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IMAGING IS NECESSARY FOR PLAN-
ning interventions in patients with
lower extremity peripheral arterial
disease (PAD). Noninvasive imaging

modalities, including duplex ultrasonog-
raphy, magnetic resonance angiogra-
phy (MRA), and computed tomogra-
phy angiography (CTA) are available for
grading lower extremity arterial dis-
ease. Duplex ultrasonography has a high
specificity of 95% and a somewhat lower
sensitivity of 88% for detecting hemo-
dynamically significant lesions (�50%
stenosis or occlusion).1 Gadolinium-
enhanced MRA appears to be more ac-
curate thanduplexultrasonography,with
a specificity of 96% (range, 91%-99%)
and a sensitivity of 98% (range,
92%-100%).1-3

Computed tomography angiography
is increasingly attractive due to rapid
technical developments. Shorter acqui-
sition times, thinner slices, higher spa-
tial resolution, and improvement of mul-
tidetector computed tomographic (CT)
scanners enable scanning of the whole
vascular tree in a limited period with a
decreasing (but still substantial) amount

of contrast medium. Recent studies on
CTA report sensitivity and specificity
rates of around 98% for detecting PAD.4,5

FIGURE 1 illustrates an occluded left
common iliac artery detected with CTA
and the same lesion visualized with in-
tra-arterial digital subtraction angiog-
raphy (DSA).

Apart from differentiating between
the presence vs absence of a signifi-
cant atherosclerotic lesion in a vessel,
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Context Computed tomography angiography (CTA) is an increasingly attractive
imaging modality for assessing lower extremity peripheral arterial disease (PAD).

Objective To determine the accuracy of CTA compared with intra-arterial digital sub-
traction angiography (DSA) in differentiating extent of disease in patients with PAD.

Data Sources and Study Selection Search of MEDLINE (January 1966-August
2008), EMBASE (January 1980-August 2008), and the Database of Abstracts of Re-
views of Effectiveness for studies comparing CTA with intra-arterial DSA for PAD. Eli-
gible studies compared multidetector CTA with intra-arterial DSA, included at least
10 patients with intermittent claudication or critical limb ischemia, aimed to detect more
than 50% stenosis or arterial occlusion, and presented either 2�2 or 3�3 contin-
gency tables (�50% stenosis vs �50% stenosis or occlusion), or provided data al-
lowing their construction.

Data Extraction Two reviewers screened potential studies for inclusion and inde-
pendently extracted study data. Methodological quality was assessed by using the
QUADAS instrument.

Data Synthesis Of 909 studies identified, 20 (2.2%) met the inclusion criteria. These
20 studies had a median sample size of 33 (range, 16-279) and included 957 patients,
predominantly with intermittent claudication (68%). Methodological quality was mod-
erate. Overall, the sensitivity of CTA for detecting more than 50% stenosis or occlu-
sion was 95% (95% confidence interval [CI], 92%-97%) and specificity was 96% (95%
CI, 93%-97%). Computed tomography angiography correctly identified occlusions
in 94% of segments, the presence of more than 50% stenosis in 87% of segments,
and absence of significant stenosis in 96% of segments. Overstaging occurred in 8%
of segments and understaging in 15%.

Conclusion Computed tomography angiography is an accurate modality to assess pres-
ence and extent of PAD in patients with intermittent claudication; however, method-
ological weaknesses of examined studies prevent definitive conclusions from these data.
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the distinction between a significant ste-
nosis and occlusion is important and
guides invasive management.6 Tradi-
tionally, systematic reviews of diagnos-

tic test accuracy use dichotomized data
to calculate summary estimates of test
performance. However, many diagnos-
tic studies present their outcomes not

as dichotomous outcomes, but accord-
ing to a scale of disease severity (eg, per-
cent arterial stenosis). The purpose of
this systematic review and meta-
analysis was to determine the diagnos-
tic performance of CTA compared with
intra-arterial DSA for grading disease
severity in patients with PAD.

METHODS
Literature Search

MEDLINE ( January 1966-August
2008), EMBASE ( January 1980-
August 2008), and the Database of Ab-
stracts of Reviews of Effectiveness were
searched for relevant publications with
the assistance of a clinical librarian. We
used Medical Subject Headings (MeSH)
terms and accompanying entry terms
for the patient group (patients with pe-
ripheral arterial occlusive disease), the
diagnostic test (CTA), the reference
standard (conventional angiography or
DSA), and outcome (sensitivity and
specificity).

Details of the search strategy are
shown in TABLE 1. The reference lists of

Table 1. Details of Search Strategy

MEDLINE
(January 1966–August

2008)a
EMBASE

(January 1980–August 2008)

Patient Peripheral vascular diseases,
arterial occlusive diseases,
ischemia, or intermittent
claudication and
lower extremity

Peripheral vascular disease, peripheral arteriopathy,
peripheral blood vessel disease, peripheral
vascular disorder, peripheral vasculopathy,
peripheral vessel disease, exp artery disease,
exp blood vessel calcification, blood vessel
occlusion, artery occlusion, ischemia,
microvascular ischemia, muscle ischemia,
peripheral ischemia, or exp peripheral occlusive
artery disease and limb, extremity, leg
ischemia, limb ischemia, or peripheral(tiab)

Intervention Tomography, x-ray computed Computer assisted tomography, computed
tomographic angiography, computer assisted
impedance tomography, electron beam
tomography, high resolution computer
tomography, micro-computed tomography,
multidetector computed tomography,
radiodensitometry, or spiral computer
assisted tomography

Comparison Digital subtraction
angiography or
angiography

Digital subtraction angiography, angiography,
arteriography, leg angiography, blood vessel
catheterization, or artery catheterization

Outcome Sensitivity and specificity Sensitivity and specificity or diagnostic accuracy

Combination Patient and (intervention or
comparison) and outcome

Patient and (intervention or comparison) and
outcome

aMedical Subject Headings (MeSH) terms and accompanying entry terms.

