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Consensus Document*
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The aim of this paper is to develop an intercontinental consensus on the use of thrombolytic therapy in occlusive
peripheral arterial disease affecting lower limbs. A working party of self-designated angiologists, hematologists,
interventional radiologists, and vascular surgeons of Europe and North America convened at 4 closed meetings. All
published data known to any of the participants was entered into discussion. The working party discussed the topics
outlined in this paper and a first draft was prepared in segments by members of the working party, discussed, and
further revised into an interim report. It was then circulated to a number of Societies for their input. A final meeting
of the Working Party together with delegates of the Societies collaborated on the definitive version of the text. The
Party appreciates that in many areas the scientific evidence is not yet available. Nevertheless, it was felt that enough
practical and scientific data were available to establish recommendations for clinical practice as well as for reporting
results of thrombolytic therapy, which could be updated as later evidence became available. The guidelines apply only
to drugs currently available for clinical use. The data are also considered to be sufficiently cogent that regulatory
agencies should move to approve thrombolytic agents for intra-arterial therapy of acute lower extremity ischemia.
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DEFINITION AND OBJECTIVE
OF THROMBOLYTIC
TREATMENT

The principal objective of thrombo-
lytic therapy is to remove pathologic
thromboemboli and to facilitate resto-
ration of vascular patency. In the con-

text of this paper, therapeutic throm-
bolysis is defined as enzymatically in-
duced or accelerated thromboembolus
dissolution. In most patients, throm-
bolysis is identified as an underlying
lesion that subsequently requires en-
dovascular or surgical treatment.
There should be a multidisciplinary
approach to thrombolytic therapy,
which should involve angiologists, he-
matologists, interventional radiolo-
gists, and vascular surgeons (1).

End Points: It is imperative that the
end points that define success or fail-
ure of thrombolytic therapeutic inter-
vention be clearly defined. In addition
to anatomic and physiologic and/or
physical outcome measures, clinical
end points should be emphasized.
Furthermore, cognizance should be
taken of whether the outcome to be
evaluated is “early” (e.g., �30 days) or
“late” (e.g., 6 or 12 months). In scien-
tific studies, end point selection de-
pends on trial structure and the aim of
the study (e.g., dose ranges vs clinical
efficacy studies). Nevertheless, most
drug licensing agencies recognize only
death and/or amputation as primary-
end points for studies in patients with
severe leg ischemia.

Recommendation 1: The primary end
point in reporting results of thrombo-
lytic therapy in lower limb ischemia is
amputation-free survival of the pa-
tient.

Recommendation 2: The secondary
assessment of an individual patient
following thrombolytic therapy
should include patency of the artery
thrombolyzed, substantiated by any
objective imaging modality.

Other secondary end points should
also be clearly defined (e.g., decreased
requirement for surgery, a reduction
in the magnitude of the surgical pro-
cedure, the replacement of surgery by
an endovascular procedure, restora-
tion of useful limb function, and relief
of painful ischemic symptoms).

Recommendation 3: Complication
rates should be documented and re-
ported.

Clinical Presentation: duration
of history: While it can be difficult to
be certain of the duration of history in
all cases, patients can usually relate
their deterioration of symptoms to a
particular time period, whether or not
there has been a history consistent
with peripheral vascular disease.
Acute thromboses or emboli present-
ing within 24 hours should prove
more amenable to thrombolytic ther-
apy. However, some emboli may con-
sist of old thrombus and atheroscle-
rotic plaque, and thus be less
amenable to thrombolysis. Further-
more, recent randomized studies (2,3)
have discussed a relation between the
time interval of thrombosis and
thrombolysis and concluded that du-
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ration seems important and should be
reported.

Recommendation 4: Ischemia dura-
tion should be clearly documented.

severity of ischemia: Recommenda-
tion 5: The severity of ischemia to be
treated must be clearly defined.

High dose, bolus, or pulse-spray
methods (see further) may be used to
treat the severely ischemic leg. How-
ever, caution should be exercised if a
surgical option can achieve a more fa-
vorable outcome in a shorter period of
time (e.g., the white limb secondary to
a large proximal embolus), a situation
with usually a very rapid and success-
ful outcome if treated by standard sur-
gical techniques.

We have adapted the Ad Hoc Com-
mittee’s Classification of arterial dis-
ease (4) to promote more accurate re-
porting of the type of patients
subjected to thrombolysis. We have
broadened category II into a and b
(Table 1) and believe that the current
proposal is a useful example. Patients
should be allocated to the category of
their worst clinical finding (except ve-
nous Doppler signal).

Terms and Methods: definition
of terms: Initial technical success of
thrombolytic therapy is defined here
as the restoration of anterograde flow
with complete or near complete lysis
of the thrombus. The British Throm-
bolysis Study Group distinguishes
complete lysis from clinically useful
lysis, lysis but no runoff, and failure of
lysis (5).

Systemic intravenous infusion: Intra-
venous administration of a thrombo-
lytic agent through a peripheral vein
(for example, the current method used
for thrombolytic therapy of coronary
artery thrombosis and pulmonary em-
bolism). It must be recognized, how-
ever, that high-dose intra-arterial infu-
sions will also elevate the systemic

action of the agent. Therefore “system-
ic infusion” refers to the site of infu-
sion, not to the patients’ response to
the plasminogen activator. Systemic
intravenous infusion for limb artery
occlusion was investigated in the
1960s and 1970s but has been almost
completely abandoned: it is inferior to
intra-arterial infusion for leg arterial
occlusion because the initial lytic suc-
cess rates are lower and the complica-
tion rates higher (6,7).

Regional intra-arterial infusion: With
nonselective intra-arterial catheter-di-
rected infusion of the thrombolytic
agent, the catheter is positioned prox-
imal to the occluded vessel. With se-
lective intra-arterial infusion, the dis-
tal end of the intra-arterial catheter is
positioned within the occluded artery,
but its tip is proximal to the thrombus.

The results (higher initial lytic suc-
cess rates and fewer complications)
with intra-arterial thrombolytic ther-
apy improved as procedural difficul-
ties were surmounted and gradual
changes in infusion methods were in-
troduced (8–10).

Guidewire traversal test: A guidewire
is passed through the length of the
thrombus before the initiation of pro-
longed infusion with the catheter em-
bedded in the proximal thrombus. If a
nonhydrophilic guidewire is passed,
initial successful lysis of “acute”
thrombi (�7 days old) was thought to
be more likely (10,11).

