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Abstract
Objective: To assess whether adding the subclavian arteries examination into the ultrasound (US)
Southend Halo Score, as proposed in the modi�ed Halo Score, improves the diagnostic accuracy of giant
cell arteritis (GCA) and its relationship with systemic in�ammation.

Methods: Retrospective observational study of patients referred to a GCA fast track pathway (FTP) over a
1-year period. Patients underwent US exam of temporal and large vessel (LV) (carotid, subclavian and
axillary) arteries. The extent of in�ammation was measured by the halo count, the Southend Halo Score
and the modi�ed Halo Score. The gold standard for GCA diagnosis was clinical con�rmation after 6
months follow-up.

Results: 64 patients were evaluated in the FTP, 17(26.5%) had GCA. Subclavian arteries involvement was
present only in patients with GCA (29.4% versus 0%,p<0.001). Overall, the three scores showed excellent
diagnostic accuracy for GCA (ROC AUC 0.906, 0.930 and 0.928, respectively) and moderate correlations
with acute phase reactants (0.35-0.51, p<0.01). Only the modi�ed Halo Score correlated with markers of
in�ammation in patients with LV involvement.

Conclusions: The inclusion of subclavian arteries examination in the modi�ed Halo Score does not
improve the diagnostic accuracy of GCA. Nevertheless, it correlates better with markers of systemic
in�ammation in LV-GCA

Introduction
Giant cell arteritis (GCA) is the most common form of large vessel (LV) vasculitis(1). Currently, the gold
standard for its diagnosis is a temporal artery (TA) biopsy; however, EULAR recommendations propose
temporal and axillary arteries ultrasound (US) as �rst-line investigation when predominantly cranial GCA
is suspected(2). Recently, two novel US scoring systems, the halo count and the Southend Halo Score,
have been developed to quantify the extent of in�ammation by US in GCA. These scores include the
assessment of the three TA segments and axillary arteries(3). According to their �ndings, a high degree of
vascular in�ammation on US might strongly support GCA diagnosis and it correlates with markers of
systemic in�ammation and higher risk for ocular ischaemia. On the other hand, a modi�ed Halo Score,
which adds evaluation of subclavian arteries, has been recently proposed by Chattopadhyay et al(4).
According to the authors, their addition to the Southend Halo Score may correct its tendency to
underestimate the burden of in�ammation in LV-GCA and Takayasu arteritis. However, this hypothesis
needs to be supported by further evidence.

The objective of this study was to assess whether performing a modi�ed Halo Score that includes the
evaluation of subclavian arteries, improves the diagnostic accuracy and to evaluate its correlation with
markers of in�ammation in CGA in comparison with the original halo count and Southend Halo Score.

Methods
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Patients
This is a retrospective observational study including patients referred to a US fast track pathway (FTP)(5)
for evaluation of possible GCA over a one-year period. All patients referred to the FTP underwent US
examination within 24 hours per protocol. The study was performed in routine daily practice conditions
including consecutive unselected patients.

Data collection
The following variables were collected: demographics; clinical manifestations (headache, scalp
tenderness, jaw claudication, visual symptoms and ocular ischaemia diagnosis, fever, polymyalgia and
constitutional symptoms), use of glucocorticoids before the US evaluation and laboratory parameters
including C- reactive protein (CRP), erythrocyte sedimentation rate (ESR), haemoglobin and platelets. TA
biopsy and 18F-FDG-PET/CT were performed according to the treating clinician criteria. The gold
standard for GCA diagnosis was clinical con�rmation after 6 months follow-up.

Ultrasound assessment
All patients underwent bilateral US examination of the three TA segments (common super�cial TA, its
parietal and frontal branches) and extracranial (carotid, subclavian and axillary) arteries. The exam was
performed by the same evaluator using an EsaoteMyLab8 (Esaote, Genoa) with a high frequency (12–
18 MHz) transducer. The extent of vascular in�ammation was quanti�ed according to: 1)the halo
count(3), number of TA segments and axillary arteries with a halo ranging from 0 to 8, 2)the Southend
Halo Score(3), a composite index that incorporates both the number of halos and the maximum halo
thickness in each region ranging from 0 to 48, and 3)the modi�ed Halo Score (4): a composite index
which includes three vascular territories: TA, subclavian and axillary arteries ranging from 0 to 32(Fig. 1).

