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ARTICLE INFO ABSTRACT

Keywords: Despite major recent advances in the therapeutic management of Giant cell arteritis (GCA), the diagnosis ac-
Giant cell arteritis curacy of temporal artery ultrasound remains controversial in this disease. We performed a systematic review to
Ultrasound

determine the sensitivity, specificity, and summary positive (LR+) and negative (LR-) likelihood ratios of
temporal artery ultrasound for the diagnosis of GCA. For this, we searched EMBASE, MEDLINE and the Cochrane
Database of Systematic Reviews without language restriction. Original articles reporting on diagnostic accuracy
of temporal artery ultrasound compared to temporal artery biopsy, for the diagnosis of GCA, were selected.
Sensitivity and specificity from each study were used to fit a bivariate diagnosis accuracy model. Of 1280 articles
identified, 48 underwent full-text review, and 25 were included. Based on a total of 20 studies, the sensitivity
and specificity of hypoechoic halo compared to positive temporal artery biopsy were respectively of 68% (95%
CIL: 57-78) and 81% (95%CI: 75-86). The summary mean positive and negative likelihood ratios were respec-
tively of 3.64 (95%CI: 2.76-4.73) and 0.40 (0.28-0.52). Taking into account 11 studies reporting on the pre-
sence of any abnormal sign on temporal artery ultrasound yielded similar results with largely overlapping 95%
confidence interval regions. This study provides the summary estimates of the diagnostic properties of temporal
artery ultrasound compared to temporal artery biopsy, for the diagnosis of GCA. Those parameters allow the
calculation of the post-test probability of GCA in a given patient, based on the results of temporal artery ul-
trasound and will help improving the diagnosis strategy for this common disease.
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Systematic review
Sensitivity

Specificity

Likelihood ratios

1. Introduction

Giant cell arteritis (GCA) is the most common form of systemic
vasculitis in adults [1]. The disease is characterized by a panarteritis of
medium to large-sized arteries [2], especially in the extracranial bran-
ches of the carotid artery [3,4]. Despite recent advances, the patho-
genesis of the disease remains largely unknown [5,6]. Only half of
patients have enlarged, nodular, or nonpulsatile temporal arteries [7];
therefore normal temporal arteries on physical examination do not
exclude the diagnosis of GCA. Almost all patients have a markedly
elevated Erythrocyte Sedimentation Rate (ESR) and C-reactive protein
(CRP) levels [8]. The 1990 Criteria of the American College of Rheu-
matology (ACR) requires at least 3 of the following to classify a patient
as having GCA: age of =50years, new onset of localized headache,
temporal artery tenderness on palpation or decreased pulsation,

erythrocyte sedimentation rate (ESR) = 50 mm/h, and abnormal tem-
poral artery biopsy [9]. Up to now, the diagnosis of GCA is usually
confirmed by a biopsy of the temporal artery (TAB, temporal artery
biopsy), showing typical findings including infiltration of the vessel
wall with mononuclear inflammatory cells and occasional giant cells,
intimal proliferation, and thrombosis. While other imaging methods,
such as 18FDG-PET have emerged [10,11], temporal artery biopsy re-
mains the gold standard for the diagnosis of GCA, but the segmental
nature of the disease can be responsible for false-negative results [7].
Color duplex sonography (CDS) of the superficial temporal artery and
large vessels is an emerging diagnostic tool for GCA [12]. CDS has
greatly improved the non-invasive full length visualization of arterial
wall abnormalities in medium sized arteries, and may visualize a halo
sign (hypoechoic ring around the lumen of the temporal artery), as well
as stenosis and/or occlusion. Nevertheless, CDS wuse remains
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Table 1
Characteristics of included studies.
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Study / Years Nb of patients Nb of female Age Nb of patient with Nb of patient with a Nb of patient with any CDS
n (%) positive TAB halo sign abnormality
Muratore et al. (2013) 160 47 (74.6) 75 = 8% 63 65 NA
Aschwanden et al. (2013) 80 55 (69) 72 + 10% 20 30 NA
Del Blanco Alonso et al. 32 20 (62.5) 78 (61-88)° 3 6 NA
(2013)
Black et al (2013) 50 36 (72) 69.2 (33-90)° 5 5 NA
Pfenninger et al (2012) 85 52 (61) F: 71.5 (55-91)% 27 4 15
M: 71.6 (44-91)°
Maldini et al (2010) 77 49 (64) 72.2 £ 9.1* 6 1 NA
Ciancio et al (2009) 13 NA NA 10 10 NA
Pérez Lopéz et al (2009) 60 GCA: 18 (60) GCA: 78(64-93)° 29 26 28
Bley et al (2008) 59 32 (54) 71 + 8.7* 24 26 NA
Zaragoza garcia et al (2007) 23 14 (60) 74 (57-85)% 5 5 8
Karahaliou et al (2006) 55 GCA: 13 (59) GCA: 70 (52-90)° 22 21 NA
Non-GCA: 17 Non-GCA:
(52) 74(50-91)°
Reinhard et al (2004) 83 49 (59) 68 = 11* 33 23 25
Schmidt et al (2003) 36 22 (61) 71(50-90)° 32 24 NA
Murgatroyd et al (2003) 26 NA NA (55-95)% 7 12 NA
LeSar et al (2002) 32 21 (65.6) 73.1 = 9.2% 7 8 12
Salvarani et al (2002) 86 55 (64) 73 + 8* 15 21 NA
Nesher et al (2002) 69 NA NA 9 16 NA
Schmid et al (2002) 20 11 (55) 74 £ 7% 12 6 NA
75 (59-84)°
Venz et al (1998) 20 12 (60) 76.3 + 8.75*% 6 8 NA
Schmidt et al (1997) 30 21 (70) 73 (52-86)% 21 18 24
Croft et al (2015) 87 GCA: 26 (72) GCA: 75 = 9* 8 NA 13
Non-GCA: 34 Non-GCA: 71 + 8*
(67)
Romera-Villegas et al (2004) 68 48 (70.6) 77 (64-88)° 22 NA 25
Pfadenhauer et al (2003) 67 51 (76) 69 (NA)® 33 NA 36
Brunzholzl et al (1998) 145 84 (58) 69.6 + 8.7* 20 NA 13
69.6 (45-88)°
Lugmani et al (2016) 381 274 (72) 71 (64-78)% 101 NA 162