Figure 1. Occlusion of the Left Common Iliac Artery With Severe Calcifications Detected by Computed Tomography Angiography and Digital
Subtraction Angiography

B Computed tomography angiographyA Cross section of vascular anatomy C Digital subtraction angiography

Right common
iliac artery

Right external
iliac artery

Left external
iliac artery

Right common
iliac artery

Right common
iliac artery

Aorta Aorta Aorta

Left common
iliac artery

Left internal
iliac artery

Inferior
mesenteric
artery

Right internal
iliac artery

Blue arrowheads (panels B and C) indicate origin of the left common iliac artery, which is entirely occluded throughout its length. B, Black arrowhead indicates
calcification in the left external iliac artery. C, Yellow arrowhead indicates the catheter in the left common iliac artery. (See also interactive eFigure at http://www
.jama.com.)
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all papers selected for assessment of full-
text and of all retrieved systematic and
narrative reviews were reviewed for
search completion. There were no lan-
guage restrictions. Titles and abstracts
were screened by 2 reviewers (R.M. and
M.J.W.K.) to identify potentially rel-
evant articles. Discrepancies in judg-
ment were resolved after discussion.
Studies meeting inclusion criteria were
thosecomparingmultidetectorCTAwith
intra-arterial catheter angiography or in-
tra-arterial DSA as the reference stan-
dard that included at least 10 patients
with intermittent claudication or criti-
cal limb ischemia. Inclusion criteria also
required an outcome measure of more
than 50% stenosis or arterial occlusion
and presentation of either 2�2 or 3�3
contingency tables or data allowing their
construction. Studies on CTA per-
formed in follow-up after lower extrem-
ity revascularization and duplicate pub-
lications were excluded.

Quality Assessment
and Data Extraction

Methodological quality of included
studies was assessed independently by
2 observers (R.M. and M.J.W.K.) using
the QUADAS tool, which is a quality
assessment tool specifically developed
for systematic reviews of diagnostic ac-
curacy studies.7 In using this tool,7 we
defined a representative patient spec-
trum as a cohort that included both par-
ticipants with claudication and those
with critical limb ischemia. The opti-
mal time interval between CTA and the
reference standard was defined as 30
days or less. The QUADAS compo-
nents also included clarity of the meth-
odological description for CTA and the
reference standard and whether inter-
pretation of CTA and the reference stan-
dard were blinded. We also recorded
whether clinical information was avail-
able during the diagnostic test inter-
pretation, because this information is
available when the diagnostic test is
used in clinical practice.

Data extraction was performed inde-
pendently by 2 reviewers (R.M. and
M.J.W.K.). Discrepancies were re-
solved by discussion. Data extraction in-

cluded characteristics of the study popu-
lation, methodologic details for the CTA
and reference standard, and outcome
data. Many studies subdivided an ar-
tery into multiple segments. A segment
with more than 50% stenosis or an oc-
clusion was considered diseased. A seg-
ment with 50% or less stenosis was con-
sidered nondiseased. We constructed
2�2 contingency tables for the entire
vascular tree from the abdominal aorta
through the ankles. If data were avail-
able, tables were constructed by ana-
tomic region (the aortoiliac, femoro-
popliteal, and infrapopliteal regions).

For optimal planning before inva-
sive treatment for PAD, it is essential
to have information on both the pres-
ence and extent of disease. It is impor-
tant to be able to differentiate between
a stenosis and occlusion. Therefore, if
data were available, 3�3 contingency
tables were constructed for each arte-
rial segment. Segments were graded ac-
cording to 3 categories: 1 (no stenosis
or �50% stenosis), 2 (�50% stenosis
but not occluded), and 3 (occlusion).

When data were provided sepa-
rately for 2 observers, we used raw data
to calculate the mean of both data sets.
When outcome data were provided for
different patient groups, numbers of
true-positive, false-negative, false-
positive, and true-negative results were
combined before analysis. Discrepan-
cies were resolved by discussion.

Analysis

Sensitivity and specificity summary es-
timates for detecting more than 50%
stenosis or an occlusion were calcu-
lated on a per-segment basis for the en-
tire vascular tree from the abdominal
aorta through the ankles using bivari-
ate models with either random-effects
or fixed-effects approaches,8 depend-
ing on the presence of statistical hetero-
geneity. Statistical heterogeneity was de-
fined as an I2 statistic value of more than
50%.9 The bivariate model implies that
when data of one accuracy parameter
show statistical heterogeneity, both ac-
curacy parameters will be calculated in
a random-effects model. When statis-
tical heterogeneity was identified, we

attempted to identify its source by per-
forming subgroup analyses. These sub-
groups are based on the most likely po-
tential sources of bias (ie, patients
studied [intermittent claudication vs
critical limb ischemia], study design
[prospective vs retrospective], and CTA
execution [number of multidetector CT
slices: 16- or 64-slice vs 2- or 4-slice]).10

Outcome comparisons for sensitivity
and specificity between subgroups were
performed by using z tests.

