined as a resting measureradh®0. comfort is limiting, or after 5 minutes. After exercise,
Any value < 0.90 represents the presence of PAD, wifiltessures are again measured. A significant decrease
lower values indicating more severe disease. ABI vah postexercise pressures confirms the diagnosis of PAD.
ues < 0.40 suggest the most advanced stages of PAD, If the treatment plan includes consideration for
which can result in ischemic rest pain, nonhealing utevascularization, location of the arterial occlusive dis-
cerations, and gangrene. ease is required. These tests include segmental limb
Vascular laboratory testing. The ABI is generally pressures, pulse volume recordings, and arterial duplex
sufficiently accurate to determine the presence and sétrasonography. The use of sequential limb blood pres-
verity of PAD. However, if the ankle tibial vessels aresure cuffs placed on the thigh, calf, and ankle provides
calcified (patients with diabetes mellitus or end-stagerough localization of the arterial segment(s) involNed.
renal disease), an accurate ankle pressure cannotBaeh vascular laboratory will have developed standards
obtained. The cuff pressures are typically greater thdor determining significant changes in systolic blood
250 mmHg, or the ABI value is > 1.30, indicating nonpressure between cuffs. For example, the pressure ob-
compressible vessels under the cuff. If not recognizedined in the proximal thigh cuff is normaty80 mmHg
as artificially high, the physician may falsely concluddigher than the brachial pressure. Lower pressures sug-
that arterial circulation is adequate, or even normal, gest the presence of inflow aortoiliac artery disease.
these patients. With high ABI values, other tests availFhese patients typically respond well to angioplasty in
able in the vascular diagnostic laboratory are necet®rms of treatment success.
sary to make the diagnosis of PAD, including toe pres- Pulse volume recordings (PVRSs) are also obtained
sures, arterial duplex ultrasonography, and transcutarfiem cuffs placed on the thigh, calf, and ankle that de-
ous oximetry (TcPQ) to assess wound healing potentialscribe arterial waveforms. In the normal setting, this
Occasional patients with classic symptoms of clawaveform is similar in appearance to an intra-arterial
dication may have a normal physical examination angressure waveform. As the arterial circulation wors-
ABI at rest. This condition often reflects iliac arteryens, the PVR changes morphology and decreases its
stenosis with a normal distal circulation. In this casemplitude. This methodology is often used when the
exercise treadmill testing should be performed in th&BIl is noncompressible, since the arterial waveforms
vascular diagnostic laboratory. Patients have restimge not affected by calcification.
pressures measured, and are then placed on a treadmill Arterial duplex ultrasonography is a highly accu-
at a constant speed and constant grade of incline. Tia¢e examination, which may be performed from the

Figure 2. Measurement of
the Ankle/Brachial Index.

Left arm

Right arm systolic Pressure

systolic pressure

ABI Interpretation
> 1.30 — Non-compressible
0.91-1.30 — Normal
0.41-0.90 — Mild to moderate PAD

0.00-0.40 — Severe PAD
Left ankle

Right ankle systolic pressure

systolic pressure

DP DP

PT PT
Right ABI Left ABI
Higher Right Ankle Pressure _ — Higher Left Ankle Pressure = —_
Higher Arm Pressure Higher Arm Pressure
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aortic bifurcation to the ankles. Utilizing currently avail-of coronary disease at baseline or not. Thus, the HPS
able Duplex ultrasound scanners, arteries are visudemonstrated that in patients with PAD (even in the
ized, often with color imaging, and Doppler velocitiesibsence of a prior myocardial infarction or stroke),
are obtained. A doubling in the peak systolic velocitaggressive LDL lowering was associated with a marked
suggests a 50-99% stenosis. In patients who are in needuction in cardiovascular events (myocardial infarc-
of revascularization, this examination is as accurate aisn, stroke, and vascular death).