TAB: temporal artery biopsy; CDS: Color duplex sonography; NA: not available; *mean age +/— SD; 8median age (range); GCA: giant cell arteritis.

controversial in routine clinical practice and more importantly requires
skilled sonographers.

In this study, we performed a systematic review and meta-analysis
to assess the summary sensibility and specificity of temporal artery
ultrasound compared to temporal artery biopsy for the diagnosis of
GCA. Our main interest was to determine the positive (LR+) and ne-
gative (LR-) likelihood ratios across these studies. Those alternative
statistics have several particularly powerful properties that make them
more useful clinically at the bed-side to estimate the post-test prob-
ability of GCA, based on CDS findings.

Other meta-analysis have been performed but there are not recent
and without likelihood ratios measurement [13-15].

2. Material and methods

This meta-analysis of diagnostic accuracy studies was performed
according to the PRISMA methodology.

3. Literature search and information sources

We searched EMBASE, MEDLINE and the Cochrane Database of
Systematic Reviews (until the 1st of March 2017) for original articles
without language restrictions. The search strategy combined free text
search, exploded MESH/EMTREE terms and all synonyms of the fol-
lowing Medical Subject Headings terms: giant cell arteritis, temporal
artery biopsy and temporal artery ultrasound (see eMethod1).

4. Study selection and eligibility criteria

Observational studies were considered if: 1) they assessed the sen-
sitivity and/or specificity of temporal artery ultrasound compared to
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that of temporal artery biopsy; 2) for the diagnosis of CGA according to
the 1990 ACR criteria. Editorials, case reports and reviews were ex-
cluded from the study.

The quality of studies was assessed using the QUADAS Scale for
diagnostic accuracy studies [16].

5. Data extraction

The recorded information for each selected study included the study
design, patient characteristics, ultrasound characteristics, number and
type of patients with ultrasound lesions (hypoechoic halo, occlusion or
stenosis), and the positive number of temporal artery biopsy. We have
included all studies assessing the sensibility and specificity of temporal
artery ultrasound comparatively to temporal artery biopsy. Data were
extracted independently by 2 investigators (M.R & E.C.). Discrepancies
were solved in consensus after additional review of the studies, or after
consultation of a third reviewer (L.A.) in case of persistant disagree-
ment.

6. Ultrasound lesions

Ultrasound lesions compatible with GCA were hypoechoic halo,
occlusion or stenosis of temporal artery. We also assessed the number of
positive temporal artery biopsy and number of CDS showing hy-
poechoic halo, occlusion, stenosis or any for the diagnostic of giant cell
arteritis.

7. Statistical analyses

For each study, the number of true positive, false negative, true
negative and false positive were independently extracted by 2
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1270 citations retrieved
from Pubmed (n=394), Embase (n=875),
Cochrane (n=1)
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A 4

256 duplicates excluded

A 4

48 papers
undergoing full-text revision

A 4

966 excluded papers, based on titles and abstracts

] 23 papers excluded afterfull-text review

A 4

25 papers
included in the meta-analysis

18 without outcome of interest

2 no validated criteria for defining GCA

1 ultrasound assement without mode-B and/or doppler
1 meta-analysis

1 investigating PMR without CGA

Fig. 1. Study flow chart.
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Fig. 2. Sensitivity, specificity, LR+ and LR-

investigators (M.R & E.C.). We used The R software (version 3.3.2) with
the “mada” package (https://cran.r-project.org/web/packages/mada/
index.html) to fit a bivariate diagnostic accuracy model, as described by
Reitsma et al. [17] Summary receiver operating characteristic (SROC)
curves were fit based on the model parameters, and used to compute