Statistical analysis
Chi-square test or Fisher’s exact test were used to analyze differences between proportions; Student’s t
test was used for comparison between means. Criterion validity was evaluated using receiver operating
characteristic (ROC) curves with GCA clinical diagnosis as external criterion and construct validity was
determined by Spearman’s rank correlation coe�cient (rho). All tests were two-sided; p values < 0.05 were
considered statistically signi�cant.

Ethical approval

This study was performed in accordance with the ethical standards of the responsible committee on
human experimentation and the Helsinki Declaration of 1975, as revised in 1983. Research ethics
committee approval for the protocol was obtained prior to commencing the study (JMC03-REUMA0620).

Results
Patient characteristics
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We analyzed data from sixty-four patients referred to the FTP, of whom 65% were female and mean age
was 75.3 years. A deeper description of this population is presented in Table 1. A clinical diagnosis of
GCA was established in 17 (26.5%) patients after 6 months follow-up. GCA patients tend to have higher
acute phase reactants (APR) and presented more frequently with headache and jaw claudication. Only 2
(4.3%) patients without GCA versus 15 (88.2%) with GCA had positive US �ndings according to the
ultrasonographer criteria. Among patients with GCA, 12 (70.6%) had cranial (TA) involvement, 8 (47.15%)
had axillary involvement and 5 (29.4%) had subclavian arteries involvement. We found a mixed pattern
with involvement of both TA and LV arteries in 5 (29.4%) patients(Table 1).

Diagnostic accuracy of the ultrasound scores for giant cell arteritis

Halo counts, Southend Halo Scores and modi�ed Halo Scores were higher in patients with �nal diagnosis
of GCA than patients without GCA (p<0.001)(Table 1). The area under the ROC curve (AUC) of the three
proposed scores showed similar diagnostic accuracy for a clinical diagnosis of GCA (AUC 0.906, 0.930
and 0.928, respectively) and their optimal cut-off points yielded similar sensitivity, speci�city and
likelihood ratios for all the scores(Table 2).

Correlation of ultrasound with markers for systemic in�ammation

All US scores correlated positively with variables measuring systemic in�ammation as ESR and CRP. The
correlation between the US scores and platelets was low and negative (p<0.05), except for the modi�ed
Halo Score (p=0.053)(Table 3). Haemoglobin levels showed no correlation with any of the scores.
However, in the subgroup of patients presenting LV involvement, moderate correlations were found
between the modi�ed Halo Score and ESR (rho 0.712, p<0.05), haemoglobin (rho 0.703, p<0.05) and
platelets (rho 0.734, p<0.05), but not with the other two US scores(Figure 2).

Discussion
Our study shows that adding subclavian arteries examination into the Southend Halo Score(3), as
proposed in the modi�ed Halo Score(4), does not improve the diagnostic accuracy of the former version
for the US scores. However, the modi�ed Halo Score shows better correlation with markers of
in�ammation in LV-GCA patients.

US has shown high sensitivity and speci�city for diagnosing GCA(6–9) and therefore recent EULAR
recommendations identi�ed TA and axillary arteries US as the �rst-line investigation in patients with
predominantly cranial GCA(2). In addition, the halo count and Southend Halo Score have recently been
proposed to quantify the extent of vascular in�ammation by US and correlate with systemic markers of
in�ammation and risk for ocular ischaemia(3). These novel score systems have also been validated in
routine care and showed an excellent diagnostic accuracy for GCA diagnosis(10,11).

Wall swelling at subclavian arteries can be seen by US in LV-GCA patients(12–14), but involvement of
subclavian arteries in the absence of vasculitic changes in the axillary arteries is rare and most clinical



Page 5/12

guidelines include only axillary arteries on the LV examination(2,15). In this context, a novel modi�ed
Halo Score has been proposed including the assessment of three vascular territories (TA, axillary and
subclavian arteries) instead of two, as the Southend Halo Score may underestimate the burden of
in�ammation in LV-GCA and Takayasu arteritis(4,16).

