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Abstract

Objectives. The aim was to compare the accuracy of colour Doppler ultrasonography (CDUS) and
temporal artery biopsy (TAB) to establish the final diagnosis of GCA and to determine how the GCA
probability score (GCAPS) performs as a risk stratification tool.

Methods. Descriptive statistics were performed on a retrospective cohort of patients referred to our
vasculitis referral centre between 1 July 2017 and 1 October 2020 for suspected GCA. CDUS, TAB,
centre-specific TAB (vasculitis centre vs referring hospitals) and GCAPS were compared against the fi-
nal diagnosis of GCA as determined by a GCA expert; CDUS was also compared with TAB results.

Results. Data from 198 patients were included: 60 patients with GCA and 138 patients without GCA.
Sixty-two patients had a TAB. Using the final diagnosis by a GCA expert as a reference, the sensitivity,
specificity, positive predictive value and negative predictive value were 93.3%, 98.5%, 96.6% and
97.1% for CDUS and 69.2%, 100%, 100% and 81.8% for TAB, respectively. The false-negative rate
was 6.7% for CDUS and 30.8% for TAB. False-negative TAB mostly occurred when performed in re-
ferring hospitals (57.1%) as opposed to our vasculitis centre (21.1%). With a cut-off at 9.5 points, sen-
sitivity for GCAPS was 98.3% and specificity 74.3%.

Conclusion. CDUS of the temporal and axillary arteries showed a high sensitivity and specificity and
helped to diagnose GCA in patients with negative TAB. We validated that GCAPS is a useful clinical
tool, with a score of <9.5 making the diagnosis of GCA improbable.
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Key messages

o Colour Doppler ultrasonography is a highly effective tool when performed by a skilled ultrasonographer.
o Colour Doppler ultrasonography has a better sensitivity than temporal artery biopsy for the diagnosis of GCA.
o GCA probability score is a useful risk stratification tool for the diagnosis of GCA.
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Introduction

GCA is the most common primary systemic vasculitis,
affecting more women than men. Incidence increases
with age, occurring almost exclusively in patients
>50 years old. Higher incidence rates have been
reported in populations of northern European descent
[1]. Patients can present with a range of non-specific
symptoms, and the heterogeneous clinical phenotypes
make its diagnosis challenging. Significant morbidity can
be associated with GCA, particularly if permanent loss
of vision occurs. This highlights the need for prompt di-
agnosis and the necessity of a reliable diagnostic tool.
In the past, temporal artery biopsy (TAB) was the only
diagnostic tool at our disposal; however, it entails an in-
vasive procedure with possible false negatives. There is
also important heterogeneity in how TAB is performed,
including biopsy length, number of specimen sections,
experience of the pathologist, surgical skill and centre
expertise. All these variables have the potential to influ-
ence the TAB result.

In recent years, some non-invasive imaging modalities
have shown superior results. Several studies have sug-
gested that colour Doppler ultrasonography (CDUS) of
the temporal and axillary arteries is a useful tool to diag-
nose GCA [2-4]. The 2018 EULAR recommendations for
the use of imaging in large vessel vasculitis identify
CDUS as the first-line imaging modality to diagnose
GCA. These recommendations also state that a patient
with a high clinical suspicion and a positive imaging test
could forego TAB [5, 6].

Fast-track clinics for the diagnosis of GCA are being
implemented in different countries to identify GCA rap-
idly and decrease associated complications. A study in
Norway demonstrated that a fast-track outpatient ap-
proach with CDUS is associated with an 88% reduction
in permanent visual impairment in patients with GCA
when compared with a conventional referral route [7].
Reliability of the CDUS is crucial in these programmes
and predicts their success. Thus, it is imperative to as-
sess the performance and accuracy of ultrasonogra-
phers and to assess inter-reader variability.

The new GCA probability score (GCAPS) is intended
to risk stratify patients with suspected GCA into low and
high probability categories. When using a cut-off point
of 9.5, the sensitivity and specificity are reported to be
95.7% and 86.7%, respectively. ltems making up this
probability score include demographics (age and sex),
onset of symptoms, CRP level, symptoms (headache,
polymyalgia, constitutional and ischaemic symptoms),
visual signs (anterior ischaemic optic neuropathy, central
and branch retinal artery occlusion, visual field loss and
relative afferent pupillary defect), arterial abnormalities
(temporal and extracranial arteries) and presence of an
alternative diagnosis. Each item is attributed points be-
tween —3 and 3; final scores can range between 0 and
32, with a higher score associated with a higher clinical
probability of GCA [8]. That study was completed in a
single centre in the UK, and its external validity needs to

be evaluated before GCAPS can be used reliably in
other GCA fast-track centres.