Intrathrombus infusion: The throm-
bolytic agent is delivered by an intra-
arterial catheter embedded within the
thrombus. This serves to maximize the
concentration of the drug within the
thrombus and directly delivers the
agent to the vicinity of thrombus-
bound plasminogen. The inability to
embed a catheter in the proximal
thrombus may be predictive of failure
of lysis (3,11).

Intrathrombus “bolusing” or “lacing”:
The term “bolusing” has been used
interchangeably with “lacing” to refer
to the initial intrathrombic delivery of
a concentrated lytic agent with a view
toward saturating the thrombus with
the plasminogen activator. (In other
contexts bolus treatment may have a
different meaning.) During this por-
tion of the procedure, a catheter (either
one with an end hole or one with mul-
tiple side orifices with or without a tip
occluding wire) is positioned in the
most distal part of the thrombus. It is
retracted proximally as the thrombo-
lytic agent is delivered along the entire
length of the thrombus. A retrospec-
tive study by Sullivan et al (12) sug-
gested that a high-dose intrathrombus
bolus infusion before the initiation of a
slow continuous infusion of urokinase
shortens the duration of lytic therapy
for peripheral arterial occlusions. A
more recent prospective randomized
study (13) comparing high-bolus tis-
sue plasminogen activator (t-PA) plus
infusion with infusion without bolus
supports this claim.

infusion methods: Stepwise infu-
sion consists of placing the tip of the
catheter within the proximal thrombus
and infusing a fixed dose of lytic agent
over a short period of time. As the
thrombus dissolves, the catheter is ad-
vanced and the process is repeated un-
til all of the thrombus has dissolved.
This method is labor intensive and re-
quires the patient to be confined to the
angiography suite during the entire
treatment (14).

Continuous infusion refers to the
conventional means of infusing the
lytic agent using a constant (steady
flow) infusion pump. This is the stan-
dard method used for catheter-di-
rected intrathrombus infusion. This
may or may not be preceded by in-
trathrombus lacing.

Table 1
Severity of Acute Leg Ischemia

Category Description
Capillary

Return
Muscle

Paralysis
Sensory

Loss

Doppler Signals

Arterial Venous

I Viable Not immediately threatened Intact None None Audible Audible
IIa Threatened Salvageable if treated Intact/slow None Partial Inaudible Audible
IIb Threatened Salvageable if treated as emergency Slow/absent Partial Partial Inaudible Audible
III Irreversible Primary amputation frequently required Absent Complete Complete Inaudible Inaudible

Modified from Rutherford et al (4), with permission.
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Graded infusion refers to a protocol
in which there is a periodic tapering of
the infusion rates with the highest
doses given within the first few hours.
Mc-Namara and Fischer (10) and
Traughber et al (15) were among the
first to demonstrate a shortening of the
duration of lytic therapy with the use
of the graded infusion technique.

Forced periodic (e.g., pulse-spray) infu-
sion refers to the technique of force-
fully injecting the thrombolytic agent
into the thrombus to fragment it and
increase the surface area available for
enzymatic action by the plasminogen
activator. This technique was devel-
oped for the potential of accelerating
lysis and shortening treatment time.
Once brisk anterograde flow has been
established in the treated conduit,
there appears to be no continued ben-
efit from pulse-spray infusion over
slow continuous infusion (16–18).

Pharmacomechanic thrombolysis is the
combination of mechanical thrombus
disruption with concommitant infiltra-
tion of a lytic agent. Disruption may
be achieved by the use of pulse-spray
catheters, or of microporous and other
balloons designed for local drug deliv-
ery.

Catheter systems: There are several
catheter systems designed specifically
for infusion of thrombolytic agents.
Most of these are of �5Fr caliber.
Clearly, any standard catheter that can
be properly positioned may be used
for end hole infusion. However, many
catheters are available that have distal
side orifices for more equal distribu-
tion of a thrombolytic agent. These or-
ifices may be side holes over a certain
length of the distal portion of the cath-
eter (“infusion length” � 5, 10, 20 cm,
etc.) and, depending on the design,
these catheters may or may not require
an end hole occluding wire. Other
catheters need end hole occlusion and
have side slits that open simulta-
neously when a threshold catheter lu-
men pressure is reached. This latter
design results in a more even distribu-
tion of the lytic agent than the side
hole design in which most of the fluid
is emitted through the proximal holes.
One recent design incorporates a
1-way valve at the distal end so that a
tip-occluding wire is not needed dur-
ing pulse-spray infusion. Two cathe-
ters may be used coaxially (e.g., 5Fr
outer and 3Fr or an infusion guidewire
inner) to bathe a long segment evenly;

this also allows the infusion length to
be changed as thrombolysis pro-
gresses. So far, there is no convincing
clinical evidence that any catheter sys-
tem or infusion technique is superior
to another.

adjunctive techniques and pro-
cedures: The speed and long-term ef-
ficacy of intra-arterial thrombolysis
can be enhanced utilizing adjunctive
techniques. These techniques have 2
roles: (1) they may be used with
thrombolysis to remove insoluble ma-
terial or to debulk thrombus to accel-
erate the restoration of flow, and (2)
they may be used to correct underly-
ing lesions at the time of lysis or in the
periprocedural period.

Techniques used in conjunction
with thrombolysis to remove clots are
catheter suction thromboembolectomy
and mechanical thromboembolec-
tomy. The latter uses a variety of sys-
tems, including saline jet spray with
an associated Venturi and an addi-
tional external suction or a high-speed
rotating impeller. Simple catheter as-
piration is well established in many
centers as an important adjunct to
thrombolysis (19). Mechanical tech-
niques must still be considered exper-
imental (20–22).

Once flow has been restored, com-
plete angiography should be per-
formed to define the vascular anatomy
and areas of disease that may require
treatment. Other useful adjunctive
modalities to investigate anatomy and
function are duplex ultrasound, intra-
vascular ultrasound, invasive intralu-
minal pressure recordings (“pull-back
pressure”) and segmental noninvasive
pressure measurements. In most cases
a causative lesion will be identified,
and this should be managed by the
most appropriate endovascular or
conventional surgical procedure. Fail-
ure to detect and rectify an underlying
lesion is associated with poor long-
term patency (23–29).