arteriography in predicting the optimal revascularization Hypertension is an independent risk factor for

method. PAD* Guidelines also support the aggressive treatment
of blood pressure in patients with atherosclerosis, indi-
Functional assessment cating that PAD is equivalent in risk to ischemic heart

Patients with claudication have a severe limitation idiseaseé! Regarding specific drug choices, the
exercise performance and walking ability. The severitgngiotension-converting enzyme (ACE) inhibitor drugs
of this functional limitation should be determined as have shown benefit beyond blood pressure lowering in
means to assess response to claudication thefapidsigh-risk groups. Results from the Heart Outcomes Pre-
Treadmill testing can be performed using a low-levalention Evaluation study indicated that the ACE inhibi-
protocol usually set at 2 mph and increasing the gratte ramipril was cardioprotective in patients at high risk,
2% every 2 minutes until patients reach their individuahcluding those with PA3?

maximal claudication pain. In addition to treadmill test-  Diabetes increases the risk of PAD approximately
ing, several questionnaire measures of functional sta-to 4-fold* While diabetes is highly associated with
tus have been developed and validated in this patigrgripheral atherosclerosis, the degree of glycemic con-
population. The walking impairment questionnairdrol does not predict the severity of the peripheral ath-
(WIQ) is a disease-specific instrument that asks a serosclerosi€® These observations suggest that diabe-
ries of questions regarding the patient’s claudicatiaies is a critical risk factor for PAD primarily in con-
severity and ability to walk defined distances, speedgsinction with other cardiovascular risk factors. Several
and stairs? This questionnaire is simple to administerstudies in patients with type 1 and type 2 diabetes have
and has been shown to predict the response to clawstiown that aggressive blood glucose control does not

cation therapie® effectively prevent cardiovascular dise&s@ Thus, it
is increasingly important to control other cardiovascu-
Medical Management of Ischemic Risk lar risk factors in patients with diabetes, including op-
timal management of blood pressure and lipid disor-
Risk factor modification ders. A recent study demonstrated that in patients with

Cigarette smoking is associated with a marked increasgidbetes and PAD, intensive lowering of blood pres-
risk for peripheral atherosclerosi¥. The number of sure with an ACE inhibitor or calcium channel blocker
pack years is associated with disease severity, an was associated with a large reduction in the risk of car-
creased risk of amputation, peripheral graft occlusiodjovascular events (myocardial infarction, ischemic
and mortality*>!® Given these associations, smokingstroke, and vascular deafh).
cessation has been a cornerstone of the management of
PAD. While advice to stop smoking is associated witAntiplatelet drug therapy
modest quit rates, pharmacologic therapy can assistAspirin is a well-recognized antiplatelet drug that reduces
smoking cessation, including nicotine replacement aride risk of cardiovascular events 25% in patients with
antidepressant drug therapy? cardiovascular diseas€d/hat is remarkable is that spe-
Current recommendations for the management offic studies in the PAD population using aspirin have not
lipid disorders in PAD are to achieve an LDL cholesshown a statistically significant reduction in cardiovas-
terol level to less than 100 mg/dL and to modulate thmular eventg® Thus, while antiplatelet drugs are clearly
increased triglyceride and low HDL pattéfilhe data indicated in the overall management of PAD, aspirin does
from the Heart Protection Study (HPS) provide the firgiot have FDA approval in this patient populafidn.
primary data supporting the role of statin therapy in In addition to aspirin, the thienopyridienes are an
patients with PAD® Simvastatin was associated with amportant class of antiplatelet agents that have been well
12% reduction in total mortality, 17% reduction in vasstudied in patients with cardiovascular disease.
cular mortality, 24% reduction in CHD events, 27%Ticlopidene has been evaluated in several trials in pa-
reduction in all strokes, and a 16% reduction in norients with PAD, and has benefit in reducing the risk of
coronary revascularizations. Similar results were olmyocardial infarction, stroke and vascular death, but
tained in the PAD subgroup, whether they had evidenedth an unacceptable side effect profildn contrast,
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clopidogrel has been shown to be highly effective img studied in clinical trials. Propionyl-I-carnitine is a
the PAD populatioit Thus, current consensus docuimetabolic agent that has been shown to improve tread-
ments would recommend clopidogrel as an importantill performance and quality of life in patients with
agent for patients with PAD and intermittent claudicaelaudication®® Prostaglandins have been extensively
tion; clopidogrel may in fact be more effective tharstudied in patients with PAD, but with mixed results.
aspirin alonée? Therapeutic angiogenesis is also being studied with

initial positive result$® However, these therapies are
Treatment of Limb Symptoms in their infancy.