The influence of study quality on out-
come was assessed by using the
QUADAS tool. For each study, a score
was calculated for each QUADAS com-
ponent as follows. A score of �2 was
assigned for each QUADAS criterion
that was met, a score of 0 was assigned
if the QUADAS criterion was not met,
and a score of �1 was assigned if it was
unclear whether the criterion was met.
Points were summed to achieve a final
score for each study. Two subgroups of
studies were defined according to
whether their total quality score was less
than or equal to the median quality
score vs more than the median quality
score. Outcomes for sensitivity and
specificity were compared between
these subgroups using z tests. These
analyses were repeated using a dis-
tinct threshold for quality (ie, �me-
dian score for quality vs �median score
for quality).

If data were available, summary esti-
mates for sensitivity and specificity on
a per-segment basis for detectionof either
more than 50% stenosis or occlusion by
anatomic region (aortoiliac, femoro-
popliteal, and tibial arteries) were cal-
culated by means of bivariate models
using either random-effects approaches
or fixed-effects approaches, depending
on the I2 value. If data were available,
summary estimates for the 3�3 contin-
gency tables on a per-segment basis were
obtained using a multivariate approach
previously described by Bipat et al,11

using either a random-effects approach
or a fixed-effects approach, depending on
the I2 value.

Publication bias was examined by
construction of a funnel plot. The x-
axis consisted of the natural loga-
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rithm of the diagnostic odds ratio,
which is the ratio of the multiplica-
tion of true-positive and true-negative
results and the multiplication of the
false-negative and false-positive re-
sults. On the y-axis, we plotted the
sample size (ie, the number of pa-
tients in the study). Egger’s regression
test was used to examine the asymme-
try of the funnel plot.12

The analyses for accuracy para-
meters were performed in the Win-
BUGS program, which uses a Bayesian
algorithm.13 The analysis for publica-
tion bias was performed using SPSS ver-
sion 15.0 (SPSS Inc, Chicago, Illi-
nois). Two-sided P�.05 was considered
to be statistically significant.

RESULTS
Search Strategy
and Study Selection

The initial search yielded 909 articles
(FIGURE 2), including 3 systematic re-
views.14-16 The Database of Abstracts of
Reviews of Effectiveness yielded no ad-
ditional studies. A total of 868 articles
were excluded based on review of ar-
ticle titles, abstracts, or both. Interob-
server agreement on study selection was

excellent, with agreement in 896 of 909
titles (� statistic=0.85). The most fre-
quent reason for exclusion was ab-
sence of CTA as the index test. Of the
41 full-text publications, 21 were ex-
cluded. Twelve publications pre-
sented the data in a format that pre-
cluded construction of 2�2 tables, 2
studies evaluated single-slice CTA, 3
studies combined results for different
indications together (both aneurysms
and obstructive disease), 1 study in-
cluded fewer than 10 patients, and 3
studies did not clearly define the indi-
cations for CTA testing. The remain-
ing 20 articles were included.4,5,17-34

Study Characteristics

All studies were diagnostic cohort stud-
ies. No randomized controlled trials ful-
filled the inclusion criteria because ran-
domized controlled trials generally
compare 2 different imaging modali-
ties and do not perform both the in-
dex test and reference test in the same
patient. Our goal in this study was to
compare CTA with DSA in the same pa-
tients. One study was published in Ger-
man,31 4 studies were published in Chi-
nese,19,24,25,34 and the remaining studies

were published in English. The me-
dian sample size was 33 (range, 16-
279) and these 20 studies included 957
patients. All studies divided the vascu-
lar tree into segments, varying from 6
segments to 42 segments (mean, 24 seg-
ments). In all studies except 1 study,24

patients were examined bilaterally. The
total number of segments per study var-
ied from 163 to 4743 (median, 730 seg-
ments per study).

TABLE 2 shows characteristics of in-
cluded studies. Slice thickness varied
between 0.75 and 5.0 mm (median, 2.0
mm). Various contrast media were used
for the CTA. Iomeprol was used in 6
studies,5,17,20,22,23,28 iopromide was used
in 4 studies,25,30,31,34 and the remaining
studies* used other iodine-based con-
trast media. The iodine concentration
varied between 300 and 400 mg/mL.
The amount of administered contrast
per scan varied between 88 and 170 mL
(median, 130 mL). Interpretation of
CTA was always based on the axial im-
ages. Other image reconstructions used
were maximum-intensity projections
(n=17), volume-rendered technique
(n = 15), multiplanar reformation
(n = 6), curved-planar reformation
(n=4), and virtual endoscopy (n=1).
In most studies, the interpretation of
CTA was performed by 2 observers
(n=16) and sometimes by 3 observers
(n=3)18,20,26 or by 1 observer (n=1).5

Most studies included predominantly
patients with intermittent claudica-
tion (68% of all patients). Nine stud-
ies† did not describe clinical symp-
toms other than peripheral arterial
disease. The mean prevalence of dis-
eased segments (occlusion or �50%
stenosis) was 29% (SD, 8%; range, 12%-
47%). One study30 defined a signifi-
cant stenosis as at least 70% stenosis.

