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Endoluminal revascularization de-
vices (balloon angioplasty, atherec-
tomy, laser recanalization, stents) have
typically been evaluated in small,
poorly controlled series. This has led
to overly slow acceptance of some
techniques (1) because of doubts by
the medical community regarding
long-term durability of balloon percu-
taneous transluminal angioplasty
(PTA) versus surgery, and overly
rapid acceptance of some techniques
because of the excitement of new tech-
nology without sufficient proof of ef-
ficacy (2,3). Most of the new periph-
eral arterial devices are far more
expensive than balloon PTA and may
be associated with increased complica-
tions (4,5), but there is no reliable doc-
umentation of cost-effectiveness of
these devices. There is increasing need
for proof of efficacy of new devices
prior to reimbursement as well as
proof of cost-effectiveness in compar-
ison to current technology (6). This ar-
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ticle proposes clinical methods of eval-
uating new revascularization devices
so that these issues can be addressed
prospectively and rapidly. This article
does not address biocompatibility or
physical testing of new devices (7).
This article relies on the discussion of
general principles of evaluation in the
preceding article from the Technology
Assessment Committee of the Society
of Interventional Radiology (SIR) and
discusses specific applications of these
principles to investigations of new pe-
ripheral arterial revascularization de-
vices. While these principles are nec-
essary to evaluate new devices, they
also represent an optimal way to eval-
uate all devices with the goal of creat-
ing reliable evidence of device effec-
tiveness (8—13). Many of the standards
that follow are based on previously
published SIR and Society of Vascular
Surgery/International Society of Car-
diovascular Surgery (SVS/ISCVS)
standards and this information is sum-
marized in tables.

REPORTING STANDARDS

Define Patient Selection and
Outcomes of Therapy

It is essential to be clear regarding
which patients are being selected for
therapy and what a successful out-
come of therapy is. A successful out-
come might be improvement in clau-
dication, relief of rest pain, healing of
gangrene, avoidance of amputation,
return to work, improvement in life-
style, and so forth. For example, if pa-
tients are being selected to be treated

ABI = ankle/brachial index, PTA = percutaneous transluminal angioplasty, SIP = Sickness Impact Profile, SVS/ISCVS = Society of Vascular

for claudication, it would be inappro-
priate to evaluate the success of the
procedure by only measuring amputa-
tion rates (14-16). Outcome measures
should be appropriate to the goals of
therapy. An explicit hypothesis for the
study will guide the choice of outcome
measures. Success can be measured
clinically, hemodynamically, or ana-
tomically, as discussed later.

Pretreatment Evaluation

This should include objective and
quantitative measures of disease se-
verity, measurement of functional sta-
tus, and description of risk factors for
treatment failure or progressive dis-
ease.

Disease severity is measured ana-
tomically, hemodynamically, and clin-
ically. Anatomic factors include the se-
verity and location of stenosis,
presence of occlusion, ulceration,
length of the lesion treated, multiplic-
ity, calcification, eccentricity (defined
as lesion lumen in the outer one-quar-
ter diameter of the apparent normal
lumen) (7), and quality of the runoff.

The more commonly used method
of grading runoff as poor (none or one
vessel) or good (two or three vessels)
does not describe how to deal with
patent but diseased runoff, and ig-
nores the very favorable prognosis of
single-vessel straight-line runoff to the
foot (17). The grading method of SVS/
ISCVS (Table 1) is detailed, but unfor-
tunately cumbersome, and has not
been widely accepted (18). This
method has been further refined so
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Table 1
Weighting of Runoff Arteries

No. of Units Assigned*

Site of

Intervention 3 2 1

CIA EIA IIA

EIA CFA or SFA PROF

CFA SFA PROF

SFA, POP AT, PT, PER

AT Distal tibial Pedal arch

PT Distal tibial Pedal arch

PER Pedal arch Collaterals to
AT and PT

DP Pedal arch

(ie, less than 20% narrowing).

Note.—Modified with permission from reference 18.

CIA = common iliac artery, EIA = external iliac artery, IIA = internal iliac artery,
CFA = common femoral artery, SFA = superficial femoral artery, POP = popliteal,
PROF = profunda femoral artery, AT = anterior tibial artery, PT = posterior tibial
artery, PER = peroneal artery, DP = dorsalis pedis artery.