THROMBOLYTIC AGENTS
(SEE ALSO APPENDIX A)

Clinical Use: Thrombolytic drugs
in clinical use for leg arterial occlusion
are streptokinase (SK), produced by
cultures of Lancefield group C. �-he-
molytic streptococci, urokinase (UK),
extracted from human urine or from
long-term cultures of human neonatal
kidney cells, and recombinant human

tissue-type plasminogen activator (rt-
PA, alteplase). Anistreplase, an
equimolar complex of SK and para-
anisoylated human lys-plasminogen
(APSAC), and reteplase, a mutant of
human rt-PA (deletion of kringle 1,
finger and growth factor domains) are
currently not being used for leg arte-
rial occlusion.

Future Developments: Several new
thrombolytic agents are under clinical
development (for review: 30). At
present, clinical studies in leg arterial
occlusion have been reported for re-
combinant human UK (31) recombi-
nant glycosylated pro-UK (32), and re-
combinant staphylokinase (33–35).
Although the available data are lim-
ited, the latter 2 agents have been
shown to be effective without induc-
ing fibrinogen depletion, in contrast to
currently available agents. Because fi-
brinogen depletion has been shown to
be significantly (p � 0.01) correlated
with hemorrhagic complications of
UK and t-PA (3), fibrin specificity
would appear to be an important re-
finement of therapeutic thrombolysis
in leg arterial occlusion. In vivo ultra-
sound significantly augments fibrino-
lysis with plasminogen activator (36–
38), but the technique requires further
development before it can be safely
tested in clinical applications.

Dose and Choice of Lytic Agent
(see also Table 2): In the early days of
catheter thrombolysis, SK was the
most widely used agent. Hess et al (14)
originally proposed repeated intra-
thrombus injection of small amounts
of SK (1,000 to 3,000 IU every 5 to 15
minutes) with step-by-step advance-
ment of the catheter between 2 injec-
tions (stepwise infusion). This regimen
was soon replaced by a low-dose con-
tinuous infusion with the aid of an
arterial infusion pump: 5,000 IU/hour
was selected as 1/20th of the com-
monly used intravenous maintenance
dose of 100,000 IU/ hour (9,39). In re-
cent years, UK and rt-PA have largely
superseded SK as preferred agents in
clinical use. For UK, dosage schemes
varied initially, but the low-dose con-
cept was gradually abandoned in fa-
vor of higher doses. Popular schemes
are 240,000 IU/hour for 2 hours or
until restoration of anterograde flow,
reduced to 120,000 IU/hour for an-
other 2 hours, and 60,000 IU/hour un-
til lysis is complete (2,10). Phase I of
the Thrombolysis or Peripheral Arte-
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rial Surgery (TOPAS) trial compared
the safety and efficacy of 3 dosage
schemes of recombinant UK (Abbott,
Abbott Park, Illinois) in comparison
with operative intervention in 213 pa-

tients with acute lower extremity isch-
emia and concluded that 240,000 IU/
hour for 4 hours and then 120,000 IU/
hour to a maximum of 48 hours was
the most appropriate regimen, maxi-

mizing lytic efficacy (71%) against
bleeding risk (2%) (31). With rt-PA, the
dosage schemes applied varied from
0.05 to 0.1 mg/kg/hour and from 0.25
to 10 mg/hour. In general, studies

Table 2
Reported Dosage Schemes in Catheter Thrombolysis

Agent Scheme Selected References

Stepwise infusion:
SK 1,000–3,000 IU every 2, 3, 5–15 min 14, 95, 96
UK 3,000–4,000 IU every 3–5 min 96–98

Continuous infusion:
SK 5000 IU/h (rarely with initial loading dose of 20,000 or

40,000 IU over 20 min)
Many reports in the 1980s;

7, 99–102
10,000 IU/h 99, 101, 103

UK
Low-dose technique Variable schemes up to 100,000 IU/h (occasionally with

variable loading dose)
104–108

High-dose technique Mainly graded infusion (see below)
rt-PA 0.25, 0.5, 1, or 2.5 mg/h 42, 109

0.5 mg/h 7, 43, 100, 101
0.5, 1, 3, or 10 mg/h 110
3, 5, or 10 mg/h 41
10 mg/h (max. 30 mg) 52
0.025 or 0.05 mg/kg/h 111
0.05 mg/kg/h 3
0.05 or 0.1 mg/kg/h 40, 112

Graded infusion:
UK 4,000 IU/min up to anterograde flow

1,000 IU/min up to complete lysis 10
Modifications 4,000 IU/min up to anterograde flow

1,000 to 2,000 IU/min to complete lysis 113
4,000 IU/min for 2 h
2,000 IU/min for next 2 h
1,000 IU/min for remainder 2
250,000 IU followed by 4,000 IU/min for 4 h and

2,000 IU/min up to 36 h
3

4,000 IU/min for 4 h
2,000 IU/min for up to 48 h 31

Intrathrombus bolusing or lacing
UK 120,000 to 250,000 IU lacing dose 12

60,000 IU lacing dose followed by McNamara’s scheme 44, 70
250,000 IU lacing dose followed by 50,000 IU/h 114

rt-PA 3 � 5 mg (5–10 min interval) followed by 0.05 mg/kg/h 115, 116
0.33 mg/ml

0.2 ml every 15 s for 15 min every 30 s thereafter
117

Forced periodic (pulse spray)
infusion

UK 25,000 IU/ml
0.2 ml every 30 s for 20 min every 60 s thereafter 118

20,000 IU/cm occlusion length (microhole balloon catheter) 119
25,000 IU/10 cm thrombus followed by graded infusion 16

rt-PA 0.5 mg/ml
0.2 ml every 30 s for 20 min every 60 s thereafter 118

0.5 to 1 mg/cm occlusion length (microhole balloon catheter) 119
Intraoperative thrombolysis

SK 50,000 to 150,000 IU slow bolus or infusion over 30 min 66, 120–122
UK 250,000 to 500,000 IU bolus in distal outflow vessel 69

1,000 to 2,000 IU/min into distal thrombus 123
250,000 IU over 30 min (with inflow occluded) 124
375,000 IU over 30 min (with inflow occluded) 125

rt-PA 3 � 5 mg bolus over 30 min 45
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comparing doses of rt-PA found no
obvious benefit using higher doses
(40–43). Currently, the most com-
monly applied infusion rates are either
1 mg/hour or 0.05 mg/kg/hour. With
delivery systems that pursue “acceler-
ated lysis,” initial bolus injections may
be used.