To our knowledge, this is the �rst study speci�cally designed to compare the diagnostic value of the three
published quantitative scores for GCA diagnosis(3,4). According to our �ndings, the modi�ed Halo Score
does not improve the diagnostic accuracy when compared to halo count and Southend Halo Score(Table
2). All scores showed excellent ability to discriminate between patients with and without GCA, as
indicated by high AUC in the ROC curve. Thus, the inclusion of the subclavian arteries into the Southend
Halo Score increases the burden on the US examination as requires extra time, without improving its
diagnostic accuracy.

Overall, all scores showed moderate correlations with markers of in�ammation, except for haemoglobin
levels(Table 3). However, in the LV-GCA subgroup the modi�ed Halo Score seems to have some
advantages, as it showed moderate positive correlations with ESR and platelets and moderate negative
correlation with haemoglobin levels(Figure 2). Halo count and Southend Halo Score showed no
correlation with laboratory �ndings in patients with LV involvement. Although grades of the axillary
arteries included in the Southend Halo Score are multiplied by 3 in order to equate the in�ammation of
the TA and LV arteries, the fact that the modi�ed Halo Score is based on the sum of the two higher scores
of the 3 scanned regions (TA, axillary or subclavian arteries), seems to be related to a better detection
capability of the general burden of in�ammation. These �ndings may be relevant for monitoring
purposes. Since the use of Tocilizumab challenged the assessment of activity in GCA due to suppression
of the APR, the use of imaging may have a key role in monitoring treatment response(17). According to
our data, the modi�ed Halo Score is linked to markers of in�ammation at baseline in LV-GCA patients.

Some limitations should be noted. First, our sample size warrants further validation in larger and
additional populations. Second, the retrospective design is a prominent limitation, thus TA biopsy was
only performed according to clinician criteria. Third, the ultrasonographer was not blinded to clinical data.

In summary, the inclusion of subclavian arteries examination by the modi�ed Halo Score does not
improve the diagnostic accuracy of GCA diagnosis over the halo count and Southend Halo Score.
However, it correlates better with markers of systemic in�ammation in LV-GCA and could be of additional
value in monitoring response to therapy. Further studies are necessary to con�rm these �ndings.
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Table 1
Clinical, laboratory and ultrasound �ndings of patients included in the fast track pathway with or without
GCA clinical con�rmation. GCA: giant cell arteritis; CRP: C-reactive protein; ESR: erythrocyte sedimentation

rate; US: ultrasound; SD: standard deviation

  Total

n = 64

Patients
with GCA

n = 17

Patients
without GCA

n = 47

p

Age, mean (SD) 75.3
(10.7)

76.5 (9.6) 74.8 (11.1) 0.5

Female, n (%) 42
(65.6%)

10 (58.8%) 32 (68.1%) 0.491

Baseline use of steroids, n (%) 30
(47.6%)

7 (41.2%) 23 (50%) 0.534

Temporal artery biopsy positive n = 13, no. of
patients

5
(38.5%)

5 (50%) 0 (0%) 0.231

Temporal artery biopsy length (mm) n = 13, mean
(SD)

5.8
(2.9)

6.2 (3.2) 4.7 (1.5) 0.450

18F-FDG-PET/CT positive n = 14, no. of patients 7 (50%) 5 (62.5%) 2 (33.3%) 0.592

Ful�lling 1990 GCA criteria, no. of patients 16
(25%)

8 (47.1%) 8 (17%) 0.022

Headache, no. of patients 31
(48.4%)

12 (70.6%) 19 (40.4%) 0.033

Scalp tenderness, no. of patients 4 (6.3%) 2 (11.8%) 2 (4.3%) 0.285

Jaw claudication, no. of patients 12
(18.8%)

9 (52.9%) 3 (6.4%) < 
0.001

Visual symptoms, no. of patients 12
(18.8%)

6 (35.3%) 6 (12.8%) 0.051

Fever, no. of patients 8
(12.5%)

2 (11.8%) 6 (12.8%) 1

Polymyalgia, no. of patients 29
(45.3%)

10 (58.8%) 19 (40.4%) 0.192

Ocular ischaemia, no. of patients 4 (6.3%) 2 (11.8%) 2 (4.3%) 0.285

Abnormal TA clinical examination, no. of patients 5 (7.8%) 3 (17.6%) 2 (4.3%) 0.112