*Points assigned for degree of occlusion: 3 = occluded throughout most of its
length; 2.5 = occluded for less than half its length with visible collaterals; 2 = 50%—
99% stenosed; 1 = 20%-49% stenosed; 0 = normal or minimal evidence of disease

that it correlates better with actual
measurement of runoff resistance, but
this refinement is even more awkward
to use (19). Grading schemes have
been proposed that attempt to com-
bine anatomic criteria into four catego-
ries of disease severity for peripheral
endovascular  procedures  (20,21).
These two schemes are similar and can
be used in analysis of data. However,
as technology improves, the relevance
of these schemes may change. In view
of the imperfections of all of the cate-
gorization schemes, complete ana-
tomic data should be acquired with
subsequent stratification of data as ap-
propriate. For the sake of consistency
with previous literature, the more
thorough method of categorizing the
quality of runoff developed by SVS/
ISCVS is advocated for the reporting
of data. This method may be revised
by that organization to make it less
cumbersome to employ and to include
data on the patency of the pedal arch
(22).

Hemodynamic measures of disease
severity rely most heavily on resting
and postexercise ankle/brachial index
(ABI) and pulse volume recordings
(Tables 2, 3). These are the most ob-
jective and reproducible measures,
particularly with regard to follow-up
studies. These tables may undergo
some minor modifications by the SVS
(22), in which case the modified tables

are expected to be incorporated into
this document as well.

Clinical evaluation of disease sever-
ity is performed using the Rutherford
criteria (18,23) for acute and chronic
limb ischemia (Tables 2, 3). For those
patients treated for claudication
(Rutherford categories 1, 2, and 3) use
of a graded treadmill protocol helps to
quantify objectively the severity of the
claudication (24). The graded tread-
mill protocol is more effective than a
standard constant grade protocol in
distinguishing the severity of the clau-
dication in a reproducible manner as
well as providing a tool to analyze the
effect of interventions (24-26).

Clinical evaluation can also be per-
formed by means of measures of func-
tional status and quality of life. Func-
tional status is defined as the patients’
perception of their ability to walk,
their overall physical activity, and
their physical function in the commu-
nity and is directly affected by the se-
verity of peripheral arterial disease.
These measures are distinct from
objective measures of anatomic or he-
modynamic status, which do not nec-
essarily correlate with exercise perfor-
mance or quality of life (27-30).
General quality of life measures also
include physical health, mental health,
social functioning, role functioning,
general health perceptions, and per-
haps level of pain (31) and are mea-

sured with a patient questionnaire
(24). These questionnaires attempt to
measure the overall quality of life of
patients and can be particularly useful
in assessing the effect of complica-
tions, prolonged hospitalizations, and
wound healing on patient well being
(32). Such measures have been used by
Wolf et al in a randomized trial of
balloon angioplasty and surgical by-
pass (33) using the Sickness Impact
Profile (SIP) (34).

Ideally, these  questionnaires
should include evaluation of the broad
categories noted above. The measures
should be both specific to the disease
being treated and general. An efficient
and effective approach is to use a gen-
eral health measure, such as the SIP or
the Medical Outcomes Study (24,35),
to supplement a problem-specific ques-
tionnaire (31) for peripheral arterial dis-
ease that correlates with performance on
a graded exercise protocol such as the
Walking Impairment Questionnaire
(Appendix 1) and the Peripheral Arte-
rial Disease Physical Activity Recall
Questionnaire (24,36). The tests used to
evaluate functional status should be the
same for all treatment and control
groups of comparison trials.

Risk factors for treatment failure or
progressive disease are numerous.
Some factors may be device specific.
General risk factors include smoking,
diabetes, age, gender, hypertension,
renal failure, hyperlipidemia, previous
intervention in the same vessel or in
more proximal or distal ipsilateral ves-
sels, use of antiplatelet or anticoagu-
lant medications, and exercise status.

Some factors, such as cardiac and
pulmonary status increase the morbid-
ity and mortality of procedures rather
than influence patency. Ideally, these
risks should be identified and graded
(13,18,37) so that morbidity and mor-
tality can be compared between endo-
vascular and surgical procedures for
patients with comparable risks.

Treatment Description

Details of balloon pressure or dura-
tion of inflation are most appropriate
for registry data. It is difficult to dic-
tate which treatment data need to be
reported. At a minimum, the data pro-
vided (such as the choice of balloon
size with respect to vessel size) should
be adequate for the study to be dupli-
cated by others.
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Table 2

Clinical Categories of Acute Limb Ischemia

Doppler Signals

required regardless
of treatment

Category Description Capillary Return ~ Muscle Weakness Sensory Loss Arterial Venous

Viable Not immediately Intact None None Audible AP more Audible
threatened than 30 mm

Hg

Threatened Salvageable if Intact, slow Mild, partial Mild, incomplete Inaudible Audible
promptly treated

Irreversible Major tissue loss, Absent (marbling) Profound, paralysis Profound, Inaudible Inaudible
amputation (rigor) anesthetic

Note.—AP = ankle pressure.
Reproduced with permission (23).