TABLE 3 shows methodological
assessment of included studies using the
QUADAS checklist. Inclusion criteria
were clear in only 4 studies.20,26,29,32 In
most studies, it was unclear whether the
sameclinical information typically avail-
able in clinical practice was available at

*References 4, 18, 19, 21, 24, 26, 27, 29, 32, 33.
†References 5, 19, 20, 22, 24, 25, 27, 30, 34.

Figure 2. Flow Diagram of Articles Included in the Meta-analysis

868 Excluded
790 Not about CTA
41 Not about CTA for PAD
13 Different reference standard
2 Not a diagnostic study

22 CTA not for primary diagnosis

21 Excluded
12 Construction of 2 × 2 tables impossible

1 Included <10 patients
3 Indication for CTA included aneurysms
3 Did not clearly define indications for CTA testing
2 Single-slice CTA

909 Screened by title, abstract, or both

41 Selected for full-text review

20 Included in meta-analysis

122 Excluded (duplicate studies)

1031 Articles identified in initial search
687 via MEDLINE (January 1966–August 2008)
344 via EMBASE (January 1980–August 2008)

CTA indicates computed tomography angiography; PAD, peripheral arterial disease.
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the time of CTA interpretation. In 7
studies,4,5,19,30,32-34 noclinical information
was provided at the time of CTA inter-
pretation. Eleven studies were prospec-
tive,‡ 7 retrospective,18,19,23,24,28,29,31

and in 2 studies,4,20 study design meth-
ods were unclear. In each study,
intra-arterial DSA was used as the ref-
erence standard.

Data Synthesis and Analysis

Reproducibility. Interobserver agree-
ment for CTA was not provided in 12
studies.19,21-28,31,32,34 One study5 included
only 1 observer. Seven studies expressed
interobserver agreement as � statistic,
ranging between 0.61 and 1.00 (good to
excellent agreement).4,17,18,20,29,30,33

Sensitivity and Specificity per Seg-
ment for Entire Vascular Tree. Most
studies provided data for the entire vas-
cular tree, from the abdominal aorta to
the tibial arteries, except for 2 stud-
ies.24,32 Li et al24 provided only data from
the femoral to tibial region and Schertler
et al32 provided data only for the tibial
arteries. Table 2 shows true-positive,
false-negative, false-positive, and true-
negative results for detecting more than
50% stenosis or occlusion per seg-
ment. Three studies presented data for
2 observers separately.17,21,33 For these
studies, mean values were presented for
the 2�2 tables. Statistical heteroge-
neity was present for sensitivity
and specificity (I2 values were 92% and
95%, respectively). The summary esti-
mates were 95% for sensitivity (95%

confidence interval [CI], 92%-97%) and
96% for specificity (95% CI, 93%-97%).

TABLE 4 shows the subgroup analy-
ses for identifying potential sources of
heterogeneity. Computed tomo-
graphic scanner slice number was re-
lated to outcome. Studies performed on
a 16- or 64-slice multidetector CT scan
were more accurate than studies per-
formed on a 2- or 4-slice multidetec-
tor CT scan. Study design and popula-
tion were not significantly associated
with diagnostic accuracy.

Study Quality. Subgroup analysis for
quality is shown in Table 4. Median
study quality was 11 points (range, 6-15
points). Accuracy of low-quality stud-
ies (n=12) did not differ significantly
from high-quality studies (n=8), when
low quality was defined as 11 points or‡References 5, 17, 21, 22, 25-27, 30, 32-34.

Table 2. Characteristics of Included Studies and Absolute Numbers From 2 � 2 Contingency Tables on Per-Segment Basis for the Entire
Vascular Tree

Source
No. of

Patients
No. (%)
of Men

Age,
Mean (SD)

or
(Range), y

Fontaine
II, No.
(%)a

No.