CRP (mg/dL), mean (SD) 4.7(6.5) 9.1 (8.5) 3 (4.7) 0.001

ESR (mm/h), mean (SD) 52.8
(34.6)

68.3 (33.3) 46.8 (33.3) 0.044

Haemoglobin (g/dL), mean (SD) 12.5
(1.7)

11.8 (1.6) 12.7 (1.7) 0.059
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  Total

n = 64

Patients
with GCA

n = 17

Patients
without GCA

n = 47

p

Platelets 109/L, mean (SD) 276.1
(105.8)

323.4
(116.3)

258.7 (97.3) 0.52

Positive US �ndings, no. of patients 17
(26.6%)

15 (88.2%) 2 (4.3%) < 
0.001

Temporal artery positive US �ndings, no. of
patients

13
(20.3%)

12 (70.6%) 1 (2.1%) < 
0.001

Axillary positive US �ndings, no. of patients 9
(14.1%)

8 (47.1%) 1 (2.1%) < 
0.001

Subclavian positive US �ndings, no. of patients 5 (7.8%) 5 (29.4%) 0 (0%) < 
0.001

Temporal artery + axillary or subclavian positive
US �ndings, no. of patients

5 (7.9%) 5 (29.4%) 0 (0%) 0.003

Halo sign positive, no. of patients 17
(26.6%)

15 (88.2%) 2 (4.3%) < 
0.001

Compression sign positive, no. of patients 10
(15.6%)

9 (52.9%) 1 (2.1%) < 
0.001

Halo Count, mean (SD) 0.7
(1.5)

2.6 (1.9) 0.04 (0.2) < 
0.001

Halo Score, mean (SD) 4.6
(8.7)

15.9 (9.7) 0.5 (2.6) < 
0.001

Modi�ed Halo Score, mean (SD) 2.5
(4.8)

8.5 (5.8) 0.3 (1.2) < 
0.001

Table 2
Diagnostic accuracy of halo count, Halo Score and modi�ed Halo Score for a
clinical diagnosis of GCA after 6 months follow-up. Youden index was used to
determine the optimal cut-off points. AUC, area under the curve; LR+, positive

likelihood ratio; LR−, negative likelihood ratio; Sens, sensitivity; Spec, speci�city

  AUC Optimal cut-off Sens Spec LR+ LR-

Halo count 0.906 ≥ 1 82% 96% 20.5 0.19

Halo Score 0.930 ≥ 2 88% 96% 22 0.13

Modi�ed Halo Score 0.928 ≥ 1 88% 96% 22 0.13
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Table 3
Correlations between halo count, Halo Score and modi�ed Halo Score with markers of systemic

in�ammation (CRP, ESR, haemoglobin and platelets). rho: Spearman’s rank correlation coe�cient;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate

  ESR CRP Haemoglobin Platelets

  rho p rho p rho p rho p

Halo count rho 0.39 0.003 0.5 < 0.001 -0.08 0.536 0.34 0.008

Halo Score rho 0.35 0.01 0.49 < 0.001 -0.08 0.524 0.28 0.031

Modi�ed Halo Score rho 0.36 0.008 0.51 < 0.001 -0.08 0.538 0.247 0.053

Figures
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Figure 1

Proposed scores to quantify the extent of vascular in�ammation by ultrasound in giant cell arteritis. A.
Halo count(3): number of the three TA segments and axillary arteries with a halo sign ranging from 0 to 8.
B. Halo Score(3): a composite index that incorporated the thickness of each halo, ranging from 0 to 48.
Axillary artery scores are multiplied by 3 to give equal weight to the TA and axillary arteries. C: Modi�ed
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Halo Score(4): Adding the assessment of subclavian arteries to the previous index. The �nal score will be
based on the sum of the two higher scores of the three vascular territories, ranging from 0 to 32.

Figure 2

Correlations between halo count (A), Halo Score (B) and (C) modi�ed Halo Score with markers of
systemic in�ammation (CRP, ESR, haemoglobin and platelets) in patients with large vessel involvement.
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate


