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Abstract 

Objective  To determine the diagnostic discriminant validity between large vessel giant cell arteritis (LV-GCA) and 
atherosclerosis using ultrasound (US) intima-media thickness (IMT) measurements.

Methods  We included 44 patients with LV-GCA and 42 with high-risk atherosclerosis. US examinations of the axillary, 
subclavian, and common carotid arteries (CCA) were systematically performed using a MylabX8 system (Genoa, Italy) 
with a 4–15-MHz probe. IMT ≥ 1 mm was accepted as pathological.

Results  The LV-GCA cohort included 24 females and 20 males with a mean age of 72.8 ± 7.6 years. The atherosclero‑
sis group included 25 males and 17 females with a mean age of 70.8 ± 6.5 years. The mean IMT values of all arteries 
included were significantly higher in LV-GCA than in atherosclerosis. Among LV-GCA patients, IMT ≥ 1 mm was seen in 
31 axillary, 30 subclavian, and 28 CCA. In the atherosclerotic cohort, 17 (38.6%) had IMT ≥ 1 mm with axillary involve‑
ment in 2 patients, subclavian in 3 patients, carotid distal in 14 patients (5 bilateral), and isolated carotid proximal 
affectation in 1 case. A cutoff point greater than 1 pathological vessel in the summative count of axillary and sub‑
clavian arteries or at least 3 vessels in the count of six vessels, including CCA, showed a precision upper 95% for GCA 
diagnosis.

Conclusion  The IMT is higher in LV-GCA than in atherosclerosis. The proposed US halo count achieves an accuracy 
of > 95% for the differential diagnosis between LV-GCA and atherosclerosis. The axillary and subclavian arteries have 
higher discriminatory power, while carotid involvement is less specific in the differential diagnosis.
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Introduction
Giant cell arteritis (GCA) is the most common vasculitis 
in the elderly [1–3]. We can differentiate two patterns of 
vascular involvement in GCA: the classic cranial pattern, 
with headache and ischemic symptoms, and the extra-
cranial large vessel pattern (LV-GCA), which presents 
with constitutional symptoms such as fever, asthenia, 
and polymyalgia rheumatica. The focus of study in GCA 
has traditionally been on temporal arteries. But there is 
growing evidence that LV involvement is more frequent 
than previously thought. The aorta, axillary, and other 
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large vessels (i.e., extra-cranial arteries) can be affected in 
more than 50% of GCA cases [4–7].

For the diagnosis of GCA, temporal artery biopsy 
has long been regarded as the gold standard, but given 
the patched character of this vasculitis, there can be a 
false-negative rate of up to 40% [8]. In addition, tempo-
ral artery biopsy is not useful for diagnosing LV involve-
ment. Thus, imaging is the cornerstone of LV-GCA 
diagnosis [9].

LV-GCA patients have a higher risk of vascular compli-
cations such as aortic dilation [10], and these appear to 
be predictors of recurrence and require longer treatment 
[11]. Therefore, it is important to detect this subgroup of 
patients. Such is the importance of imaging in large ves-
sel vasculitis (LVV) that in 2018, the European Alliance of 
Associations for Rheumatology (EULAR) published the 
first recommendations for the use of imaging in the diag-
nosis and monitoring of LVV. Color Doppler sonography 
(CDS) was the first established imaging test to be per-
formed in patients with suspected GCA. In patients with 
high clinical suspicion of GCA and a positive imaging 
test, the diagnosis can be performed without additional 
testing [9]. Moreover, we know that atherosclerosis, a fre-
quent pathology in the age group of typical patients with 
GCA, is associated with increases in IMT [12, 13] and 
potentially indicates a problem in the differential diagno-
sis between both diseases.