Table 3

Clinical Categories of Chronic Limb Ischemia

Grade Category Clinical Description Objective Criteria
0 0 Asymptomatic, no hemodynamically Normal results of treadmill*/stress
significant occlusive disease test
I 1 Mild claudication Treadmill exercise completed,
postexercise AP is greater than 50
mm Hg but more than 25 mm Hg
less than normal
2 Moderate claudication Symptoms between those of
categories 1 and 3
3 Severe claudication Treadmill exercise cannot be
completed, postexercise Ap is less
than 50 mm Hg
I 4 Ishemic rest pain Resting AP of 40 mm Hg or less, flat
or barely pulsatile ankle or
metatarsal plethysmographic
tracing, toe pressure less than 30
mm H
I 5 Minor tissue loss, nonhealing ulcer, Resting AP of 60 mm Hg or less,
focal gangrene with diffuse pedal ankle or metatarsal plethysmo-
ischemia graphic tracing flat or barely
pulsatile, toe pressure less than 40
mm Hg
6 Major tissue loss, extending above Same as for category 5

transmetatarsal level, functional
foot no longer salvageable

Note.—AP = ankle pressure.
* Five minutes at 2 mph on a 12° incline.
Reproduced with permission (23).

Post-treatment Evaluation

Follow-up periods are defined as
immediate (1-30 days after the inter-
ventional procedure), short-term (30
days-12 months after the procedure),
and long-term (greater than 12 months
after the procedure) (Table 4). Success
is evaluated with use of anatomic, he-
modynamic, and clinical criteria (Ta-

ble 5) (18,21,23). Although what we
are usually interested in is clinical suc-
cess (ie, did the patient get better),
clinical success can be highly subjec-
tive (38). Therefore, measures of ana-
tomic and hemodynamic success are
used as objective but indirect mea-
sures of procedure success, which is
defined as an improvement in patient

outcome. Improvement in patient out-
come is evaluated with postprocedure
comparisons of functional status and
exercise performance (24,27).

The choice of which measure of
procedure success to use depends on
the outcomes criteria defined in the
study design. For some patients, limb
salvage is more important than ana-
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Table 4

Follow-up Periods

Immediate 0-1 month
Short term 1-12 months
Long term >12 months

tomic or hemodynamic definitions of
success. Data on patency, improve-
ment, and continued anatomic and he-
modynamic success are presented in
life tables (18). Note that tables are
constructed on the basis of intention to
treat, and technical failures must be
included in the table. Intention to treat
is particularly important for random-
ized clinical trials. Intervals of assess-
ment need to be frequent initially (1
month, 3 months, 6 months, 12
months, yearly). In the first few post-
operative weeks, there may be a high
occlusion rate due to inappropriate
patient selection or technical error. It is
important to estimate the effect of this
phenomenon so that long-term pa-
tency can be viewed with the effect of
these early occlusions taken into ac-
count. For this it is helpful to have
shorter review intervals in the early
stages (39).

The use of binary categories of suc-
cess and failure is necessary because of
the traditional use of these categories
in the literature. However, continuous
data loses information when forced
into discontinuous categories (40).
Therefore, it is necessary that data also
be reported as average percentage ste-
nosis, ABI, or pressure gradient before
and after intervention. In view of re-
sults from coronary revascularization
studies correlating the ability of a
larger postprocedure lumen to reduce
the probability of restenosis (40), mea-
surements of immediate postproce-
dure luminal diameter, acute gain in
luminal diameter, and late loss of lu-
minal diameter are highly recom-
mended. This will require a method to
account for radiographic magnifica-
tion. The use of continuous data in
addition to binary data is necessary for
immediate, short-term, and long-term
results.