Exercise rehabilitation for claudication I1l. | NTERVENTIONAL APPROACHES IN THE

The use of a formal exercise program to treat claudica- M ANAGEMENT OF THROMBOSIS

tion is the best-studied and most effective nonsurgical

therapy for claudication. This topic has been extensively Mark R. Jackson, MD*

reviewed® The most successful training regimens are

supervised in a cardiac rehabilitation environment angkterial thrombosis is a major contributor to limb loss

employ repeated treadmill-walking exercise. The iniand amputation. Approximately 60,000 major limb

tial evaluation should establish the baseline treadméimputations are performed annually in the US. Periph-

walking time as described above. A typical supervisestal arterial occlusive disease and arterial embolic

exercise program is 60 minutes in duration and is mordvents are the primary underlying etiologies. While

tored by a skilled nurse or technician. Patients shoulhen vascular surgery is the traditional gold standard

be encouraged to walk primarily on a treadmill, sincor major limb revascularization, the development of

this most closely reproduces walking in the commurew endoluminal devices has resulted in rapid advances

nity setting. The initial workload of the treadmill is sefin minimally invasive techniques for limb revascular-

to a speed and grade that brings on claudication pa#ation, most of which are performed percutaneously.

within 3-5 minutes. Patients walk at this work rate unt§imilar devices and techniques have also allowed “less

they achieve claudication of moderate severity. Théyvasive” variations of standard open surgical tech-

then rest until the claudication abates, and then resumigues of limb revascularization. This chapter will sum-

exercise. Patients should be reassessed clinically omarize these recent advances.

weekly basis as they are able to walk further and fur- Just as newer interventional devices are being de-

ther at their chosen workload. The typical duration ofeloped for arterial thrombosis, new developments are

an exercise program is 3-6 months. This interventiagiso occurring in the design of devices, such as inferior

will allow patients to walk 100% to 150% farther andsena cava filters, to prevent pulmonary emboli in well-

improve their quality of life. defined, high-risk patients. Examples of these improve-

ments will also be provided.

Drug therapy for claudication

Pentoxifylline has been approved for the treatment @frterial Interventions

claudication since 1984. However, a meta-analysis con-

cluded that although the drug produced modest imhrombolytic therapy

creases in treadmill walking distance over placebo, thhrombolytic therapy has been evaluated in numerous

overall clinical benefits were questionaB€ilostazol clinical trials involving patients with thrombotic or

is currently the most effective drug for claudicationembolic occlusions of lower extremity arteries. With

The primary action of cilostazol is to inhibit phosphodithe initial use of systemic thrombolytic therapy (intra-

esterase type 3, which results in vasodilation and inRienous) in the early 1970s, partial or substantial lysis

bition of platelet aggregation, arterial thromboses, anglas observed in approximately 40% of patients, and

vascular smooth muscle proliferation. A recent metaro discernible lysis was observed in the remaining

analysis demonstrated that the drug significantly in60%?! Results were influenced by the duration of oc-

proved both treadmill exercise performance and questusion, and serious bleeding complications were ob-

tionnaire-assessed quality of lifeCilostazol should served in approximately one third of the patients.