Slices

Segments
per

Patientb
Total

Segments

Segments
Nondiag-
nosticc

True
Positive

False
Negative

False
Positive

True
Negative

Puls et al,31 2002 31 17 (55) 53 (38-75) 30 (97) 4 6 186 ND 56 7 17 106

Heuschmid et al,23

2003
23 15 (65) 66 (13) 18 (78) 4 27 568 21 137 12 40 379

Martin et al,26 2003 41 28 (68) 67 (45-84) 32 (78) 4 35 1312 22 327 38 61 886

Ofer et al,28 2003 18 15 (83) 64 (50-79) 14 (78) 4 25 410 16 110 11 22 267

Catalano et al,20 2004 50 39 (78) 67 (43-89) ND 4 23 1137 5 251 3 23 860

Mesurolle et al,27 2004 16 14 (88) 64 (ND) ND 2 11 168 11 52 5 8 103

Ota et al,29 2004 24 23 (96) 69 (17-88) 24 (100) 4 18 470 0 121 1 3 345

Portugaller et al,30

2004
50 42 (84) 68 (45-86) ND 4 15 740 ND 240 21 80 399

Bui et al,18 2005 25 24 (96) 63 (54-79) 14 (56) 4 31 718 ND 159 18 75 466

Edwards et al,21 2005d 44 30 (68) 68 (51-90) 29 (66) 4 33 1042 0 203 66 54 719

Schertler et al,32 2005e 17 11 (65) 67 (60-81) 17 (100) 16 10 163 0 38 2 18 105

Willmann et al,33 2005d 39 27 (69) 65 (44-81) 32 (82) 16 35 1365 0 351 12 38 964

Fraioli et al,22 2006f 75 57 (76) 65 (42-84) ND 4 19 1425 0 162 13 60 1190

Zhang et al,34 2006 30 25 (83) ND (45-75) ND 16 23 679 0 115 7 9 548

Albrecht et al,17 2007d 50 34 (68) 65 (11) 19 (38) 16 25 931 9 286 26 25 594

Cai et al,19 2007 279 164 (59) 59 (38-82) ND 16 17 4743 0 1152 29 67 3495

Li et al,25 2007 30 22 (73) 66 (52-77) ND 64 24 720 0 336 5 3 376

Laswed et al,4 2008 34 19 (56) 64 (37-90) 6 (18) 16 39 748 0 311 11 20 406

Li et al,24 2008g 31 18 (58) 51-90 ND 64 12 216 0 110 2 4 100

Schernthaner et al,5
2008

50 27 (54) 68 (43-90) ND 16 42 1351 ND 479 6 8 858

Abbreviation: ND, not determined or unknown.
aMild to severe intermittent claudication without rest pain (Fontaine III) or tissue loss (Fontaine IV).
bNumber of segments per patient in which the arterial tree was subdivided.
cNumber of segments nondiagnostic on computed tomography angiography.
dStudy presented data for 2 observers, with presented numbers as means.
ePresented data only regarding the tibial arteries.
fData were presented for 3 different patient groups, with the numbers being summed.
gPresented data only regarding the femoral to tibial arteries.
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less and high quality was defined as
more than 11 points (P value for sen-
sitivity comparison=.14 and P value for
specificity comparison = .28). Simi-
larly, accuracy of low-quality studies
(n=7) did not differ significantly from
high-quality studies (n=13), when low
quality was defined as 10 points or less
and high quality was defined as more
than 10 points (P value for sensitivity
comparison=.81 and P value for speci-
ficity comparison=.82).

Sensitivity and Specificity per Seg-
ment for Each Anatomic Region.
TABLE 5 shows the true-positive, false-
negative, false-positive, and true-
negative results and corresponding sen-
sitivity and specificity values for
detecting more than 50% stenosis or oc-
clusion according to anatomical re-

Table 3. Evaluation of Quality of Included Studies Using the QUADAS Toola

Source

Representative
Spectrum of

Patientsb
Selection
Criteria

Time Interval
Between
CTA and

Reference
Standardc

Description
Execution

of CTA

Description
Execution

of DSA

Interpretation
of CTA

Blinded From
Reference
Standard

Interpretation
of DSA
Blinded

From CTA
Clinical

Informationd
Prospective

Design

Puls et al,31 2002 Yes No Yes Yes No Unclear Unclear Unclear No

Heuschmid et al,23

2003
Yes No Unclear Yes No No No Unclear No

Martin et al,26 2003 Yes Yes No Yes Yes Yes Yes Unclear Yes

Ofer et al,28 2003 Yes No Unclear Yes Yes Yes Yes Unclear No

Catalano et al,20

2004
Yes Yes Yes Yes Yes Unclear Unclear Unclear Unclear

Mesurolle et al,27

2004
Unclear No Yes Yes Yes Yes Yes Unclear Yes

Ota et al,29 2004 No Yes No Yes Yes Yes No Unclear No

Portugaller et al,30

2004
Unclear No Yes Yes Yes Unclear Unclear No Yes

Bui et al,18 2005 Unclear No No Yes No Yes Yes Unclear No

Edwards et al,21

2005
Yes No Yes Yes Yes Yes Yes Unclear Yes

Schertler et al,32

2005
No Yes Yes Yes Yes Yes Yes No Yes

Willmann et al,33

2005
Yes No Yes Yes Yes Yes Yes No Yes

Fraioli et al,22 2006 Unclear No Yes Yes Yes No No Unclear Yes

Zhang et al,34 2006 Unclear No Yes Yes No Yes Yes No Yes

Albrecht et al,17 2007 Yes No Yes Yes Yes Yes Yes Unclear Yes

Cai et al,19 2007 Unclear No Unclear Yes No Yes Yes No No

Li et al,25 2007 Unclear No Unclear Yes Yes Unclear Unclear Unclear Yes

Laswed et al,4 2008 Yes No Yes Yes No Yes Yes No Unclear

Li et al,24 2008 Unclear No Yes Yes Yes Unclear Unclear Unclear No

Schernthaner et al,5
2008

Unclear No Yes Yes No Yes Yes No Yes

Abbreviations: CTA, computed tomography angiography; DSA, digital subtraction angiography.
aA quality assessment tool specifically developed for systematic reviews of diagnostic accuracy studies.7 We defined a representative patient spectrum as a cohort that included both

participants with claudication and those with critical limb ischemia.
bDefined as a mixture of claudication and critical limb ischemia.
cDefined as an interval of 30 days maximum.
dSame clinical information available during interpretation of the index test when used in practice.