Because of the importance of those
risk factors affected by patient compli-
ance (taking medications, continuing
exercise, stopping smoking), evalua-
tion of patient compliance should also
be part of the post-treatment evalua-

tion. For example, patients treated
with surgery may be more motivated
to quit smoking than patients treated
with angioplasty. This might improve
the long-term success of surgery and
confuse a comparison of the inherent
efficacy of the two procedures.
Anatomic ~ Success—The  most
widely used anatomic measure of
success is improvement in the angio-
graphic appearance. The definition of
success recommended is a less than
30% final residual luminal stenosis
measured at the narrowest point of
the vascular lumen (modified from
reference 41). Continued anatomic
success is defined as the lack of a re-
current stenosis greater than 50% di-
ameter (21,40). In the presence of an
angiographically visible dissection at
the treatment site, the residual lumen
is measured from the widest opaci-
fied lumen regardless of cracks,
knowing that the true lumen is diffi-
cult to measure accurately in this sit-
uation. Although Capek et al (42) re-
ports that a residual stenosis of 30%
or greater predisposes to recurrent
stenosis, the ability to measure this
accurately on postangioplasty arterio-
grams is doubtful. Other means of
measurement including intravascular
ultrasound (US), duplex and color
US, spiral computed tomography an-
giography, magnetic resonance an-
giography, and angioscopy are of un-
certain utility. Residual lumen mea-
sured with these techniques may not
correspond to the lumen measured
with angiography (43-53). Although
angiography may or may not be the
most accurate measure of residual lu-
men, it is the most widely used and
widely available. A follow-up arterio-
gram 6-12 months after intervention
is strongly recommended. If nonan-
giographic modalities are used for
follow-up, they must be compared to
the same modality over time and not
to other modalities. The same modal-
ity must be used for measurement in
the treatment and control arms of
comparison trials. Measurement of
interobserver differences in assessing
residual stenosis should be provided.
Hemodynamic ~ Success—Hemody-
namic measures of success should in-
clude objective evidence of improved
flow across the treated area. Palpa-
tion of pedal pulses is adequate for
routine clinical assessment but, as
noted by Rutherford (18), “accurate

patency data are so crucial to com-
parisons of arterial reconstructive
techniques that discriminating meth-
ods deserve to be used.” ABI (or
thigh/brachial index to evaluate
proximal revascularization in the
presence of untreated distal disease)
should be improved by 0.1 or greater
above the baseline value and not de-
teriorated by more than 0.15 from the
maximum early postprocedure level
(Table 5) (23). The criteria of Ahn et
al (21), which differ slightly from
those of Rutherford/Becker in that
they require an immediate improve-
ment by 0.15 or more maintained
over time, do not give a significantly
different estimate of patency (54). For
purposes of consistency, the Ruther-
ford/Becker criteria are used.

ABI and thigh/brachial index are
easily reproducible indirect measures
that roughly correlate with clinical
improvement. Direct intravascular
pressures are considered the gold
standard of hemodynamic assess-
ment but are unavailable as a nonin-
vasive follow-up method. For this
reason,  intravascular  pressures
should not be used as a substitute for
ankle and thigh pressures but can
provide useful adjunctive data. Peak
systolic ~ pressure = measurements
across the lesion should be obtained
immediately after treatment. These
measurements may be augmented by
exercise, reactive hyperemia, or phar-
macologically induced vasodilation.
Ideally, the proximal and distal pres-
sures should be obtained simulta-
neously and in such a manner that a
catheter is not placed across the
treated area. Often, however, sequen-
tial pullback pressures must be ob-
tained by a catheter that crosses the
treated area. Intravascular pressure
criteria for defining a significant vas-
cular  stenosis are inconsistent
(55-59). In the absence of consensus
in the literature or scientific evidence
supporting any one method of mea-
suring intravascular pressures, we
recommend that intravascular pres-
sures be reported as continuous data
rather than as hemodynamic success
or failure. Peak systolic pressures
should be used for these measure-
ments. If the pressures are pharmaco-
logically enhanced, this must be
stated and all patients in the study
must be treated similarly.
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Table 5
Definitions of Success

considered improved (18)

I. Technical: Meets the criteria for both anatomic and hemodynamic success in the immediate postprocedure period
A. Anatomic: <30% final residual stenosis measured at the narrowest point of the vascular lumen
Continued anatomic: < 50% recurrent stenosis
B. Hemodynamic: ABI or thigh/brachial index improved by 1.0- or greater above baseline and not deteriorated by >0.15 from
the maximum early postprocedure level, or pulse volume recording distal to the reconstruction maintained at 5 mm above
the preoperative tracing (only for patients with incompressible vessels)
II. Clinical: Immediate improvement by at least 1 clinical category
Sustained improvement by at least 1 clinical category
Patients with tissue loss (categories 5 and 6) must move up at least 2 categories and reach the level of claudication to be