not be given to patients with claudication who also have = Since the mid-1970s, regional or intra-arterial ad-

heart failure. This is based on previous concerns of a

mortality risk with use of the phosphodiesterase inhibi-

tor class of drugs in patients with heart failure. * Greenville Hospital System, 701 Grove Road, Greenville
Additional drugs for treating claudication are beSC 29605
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ministration of thrombolytic agent directly into the sitethat fewer patients required standard surgical procedures.
of clot has been the preferred approadte rate of From these studies and subsequent clinical experi-
successful reperfusion (50% to 85%) appears highence, thrombolytic therapy appears most useful for dis-
than with systemic thrombolytic therapy. Other advartal thromboembolic occlusions in surgically inacces-
tages of the selective approach are that it provides usile small arteries of the leg, and foot, or in patients
ful diagnostic information (determination of embolicwho are too ill to undergo conventional open surgery.
versus thrombotic occlusion) and allows simultaneoughrombolytic therapy can also be applied for acute
angiographic definition of the nature of vessel wall akembolic occlusions not readily amenable to surgical em-
normalities that would lead to rethrombosis if not cobolectomy. Thrombolytic therapy is also used to “buy
rected by surgery or balloon angioplasty. A major dravtime” in high-risk patients while underlying medical
back is that arterial catheterization is required for prgroblems are treated prior to conventional surgical
longed periods (hours to days), leading to major bleetkvascularization.
ing and thromboembolic complications in 6% to 20%  Until recently, rt-PA was the only available throm-
of patient&* and added costs, as this therapy requirdmlytic agent after urokinase was removed from the
ICU observation for signs or symptoms of bleedingnarket in 1998. Urokinase has been recently reintro-
during thrombolysis. Despite this, intra-arterial thromeduced, but most interventionalists are now very com-
bolytic therapy appears superior to systemic treatmeifdrtable and familiar with rt-PA and retavase, a non-
Tissue plasminogen activator (tPA) and urokinase hagdycosylated deletion mutation of rt-PA. The existing
proven to be superior to streptokinase for peripherbierature would appear to support the use of rt-PA as a
arterial thrombolysis§’ substitute for urokinase for peripheral arterial throm-
Randomized trials have compared surgical thronbolysis. In the STILE study, rt-PA was as effective and
bectomy and thrombolytic therapy in patients with acutas safe as urokina&e.
lower extremity arterial ischemia. A larger, multicenter
trial compared intra-arterial thrombolytic therapy withCatheter thrombectomy
urokinase or tPA with surgery in patients presentintptroduction of the Fogarty balloon catheter in 1963
with acute lower extremity ischenfialhe study was dramatically altered the management of peripheral
stopped prematurely when an interim analysis showednboli. It reduced mortality from this disorder by nearly
that patients randomized to surgery did significantl$0% and decreased the incidence of amputation by
better than those given thrombolytic therapy. Howeveapproximately 35%! The Fogarty balloon catheter is
in patients presenting with symptoms of greater thantBe standard in surgical thrombectomy, although varia-
weeks’ duration, surgery was superior; in patients préens of the design are used. These devices consist of a
senting with symptoms of less than 2 weeks’ duratiosmall caliber (2F—6F) catheter with a central port for
amputation rates were lower with thrombolytic therapynflation of a soft, compliant latex ballooRigure 3).
There was no difference in efficacy or safety betweerhe catheter is advanced through an open artery, and
tPA and urokinase. then passed through the region containing thrombus or
In a multicenter trial of thrombolysis or peripheralembolism. The balloon is gently inflated while the cath-
arterial surgery (TOPAS), the role of thrombolyticeter is withdrawn, removing the thrombotic material
therapy and surgical intervention in the setting of acufeom the opening in the artery. Since the inflated bal-
ischemia of the lower extremity was evaluatéathis loon is at least as large as the diameter of the treated
clinical trial, 213 patients were studied who had loweartery, such devices are not well suited to percutaneous

extremity ischemia for up to 14 days. No differencese through an introducer sheath. Several passages are