Prospective randomized studies
that compare different agents directly
are few. One open trial compared in-
tra-arterial SK to intra-arterial and in-
travenous rt-PA in 60 patients with
recent onset or deterioration of limb
ischemia (7); initial angiographic suc-
cess was significantly greater with in-
tra-arterial rt-PA (100%) than with in-
tra-arterial SK (80%; p � 0.04) or
intravenous rt-PA (45%; p � 0.01), the
30-day limb salvage rate being 80%,
60%, and 45%, respectively. In another
open randomized trial (44) on 32 pa-
tients, rt-PA initially produced signif-
icantly faster lysis than UK, but the
24-hour and 30-day success rate did
not achieve statistical significance. In
the Surgery Versus Thrombolysis for
Ischemia of the Lower Extremity
(STILE) study, which was designed to
evaluate surgery versus thrombolysis
for lower extremity ischemia, there
was no difference in efficacy or bleed-
ing complications in patients receiving
rt-PA compared with UK in a random-
ized but open fashion (3).

Table 2 summarizes doses that
have been used in clinical practice. Ab-
solute recommendations on drugs and
doses to be preferred are not possible
on the basis of available data. How-
ever, current clinical practice has
moved away from using SK and fa-
vors the use of UK and rt-PA (45,46).

INDICATIONS FOR
THROMBOLYSIS

The realistic potential benefits of in-
tervention with thrombolysis as op-
posed to alternative treatment modal-
ities must always be balanced against
the potential risk of thrombolytic in-
tervention.

Limb Threatening Ischemia:
acute occlusion: Acute arterial oc-
clusion presents a threat to the limbs
of young patients and to the life and
limb of older patients (47,48). Cathe-
ter-directed thrombolysis can be used
as part of a treatment strategy de-
signed to eliminate the acute throm-
botic or embolic material and restore

perfusion. Gradual, low-pressure
reperfusion is believed to be advanta-
geous in preference to sudden, high-
pressure reperfusion (49). Further-
more, in vessels suffering acute
thrombosis, an underlying lesion is
usually identified and and should be
corrected following successful throm-
bolysis (24,26).

Acute arterial occlusion can be as-
sociated with a spectrum of signs and
symptoms. A patient without underly-
ing arterial occlusive disease, who suf-
fers an acute embolic occlusion at the
femoral bifurcation, may present with
a profoundly ischemic lower extrem-
ity, necessitating urgent intervention
(see Emboli in normal limb arteries).
An acute embolic or thrombotic occlu-
sion of a chronically diseased, but only
partially patent superficial femoral ar-
tery, may be associated with only mild
progression of chronic symptoms and
modest deterioration in hemodynam-
ics.

The problems presented by the
acutely ischemic limb are com-
pounded by the problems following
re- vascularization due to reperfusion
injury. Therefore, the acutely ischemic
limb can be an extreme clinical chal-
lenge to the clinician. Despite progress
in many areas of vascular reconstruc-
tion, acute limb ischemia continues to
be associated with substantial limb
loss and appreciable mortality.

Therapeutic preintervention antico-
agulation reduces morbidity and mor-
tality (compared with not using anti-
coagulants) and is part of the overall
treatment strategy for these patients
(50,51).

Four prospective, randomized trials
have been published upon which sug-
gestions can be made regarding the
treatment of patients with acute limb
ischemia (2,3,31,52,53).

Recommendation 5: Intravenous hep-
arin at full anticoagulant dosage
should be administered as soon as
possible (unless there is a specific con-
traindication to such therapy) and
continued until other interventions,
such as thrombolysis, are initiated.
This is intended to reduce recurrent
emboli and to prevent propagation of
thrombus.

Recommendation 6: Intravenous ad-
ministration of high doses of currently
available thrombolytic agents should
no longer be used for the treatment of
leg arterial occlusion.

Recommendation 7: Full imaging by
angiography or duplex scanning
should be obtained.

Recommendation 8: The usual clini-
cal procedure during arteriography
for acute occlusion is to pass a guide-
wire through the occluded artery. If
the guide-wire passes, then intra-
thrombus lysis should be initiated. If
the catheter fails to pass, a trial of re-
gional lysis can be attempted for a lim-
ited period of time (e.g., 4 to 6 hours).
If the guidewire can then be passed
into the thrombus, thrombolysis can
be continued. If the subsequent in-
trathrombus localization of the cathe-
ter cannot be achieved, then thrombol-
ysis should be discontinued and
alternative treatment modalities of-
fered.

Recommendation 9: Prospective ran-
domized studies suggest that a man-
agement strategy incorporating
thrombolysis followed by definitive
correction of an underlying lesion is
an appropriate treatment for acute ar-
terial occlusion (Table 1).

Primary amputation is preferred
for patients with irreversible ischemia
(Table 1) or if, in the judgment of the
clinician, revascularization of the se-
verely ischemic limb could jeopardize
the patient’s life. Immediate surgical
revascularization may be indicated in
the profoundly ischemic limb, espe-
cially if a delay is anticipated in initi-
ating thrombolysis. However, in plan-
ning operative revascularization, it is
recognized that the time from the de-
cision to operate until reperfusion can
be substantially longer than antici-
pated, due to factors outside of the
surgeons control (e.g., operating the-
ater availability, anesthesia prepara-
tion, technical details of the operation,
etc.).

Recommendation 10: Primary ampu-
tation is recommended in patients
with irreversible limb ischemia (Table
1).

Recommendation 11: If an unaccept-
able delay in effective reperfusion is
anticipated with thrombolysis in view
of the severity of the ischemia, imme-
diate surgical revascularization is pre-
ferred. The converse is also true.

chronic occlusion: There is only
1 prospective, randomized trial that
has evaluated patients with chronic ar-
terial occlusion (3). Although all pa-
tients were prospectively randomized,
results in patients with long-term isch-
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emia (e.g., �14 days), obtained from a
posthoc analysis, indicate that surgical
revascularization was superior. The fi-
nal results in patients who had native
artery occlusions, 80% of whom had
long-term ischemia, uphold this con-
clusion (53).

Recommendation 12: Surgical or en-
dovascular therapy (excluding throm-
bolysis) is superior as the initial treat-
ment strategy for chronic arterial
occlusion leading to limb threatening
ischemia. If these 2 approaches are not
available or appropriate, thrombolysis
should be considered.

occluded bypass grafts: Open
surgical procedures have been the tra-
ditional approach for bypass graft oc-
clusion, directing procedures at the re-
vision or replacement of the existing
graft (54–56). Thrombolysis has been
advocated as an alternate means of re-
storing arterial perfusion through the
use of less invasive modalities, provid-
ing the opportunity to unmask ste-
notic lesions responsible for the occlu-
sive event (11,57). The unmasked
lesion is addressed with an endovas-
cular or operative approach following
successful thrombolysis, the nature of
which is dependent on the anatomic
characteristics of the lesion (neointi-
mal or atherosclerotic, diffuse or fo-
cal).