Clinical Success.—For a procedure
to be clinically successful, relief or
improvement of presenting symp-
toms must be demonstrated (ie, relief
of pain, increased exercise tolerance,
and so forth). For peripheral revascu-
larizations, the Rutherford clinical
criteria for acute or chronic limb
ischemia adopted by the SVS/ISCVS
must be improved by at least one
category immediately after the inter-
vention and be sustained during fol-
low-up by one category above the
pretreatment clinical level. Patients
with tissue loss must improve by at
least two categories and reach the
level of claudication to be considered
improved (18). The use of graded
treadmill exercise protocols helps to
quantify the degree of improvement
in claudication (24). Formal tests of
functional status are highly recom-
mended as a means of more com-
pletely assessing effects on patient
quality of life. For instance, a patient
may be free of claudication because
he has become an invalid. Functional
status will measure how far the pa-
tient is walking and how successful
he is performing activities of daily
life (13,36).

Functional status data are usually
treated as a continuous variable (av-
erage change in score before and af-
ter intervention and between inter-
ventions, changes in score over time,
and so forth). If the functional status
data are condensed into a binary re-
sult (improved versus not improved),
these data could be displayed in life-
table format. This format may be
helpful in answering the question
“What percent of treated patients are
alive at 1 year with a functional
limb?” These kinds of data can be
obscured by a life table of success
alone because patients withdrawn

because of death are displayed in the
same manner as patients withdrawn
due to loss to follow-up. For exam-
ple, if one treatment has a higher
mortality rate from myocardial in-
farction but patients die with the ves-
sel free of restenosis, a life table of
functional status will display this in-
formation.

Technical Success—To be consid-
ered technically successful in the im-
mediate postprocedure period the in-
tervention must meet the criteria for
both anatomic and hemodynamic
success as determined from the out-
comes of therapy initially defined in
the study design. A procedure may
be technically successful and clini-
cally unsuccessful (ie, if there is se-
vere untreated disease elsewhere in
the leg or if the patient’s symptoms
were not due to ischemia). It is rec-
ognized that some technologies may
produce a better anatomic result (eg,
atherectomy vs balloon angioplasty)
without necessarily improving hemo-
dynamics. Therefore, anatomic suc-
cess may not be as important as he-
modynamic success. If anatomic cri-
teria are used, the criteria described
above are required.

Improvement—Improvement com-
bines criteria for anatomic, hemody-
namic, and clinical success. Ahn and
Johnston (21,60) called this “contin-
ued success” or “success” and de-
fined it as sustained improvement of
at least one objective hemodynamic
or imaging test in addition to the
clinical evaluation. The definition of
improvement used by Rutherford
(18,23) includes clinical and hemody-
namic measures only and is the defi-
nition used in this document (Table
6). This definition depends on perfu-
sion of the entire limb and can lead
to false conclusions. For example, in

a patient treated with balloon angio-
plasty in the iliac artery, subsequent
progressive disease in the superficial
femoral artery can cause a deteriora-
tion in ABI and clinical symptoms
that would falsely label the angio-
plasty site as failed. For this reason,
in addition to the routine follow-up
tests, when there has been hemody-
namic deterioration, an imaging test
is required to determine if this dete-
rioration is due to recurrent or new
disease. The imaging test used
should be consistent between treat-
ment groups.

Patency.—Patency was historically
defined for use in evaluating bypass
grafts rather than angioplasty sites
(13). It is defined as continued flow
through the treated segment, not the
absence of recurrent stenosis (18). A
treated segment may be considered
patent when any one of the five cri-
teria in Table 7 are met (18,23). Vas-
cular imaging or direct visualization
should be used to determine patency
whenever possible because of the po-
tential inaccuracy of segmental pres-
sures, plethysmographic traces, and
pulse palpation, which may not dis-
tinguish stenosis from occlusion or
disease in the treated segment from
disease in adjacent segments. If im-
aging studies and direct visualization
of the segment are not available, one
should use the pressure index from
the next level beyond the segment.
Patency can be described as primary
or secondary patency depending on
whether a subsequent procedure has
been performed in the treated seg-
ment. To allow a better comparison
with surgical procedures, patency of
the treated segment (aorto-iliac,
femoro-popliteal, infrapopliteal)
should be reported. Patency of the
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Table 7
Definitions of Patency

Table 6
Definitions of Improvement
Grade Definition
+3 Markedly improved. Symptoms are gone or markedly improved.
ABI increased to >0.90.
+2 Moderately improved. Still symptomatic but with improvement in
lesion category.* ABI increased by >0.10 but not normalized.
+1 Minimally improved. Categorical improvement in symptoms
without significant ABI increase (0.10 or less) or vice versa (but
not both).
0 No change. No categorical shift and less than 0.10 change in ABIL
-1 Mildly worse. Either worsening of symptoms or decrease in ABI of
>0.10.
-2 Moderate worsening. Deterioration of the patient’s condition by one
category or unexpected minor amputation.
-3 Marked worsening. Deterioration of the patient’s condition by more
than one category or major amputation.
Source.—Reference 23.
Categories refer to clinical categories in Tables 2 and 3.

treated site may be reported sepa-
rately.