The objective of this study was to compare CDUS
and TAB with the final diagnosis of GCA in a Canadian
vasculitis referral centre; to compare rates of false-nega-
tive TAB according to the centre where it was per-
formed (our vasculitis centre with a dedicated
experienced surgeon vs referring hospitals); and to vali-
date the usefulness of the GCAPS in patients with sus-
pected GCA.

Methods
Study design and population

We conducted a retrospective study of all adult patients
referred to our department with suspected GCA and
who had a CDUS performed as part of their clinical eval-
uation. Patients were identified from the CAPHECO-
GCA (characteristics, phenotypes and complications of
patients with GCA) database, which includes all patients
referred with suspected GCA in our vasculitis referral
centre (Hopital du Sacré-Coeur de Montréal, Université
de Montréal).

Inclusion criteria

Consecutive adult patients referred to our GCA US clinic
for suspected GCA between 1 July 2017 and 1 October
2020.

Exclusion criteria

Patients who had a CDUS performed to evaluate dis-
ease recurrence and those without a comprehensive
clinical assessment by one of our vasculitis experts
were excluded.

GCA assessment and clinical data

Data collected included patient characteristics, clinical
presentation, physical examination, CDUS of the tempo-
ral (superficial, frontal and parietal branches) and axillary
arteries, TAB results, blood work and GCAPS.
Normocytic anaemia was defined as a haemoglobin
level <140g/l for men and <120g/l for women, with a
mean corpuscular volume between 80 and 100fl.
Thrombocytosis was defined as platelets >400 x 10%I
and leucocytosis as a white blood cell count >10 x 10%/
. A CRP level >5mg/l was considered elevated, as
were ESR values >10mm/h for men and >20 mm/h for
women, using the Wintrobe method.

Colour Doppler ultrasonography was performed by
the same ultrasonographer using the Zonare Z One
Ultra Ultrasound System with a linear array 14L5 probe
or the Canon Xario 200 Platinum series with an 18L7
probe. The ultrasonographer was trained in the use of
CDUS for the diagnosis of GCA and had 4 years of ex-
perience. Longitudinal and transverse planes were
obtained, and compression was applied on all temporal
artery branches (common superficial, frontal and parietal
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Fic. 1 Flowchart of patients included in the study.

Colour Doppler ultrasonography and GCA

206 patients referred for suspected
GCA at our GCA CDUS clinic

Excluded:
- 6 patients with known GCA

evaluated for disease recurrence

- 2 patients with no comprehensive
clinical assessment by our
vasculitis expert

60 patients with a diagnosis
of GCA as determined by
the GCA expert

138 patients with no evidence
of GCA as determined by the
GCA expert

CDUS: colour Doppler ultrasonography.

branches). A positive CDUS result was defined by a
hypoechoic circumferential intima-media thickening
(halo sign) in at least two arterial segments and/or the
presence of stenosis or thrombosis. These findings were
confirmed with a positive compression sign (inability to
compress the hypoechoic vessel wall oedema) [9-11].

Data on TAB performed both in our vasculitis centre
and in referring hospitals were collected. In our centre,
biopsies were performed by a single skilled vascular
surgeon and analysed by the same experienced pathol-
ogist. Biopsies done in referring hospitals were per-
formed by different surgery subspecialties (general
surgery, ophthalmology, otorhinolaryngology or plastic
surgery). The ultrasonographer, the surgeon and the pa-
thologist were not blinded to the patient’s clinical char-
acteristics or laboratory results.

If GCAPS was not documented specifically in the
database, it was calculated retrospectively when all the
required items were available. The final diagnosis as de-
termined by the vasculitis specialist 6 months after the
initial assessment was considered the gold standard for
the diagnosis of GCA.

Statistical analysis

Analyses were performed using IBM SPSS, v.25.0. They
included sensitivity, specificity, positive predictive value
and negative predictive value for CDUS, TAB, centre-
specific TAB (dedicated vasculitis centre vs referring
hospitals) and GCAPS compared with the final diagnosis
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by a GCA expert. Although TAB is not the gold standard
for the diagnosis of GCA, CDUS was also compared
with TAB as a reference test. A receiver operating char-
acteristic curve was plotted for GCAPS against the final
diagnosis of GCA.