Table 4. Subgroup Analyses Based on Execution of CTA (Number of Slices), Patient
Population, Study Design, and Study Qualitya

Characteristic
Sensitivity, %

(95% CI)
P

Value
Specificity, %

(95% CI)
P

Value

CTA
2- to 4-slice CT 92 (88-96)

.03
93 (89-96)

.002
16- to 64-slice CT 97 (95-98) 98 (96-99)

Patient population, %
�70 Fontaine II 94 (88-97)

.37
94 (89-97)

.71
�70 Fontaine II 90 (79-96) 93 (87-97)

Study design
Prospective 94 (90-97)

.34
96 (92-98)

.81
Retrospective 96 (93-98) 95 (91-98)

Study quality 1
High (�11 points) 93 (87-96)

.14
94 (91-96)

.28
Low (�11 points) 96 (94-98) 96 (93-98)

Study quality 2
High (�10 points) 95 (91-97)

.81
96 (93-97)

.82
Low (�10 points) 95 (91-98) 95 (90-98)

Abbreviations: CI, confidence interval; CT, computed tomography; CTA, computed tomography angiography.
aFontaine II is defined as mild to severe intermittent claudication without rest pain (Fontaine III) or tissue loss (Fontaine

IV). High quality was defined according to the median quality score, which was 11.
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gion. Summary estimates are provided
for different parts of the vascular tree
(aortoiliac, femoropopliteal, and
tibial arteries). Outcome data by ana-
tomic region were provided in 7 stud-
ies.4,5,24,27,30,32,33 The summary esti-
mates of sensitivity and specificity for
aortoiliac disease provided in 5 stud-
ies were 96% (95% CI, 91%-99%; fixed-
effects model, I2=0%) and 98% (95% CI,
95%-99%; fixed-effects model, I2=29%),
respectively. The summary estimates of
sensitivity and specificity for femoro-
popliteal disease provided in 5 studies
were 97% (95% CI, 95%-99%; random-
effects model, I2=26%) and 94% (95%
CI, 85%-99%; random-effects model,
I2=89%), respectively. The summary es-
timates of sensitivity and specificity for
distal runoff in the tibial arteries pro-
vided in 6 studies were 95% (95% CI,
85%-99%; random-effects model,
I2=82%) and 91% (95% CI, 79%-97%;
random-effects model, I2=94%). One
study24 that provided results for the fem-
oral artery up to and including the tibial
artery reported a sensitivity of 98% and
a specificity of 96%.

Correct Diagnosis, Understaging,
and Overstaging. Results of the mul-
tivariate approach are shown in
TABLE 6. Thirteen studies§ provided
data that allowed construction of 3�3
tables. Absolute numbers of segments
per category are shown by study. The
summary estimates, calculated using a
random-effects model, represent the
proportions of correct diagnosis, un-
derstaging, and overstaging. Com-
puted tomography angiography cor-
rectly diagnosed occlusion in 94% of
segments. Underestimation of occlu-
sion occurred in 6% of segments, mostly
as more than 50% stenosis (5%). Com-
puted tomography angiography cor-
rectly diagnosed more than 50% ste-
noses in 87% of segments. Understaging
occurred in 9% of segments and over-
staging (a significant stenosis was di-
agnosed by CTA as an occlusion) in 4%
of segments. Computed tomography
angiography correctly designated a seg-
ment without a significant stenosis in

96% of segments and CTA incorrectly
designated a segment as occluded when
it was free of significant stenosis on DSA
in 1 of 1000 cases (0.1%).

Publication Bias. Egger’s regres-
sion test showed an asymmetric distri-
bution of the points in the funnel plot
for detection of publication bias (inter-
cept, 1.67; 90% CI, 0.35-2.99; P=.05),
indicating that publication bias was
likely (data not shown).

COMMENT
Compared with intra-arterial DSA, our
meta-analysis suggests that CTA is
highly accurate for assessment of PAD
in all regions of the lower extremity ar-
teries. Computed tomography angiog-
raphy both correctly identified hemo-
dynamically significant lesions and also
accurately distinguished between more
than 50% stenoses and occlusions.
Ninety-four percent of occlusions and

87% of nonoccluded segments with
more than 50% stenosis detected by
DSA were correctly identified by CTA.
The accuracy of CTA may be even
higher than reported herein, because all
studies used DSA as the reference
standard, but did not report whether
biplanar views were used to grade dis-
ease angiographically. Because CT re-
constructions allow 3-dimensional
assessment, significant disease may be
detected by CTA but be unrecognized
by DSA, thus leading to false-positive
CTA results and an underestimated
specificity.

Our review has several limitations.
We excluded 12 studies because they
did not provide data allowing construc-
tion of 2�2 tables. We did not con-
tact these authors to obtain the data, po-
tentially resulting in biased results and
less precise estimates of pooled diag-
nostic accuracy. Our analysis under-

§References 5, 17-22, 25, 26, 28, 29, 31, 34.