The treatment strategy for bypass
graft occlusion must be tailored to the
clinical setting and the risks and ben-
efits associated with therapeutic op-
tions. The parameters that are impor-
tant in determining therapy include
the severity of the patients’ symptoms,
the duration of the process, and the
nature of occluded conduit (autoge-
nous or prosthetic). For instance, in
patients with occluded lower limb
grafts who present with sudden onset
claudication, the clinician will need to
consider the original indication for the
graft and possible future surgical op-
tions if no attempt is made to rescue
the graft. Two trials indicate that
thrombolysis is the preferred option to
restore patency to grafts occluded �14
days (31,58).

Recommendation 13: Analogous to
the indications for operative revascu-
larization, thrombolysis in patients
with bypass graft occlusion should be
reserved for those individuals with
threatened limb loss and for selected
individuals with claudication.

A proportion of patients with by-

pass graft occlusion who are not
acutely symptomatic at the time of clo-
sure may develop new ischemic symp-
toms, such as tissue loss with time.
Potentially salvageable grafts by lysis
might be permanently lost if not
treated promptly. This might be par-
ticularly relevant in patients with in-
sufficient vein for a new distal bypass
or in patients who had previous epi-
sodes of graft loss with subsequent but
delayed onset of ischemic symptoms.

Recommendation 14: Early postoper-
ative graft failure. Patients with autog-
enous or prosthetic grafts occluding
within 14 days of the primary opera-
tion should not be treated with throm-
bolysis.

Recommendation 15: Failure of estab-
lished grafts. Patients with graft occlu-
sions of �14 days duration should be
offered thrombolytic therapy as a pri-
mary treatment modality.

emboli in normal limb arteries:
The majority of patients should have
high quality vascular imaging before
any intervention.

However, in some cases, the clinical
diagnosis of arterial embolism in the
leg may be suggested on the basis of
the following criteria: (1) sudden onset
of clinical symptoms, (2) presence of
embolic source, (3) absence of preced-
ing claudication, and (4) presence of
normal pulses and Doppler systolic
blood pressures in the unaffected
limb. Patients fulfilling these criteria
and presenting with an acutely isch-
emic (white) leg due to a proximal
embolus require emergency thrombo-
embolectomy. This is usually through
surgical intervention, but thromboly-
sis and, if necessary, surgical recon-
struction could also be employed. If
embolectomy is performed without
imaging, incomplete clot removal may
occur in up to 30% of cases (59). On-
table angiography should be per-
formed. Distal emboli may be treated
by percutaneous clot aspiration or
thrombolysis.

Prelysis echocardiography is not
considered essential as the risk of sub-
sequent procedural embolization from
the heart is not increased (60).

Recommendation 16: Intravenous
heparin at full anticoagulant dosage
should be given as soon as possible
unless there are specific contraindica-
tions to such therapy.

Recommendation 17: Preintervention
imaging should be performed, if pos-

sible, to confirm the diagnosis of em-
bolus and to illustrate the distribution
and localization of the occlusion(s),
but this must not delay the subsequent
therapeutic intervention. An angio-
gram should also be performed after
thrombectomy and/or embolectomy
during the surgical and/or interven-
tion procedure.

Recommendation 18: Suprainguinal
emboli should be preferentially re-
moved surgically.

Recommendation 19: In situations
where there is a focal discrete infrain-
guinal embolus producing ischemia
without propagated thrombus, surgi-
cal thromboembolectomy, percutane-
ous clot aspiration, or lysis are all ap-
propriate management strategies.

Recommendation 20: Where the pre-
senting embolus is fragmented and oc-
cludes many vascular branches or
where it is complicated by propagated
thrombus, thrombolysis may be a use-
ful first choice of treatment.

Intraoperative Thrombolysis: In
general, a recent operation is believed
to be a contraindication to thrombo-
lytic therapy. However, intraoperative
thrombolysis has emerged as a widely
employed and frequently successful
adjuvant to open surgical thromboem-
bolectomy. Clinical studies have doc-
umented a high frequency of residual
intraluminal thrombus following bal-
loon catheter thrombectomy (61–63).
The infusion of thrombolytic agents
following thrombectomy has been
successful in dissolving residual
thrombi, without an increase in peri-
operative bleeding complications (64–
67). However, others have reported an
increase in bleeding complications
(68). In severely ischemic extremities,
isolated limb perfusion with a high-
dose thrombolytic agent has been use-
ful in restoring arterial continuity (66).

In a prospective, randomized,
blinded and placebo-controlled trial in
patients undergoing elective infrain-
guinal reconstruction, the regional and
systemic effects of 3 doses of UK
(125,000, 250,000, and 500,000 IU) were
investigated. Bolus infusions of these
doses were safe and associated with a
break-down of complexed fibrin (ele-
vated D-dimer) but not with depletion
of fibrinogen. Patients receiving UK
had a significantly lower mortality
compared with placebo controls (69).

Intraoperative thrombolysis has
been used successfully for retained
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thromboembolic material following
mechanical thromboembolectomy
(65,67), or for thrombotic occlusion of
small arteries in patients already un-
dergoing an open surgical procedure,
(e.g., the tibial arteries or the plantar
and metatarsal arteries of the foot,
which are poorly accessible to me-
chanical thrombectomy) (63,66).

Recommendation 21: Intraoperative
intra-arterial thrombolysis is a suitable
procedure to dissolve residual
thrombi following an incomplete
thrombectomy or to dissolve thrombi
in the small distal vessels in patients
who undergo an open surgical proce-
dure and in whom the distal runoff
vessels appear to be occluded (see e.g.,
occluded runoff vessels from throm-
bosed popliteal aneurysm).

Technique and dose: Thrombolytic
therapy should be given as a bolus or
slow infusion as close as possible to
the thrombus or intrathrombus. Ac-
ceptable doses are given in Table 2.
The technique of continuing a postop-
erative infusion is associated with a
high frequency of complications and is
currently considered to be an experi-
mental technique.

Thrombolysis in the Management
of Acute Endovascular Complica-
tions: There is a well-defined role for
the use of intra-arterial thrombolysis
in the management of complications of
endovascular procedures. These com-
plications usually occur while the
catheter is still in place, the vascular
anatomy has been defined by arteriog-
raphy, and the patient is in the inter-
ventional vascular suite.