The Outcome Measures in Rheumatology Clinical Tri-
als (OMERACT) ultrasound (US) subgroup on LVV pro-
vided definitions of the normal US appearance and key 
elementary lesions of vasculitis of the temporal arteries 
and LV based on international expert consensus. They 
defined a normal extra-cranial large artery as a “pulsat-
ing hardly compressible artery with anechoic lumen.” 
The intima-media complex was defined as “homogenous 
hypoechoic or anechoic echo-structure delineated by 
two parallel hyperechoic margins (‘double line pattern’) 
which is surrounded by mid-echoic to hyperechoic tis-
sue” and the halo sign in cranial or LVV as “homogenous, 
hypoechoic wall thickening, well delineated towards the 
luminal side, visible both in longitudinal and transverse 
planes; it is most commonly concentric in transverse 
scans” [14]. However, this raises a new, unanswered 
question: how do we determine which arteries should be 
assessed? Additionally, what is the cutoff point for accu-
rately differentiating between a normal and pathological 
intima-media thickness (IMT) in the arterial wall? To 
date, a cutoff measure of 0.9 to 1.5 mm has been used in 
different studies, but there is no consensus or evidence 
for the selection of a specific value [5, 15–17].

Our main objective was to assess the discriminant 
validity of the US halo/IMT to differentiate between LV-
GCA and atherosclerosis.

Materials and methods
Patients
This study included two different groups of patients. 
Group 1 was integrated by the consecutive enrolment of 
those patients at our GCA fast-track clinic (April 2017 to 
July 2020) who had a LV-GCA diagnosis. Patients needed 
to present an US halo sign consistent with GCA in at 
least one of the arteries explored and have manifestations 
consistent with GCA. The clinical diagnosis of the doctor 
in charge, which had to be confirmed after at least 1 year 
of follow-up, was used as the reference standard. Group 
2 included consecutive patients of the cardiovascular 
risk clinic, recruited in 2021, all of whom were at high or 
very high cardiovascular risk according to the European 
guidelines on cardiovascular disease prevention [18], as 
controls who likely had increases in IMT. The group 2 
exclusion criteria included past or present signs or symp-
toms of GCA and an erythrocyte sedimentation rate 
of > 40 mm/h.

Patients and controls provided informed written con-
sent upon entry into the study protocol. This study was 
approved by the Ethics Committee of the Hospital Uni-
versitario La Paz (HULP: PI-3040 and HULP: PI-3992). 
The medical history, clinical examination, laboratory 
data, and US were performed at the time of each subject’s 
enrolment in the study.

Vascular US of the large vessel arteries
US examinations of the axillary, subclavian, and proxi-
mal and distal common carotid arteries (CCAs) were 
performed systematically using the Mylab X8 system 
(Esaote, Genoa, Italy, 2017). We used a 4–15-MHz probe 
with a gray scale frequency of 15 MHz and a Doppler fre-
quency of 4.5 MHz, an adjusted color gain, and a PRF of 
3000 Hz.

The CCA bifurcation and proximal portions of the 
internal and external carotid arteries on both sides 
were scanned for plaques using transverse and longi-
tudinal views. A carotid plaque was defined as a focal 
structure that encroached into the arterial lumen by at 
least 0.5 mm or 50% of the surrounding IMT value or 
that demonstrated a thickness > 1.5 mm measured from 
the media-adventitia interface to the intima-lumen 
interface [19]. Carotid plaques were not considered as 
a halo sign, only diffuse non-focal homogeneous hypo-
echoic wall thickening was considered as a potential 
confounding factor with the halo sign associated with 
the diagnosis of GCA. IMT was measured in B mode, 
at the distal wall of the left and right CCAs, 10  mm 
proximal to the carotid bifurcation [19]. For analysis, 
the average of multiple measurements was used as IMT 
values recorded in either the right or left vessels. At the 
proximal CCA, we explored the CCA area distal of the 
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clavicle shadow, and as proximal as US examination 
was possible, the IMT was measured at the distal wall.