Patency refers to continued flow
and therefore differs from continued
anatomic success or improvement.
Because of the limited usefulness of
this definition of patency, the use of
continued anatomic success and gra-
dation of improvement is recom-
mended in evaluating the effective-
ness of a procedure (13). Results of
interventions should be reported as
primary, assisted primary, and sec-
ondary continued anatomic success
or improvement rather than patency.
Patency may be reported but should
be limited to occlusion of the treated
site or segment.

Complications

Complications need to be both
listed (local infection, arterial wall in-
jury, dissection, thromboemboli, fistu-
las, hematoma, acute occlusion, perfo-
ration, vasospasm, renal failure,
stroke, myocardial infarct, and so
forth) and graded so that comparisons
can be made. Individual and classes of
complications should be consistent
with the SIR categories (Appendix 2).
Grading of complications is necessary
to quantify the overall morbidity pro-
duced by a procedure (18). Complica-
tions are graded according to the def-
initions of the SIR (Table 8). It is
generally accepted that any complica-
tion within 24 hours after a procedure
is considered procedure related (18).

To avoid confusion as to whether a
later complication is related to the pro-
cedure or disease, all complications
and deaths within 30 days or within
the same hospitalization are consid-
ered procedure related. This differs
from previous recommendations that
beyond 24 hours only complications
specific to the procedure or the under-
lying disease should be reported (18).
Complications and deaths should be
recorded for the duration of the study,
not just 30 days, because late effects on
morbidity and mortality are possible
(61,62). For example, Ouriel et al
found 62% lower mortality at 12
months in patients randomized to lytic
therapy compared with surgery for
treatment of acute limb ischemia, even
though immediate mortality was com-
parable (61).

Costs

Analysis of expenses has tradition-
ally been based on charges rather than
costs to the hospital. Unfortunately,
charges are arbitrary and true costs are
frequently impossible to obtain (63). A
rigorous analysis of costs should in-
clude the cost of complications, dis-
counting of future costs to present val-
ues, and should specify the
perspective of the cost analysis (ie,
from the perspective of society, third-
party payer, provider, or patient) be-
cause costs can vary depending on the
party incurring them (6,64,65). What-

Patency: Lack of occlusion of the
treated segment determined by the
presence of any one or more of the
following criteria:

1. Demonstrably open with vascular
imaging (arteriography, duplex
Doppler, or magnetic resonance
imaging).

2. Maintenance of achieved
improvement in the appropriate
segmental limb pressure index (ie,
ABI or thigh/brachial index must
have increased by more than 0.10
initially and not deteriorated by
more than 0.15 from the
maximum early postprocedure
level.

3. Pulse volume recording distal to
the treated segment maintained at
5 mm above preoperative tracing
(only for diabetic patients with
incompressible arteries).

4. Palpable pulse or biphasic or
triphasic Doppler waveform
measured at two points directly
over a superficially placed graft.

5. Direct observation at operation or
post mortem.

Primary patency: Uninterrupted
patency with no procedures
performed on or at the margins of
the treated segment. Only
procedures performed proximal or
distal to the initially treated segment
to treat progression of disease in an
ad-jacent native vessel are exempted.

Assisted primary patency: Any
procedure performed in the treated
segment before thrombosis that
might prevent eventual failure.

Secondary patency: Any procedure
that restores patency after
thrombosis.

Source.—References 18 and 23.

ever method is used to calculate costs
should be the same for all treatment
groups. Costs have also traditionally
been measured only until the time of
discharge (66). Cumulative costs per
patient to maintain improvement
should be measured over several
years. For example, if a procedure is
initially inexpensive but has poor du-
rability, costs over time increase from
repeat procedures to treat restenosis.
In the long run, a more expensive but
more durable procedure may be
cheaper. A calculation should also be
made of the marginal cost/benefit of
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Table 8
Definitions of Complications

Minor Complications

A. No therapy, no consequence

B. Nominal therapy, no
consequence, includes overnight
admission for observation only

Major Complications

C. Require therapy, minor
hospitalization (<48 hours)

D. Require major therapy,
unplanned increase in level of
care, prolonged hospitalization
(>48 hours)

E. Permanent adverse sequelae

F. Death

the new technique. For example, if in-
travascular stents have a 10% lower
restenosis rate compared with balloon
angioplasty after 5 years, what is the
increased cost per additional im-
proved extremity if all lesions are
treated with stents?