Negative Likelihood Ratio

for individual studies reporting on the halo sign.

summary sensitivity and specificity and their 95% confidence interval
across all included studies. The Markov Chain Monte Carlo procedure
(with 100,000 iterations) was used to generate summary positive and
negative likelihood ratios, according to the method proposed by
Zwindermann & Bossuyt [18].
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Fig. 3. Sensitivity, specificity, LR+ and LR- for individual studies reporting on any CDS abnormality.
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Fig. 4. Comparison of the Summary receiver operating characteristic curves for
presence of the halo sign (full line) or any abnormal CDS(dotted line) with
temporal artery biopsy for the diagnosis of GCA. Small-sized circles (presence of
the halo sign) and triangles (any abnormal CDS) show the sensitivity and false
positive rate for individual studies. The larger circle (halo sign) and triangle
(any abnormal CDS) show the summary sensitivity and false positive rate, with
their 95% confidence area.
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8. Results
8.1. Literature search and assessment of publication bias

Our literature search identified 1270 citations of potential interest,
from which 25 studies (for a total of 1062 patients) met the inclusion
criteria and were included in this meta-analysis [12,19-42]. The
average age at inclusion ranged from 55 to 95years. The detailed
characteristics of these 25 studies are reported in Table 1. The quality of
the studies according to the QUADAS-2 Scale for diagnostic accuracy
studies is reported in the eTablel [17]. (See Fig. 1.)

8.2. Sensitivity and specificity of hypoechoic halo

Based on a total of 20 included studies reporting on the halo sign
[19-28,32-36,38-42], the sensitivity and specificity of hypoechoic halo
compared to positive temporal artery biopsy were respectively of 68%
(95% CI: 57-78) and 81% (95%CI: 75-86). The summary mean positive
and negative likelihood ratios were respectively of 3.64 (95%CI:
2.76-4.73) and 0.40 (0.28-0.52) (Fig. 2).

8.3. Sensitivity and specificity of any abnormalities (hypoechoic halo and/
or stenosis and/or occlusion)

Based on 11 studies with available data
[12,19,21,24,28-31,37,40,42], the diagnostic value of any abnormal-
ities in CDS comparatively to temporal artery biopsy was similar, with a
sensitivity of 78% (95CI%: 64-87), a specificity of 79% (95% CI:
73-85). The summary LR+ was 3.80 (95CI%: 2.73-5.19), and the
summary LR- was 0.29 (95CI%: 0.16-0.45), with largely overlapping
95% confidence interval regions between the use of the halo sign only,
or the use of any abnormalities in CDS (Figs. 2 and 3).
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9. Discussion

This systematic review and meta-analysis of 25 diagnosis accuracy
studies assessed the sensibility and specificity of temporal artery ul-
trasound compared to temporal artery biopsy for the diagnosis of GCA
and enabled us to determine the summary diagnosis properties of CDS,
including the very clinically useful LR+ and LR- across all published
studies.

The determination of the summary mean positive and negative
likelihood ratios (respectively of 3.64 [95%CI: 2.76-4.73] and 0.40
[0.28-0.52]) for the presence of the halo sign may prove very useful in
routine clinical practice, as a given individual with a pre-test prob-
ability of GCA of 50% would have a post-test probability of 78% if the
halo sign is present, and of only 29% in the absence of this sign.

An important finding it that taking into account any CDS abnorm-
alities increased only slightly the sensitivity compared to using the halo
sign (78% versus 68%, respectively), with a very similar specificity
(79% versus 81%, respectively), while the 95% confidence interval area
largely overlapped (Fig. 4).

Among the limitations of this meta-analysis is the observational
design of included studies. Also, it is likely that at least in some cases,
the CDS may have been performed by very skilled sono-rheumatologists
while this may not fully reflect current practices across all centers.
Among the strengths of this work are that we performed a systematic
review of the literature without any language restriction, and pooled
the results of individual studies to obtain summary estimates more
likely to reflect the global diagnosis properties of CDS in GCA (Figs. 3
and 4).

10. Conclusion

This systematic review and meta-analysis provides valuable esti-
mates of positive and negative likelihood ratios for abnormal temporal
artery ultrasound compared to temporal artery biopsy for the diagnosis
of GCA. These summary parameters may prove very useful to assess the
risk of GCA routinely at the bed-side. Another important finding it that
taking into account any CDS abnormalities increased only slightly the
sensitivity compared to using the halo sign, with a very similar speci-
ficity are largely overlapping 95% confidence interval area, which may
have some very practical implications.
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