The OMERACT definitions of the halo sign and of 
normal arteries were applied [14]. The axillary and sub-
clavian arteries were fully and bilaterally examined in 
the long and short planes. In each vascular territory, 
the thickness of the halo was measured at the point 
of maximum thickness in the longitudinal plane. For 
extra-cranial arteries, an IMT cutoff value of  ≥ 1.0 mm 
was considered positive in our hospital based on pre-
vious studies [15, 20–22]. Different composite IMT/
halo scores were developed based on different quan-
titative values of the percentile measures of the dif-
ferent vessels and the number of vessels with halo 
thickness ≥ 1.0  mm. A schematic figure of IMT meas-
urement and examples of US of normal arteries, athero-
sclerosis, and vasculitis in GCA patients are shown in 
Figs. 1, 2, 3, 4, and 5.

All the CDS examinations in our study were routinely 
performed by two experienced rheumatologists (IMH 
and EDM) with more than 5 and 15 years of experience 
in GCA US, both with excellent reliability. Five-second 
videos of every vessel were stored for reliability evalu-
ation, and a consensus reader exercise about measures 
was performed on the videos several months after the 
initial examination. The ultrasonographers were not 

blinded to the clinical information and laboratory data 
of patients.

Statistical analysis
The SPSS software (version 20.0; IBM, Armonk, NY, 
USA) was used for statistical analysis. Quantitative vari-
ables are presented as means with standard deviation, 
medians, and percentiles. The Kolmogórov-Smirnov test 
was used to check the distribution of the sample. Stu-
dent’s t-test for independent samples was used to com-
pare the continuous variables, and the Mann–Whitney 
U test was used for continuous nonparametric variables. 
Receiver operating characteristic (ROC) curve analysis 
was performed to estimate the LV IMT cutoff values. For 
interreader reliability purposes, we performed the kappa 
test on the recorded videos.

Results
Patient characteristics
During the recruitment time, 58 LV-GCA and 55 athero-
sclerosis patients were collected. To avoid bias, 14 GCA 
patients and 13 atherosclerosis patients were excluded 
to avoid significant differences in age and sex. The final 
analysis study included 44 patients with LV-GCA and 42 
patients with atherosclerosis as controls. The LV-GCA 
group included 24 females and 20 males with a mean age 
of 72.8 ± 7.6 years. The atherosclerosis group included 25 
males and 17 females with a mean age of 70.8 ± 6.5 years. 
The mean body mass index measured 27.1 ± 3.8 in the 
GCA group and 26.2 ± 2.4 in the atherosclerosis patients. 
There were no statistical differences between the groups 
in regard to age (p = 0.19), sex (p = 0.20), or body mass 
index (p = 0.32). Regarding other cardiovascular risk 
factors such as arterial hypertension (p < 0.01), diabetes 

Fig. 1  IMT measurement: intima-media thickness (IMT) is 
measured as the distance between lumen-intima (white arrow) and 
media-adventitia (red arrow) interfaces. Examples are shown in yellow 
arrows. In this case, we see an example of mid- to hyperechoic long 
segmental thickening of the intima-media displaying several visible 
lines with loss of the typical double line pattern in a longitudinal scan 
of the left subclavian artery, corresponding to the increased IMT with 
chronic changes

Fig. 2  Longitudinal scan of a normal carotid artery
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(p < 0.01), dyslipidemia (p < 0.01), smoking (p < 0.01), and 
alcohol consumption (p < 0.01), all proved to be statisti-
cally more frequent in the atherosclerotic group, with 
frequencies of arterial hypertension (58% vs. 41%), diabe-
tes (44% vs. 23%), dyslipidemia (76% vs. 51%), and ever 

smoking (44% vs. 18%), in atherosclerosis vs. LV-GCA 
patients.

Intima‑media thickness
The IMT of the atherosclerotic and GCA vessels had a 
normal distribution. IMT values were significantly higher 
in all vessels of patients with GCA vs. atherosclerosis 
(Table  1). When we analyzed the different arteries, we 
found that only in the atherosclerotic group did the sub-
clavian right artery (IMT 0.75 mm) achieve a significant 
difference with respect to the left side (IMT 0.68 mm). In 
the other arteries, there were no significant differences 
between the left and right sides, either in atherosclerosis 
or in GCA patients.