Acute occlusion at the angioplasty
site complicates 2% to 3% of percuta-
neous balloon angioplasties (70). It has
a number of causes, the most common
being an intimal flap, and may be
managed by a low-pressure balloon
catheter (71), atherectomy (72), or in-
tra-arterial stent deployment. Acute
thrombosis may complicate these me-
chanical interventions, and thrombol-
ysis has an adjunctive role in this sub-
group.

Distal embolization of athero-
thrombotic material into the crural cir-
culation can be managed by aspiration
thromboembolectomy (19). Catheter-
directed thrombolysis may be used to
treat associated thrombus formation,
distal occlusion, or aspiration resistant
embolism.

Iatrogenic acute thrombotic occlu-

sion responds well to rapid instillation
of thrombolytic agents.

Recommendation 22: Thrombolysis
may be usefully employed to dissolve
emboli that have passed distally from
the interventional site. Thrombolytic
therapy may be given in isolation or
combined with thrombus aspiration.

Recommendation 23: Access site oc-
clusion after angioplasty is optimally
managed by surgical correction.

Other Indications: intermittent
claudication: The management of
patients with intermittent claudication
should be tailored to individual pa-
tient lifestyle. Other medical condi-
tions clearly need addressing as re-
lief of claudication may not actually
increase walking distance, which
may be limited by dyspnea or even
atherosclerotic disease in the con-
tralateral leg. For those patients with
mild or moderate claudication, with
no significant impairment of life-
style, intervention with thrombolysis
is not justified.

For those patients with disabling
claudication severely limiting their
lifestyle, thrombolysis can be consid-
ered. However, the true risks of
thrombolysis (see Complications)
must be discussed with the patient
and considered along with nonlysis
interventional and surgical tech-
niques. The risk of amputation also
applies to thrombolysis as it does to
interventional and surgical tech-
niques. Thus, there is no justification
for the use of thrombolysis in the man-
agement of patients with mild and/or
moderate stable claudication at the
present time.

Recommendation 24: In the light of
the potential complications, thrombol-
ysis has a limited role in the manage-
ment of severe claudication.

thrombosed popliteal aneu-
rysms: The presentation of acute isch-
emia with an easily palpable contralat-
eral popliteal pulse or a history of a
popliteal or aortic aneurysm should
raise the suspicion of a thrombosed
popliteal aneurysm.

Recommendation 25: Suitable imag-
ing techniques should confirm the di-
agnosis of the thrombosed pop-liteal
aneurysm and establish patency of the
distal run-off vessels.

The aim of thrombolysis in throm-
bosed popliteal aneurysm is only to
restore patency to the thrombosed
run-off vessel(s). A thrombosed popli-

teal aneurysm with patent run-off ves-
sels should not be thrombolyzed.

Recommendation 26: For percutane-
ous thrombolysis, the infusion cathe-
ter should be positioned in the oc-
cluded run-off vessel(s).

trash foot (distal microemboli-
zation): Although anecdotal evidence
suggests that thrombolysis may be
worthwile, there are no controlled sci-
entific studies of this condition.

CONTRAINDICATIONS

In general, thrombolytic therapy is
contraindicated in any patient with a
hemorrhagic disorder or an anatomic
lesion that may bleed. Absolute and
relative contraindications are listed in
Table 3.

ADJUNCTIVE TREATMENT

Adjunctive Procedures: Recom-
mendation 27: In patients in whom it

Table 3
Contraindications

Absolute
1. Established cerebrovascular event

(including TIAs within last 2
months)

2. Active bleeding diathesis
3. Recent gastrointestinal bleeding

(�10 d)
4. Neurosurgery (intracranial, spinal)

within last 3 months
5. Intracranial trauma within last 3

months
Relative major

1. Cardiopulmonary resuscitation
within last 10 d

2. Major nonvascular surgery or
trauma within last 10 d

3. Uncontrolled hypertension: �180
mm Hg systolic or �110 mm Hg
diastolic

4. Puncture of noncompressible
vessel

5. Intracranial tumor
6. Recent eye surgery

Minor
1. Hepatic failure, particularly those

with coagulopathy
2. Bacterial endocarditis
3. Pregnancy
4. Diabetic hemorrhagic retinopathy

Modified from NIH Consensus
Development Conference (73), with
permission from the BMJ Publishing
Group.
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is important to accelerate thrombol-
ysis, or in whom there is residual
thrombus that is resistant to lysis,
aspiration thrombectomy should be
considered.

Recommendation 28: On completion
of thrombolysis, every attempt should
be made to identify and correct under-
lying lesions.

Anticoagulation: Anticoagulation
should not hinder the start of throm-
bolysis. There are no scientific data
that specifically address the potential
advantages or disadvantages of hepa-
rinization during thrombolysis. Con-
temporary practice suggests that con-
comitant heparin administration may
restrict pericatheter thrombosis and
can be delivered either systemically or
around the catheter through a proxi-
mal sheath. Following thrombolysis,
practitioners may choose to continue
anticoagulation orally. Potential bene-
fits of long-term anticoagulation have
not been investigated.

Recommendation 29: Postprocedural
anticoagulation is appropriate and
should be continued until the under-
lying cause of occlusion has been cor-
rected. Long-term anticoagulation
should be considered when no under-
lying cause has been identified or cor-
rected.

Aspirin: Patients with peripheral
arterial disease have a two- to three-
fold increase in death rate due to car-
diac disease. The collaborative over-
view of randomized trials of
antiplatelet treatment, a meta-analysis
of 125 studies on various categories of
patients at high risk of vascular dis-
ease, calculated that antiplatelet
agents—usually aspirin—reduce the
odds of suffering fatal or nonfatal vas-
cular events by roughly 25% (74). It
would seem reasonable then to con-
tinue aspirin for patients undergoing
thrombolysis. Aspirin has also been
shown to possibly retard the progres-
sion of atherosclerosis and the occur-
rence of thrombotic complications in
legs of patients with arterial disease
(references in reference 75). The British
Thrombolysis Study Group (76) has
demonstrated improved outcome for
those patients who were taking aspirin
during thrombolysis.

Recommendation 30: Aspirin should
be continued or initiated as soon as
convenient, unless contraindicated.

MONITORING AND
COMPLICATIONS

Monitoring: Patients undergoing
thrombolytic therapy need expert clin-
ical and nursing care in appropriate
facilities where the staff are familiar
with the thrombolytic procedure and
its inherent risks. Every institution
should establish guidelines for clinical
and hemodynamic monitoring and
surveillance of patients during and
immediately after thrombolysis.

