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A systematic review
of the diagnosis
and assessment 
of peripheral
arterial disease in
the lower limb

■ Peripheral arterial disease can cause pain on
walking and ischaemia resulting in pain when
resting, ulceration and gangrene. Choice of
treatment relies on accurate assessment of
disease severity. 

■ Contrast angiography, the reference standard
diagnostic test, is associated with adverse events
related to arterial puncture, ionising radiation, and
iodinated contrast agents.

■ Alternative diagnostic imaging techniques
available include magnetic resonance (MR) and
computed tomography (CT) angiography, and
duplex ultrasound.

■ Based on diagnostic accuracy alone, contrast
enhanced MR angiography has the best overall
diagnostic accuracy. However, insufficient data
were available to assess the clinical effectiveness
of the different imaging tests in terms of patient
outcomes. 

■ When both diagnostic accuracy and costs are
considered, duplex ultrasound appears the most
cost-effective strategy for the evaluation of the
whole leg.
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Background
Lower limb peripheral arterial disease is the
atheromatous narrowing or occlusion of an
artery or arteries of the leg. Peripheral arterial
disease can cause intermittent claudication
(pain on walking) and ischaemia resulting in
pain when resting, ulceration and gangrene.1

Risk factors for peripheral arterial disease
include advanced age, smoking, hypertension,
hyperlipidaemia and possibly diabetes.2

Treatment options are governed by the severity
of the disease. Patients with intermittent
claudication may be managed conservatively,
whilst those with limb-threatening ischaemia
may require angioplasty, surgical
revascularisation or amputation. A detailed
diagnostic assessment is necessary in order to
optimise a treatment plan.

There are a number of diagnostic imaging
options. Intra-arterial contrast angiography is
regarded as the reference standard test. The
drawbacks of contrast angiography are the
adverse events associated with arterial
puncture, ionising radiation, and iodinated
contrast agents. A number of alternative
imaging techniques are available, the most
common being magnetic resonance (MR)
angiography (including contrast enhanced
(CE), phase contrast (PC) and time of flight
(TOF) techniques), computed tomography
(CT) angiography and duplex ultrasound.

Evidence
This summary report is based on a
systematic review and economic evaluation,
commissioned by the Health Technology
Assessment (HTA) Programme.3 The review

compared the research evidence for
performance of MR angiography, CT
angiography and duplex ultrasound as
alternatives to contrast angiography, with the
aim of identifying a technique that is safer
and more acceptable to patients, but of
comparable efficacy to contrast angiography
for the assessment of symptomatic peripheral
arterial disease. Details of the methodologies
used can be found in the full report.3

Results
The median and range for the sensitivity and
specificity of each imaging technique are
presented, for detecting stenosis of 50% and
over (Table 1), and for detecting occlusion
(Table 2), when assessing the whole leg.
Sensitivity and specificity are measures of
test performance (or diagnostic accuracy).
Sensitivity represents the proportion of people
with the target disorder who have a positive
test result. Specificity represents the
proportion of people without the target
disorder who have a negative test result. 

Detection of stenosis above/below the knee:
Some studies provided separate diagnostic
accuracy results for arterial segments above
and below the knee. The accuracy of the
different techniques was similar for the
detection of stenosis ≥50% above and below
the knee. However, limited evidence suggests
that CE MR angiography and duplex
ultrasound were less accurate for detecting
stenoses in the foot. There was insufficient
evidence to assess CT angiography. 

Patient management and outcome: A
controlled trial of the effectiveness of imaging

Table 1: Detection of ≥50% stenosis in the whole leg

Imaging technique

CT angiography

CE MR angiography

2 dimensional (2D) TOF
MR angiography

Duplex ultrasound

2D PC MR angiography

Sensitivity
Median (range) 

91% (89% to 99%)

95% (92% to 99.5%)

92% (79% to 94%)

88% (80% to 98%)

98%

Specificity
Median (range)

91% (83% to 97%)

97% (64% to 99%)

88% (74% to 92%)

96% (89% to 99%)

74%

Number of studies
included

six

seven*

five

seven 

one 

*One study reported a notably low specificity (64%), this was the only study to include assessment of foot vessels.



procedures, in terms of surgical planning and
patient outcome, found that in 78% of cases
the management plan was based on duplex
ultrasound, without the need for contrast
angiography. There were no significant
differences in terms of immediate or
intermediate patient outcomes between the
group assessed by duplex ultrasound and a
historical control group assessed by contrast
angiography.

Adverse events: Adverse event data were
poorly reported. The highest proportion of
minor adverse events were reported for MR
angiography. Major adverse events were rare,
but were reported in a higher proportion of
patients who underwent contrast angiography.
Two patient deaths were reported; one with
contrast angiography and one with CE MR
angiography. 

The most commonly reported adverse events
were minor pain/discomfort during or
immediately after the procedure for 2D TOF
MR angiography, CE MR angiography and
duplex ultrasound; acute digestive system
symptoms associated with CE MR
angiography; anxiety associated with 2D TOF
MR angiography; and acute central and
peripheral nervous system adverse events
associated with CE MR angiography. Contrast
agents were responsible for a small proportion
of adverse events.