For those studies analyzing cost-ef-
fectiveness, the concept of quality ad-
justed life years (QALY) is important.
Quality of life is assessed by tests of
functional status. Quality adjusted life
years combines measures of quality
and quantity of life to express health
care benefits in terms of equivalents of
well-years of life (67-70). This has not
often been evaluated in radiology ar-
ticles (33) but will be important in jus-
tifying the benefits of revasculariza-
tion beyond that of avoiding
amputation (14-16).

Comparisons between Treatment
Groups

Comparisons could be made to the
natural history of untreated disease,
conservatively treated disease (exer-
cise, diet, and so forth), placebo-
treated disease, or disease treated with
another revascularization technique.
Lack of comparison to the appropriate
control group places the clinical trial
more in the realm of a feasibility
study, regardless of the number of pa-
tients treated. Comparing a revascu-
larization technique to conservative
treatment is not unreasonable for pa-
tients with claudication. Only 25% of
claudicants will progress to severe
ischemia in 4-7 years, with only
4%—8% requiring amputation. Three
to 6 months of an intense walking pro-

gram can quadruple normal walking
distance and double the distance
walked on a treadmill (71,72). A ran-
domized trial of exercise versus PTA
as treatment for claudication found
that PTA improved the ABI but did
not improve maximum walking dis-
tance. An exercise program did not
increase the ABI but there was a
marked and progressive increase in
maximum walking distance (73).

The studies could be performed
with use of historical controls or ran-
domized controlled trials. Most com-
parisons of revascularization tech-
niques have been based on historical
controls. For example, results of a
study of balloon PTA are compared
with another study of results from sur-
gery, or results of a study of atherec-
tomy are compared to a previous
study of results from balloon PTA.
Historical controls can be useful when
the study endpoints are objectively
measured, the disease is predictable
and consistent, and the influence of
baseline variables is minimal com-
pared to the treatment effect. Unfortu-
nately, this is rarely the case when
studying the treatment of vascular dis-
ease. It is impossible to have all of the
relevant information on inclusion and
exclusion criteria; the available meth-
ods of diagnosis and treatment have
usually changed; and the baseline
characteristics of the historical group
and the current study group are dif-
ferent (7). Comparisons need to be
made between groups of patients with
similar severity of disease, indications
for treatment, and risk factors who are
treated by physicians with similar
abilities using similar equipment. Un-
til recently, these data have not been
provided in most articles. The more
rigorous reporting requirements of
Rutherford and Becker (18,23) attempt
to address this problem.

Registry data can sometimes be
useful for historical controls. A regis-
try of peripheral vascular interven-
tions is underway (70), but it is not yet
published and it is unknown if those
data can be used as a reference against
which new devices can be compared.
In general, because registries lack a
comparison group, they lack the scien-
tific rigor of a randomized controlled
trial that is necessary to compare the
success and complication rates of dif-
ferent devices (41).

Randomized controlled trials are

less likely to be biased and are consid-
ered statistically more trustworthy,
but usually they require a greater
number of patients and are therefore
more expensive and time consuming.
However, if one looks at the time and
expense spent on therapies that are
later demonstrated to be ineffective or
no more effective than current thera-
pies, the extra work and expense of a
randomized trial initially is frequently
a wiser choice for society (33,75). In
the evaluation of new revasculariza-
tion devices, it is the opinion of the
Technology Assessment Committee
that randomized controlled trials are
necessary for accurate assessment of
the effectiveness and cost effectiveness
of these devices. Comparison should
be made to the appropriate control
group (conservative therapy, surgery,
or other endovascular technique).

RECOMMENDATIONS AND
REQUIREMENTS

For a study to be used to make clin-
ical decisions regarding the efficacy of
a revascularization device compared
with other devices, the rigorous re-
quirements of a scientific study must
be met. These include the above de-
scriptions of patient selection, pre-
treatment evaluation, treatment de-
scription, post-treatment evaluation,
complications, and statistically valid
comparisons to the appropriate con-
trol group, which in most cases should
mean a randomized controlled study.
The Technology Assessment Commit-
tee of the SIR has therefore adopted
standards for the evaluation of new
peripheral arterial revascularization
devices.