Discriminant validity of the halo sign
Patients with GCA had significantly higher IMT mean 
values in all of the vessels explored than atherosclerosis 
patients, although 17 (38.6%) patients in the atheroscle-
rosis group had an increased thickness (≥ 1  mm) in at 
least one explored vessel, which mimicked GCA. Most 

Fig. 3  Longitudinal scan of a carotid artery with atherosclerosis: IMT 1.2 mm and atherosclerotic plaques (arrows)

Fig. 4  Longitudinal scan of a normal subclavian artery: IMT 0.45 mm

Fig. 5  Longitudinal scan of axillary artery: chronic changes in the intima-media complex in GCA patient: IMT 2.3 mm
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of the pathological findings were observed in the distal 
CCA near bifurcation: 14 (33.3%) cases. The proximal 
CCA was affected in 5 cases (11.9%), one case showed no 
other affected vessels. Subclavian affectation was present 
in 3 cases (7.1%) (two bilateral) while 2 cases (4.7%) had 
axillary artery affectation (one bilateral). This was a dif-
ferent pattern than that found in the GCA group, where 
axillary IMT ≥ 1  mm was found in 31 patients (70.5%), 
subclavian in 30 patients (68.2%), and CCA showed a 
halo sign in 28 (63.6%) patients at the distal area near 
the bifurcation, while 11 patients (25%) had a proximal 
increase. Slightly more than half of the patients in the 
GCA group (53%) had carotid atheromatous plaque. As 
per the study’s inclusion criteria, all patients in the GCA 
group had at least one vessel affected with the halo sign. 
The frequency and localization data are shown in Table 2.

When we analyzed the results, we can see that the main 
differences between atherosclerosis and LV-GCA were 
the type of artery affected and the number or branches 
with an IMT or halo sign ≥ 1 mm. The presence of more 
than one arterial vessel affected between axillary and 
subclavian arteries (score of 4 vessels) or the presence of 
at least 3 in the carotid, axillary, and subclavian arterial 
examination (score of 6 vessels) achieved a 95% diagnos-
tic accuracy for GCA with only 2 atherosclerosis patients 

Table 1  IMT values of the carotid, axillary, and subclavian arteries

Carotid distal 
right

Carotid distal 
left

Subclavian right Subclavian left Axillary right Axillary left

Atherosclerosis patients
(n = 42)

  Mean 0.89 0.88 0.75 0.68 0.64 0.66

  Median 0.85 0.87 0.76 0.70 0.59 0.64

  Standard deviation 0.20 0.21 0.19 0.16 0.20 0.16

  Minimum 0.53 0.46 0.51 0.36 0.40 0.43

  Maximum 1.40 1.70 1.60 1.10 1.50 1.00

  Percentile 25 0.74 0.75 0.61 0.62 0.53 0.54

  Percentile 50 0.85 0.87 0.76 0.70 0.59 0.64

  Percentile 75 0.87 1.00 0.84 0.77 0.70 0.77

  Percentile 90 0.95 1.10 0.92 0.87 0.82 0.89

GCA patients (n = 44)

  Mean 1.04 1.07 1.18 1.21 1.23 1.14

  Median 1.00 1.00 1.15 1.20 1.20 1.15

  Standard deviation 0.28 0.26 0.31 0.31 0.45 0.29

  Minimum 0.55 0.60 0.60 0.67 0.46 0.57

  Maximum 1.70 1.50 1.80 1.90 2.3 1.70

  Percentile 25 0.86 0.87 0.90 1.00 0.95 0.93

  Percentile 50 1.00 1.00 1.15 1.21 1.20 1.15

  Percentile 75 1.15 1.30 1.40 1.32 1.45 1.40

  Percentile 90 1.52 1.43 1.67 1.80 2.1 1.45

  P-value of the mean measure 
atherosclerosis vs. GCA​

0.01 0.001 0.001 0.001 0.001 0.001

Table 2  Number of arteries with intima-media thickness 
(IMT) ≥ 1 mm in GCA and atherosclerosis patients