was observed in 1-year mortality or amputation-fregenerally required to remove all of the thrombus.
survival in the urokinase-treated patients or those un- More recently, variations on this design have been
dergoing surgery. Open surgery was avoided in 45.8#roduced by Fogarty. There are two newer catheters—
of patients randomized to urokinase. The TOPAS irene that removes adherent clots within an artery, and
vestigators recently published their follow-up study oénother that removes clots adherent to the lumen of a
a total of 548 patient§.Amputation-free survival at 6 prosthetic bypass graft. Older, chronic clots are not
months was the same for both groups (urokinase, 71.8&&sily removed with the compliant latex balloon cath-
surgery, 74.8%). There was a significant increase @ters—the balloon simply deforms, leaving much of the
the rate of major hemorrhage in the urokinase group comore tenacious clot within the artery or graft. The Ad-
pared with the surgery group; and 4 patients treated whierent Clot Catheter (Edward Lifesciences, Irvine, CA)
urokinase sustained intracranial hemorrhage, one of whislorks like a latex-covered corkscrewigure 4). The

was fatal. The only apparent benefit of urokinase wasitheter has a deployment trigger that winds the inner
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Rheolytic thrombectomy catheters

Rheolytic thrombectomy achieves removal of intra-ar-
terial thrombus using a suction type of catheter. A num-
ber of such catheters are used for thrombectomy of
thrombosed arteriovenous access dialysis grafts, but one
catheter is also approved by the FDA for use in periph-
eral arteries. The Possis AngioJet system uses a high
velocity stream of saline within the catheter to produce
a low-pressure region (Bernoulli effect) within the cath-
eter tip. This low pressure results in extraction of clot
material through a lumen in the catheter, and is thereby
removed from the body. Potential advantages of this
system include reduced time to achieve thrombectomy
compared to many hours or even days with thrombolysis.
Rheolytic thrombectomy is particularly attractive for pa-
tients with contraindications to thrombolytic therapy.

An initial report on the use of the Possis device for
peripheral arterial use in cases of acute, limb-threaten-
ing ischemia was reported by Silva and associates in
199812 In their study, 21 patients with acute limb is-
Figure 3. Fogarty balloon catheter. chemia (presentation within 2 weeks of symptom on-

set) were treated. Contraindications to thrombolytic

therapy were present in 52% of the patients. The au-
wire loop, which is covered with an outer layer of prothors reported an initial technical success rate of 91%,
tective latex to minimize the prospect of arterial injurywith a 6-month limb salvage rate of 89%. In a more
in a cork screw configuration. The author has used thiscent study of 86 patients undergoing rheolytic throm-
device with success in arteries that cannot be adequatieéyctomy using the AngioJet device, investigators from
treated by a balloon catheter alone. the Cleveland Clinic reported successful arterial reca-

The other Fogarty design catheter is used to raalization in 61%, partial success in 23%, and failure
move chronic thrombi from occluded prosthetic graftso recanalize the occluded artery in 16% of casks.

It consists of a wire loop that deploys around the catkerestingly, adjunctive thrombolytic therapy was used
eter in a cloverleaf configuratiorFigure 5). In the in 58% of cases, highlighting the potential to use mul-
author’s experience, this catheter will remove any ogiple modalities in cases of acute arterial ischemia of
clusive material if the occlusion can be traversed. Thhe leg. An underlying arterial stenosis was found in 53
wire loops are robust, and therefore should not be useases, 51 of which were successfully treated. This ex-
in a native artery. perience illustrates how thrombolysis, rheolytic throm-
bectomy, and percutaneous balloon angioplasty can be
used in combination to effect a minimally invasive

Figure 4. Edwards Lifesciences Fogarty Adherent Clot Figure 5. Fogarty Graft Thrombectomy Catheter.