The clinical use of laboratory tests
during thrombolysis is controversial.
Some have advocated tests to detect
and monitor the presence of a fibrino-
lytic state and to predict clinical out-
come and the occurence of complica-
tions, but common clinical practice
suggests that this is not necessary. In
individual patients, there is, however,
no clear association between the result
of any single coagulation or fibrino-
lytic test and reperfusion, reocclusion,
or bleeding. For instance, a low fibrin-
ogen level marks an increased bleed-
ing risk but does not accurately pre-
dict hemorrhage, and patients bleed in
the presence of a normal fibrinogen
level. Daily estimation of hemoglobin
or hematocrit may help to detect oc-
cult minor hemorrhage, and daily
monitoring of renal function and uri-
nary output is considered prudent.

Complications: Severe systemic or
intracranial bleeding is the most sig-
nificant clinical risk associated with
any thrombolytic therapy. This feared
complication of all thrombolytic
agents may be due to lysis of a preex-
isting hemostatic plug, the induced fi-
brinolytic or anticoagulated state, or
loss of vascular integrity via an al-
ready established vessel puncture.

The majority of the data on bleed-
ing complications with thrombolytic
therapy are derived from large-scale
studies in myocardial infarction, but a
direct comparison of bleeding risk be-
tween trials in this indication remains
difficult because patient selection, dos-
age of thrombolytic drugs, concomi-
tant medication, and definition of ma-
jor and minor bleeding differ. Fewer
data are available on bleeding rates
with peripheral use of thrombolytic
agents. Berridge et al (77) reviewed 19
prospective series of patients undergo-
ing thrombolysis for leg arterial ob-
struction published between 1974 and
1988 to define the incidence of hemor-

rhagic stroke, major hemorrhage
(causing hypotension or requiring
transfusion or other specific treat-
ment), and minor hemorrhage. The
overall risk of hemorrhagic stroke was
1% (14 of 1,401 patients). Major and
minor hemorrhage occurred in 5.1%
and 14.8% of patients, respectively.
There were no placebo control groups
in these series. More recently, Dawson
et al (78) reporting on a collected series
of patients of the British Thrombolysis
Study Group, found an incidence of
(hemorrhagic and ischemic) stroke of
2.3% (27 of 1,157), half of which oc-
curred during the thrombolytic proce-
dure. Two recent prospective random-
ized trials comparing surgery with
thrombolysis have recorded intracra-
nial bleeding rates of 1.2% and 2.1%,
respectively (3,31).

Prospective randomized trials com-
paring the local intra-arterial adminis-
tration of 2 thrombolytic drugs are
scarce and performed in a limited
number of patients. Although there is
a lower incidence of hemorrhagic
complications with alteplase com-
pared with SK (7), no difference was
found in bleeding complications be-
tween alteplase and UK (3).

Most bleeding during catheter
thrombolysis occurs at sites of venous
or arterial puncture. Pericatheter
bleeding is particularly common, typ-
ically delayed in onset and probably
multifactorial in origin. Fortunately,
local bleeding is usually minor and
controlled with prolonged local pres-
sure. If bleeding from the access site is
a problem, increasing the catheter size
or placing a vascular sheath around
the catheter may be helpful. If this ma-
neuver fails to achieve hemostasis, a
surgical stitch into the vessel or graft
may be useful, particularly in case of
synthetic graft puncture. Bleeding into
the retroperitoneal space from inad-
vertent posterior wall puncture may
go undetected until hypotension de-
velops.

Retroperitoneal or intra-abdominal
bleeding may also occur spontane-
ously. Unexpected abdominal symp-
toms or back pain, or the sudden de-
velopment of anemia without obvious
blood loss, should prompt a search for
an intra-abdominal or retroperitoneal
hematoma.

Renal tract bleeding in the form of
macroscopic hematuria is rare and
may be the first sign of a bladder or
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kidney tumor. Gastrointestinal bleed-
ing is equally rare and may be overt or
occult. Early overt bleeding is fre-
quently the result of giving thrombo-
lytic therapy to a patient with an un-
diagnosed peptic ulcer.

Irrespective of the site of severe
bleeding, management follows a stan-
dard pattern: discontinue the throm-
bolytic agent and anticoagulants, re-
plenish coagulation factors (e.g., fresh
frozen plasma, cryoprecipitate), and
blood, and intervene surgically only to
evacuate hematoma causing pressure
phenomena on adjacent tissues or to
repair a vascular injury that continues
to bleed. In the face of a life-threaten-
ing hemorrhage, rapid reversal of the
fibrinolytic state (e.g., with tranexamic
acid or epsilon-aminocaproic acid) has
been used but remains controversial.
When a neurologic deficit occurs,
thrombolytic treatment should be dis-
continued and a computed tomogra-
phy scan obtained to determine
whether the stroke is thrombotic or
hemorrhagic.

Recommendation 31: In case of major
hemorrhage, thrombolytic treatment
should be stopped and any coagula-
tion defect corrected.

Recommendation 32: Bleeding from a
puncture site should be controlled
with local compression, an increase in
catheter size, and placement of a
sheath or a surgical stitch on the vessel
or graft.

The use of thrombolytic agents may
cause cleavage of thrombus and distal
embolization of partially lysed frag-
ments. Small emboli may be clinically
silent or cause transient pain only.
Larger fragments that occlude distal
tibial or foot arteries are potentially
more harmful and may lead to a clear
clinical deterioration of the limb, par-
ticularly if secondary retrograde
thrombosis follows. Acute deteriora-
tion of the limb due to increasing isch-
emia is common during thrombolysis.

Recommendation 33: Thrombolysis
should be continued if distal emboli-
zation occurs. Additional measures to
be considered are: repositioning of the
catheter more distally, a new bolus
dose, or an increased dose. Thrombus
aspiration or surgery may be required
if thrombolysis does not improve the
clinical condition.

Further thrombolytic therapy is re-
quired in the event of pericatheter
thrombosis, perhaps through a proxi-

mal sheath. If a pericatheter thrombus
embolizes upon removal of the cathe-
ter system, surgical intervention may
be needed.

Anaphylaxis is rare with any of the
thrombolytic agents, but allergies are a
complication with SK, characterized
by early flushing, vasodilatation,
rashes, and hypotension. It is unclear
whether these are true allergic reac-
tions: they usually respond to discon-
tinuation of the infusion and adminis-
tration of hydrocortisone and an
antihistamine. Late “reactions” to SK
include a serum-like illness presenting
with joint pains, fever and microscopic
hematuria, 10 to 21 days after treat-
ment. The outcome is usually benign,
although permanent renal impairment
has been reported.