GCA (n = 44) Atherosclerosis 
(n = 42)

Axillary Right 27 Right 2

Left 23 Left 1

Bilateral 19 Bilateral 1

Any 31 Any 2

Subclavian Right 20 Right 2

Left 25 Left 1

Bilateral 20 Bilateral 0

Any 30 Any 3

Common carotid distal Right 21 Right 8

Left 19 Left 11

Bilateral 12 Bilateral 5

Any 28 Any 14

Common carotid proximal Right 4 Right 3

Left 9 Left 3

Bilateral 2 Bilateral 1

Any 11 Any 5
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misdiagnosed. The quantitative score based on pondera-
tion of percentile measures in the different vessels did not 
achieve more precision and it was more time-consuming.

Reliability
The result of the interrater analysis between (E.D.M. and 
I.M.H.) revealed excellent reliability, with a kappa value 
of 0.842 (p < 0.01) for LV involvement and a kappa 0.865 
(p < 0.01) for diagnosis of GCA.

Discussion
The diagnosis of LVV, especially extra-cranial involve-
ment in GCA is mainly based on imaging. In recent 
years, the use of US for this purpose has increased expo-
nentially due to its availability, safety, tolerability, low 
cost, and because it can be done at the same time as the 
consultation or during the first visit to the fast-track 
clinic. Therefore, US has become the first imaging test to 
be performed in most cases.

The halo sign has been defined by OMERACT as rep-
resentative of LV-GCA, and IMT measures of 0.9–1 mm 
have been used as cutoff points in the literature [15, 17, 
20–22] but this cutoff has been not validated yet. IMT 
increases have also been reported and well-known in 
atherosclerosis cases, mainly in carotid bifurcation. How-
ever, carotid involvement is also frequently observed in 
patients with GCA in positron emission tomography 
with 18F-Fluorodeoxyglucose (18-FDG PET) [23, 24] and 
CT angiography studies [7]. Therefore, in some cases, 
the differential diagnosis between both diseases may be 
challenging.

We had previously reported a study that showed as 
cutoff point achieved sufficient accuracy to differenti-
ate between the temporal affectation in GCA in front 
of increased in the thickness of these arteries in athero-
sclerosis patients [12]. In the present study, we evalu-
ated the influence of atherosclerosis on extra-cranial 
arteries and explored whether it would be possible to 
perform an accurate differential diagnosis between ath-
erosclerosis and inflammatory wall thickness in GCA as 
a principal confounder. Our results showed that all the 
vessels explored had a higher IMT in GCA than in ath-
erosclerosis patients, but that a third of the latter showed 
IMT values and aspects that mimicked GCA in at least 
one vessel. It is important to note that our patients were 
recruited from a high-risk cardiovascular clinic. In this 
sense, our study is in agreement with one of the largest 
carotid IMT studies [25], even at the 97th percentile in 
those > 85 years of age, which was a lot smaller than the 
halo wall measurement in the present study. This sup-
ports the value of US in the differential diagnosis of GCA 
in front of one of the principal confounders as atheroscle-
rotic disease.