Catheter. Bare metal loops remove tenacious, prosthetic graft-bound
Inner wire loop is protected by outer latex covering. Catheter is thrombus. Not to be used in native arteries.
used for arterial and graft occlusions.
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revascularization approach to selected patients witti the legs, Gray and associates reported the use of the

acute limb ischemia. excimer laser and balloon angioplasty in 23 patients
with ischemic ulcers or gangrene of the 1€ds. 88%
Laser-assisted angioplasty of cases, crossing of the lesion with successful angio-

Laser-assisted balloon angioplasty is an endovascufdasty was accomplished. Over a 6-month follow-up, 3
technique that allows recanalization of long segmepftients required major limb amputation, and 4 others
arterial occlusions that are too long to be successfulventually required surgical bypass to revascularize the
crossed with a guidewire and conventional techniquésg. Patency data were not described. While these re-
alone. Most short segment arterial occlusions can kalts appear to be inferior to that generally reported
crossed using standard guidewires with hydrophiliwith conventional surgical revascularization, these were
coatings that enable the wire to be “slipped” throughigh-risk patients, many of whom likely would not have
an obstructed area. In some long segment lesions, hdveen offered surgery. For such patients, catheter-based
ever, this is not possible. The excimer laser devideterventions such as laser-assisted balloon angioplasty
(Spectranetics, Colorado Springs, CO), on the othezmain an attractive alternative. In our practice, laser-
hand, is advanced in small increments along with thessisted balloon angioplasty of the tibial arteries is re-
guidewire, while the laser energy recanalizes the oserved for medical high-risk patients and those in whom
cluded arterial segment. Once the diseased segmenausologous vein conduit for bypass graft is not available.
crossed, a standard guidewire is placed through the area

and it is treated with balloon angioplasty as with othéFibial artery balloon angioplasty

arterial stenotic lesion§&igure 6). These devices come Balloon angioplasty has emerged as an effective and
in a range of diameters (0.9—2.5 mm) and can be usedll-accepted treatment for occlusive disease of the iliac
for coronary and peripheral arterial lesions. arteries. However, clinical success and long-term pa-

These newer peripheral laser catheters are nottency rates have generally not been as good when ap-
widespread use, and there is little published clinical dapéied to the smaller arteries of the lower leg, particu-
in the peripheral arterial system. There are two ongtarly the tibial arteries. Nonetheless, several reports have
ing clinical trials, one for long segment (> 10 cm) ocbeen published that indicate at least a reasonable de-
clusions of the superficial femoral artery, and the othgree of effectiveness. This, along with advances in small
for patients with critical ischemia of the leg who araliameter angioplasty systems developed for the coro-
poor-risk candidates for conventional surgicahary circulation, has led to an increased use of these
revascularization. In a pilot study of the feasibility otechniques, particularly in those patients who are medi-
this device for treating patients with critical ischemiaally unfit for standard surgical bypass. For the most
part, clinical applicability of bal-
loon angioplasty of tibial artery
occlusive disease is much the
same as summarized above for
laser-assisted balloon angio-
plasty. In fact, the techniques and
indications are largely the same,
except that the laser device is
used to recanalize long segment
occlusions that cannot be crossed
with a guidewire alone.

Much of the reported experi-
ence with tibial angioplasty is
from the work of Amman Bolia,
in Leicester, Englant.Bolia and
colleagues reported a summary of
their experience of angioplasty of
isolated infragenicular arteries in
200218 In this study of 67 patients
treated from 1997 to 2000, they
Figure 6. Occluded popliteal artery, before (A) and after (B) laser-assisted balloon report an initial technical success
angioplasty. of 86%, and a 3-year limb salvage