Patient attitudes: Four studies reported
results relating to patient attitudes.
Significantly more patients stated that they
would prefer CE MR angiography over
contrast angiography if having to undergo
testing again. CE MR angiography also
scored significantly better on a scale that

rated patients’ experience of the test
compared with contrast angiography. Contrast
angiography was reported as the most
uncomfortable, followed by CE MR
angiography, with CT angiography being the
least uncomfortable. Fifty percent of patients
(who did not have claustrophobia and had no
metallic implants) had no preference between
TOF MR angiography or duplex ultrasound.
Of those who did express a preference, most
preferred TOF MR angiography. Within the
same population there was no significant
difference between TOF MR angiography and
duplex ultrasound on a scale that rated how
‘bothersome’ the tests were.

Cost Effectiveness: The economic model
suggests that the cost-effectiveness of the
diagnostic tests depends on the area of the
leg assessed. Duplex ultrasound appears the
most cost-effective strategy for the evaluation
of the whole leg. MR angiography may be
more cost-effective when assessing above
the knee only. For below the knee
assessment only the results were more
uncertain, but at a willingness-to-pay
threshold of £30,000, duplex ultrasound
appears to be the most cost-effective option.

Methodological considerations
There were a number of potential sources of
bias in the included diagnostic accuracy
studies. The majority of studies had small
sample sizes, and over 70% of studies did
not include an appropriate range of patients,
or gave insufficient details of the patient
population. Bias may occur when the delay
between the index test and reference
standard is long enough for the disease to
have progressed naturally; 20 studies (36%)

Table 2 Detection of occlusion in the whole leg

Imaging technique

CT angiography

CE MR angiography

2D TOF MR angiography

Duplex ultrasound

Sensitivity
Median (range) 

97% (89% to 100%)

94% (85% to 100%)

86% (77% to 100%)

90% (74% to 94%)

Specificity
Median (range)

99.6% (99% to 100%)

99.2% (97% to 99.8%)

97% (85% to 98%)

99% (96% to 100%)

Number of studies
included

five

six

four

seven*

* One study reported a notably low sensitivity (74%), this was the only study restricted to people with Fontaine stage II (a measure of
severity of peripheral arterial disease).



Centre for Reviews and Dissemination

Promoting the use of research based knowledge

D
Centre for Reviews and Dissemination, University of York, York, UK, YO10 5DD
Tel: 44 (0) 1904 321040 Fax: 44 (0) 1904 321041
Email: crd@york.ac.uk Internet: www.york.ac.uk/inst/crd

R

This short report is based on a systematic review and economic evaluation commissioned by the Health
Technology Assessment (HTA) Programme. The review compared the research evidence for performance of
MR angiography, CT angiography and duplex ultrasound as alternatives to contrast angiography, with the aim
of identifying a technique that is safer and more acceptable to patients, but of comparable efficacy to contrast
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did not report having less than a one month
interval between tests. Bias may also occur
when the results of the index test are
interpreted by someone with prior knowledge
of the reference test results and vice versa;
71 studies (84%) reported that test results
were interpreted without knowledge of the
result of the other test.

Most of the included studies reported results
by arterial segment, rather than by limb or by
patient. This means that this review provides
information on the ability of these techniques
to detect stenosis within particular arterial
segments but not for determining the
presence or absence of disease in a patient
or limb. The estimates of specificity derived
from this type of study may be elevated as
increasing the number of segments assessed
is likely to increase the number of true
negatives. 

Implications for practice
The results of the review suggest that CE MR
angiography has the best overall diagnostic
accuracy of the tests evaluated and seems to
be preferred over contrast angiography by
patients. 

Where available, CE MR angiography may be 
a viable alternative to contrast angiography.
However, this conclusion is based on
diagnostic accuracy alone, rather than patient
outcome data. When both diagnostic
accuracy and costs are considered, duplex
ultrasound appears the most cost-effective
strategy for the evaluation of the whole leg.
MR angiography may be more cost-effective
when assessing above the knee only. For
below the knee assessment only the results
were more uncertain, but at a willingness-to-

pay threshold of £30,000, duplex ultrasound
appears to be the most cost-effective option.

Implications for future research
Quality assessment highlighted limitations in
the methodology and reporting quality of
many studies included in this review. Further
research in the form of a large RCT is
required to determine the relative clinical
effectiveness of the available imaging tests, 
in terms of surgical planning and patient
outcome. Future studies should adopt
appropriate methods for the collection of
adverse event data and data on patient
attitudes.

Further research is also required to assess
the performance and adverse effects of the
imaging tests on different patient subgroups,
particularly those who may be at higher risk
of certain adverse events, such as diabetic
patients with renal insufficiency. Additional
separate data are required regarding the
performance of the different imaging tests for
assessing calf and foot vessels.
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