Previous studies showed the “slope sign” as a spe-
cific US feature in the axillary arteries of patients with 
LV-GCA [21]. Unlike atherosclerosis, the thickening 
observed in vasculitis is smooth, homogenous, and con-
tinuous up to a transitional point, where the IMT gradu-
ally slopes downwards back to a normal level (< 1.0 mm). 
The authors therefore postulated that evaluation of this 
slope might help differentiate vasculitis from atheroscle-
rosis [21]. While we agree with this observation by Das-
gupta et al., we encountered some difficulties in clinical 
practice because we can see diffuse increased of wall 
thickness not only in a patched pattern which made it dif-
ficult the differential diagnosis. In this sense, we consid-
ered it relevant that, as shown in Table 2, only 2 patients 
in the atherosclerosis group showed IMT ≥ 1 mm in the 
axillary arteries and 3 in the subclavian arteries. Thus, if 
we use the cutoff point of more than one vessel affected 
in the score of subclavian and axillary arteries (score of 4 
vessels), only 2 patients with atherosclerosis can be mis-
classified as GCA, one patient with axillary involvement 
and other with subclavian involvement. Carotid arteries 
are not so discriminating, and if we use the score of 6 ves-
sels including carotids, we need at least 3 vessels affected 
to achieved a 95% of accuracy in the differential diagno-
sis between atherosclerosis and GCA. As far as we know, 
this have not been previously checked.

One limitation of this study was the small sample 
size included for each group. However, the differences 
achieved were statistically significant, and we think 
that future studies with larger samples will confirm our 
results. Another limitation is the influence of age and 
sex as other risk factors in the IMT measurement, pos-
sibilities that clinicians should be aware of in clinical 
practice. To minimize this, we selected patients paired 
by age and sex. An additional limitation was the impos-
sibility of using paired samples for all the atherosclerotic 
risk factors, due to the fact that we would have needed a 
sample size 2–3 times larger if we hoped to match all of 
these cases. However, we believe that the unpaired fac-
tors would have increased the IMT in the group with vas-
culitis, which had a lower frequency of these risk factors. 
This, in any case, would have increased the differences 
and made the discriminant validity easier.

In summary, the patterns of arterial inflammation in 
LV-GCA can be quantified by US and show a differen-
tial pattern than those of atherosclerosis. We propose 
that in the assessment of LV, with an IMT cutoff value 
of   ≥ 1  mm, a simple halo count method of at least 1 
affected vessel in the count of bilaterally axillary and sub-
clavian arteries (score of four vessels), or at least 3 ves-
sels in the count of six vessels (including CCA), shows 
a precision upper 95% in the diagnosis of GCA. The 
clinical application of these halo scores warrants further 



Page 7 of 8Monjo‑Henry et al. Arthritis Research & Therapy           (2023) 25:23 	

validation but opens a new challenge in the diagnosis of 
GCA in front of one of the principal confounders in the 
differential diagnosis.

Abbreviations
GCA​	� Giant cell arteritis
LV-GCA​	� Large vessel giant cell arteritis
US	� Ultrasound
IMT	� Intima-media thickness
CCAs	� Common carotid arteries
CDS	� Color Doppler sonography
EULAR	� European Alliance of Associations for Rheumatology
OMERACT​	� Outcome Measures in Rheumatology Clinical Trials
ROC	� Receiver operating characteristic
18-FDG PET	� 18F-Fluorodeoxyglucose

Acknowledgements
FERBT2022: The authors thank the Spanish Foundation of Rheumatology for 
providing medical writing/editorial assistance during the preparation of the 
manuscript.

Authors’ contributions
All authors made substantial contributions to the conception and design of 
this study. EDM and IMH performed the ultrasound examinations and drafted 
the manuscript. The authors read and approved the final manuscript.

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.

Availability of data and materials
The data underlying this article will be shared on reasonable request to the 
corresponding author. All data relevant to the study are included in the article.

Declarations

Ethics approval and consent to participate
Patients and controls provided informed written consent upon entry into 
the study protocol. This study was approved by the Ethics Committee of the 
Hospital Universitario La Paz (HULP: PI-3040 and HULP: PI-3992.

Consent for publication
Not required.

Competing interests
The authors declare that they have no competing interests.

Received: 5 December 2022   Accepted: 30 January 2023

References
	1.	 Karahaliou M, Vaiopoulos G, Papaspyrou S, Kanakis MA, Revenas K, Sfikakis 

PP. Colour duplex sonography of temporal arteries before decision for 
biopsy: a prospective study in 55 patients with suspected giant cell 
arteritis. Arthritis Res Ther. 2006;8(4):1–8.