The following elements are re-
quired. The definitions of disease se-
verity, success, and complications
used in this document must be ap-
plied. Binary and continuous data
with life-table analyses are required.
Success data must be presented sepa-
rately for anatomic, hemodynamic,
and clinical criteria so that failures due
to recurrent and new disease can be
distinguished. Treadmill exercise test-
ing is necessary in evaluating inter-
ventions for claudication.

The following elements are highly
recommended. The use of graded
rather than constant load treadmill ex-
ercise is highly recommended. Assess-
ment of functional status is highly rec-
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ommended and, for the sake of
comparability, the use of the Walking
Impairment Questionnaire (24) is rec-
ommended (Appendix 1). Assess-
ments of quality of life are addition-
ally highly recommended for trials
comparing surgery and endovascular
therapy. Measurement of acute gain
and late loss of luminal diameter dif-
fers from current reporting practice for
peripheral interventions but is highly
recommended based on results from
coronary interventions. Follow-up ar-
teriography is highly recommended
for evaluating anatomic success. Eval-
uation of patient compliance is urged.
The inclusion of basic data on costs is
highly recommended but is not a re-
quirement of a scientific study. Given
the importance of cost as well as effec-
tiveness in the construction of clinical
algorithms (76,77), the acquisition of
this information during an effective-
ness study renders the study far more
relevant.

The following elements are recom-
mended. Identification of degree of ec-
centricity of treated lesions may estab-
lish subsets of lesions better treated
with particular devices. Detailed anal-
ysis of costs is recommended.

Requirements and recommenda-
tions are summarized in Table 9.

CONCLUSION

In the excitement of new technol-
ogy, interventional physicians have
pursued multiple new methods of re-
vascularization. Early reports of new
technology have invariably been
glowing, with more sober evaluations
coming with maturity. The intention
of a scientific clinical study is not to
suppress innovation but to provide
trustworthy information, unbiased by
our excitement, with which to treat
patients. It is the intention of this arti-
cle to combine the recommendations
of multiple sources into a single re-
porting standard for new peripheral
arterial revascularization devices. Our
recommendations are certainly not the
only way to report data and, despite
the best of intentions, they may not be
the best way. But if studies can be
reported in a uniform, consistent man-
ner we will have the power to make
accurate assessments of the effective-
ness of our technology and give our
patients the best possible care.

Table 9

Reporting Requirements and Recommendations

Data

Required

Highly

Recommended Recommended

Pretreatment evaluation*
Risk factors/Comorbidities
Measures of disease severity

Stenosis of treated site

Runoff grade

Eccentricity

Noninvasive indices (ABI,
TBI, PVR)

Treadmill (claudicants)
graded treadmill

Functional status

Quality of life

Treatment description
Posttreatment evaluation®*
Follow-up angiogram

Technical success

Anatomic
Stenosis
Luminal gain

Hemodynamic

Noninvasive (ABI, TBI,

PVR)
intravascular pressures
Clinical success

Improvement category

Functional status

Quality of life

Treadmill (claudicants)

Graded treadmill
(claudicants)

Separate life-tables for
anatomic, hemodynamic,
and clinical data

Complications
Compliance
Costs
Gross estimate (equipment,
length of stay, ICU days, #
encounters)
Detailed

X

X X

XXX

X
X

care unit.

Note.—TBI = thigh/brachial index, PVR = pulse volume recording, ICU = intensive

* Both binary and continuous data are required when appropriate.
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APPENDIX
PERIPHERAL ARTERIAL DISEASE
QUESTIONNAIRES

Walking Impairment
Questionnaire

This questionnaire is designed to
assess the degree of impairment expe-
rienced by the patient with claudica-
tion during daily activities. Question 1
is divided into two parts. Section A is
specific for calf or buttocks claudica-
tion and is used to create a summary
score for analysis. Section B is used to
evaluate other symptoms that may
limit walking ability. If the patient
ranks a symptom from Section B as
more severe than claudication pain
(from Section A) then claudication is
not the limiting symptom, and re-
sponses from questions 2—-4 may not
be valid for assessing claudication se-
verity. A summary score is not created
for Section B.

Questions 1A, 2, 3, and 4 are ex-
pressed on a scale of 0% (unable to
perform because of severe claudica-
tion) to 100% (no impairment). For
questions 2-4, each individual re-
sponse is multiplied by its respec-
tive weight to create an individual
score. All individual scores for a
question are added and then divided
by the maximal possible score to cre-
ate the % score which is used for
analysis.