f
.1'
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rate of 94%. Reflecting the advanced, end-stage natwectomy procedures are typically done with conven-
of this pattern of peripheral vascular disease, 51% tbnal open surgical technique, but such long segment
the patients had died by 3 years. Although patency rasdarterectomies have generally fared poorly in terms
were not reported in this study, it can be assumed thadtpatency rates, and require a long incision on the thigh
many of these arteries did not remain patent at the satbeexpose the entire superficial femoral artery.
94%, 3-year rate as was the case with limb salvage. With the advent of catheter-based techniques, it is
However, if the offending ischemic lesion heals, angdossible to perform a remote endarterectomy of an oc-
then the treated artery reoccludes later, this can stiluded superficial femoral artery utilizing only a single
result in a clinically stable situation in which limb sal-small incision in the groin area. The procedure is termed
vage is achieved. “remote” because the devices used to perform the
In a recent report of peripheral angioplasty in 22&ndartectomy are manipulated under fluoroscopy, from
diabetics with ischemic foot ulcers, the authors wertle “remote” location of the proximal aspect of the su-
so encouraged by the good clinical outcomes as to rgeerficial femoral artery while the entire length of the
ommend balloon angioplasty as the first line treatmeattery is internally stripped of the occluding plaque.
for such patients, in preference to surgical bypaks. The use of the remote endarterectomy was cham-
this retrospective study, balloon angioplasty of tibigbioned by Moll and associatésind has only recently
artery occlusive disease was performed at the time i&fceived more attention in the United States as the cut-
the original angiogram regardless of lesion length d@ing device has only recently become available. Re-
any anatomic criteria of the arterial occlusive diseaseently reported clinical results with the technique have
In 191 (85.3%) cases, balloon angioplasty was pdseen mixed. In a report of 60 patients undergoing re-
formed. At a mean follow-up of 14.7 months only 1Gnote endarterectomy of the superficial femoral artery,
patients (5.2%) required a major limb amputation (anRosenthal and associates reported a 3-year primary
putation at or above the ankle joint). Clinical recurrenggatency rate of 61%, with a primary assisted patency
was noted in 14 patients, 10 of whom underwent reate of 83%4° Only 1 patient required major amputation.
peat balloon angioplasty. A more sobering analysis of the remote endarterectomy
In spite of these encouraging results, the mainstégchnique has been reported by Nelson and assc€iates.
of treatment for peripheral arterial occlusive disease bf their study of 17 patients, the initial tedbal success
the tibial arteries continues to be surgical revascularas only 65%, and at 1 year the primary patency was
ization, primarily due to better long-term patency rate26%. No patients, however, required amputation. Given
Nonetheless, for many of these patients, particulartife disparate results from these 2 centers, one might
those with advanced comorbidities and age, tibial ainfer that a significant procedural learning curve exists
tery balloon angioplasty is an attractive alternative twith this technique.
surgical revascularization. Despite lower reported pa-
tency rates compared with surgical bypass, even lifsummary
ited primary patency of several months can be suffFhrombolytic therapy is the mainstay of catheter-based
cient to allow healing of ischemic lesions of the foottreatment of acute arterial occlusion. Rheolytic throm-
The exact role of tibial artery angioplasty will remain dectomy allows for treatment of acute arterial occlu-
matter of controversy until the appropriate clinical trisions without the bleeding risks associated with throm-

als can be performed and published. bolytic therapy. Balloon thrombectomy catheters can
be used during arterial revascularization in a form of
Remote Endarterectomy “hybrid” procedure that requires some open surgery and

Occlusion of the superficial femoral artery is a comthe use of Fogarty balloon catheters. Chronic arterial
mon anatomic pattern in patients suffering from intelcclusions are increasingly being treated with endo-
mittent claudication. When combined with additionalascular techniques such as balloon angioplasty, laser-
anatomic levels of atherosclerotic occlusive diseasassisted angioplasty, and remote endarterectomy as
such as the aortoiliac segment or tibial arteries, it caninimally invasive alternatives to conventional open
cause critical, or limb-threatening ischemia. Occlusiosurgery. From a clinical practice standpoint it is clear that
of the superficial femoral artery generally involves théhese techniques are here to stay and that further device
entire length of the artery rendering it relatively unrefinement will only expand their applicability to the treat-
suitable for balloon angioplasty. Surgical bypass is mostent of peripheral arterial occlusive disorders.
commonly utilized to revascularize these occlusions.

Another option is that of endarterectomy, where the

plague is physically removed from the artery. Endart-
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