	2.	 Ball EL, Walsh SR, Tang TY, Gohil R, Clarke JMF. Role of ultrasonography in 
the diagnosis of temporal arteritis. Br J Surg. 2010;97(12):1765–71.

	3.	 Luqmani R, Lee E, Singh S, Gillett M, Schmidt WA, Bradburn M, et al. The 
role of ultrasound compared to biopsy of temporal arteries in the diagno‑
sis and treatment of giant cell arteritis (TABUL): a diagnostic accuracy and 
cost-effectiveness study. Health Technol Assess. 2016;20(90):1–238.

	4.	 Kermani TA, Diab S, Sreih AG, Cuthbertson D, Borchin R, Carette S, et al. 
Arterial lesions in giant cell arteritis: a longitudinal study. Semin Arthritis 
Rheum. 2019;48(4):707–13.

	5.	 Schmidt WA, Seifert A, Gromnica-ihle E, Krause A, Natusch A. Ultrasound 
of proximal upper extremity arteries to increase the diagnostic yield in 
large-vessel giant cell arteritis. Rheumatology. 2008;47(1):96–101.

	6.	 Diamantopoulos AP, Haugeberg G, Hetland H, Soldal DM, Bie R, Mykle‑
bust G. Diagnostic value of color Doppler ultrasonography of temporal 
arteries and large vessels in giant cell arteritis: a consecutive case series. 
Arthritis Care Res. 2014;66(1):113–9.

	7.	 Prieto-González S, Arguis P, García-Martínez A, Espígol-Frigolé G, Tavera-
Bahillo I, Butjosa M, et al. Large vessel involvement in biopsy-proven giant 
cell arteritis: prospective study in 40 newly diagnosed patients using CT 
angiography. Ann Rheum Dis. 2012;71(7):1170–6.

	8.	 Ashton-Key MR, Gallagher PJ. False-negative temporal artery biopsy. Am J 
Surg Pathol [Internet]. 1992;16(6):634.

	9.	 Dejaco C, Ramiro S, Duftner C, Besson FL, Bley TA, Blockmans D, et al. 
EULAR recommendations for the use of imaging in large vessel vasculitis 
in clinical practice. Ann Rheum Dis. 2018;77(5):636–43.

	10.	 de Boysson H, Daumas A, Vautier M, Parienti J-J, Liozon E, Lambert M, 
et al. Large-vessel involvement and aortic dilation in giant-cell arteritis. A 
multicenter study of 549 patients. Autoimmun Rev. 2018;17(4):391–8.

	11.	 Dumont A, Parienti J-J, Delmas C, Boutemy J, Maigné G, Martin Silva N, 
et al. Factors associated with relapse and dependence on glucocorticoids 
in giant cell arteritis. J Rheumatol. 2020;47(1):108–16.

	12.	 De Miguel E, Beltran LM, Monjo I, Deodati F, Schmidt WA, Garcia-Puig J. 
Atherosclerosis as a potential pitfall in the diagnosis of giant cell arteritis. 
Rheumatol (United Kingdom). 2018;57(2):318–21.

	13.	 Molina-Collada J, López Gloria K, Castrejón I, Nieto-González JC, Martínez-
Barrio J, Anzola Alfaro AM, et al. Impact of cardiovascular risk on the 
diagnostic accuracy of the ultrasound Halo Score for giant cell arteritis. 
Arthritis Res Ther [Internet]. 2022;24(1):232. https://​doi.​org/​10.​1186/​
s13075-​022-​02920-9.

	14.	 Chrysidis S, Duftner C, Dejaco C, Schäfer VS, Ramiro S, Carrara G, et al. 
Definitions and reliability assessment of elementary ultrasound lesions 
in giant cell arteritis: a study from the OMERACT large vessel vasculitis 
ultrasound working group. RMD Open. 2018;4(1):1–9.