Table 5. Diagnostic Accuracy of CTA in the Detection of More Than 50% Stenosis or
Occlusion According to Anatomical Regiona

Source, by Vessels

No. of Segments %

True
Positive

False
Negative

False
Positive

True
Negative Sensitivity Specificity

Aortoiliac arteries
Mesurolle et al,27 2004 18 0 1 29 100 97

Portugaller et al,30 2004 24 2 12 212 92 95

Willmann et al,33 2005b 75 3 6 267 96 98

Laswed et al,4 2008 20 1 0 139 95 100

Schernthaner et al,5 2008 58 3 4 157 95 98

Summary estimates (95% CI) 96 (91-99) 98 (95-99)

Femoropopliteal arteries
Mesurolle et al,27 2004 31 1 4 55 97 93

Portugaller et al,30 2004 62 1 11 26 98 70

Willmann et al,33 2005b 98 3 10 201 97 95

Laswed et al,4 2008 53 4 5 106 93 95

Schernthaner et al,5 2008 221 3 2 364 99 99

Summary estimates (95% CI) 97 (95-99) 94 (85-99)

Tibial arteries
Mesurolle et al,27 2004 3 4 3 19 43 86

Portugaller et al,30 2004 154 18 57 161 90 74

Schertler et al,32 2005 38 2 18 105 95 85

Willmann et al,33 2005b 177 7 22 496 96 96

Laswed et al,4 2008 238 6 15 161 98 91

Schernthaner et al,5 2008 200 0 2 337 100 99

Summary estimates (95% CI) 95 (85-99) 91 (79-97)

Femoropopliteal-tibial arteries
Li et al,24 2008 110 2 4 100 98 96

Abbreviations: CI, confidence interval; CTA, computed tomography angiography.
aSummary estimates for the aortoiliac arteries were calculated by means of a fixed-effects model; summary estimates for

the femoropopliteal arteries and tibial arteries were calculated by means of a random-effects model.
bStudy presented data for 2 observers; numbers presented are means.
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scores the importance of reporting ac-
cording to standards such as the STARD
to facilitate future meta-analyses.35

One limitation of our study is that we
may have missed important publica-
tions, despite an extensive search with-
out language restriction.12 Egger’s re-
gression test showed an asymmetric
distribution of points in the funnel plot,
indicating that publication bias was
likely. We used the QUADAS tool for
assessing methodological quality of in-
dividual studies. This tool was specifi-
cally developed for quality assessment
of diagnostic accuracy studies in-
cluded in systematic reviews. The
QUADAS tool helped identify severe
methodological shortcomings. The
QUADAS instrument was used to per-
form sensitivity analyses according to
different levels of quality. We found no
relationship between study quality and
outcome. A diagnostic test must al-
ways be evaluated in a clinically rel-
evant population, because test perfor-
mance often varies across population
subgroups. Nonconsecutive recruit-
ment and inclusion of only a subset of
stages of disease can result in spec-

trum bias. The former may be appli-
cable to the studies included in this re-
view, because only 4 studies clearly
described the selection criteria. Many
studies provided a scanty description
of their patient population, making it
difficult to determine whether study
participants were representative of PAD
patients undergoing CTA in clinical
practice. Furthermore, most studies in-
cluded predominantly patients with in-
termittent claudication. Such patients
are generally treated conservatively and
do not typically require a CTA. Pa-
tients with critical limb ischemia who
require a complete assessment of their
lower extremity arteries for planning an
open or endovascular intervention were
scarce in the studies included in this re-
view. Only 1 study4 included a large
proportion of patients with critical limb
ischemia. Although the authors found
that CTA is accurate, more research is
needed to determine the clinical value
of CTA in the appropriate target popu-
lation. Finally, in nearly all patients both
lower extremities, including asymp-
tomatic legs, were examined. This is re-
flected by the low prevalence (29%) of

diseased segments. It is possible that the
diagnostic performance of CTA dif-
fers for symptomatic and asymptom-
atic PAD. Information on the perfor-
mance of CTA in the symptomatic leg
is most relevant for clinical practice.

Another limitation is the data-
analysis method in the individual stud-
ies. All studies in our meta-analysis di-
vided the vascular tree into segments.
The number of segments per patients
varied from 6 to 42. The relatively high
proportion of segments without a sig-
nificant stenosis—segments that are
likely to be correctly identified by
CTA—will result in an overestima-
tion of specificity. From a clinical stand-
point, it is more useful to divide the vas-
cular tree into clinically relevant
segments (eg, aortoiliac, femoropopli-
teal, and distal runoff). Finally, the sta-
tistical power of this meta-analysis was
limited by the relatively small sample
size of most included studies. Taking
into account all of these methodologi-
cal issues, results must be interpreted
with caution.

Meta-analyses of diagnostic accu-
racy are used to produce summary es-

Table 6. Assessment of Degree of Stenosis With CTA vs Intra-arterial DSA in the Aortoiliac and Lower Extremity Arteries

Source

No. of Segments

DSA Normal DSA Stenosis DSA Occlusion

Normal Stenosis Occlusion Normal Stenosis Occlusion Normal Stenosis Occlusion

Puls et al,31 2002 106 17 0 7 43 0 0 0 13

Martin et al,26 2003 886 61 0 31 104 2 7 19 202

Ofer et al,28 2003 267 19 3 10 34 3 1 6 67

Catalano et al,20 2004 860 23 0 2 72 5 1 4 170

Ota et al,29 2004 345 3 0 1 32 6 0 3 80

Bui et al,18 2005 466 65 10 6 41 5 12 7 106

Edwards et al,21 2005a 719 48 6 47 64 9 20 21 108

Fraioli et al,22 2006b 1190 58 2 13 109 3 0 2 48

Zhang et al,34 2006 548 9 0 7 60 5 0 2 48

Albrecht et al,17 2007a 594 25 0 26 165 4 0 12 105

Cai et al,19 2007 3495 67 0 29 857 53 0 12 230

Li et al,25 2007 376 3 0 5 233 5 0 4 94

Schernthaner et al,5
2008

858 8 0 6 232 0 0 2 245

Summary estimates
(95% CI)c

0.96
(0.95-0.97)