APPENDIX A

Standardization of Thrombolytic
Agents: The original approach to the
standardization of commercial SK in-
volved the determination of the small-
est dose that caused lysis of a standard
fibrin clot at 35°C in 10 minutes (79).
The World Health Organization Ex-
pert Committee in Biological Stan-
dardization used this clot lysis assay
to establish an international standard
with a stable but impure preparation
provided by Lederle Laboratories (80).
Since then, the so-called clot lysis as-
say was developed. This type of assay
or some modification thereof is recom-
mended for the assay of the various
thrombolytic agents whose mecha-
nism depends on plasminogen activa-
tion in the presence of fibrin clots. The
international unit of SK is defined as
the activity contained in 0.002090 mg
of the international standard and cor-
responds to Christensen’s postulated
unit. The SK preparations for clinical
use have a specific activity of about
100,000 IC/mg (81). Anistreplase is an
equimolar complex of SK and human
Lys-plasminogen in which the active
site in the plasminogen mojety is re-
versibly blocked by acylation. One
unit of anistreplase contains approxi-
mately 36,000 IU of SK (82).

At the time the first international
UK standard was established (83). It
was not realized that it contained a
mixture of high (54 kD) and low (31
kD) molecular weight forms (84). The
high molecular weight form is found
primarily in the urinary commercial

preparations, whereas the low molec-
ular weight form is mainly found in
long-term cultures of neonatal kidney
cells. A high molecular weight stan-
dard is now available (85). Recombi-
nant single-chain UK-type plasmino-
gen activator (scu-PA) can be obtained
using prokaryotic (E. coli) (86), eu-
karyotic cells (Chinese hamster and
Syrian hamster ovary cells) (87), and
mouse hybridoma cells. The current
standard for high molecular weight
UK is being used in the calibration of
scu-PA, which is activated by plasmin
to a 2-chain plasminogen activator be-
fore calibration. Similar results are ob-
tained using glycusylated scu-PA, ir-
respective whether a clot lysis or a
chromogenic substrate assay is used:
results with unglycosylated scu-PA
are different in the 2 assay systems,
thus further complicating the issue
(88), Saruplase (Grunenthal. Aachen,
Germany) contains 130,500 IU/mg
(89), the preparation of Farmicalia
Carlo Erba contains 160,000 IU/mg
(90), and Prolyse (Abbott, Abbott Park,
Illinois) contains 165,000 IU/mg.

The specific activity of alteplase is
500,000 to 580,000 IU/mg (91) and is
usually �70% of the single-chain
form. Duteplase is the generic name
for a recombinant 2-chain form of hu-
man 1-PA. It differs from alteplase due
to substitution of methionine for va-
line in position 245 in the amino acid
sequence. The specific activity of this
variant of the naturally occurring t-PA
is approximately 300,000 IU/mg pro-
tein (91). Reteplase is a nonglycosy-
lated mutant of human t-PA lacking
the finger-, epidermal growth factor-
and kringle-1 regions. It should be
pointed out that while a claimed spe-
cific activity of about 550,000 IU/mg
has been cited in the literature (92),
other data (88) have shown that rete-
plase is a distinct molecule from the
international standard of rt-PA and
thus cannot be expressed in terms of
this standard. A distinct standard has
been established for reteplase. Defini-
tion of the dose during the preclinical
and clinical development of reteplase
was as kilounits per kilogram (kilo
units; 1 kU � 1,000 u) or as megaunits
per kilogram (mega units: 1 MU �
1,000 kU). However, the definition of
units was changed as follows:

The specific activity of staphyloki-
nase is 110,000 Home U/mg (by com-
parison with a home standard as-
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signed a specific activity of 100,000
Home U/mg) (93).

In animal models with thrombosis,
the thrombolytic potency (clot lysis vs
dose) and specific thrombolytic activ-
ity (clot lysis vs plasma antigen level)
of the agents to be compared can be
determined (94). In patients, head-to-
head comparisons are virtually impos-
sible due to the multifactorial causes
leading to thrombosis (vs a selective
induced thrombosis model in healthy
animals), the difficulty in quantifying
the clot lysis obtained in patients, and
the need to test multiple doses.

To prove the superiority of a given
thrombolytic agent to another on the
basis of gravimetric amounts is mean-
ingless unless translated in specific ac-
tivities. Even then one has to assume
that the fibrinolytic activity of each
thrombolytic drug was assessed with
comparable in vitro methods (activity
measured on fibrin plates, clot lysis
assay, chromogenic assay).

APPENDIX B

Organizing Committee: Marc Ver-
straete, MD, (Chairman), Raymond
Verhaeghe. MD, Leuven, Belgium: Jill
J. Belch, MD, Dundee, John A. Dor-
mandy, MD, London, United King-
dom.

Participants: Peter R.F. Bell, MD,
Leicester, United Kingdom; David C.
Berridge, DM, Leeds, United King-
dom: T.M. Buckenham, MD, London,
United Kingdom: Jay D. Coffman,
MD, Boston, MA: Anthony J. Com-
erota, MD, Philadelphia, PA: Jonathan
J. Earnshaw, DM, Gloucester, United
Kingdom: Peter A. Gaines. MD, Shef-
field, United Kingdom: Claude Juhan,
MD, Marscille, France: Krishna Kan-
darpa, MD, Boston, MA: Lars Nor-
gren, MD, Lund, Sweden; Kenneth
Ouriel, MD, Rochester, NY: Robert
Rutherford, MD, Denver, Colorado; E.
Schneider, MD, Zurich, Switzerland.

Collaborators: Anna-Maria Belli,

MD, John Reidy, MD, London, United
Kingdom, for the Cardiovascular and
Interventional Radiological Society of
Europe, Zurich, Switzerland: David
Bergqvist, MD. Uppsala, Sweden, José
Fernandes e Fernandes, MD, Lisbon,
Portugal, for the European Society of
Vascular Surgery, Milan, Italy: Charles
W. Francis, MD. Rochester, NY, Victor
Gurewich, MD. Boston, MA, for the
International Society of Thrombosis
and Hemostasis. Chapel Hill, NC: De-
nis L. Clement, MD, Gent, Belgium,
Andrew Nicolaides. MD. London.
United Kingdom, for the International
Union of Angiology, Toulouse, France.
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