	15.	 Schäfer VS, Juche A, Ramiro S, Krause A, Schmidt WA. Ultrasound cut-off 
values for intima-media thickness of temporal, facial and axillary arteries 
in giant cell arteritis. Rheumatol (United Kingdom). 2017;56(9):1479–83.

	16.	 Czihal M, Schröttle A, Baustel K, Lottspeich C, Dechant C, Treitl K-M, et al. 
B-mode sonography wall thickness assessment of the temporal and axil‑
lary arteries for the diagnosis of giant cell arteritis: a cohort study. Clin Exp 
Rheumatol. 2017;35 Suppl 1(1):128–33.

	17.	 López-Gloria K, Castrejón I, Nieto-González JC, Rodríguez-Merlos P, 
Serrano-Benavente B, González CM, et al. Ultrasound intima media 
thickness cut-off values for cranial and extracranial arteries in patients 
with suspected giant cell arteritis. Front Med (Lausanne). 2022;9:981804. 
https://​doi.​org/​10.​3389/​fmed.​2022.​981804.

	18.	 Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. 
European Guidelines on cardiovascular disease prevention in clinical 
practice (version 2012). The Fifth Joint Task Force of the European Society 
of Cardiology and Other Societies on Cardiovascular Disease Prevention 
in Clinical Practice (constituted by r. Eur Heart J. 2012;33(13):1635–701.

	19.	 Touboul P-J, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, 
et al. Mannheim carotid intima-media thickness and plaque consensus 
(2004–2006–2011) An update on behalf of the advisory board of the 
3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th 
European Stroke Conferences, Mannheim, Germany, 2004. Cerebrovasc 
Dis. 2012;34(4):290–6.

	20.	 Hop H, Mulder DJ, Sandovici M, Glaudemans AWJM, van Roon AM, Slart 
RHJA, et al. Diagnostic value of axillary artery ultrasound in patients with 
suspected giant cell arteritis. Rheumatology (Oxford). 2020.

	21	 Dasgupta B, Smith K, Khan AAS, Coath F, Wakefield RJ. “Slope sign”: a fea‑
ture of large vessel vasculitis? Ann Rheumatic Dis England. 2019;78:1738.

	22.	 Nielsen BD, Hansen IT, Keller KK, Therkildsen P, Gormsen LC, Hauge E-M. 
Diagnostic accuracy of ultrasound for detecting large-vessel giant cell 
arteritis using FDG PET/CT as the reference. Rheumatology (Oxford). 
2020;59(8):2062–73.

	23.	 Imfeld S, Aschwanden M, Rottenburger C, Schegk E, Berger CT, Staub 
D, et al. [18F]FDG positron emission tomography and ultrasound in the 
diagnosis of giant cell arteritis: congruent or complementary imaging 
methods? Rheumatology (Oxford). 2020;59(4):772–8.

https://doi.org/10.1186/s13075-022-02920-9
https://doi.org/10.1186/s13075-022-02920-9
https://doi.org/10.3389/fmed.2022.981804


Page 8 of 8Monjo‑Henry et al. Arthritis Research & Therapy           (2023) 25:23 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	24.	 Löffler C, Hoffend J, Benck U, Krämer BK, Bergner R. The value of ultra‑
sound in diagnosing extracranial large-vessel vasculitis compared to 
FDG-PET/CT: a retrospective study. Clin Rheumatol. 2017;36(9):2079–86.

	25.	 Engelen L, Ferreira I, Stehouwer CD, Boutouyrie P, Laurent S. Reference 
intervals for common carotid intima-media thickness measured with 
echotracking: relation with risk factors. Eur Heart J. 2013;34(30):2368–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Ultrasound halo count in the differential diagnosis of atherosclerosis and large vessel giant cell arteritis
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Vascular US of the large vessel arteries
	Statistical analysis

	Results
	Patient characteristics
	Intima-media thickness
	Discriminant validity of the halo sign
	Reliability


	Discussion
	Acknowledgements
	References