0.04
(0.02-0.05)

0.0010
(0.0003-
0.0020)

0.09
(0.06-0.15)

0.87
(0.82-0.90)

0.04
(0.03-0.06)

0.010
(0.003-
0.020)

0.05
(0.04-0.07)

0.94
(0.91-0.96)

Abbreviations: CI, confidence interval; CTA, computed tomography angiography; DSA, digital subtraction angiography.
aStudies presented data for 2 observers; numbers presented are means.
bData were presented for 3 different patient groups, with the sumation of numbers shown.
cSummary estimates were calculated by means of a random-effects model.
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timates of sensitivity and specificity by
dichotomization of test results. How-
ever, for treatment of patients with PAD,
it is important to know both whether
a vessel is diseased and also the extent
of disease. Staging often consists of 3
or more categories (eg, a normal ves-
sel, a significant stenosis [�50%], or an
occlusion). When data are dichoto-
mized, staging information is lost. Using
previously described methods,11 we pre-
sented 3�3 contingency tables along
with summary estimates. Computed to-
mography angiography performed well
in detecting occlusions (94% of oc-
cluded segments were correctly diag-
nosed by CTA). Most of the occlu-
sions missed by CTA were diagnosed
as more than 50% stenosis. However,
for detecting a nonocclusive stenosis of
more than 50%, CTA performed less
well (CTA underestimated the degree
of stenosis in 9% of nonoccluded seg-
ments with �50% stenosis).

Overstaging may easily occur when
a calcified patent vessel is mistaken for
an occluded vessel due to the bloom-
ing effect of the calcium.36 However,
overstaging occurred less frequently in
comparison with understaging. A rea-
son for understaging, given by Martin
et al,26 is that DSA may misclassify
patent segments as occluded. Possible
reasons for this phenomenon are mo-
tion artifacts, different rates of calf ves-
sel filling, or insufficient arterial opaci-
fication distal to occlusions.26 Perhaps
smaller slice thickness will lead to less
partial volume effect and hopefully to
more accurate measurement of degree
of stenosis.

The diagnostic accuracy of CTA
seems to compare well with MRA,2,3 al-
though studies directly comparing these
imaging modalities are lacking. Choos-
ing between different imaging modali-
ties for PAD requires consideration of
factors in addition to diagnostic accu-
racy. Duplex ultrasonography has a
lower sensitivity than MRA and CTA
but it is easily accessible and does not
require radiation or contrast agents.1

However, a recent study showed that
duplex ultrasonography was less clini-
cally useful because the therapeutic

confidence of the treating physicians for
duplex ultrasonography was lower
compared with MRA or CTA.37 Mag-
netic resonance angiography has some
important advantages. It does not re-
quire iodinated contrast and there is no
radiation exposure. However, diagnos-
tic costs of MRA are higher than for
CTA and there are many contraindica-
tions for magnetic resonance imaging,
including a pacemaker, metal im-
plants, claustrophobia, and the need for
gadolinium contrast agents. These con-
trast agents can lead to potentially life-
threatening nephrogenic systemic fi-
brosis in patients with renal failure.38

For CTA, iodinated contrast agents are
used. These are potentially nephro-
toxic, but this adverse effect can be re-
duced by hydration39 and, although still
under debate, administration of acetyl-
cysteine.40,41

Another drawback may be that
frequent use of multidetector CT scan
exposes a patient to large quantities of
potentially carcinogenic ionizing ra-
diation.42 For example, the standard
protocol used in the study by Fraioli et
al22 gives a radiation exposure of 13.7
milliSievert (mSv). In the study by Cat-
alano et al,20 the radiation dose is 12.0
mSv. In comparison, a posterior-
anterior chest radiography gives a ra-
diation dose of 0.01 mSv and annual
background radiation is 3.0 mSv.43 Post-
processing of peripheral CTA can in-
clude reconstruction of different im-
ages, like curved planar reformations,
maximum-intensity projections, and
volume renderings. Although clinical
interpretation will be facilitated, these
reconstructions can be time consum-
ing. Moreover, interpretation of CTA
can be seriously hampered in the pres-
ence of calcifications as discussed ear-
lier.28,29,44 The choice between differ-
ent imaging techniques depends on
local availability and experience and pa-
tient characteristics. Therefore, more
studies are needed to determine the ex-
act (additional) value of CTA in com-
parison with other noninvasive diag-
nostic modalities for PAD, like MRA
and duplex ultrasonography. Random-
ized trials comparing both modalities

and their effect on treatment, out-
come, and costs are needed. For fu-
ture research, we stress the impor-
tance of using n�n tables for reporting
outcomes of diagnostic studies.

In conclusion, our meta-analysis
showed that methodological quality of
reports on diagnostic research of CTA
is moderate, as expressed by the
QUADAS tool. Many studies may have
included sources of bias, like spec-
trum bias and selection bias. Nonethe-
less, CTA was a reliable imaging mo-
dality with high sensitivity and
specificity for differentiating extent of
disease in patients with predomi-
nantly intermittent claudication com-
pared with intra-arterial DSA. Our
meta-analysis also reveals that the di-
agnostic performance of CTA for pa-
tients with critical limb ischemia has
been poorly investigated thus far. More
rigorous evaluations of CTA in pa-
tients with critical limb ischemia are
needed.
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