Categorical variables were presented as proportions
(percentages) and continuous variables as mean values
(s.0.) for normally distributed variables or medians [inter-
quartile range (IQR)]. The y2 test was used to compare
categorical variables, and Fisher’s exact when appropri-
ate. Student’s unpaired t-test was used for the compari-
son of continuous variables within two groups. A P-value
of <0.05 was considered statistically significant.

Ethics and approval committee

This retrospective study was approved by the research
ethics board of the Centre Intrégré Universitaire de
santé et de services sociaux du Nord-de-Ille de
Montréal (study number 2019-1754). No modifications
have been made to the research protocol, and approval
was renewed annually.

Results

A total of 206 consecutive patients referred for sus-
pected GCA were identified. Eight were excluded, leav-
ing 198 patients included in the study (Fig. 1). Sixty
patients had a final diagnosis of GCA as determined by
the vasculitis expert, whereas 138 patients had an
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TasLe 1 Baseline characteristics and initial presentation

Parameter GCA (n =60) No GCA (n =138) P-value
Age, mean (s.D.), years 75.2(7.3) 70.7 (12.0) 0.008
Female, n (%) 42 (70.0) 99 (71.7) 0.804
Clinical features, n (%) LR (P-value)
Headache 49 (81.7) 94 (68.1) 4.03 (0.045)
Scalp tenderness 21 (35.0) 28 (20.3) 5.63 (0.060)
Jaw claudication 20 (33.3) 6 (4.3) 28.94 (<0.001)
Visual symptoms 22 (36.7) 30(21.7) 5.06 (0.073)
PMR 18 (30.0) 28 (20.3) 2.60 (0.273)
Constitutional symptoms 33 (565.0) 28 (20.3) 24.66 (<0.001)
Abnormal temporal artery on 29 (48.3) 7 (5.1) 50.88 (<0.001)
examination
Laboratory values, n (%)
Normocytic anaemia® 33 (55.0) 39 (28.3) 12.84 (0.002)
Elevated WBCP 16 (26.7) 16 (11.6) 6.61 (0.037)
Thrombocytosis® 19 (31.7) 8(5.8) 21.73 (<0.001)
Elevated CRP 57 (95.0) 82 (59.6) 31.12 (<0.001)
Elevated ESR® 28 (46.7) 53 (38.4) 6.09 (0.48)
Inflammatory markers P-value
ESR, mean (s.n.), mm/h 45.3 (23.5) 36.1 (27.4) 0.103
CRP, mean (s.n.), mg/I 81.4 (63.9) 39.42 (60.6) <0.001
Temporal artery biopsy
Length, mean (s.p.), cm 1.68(0.33) 1.53(0.41) 0.172
Glucocorticoid use before CDUS, median 4.00 (1.00-10.00) 0.00 (0.00-5.00) <0.001
(IQR), days
Cumulative dose of glucocorticoids before 772.73 (1135.0) 232.05 (569.8) <0.001

CDUS, mean (s.p.), mg

@Haemoglobin <140g/l for men and <120g/I for women, with a mean corpuscular volume between 80 and 100fl. PWhite
blood cells >10 x 10%I. °Platelets >400 x 10%/I. °CRP >5mg/I. ®ESR (Wintrobe method) >10mm/h for men and >20mm/h
for women. CDUS: colour Doppler ultrasonography; IQR: interquartile range; WBC: white blood cell.

alternative diagnosis (Supplementary Table S1, available
at Rheumatology Advances in Practice online). The main
clinical characteristics of patients referred for suspected
GCA are presented in Table 1. The mean age of patients
diagnosed with GCA was 75.2 (7.3)years, and 70%
were females. In patients with GCA, CRP was elevated
in 95% of patients (mean value of 81.4mg/l), and ESR,
when performed, was elevated in 46.7% of patients
(mean value of 45.3mm/h). Common clinical manifesta-
tions reported by patients with GCA were headaches
(81.7%) and constitutional symptoms (55.0%). New
visual symptoms were reported by 36.7% of patients
with  GCA. On the initial assessment, none of the
patients with GCA had suffered from stroke or transient
ischaemic attack. Clinical features strongly associated
with GCA included the presence of jaw claudication
(likelihood ratio (LR) = 28.9; P<0.001) and abnormal
temporal artery on physical examination (LR = 50.88;
P <0.001). Normocytic anaemia, leucocytosis, thrombo-
cytosis and elevated CRP were more often present in
patients with GCA (Table 1).

All 198 patients included had a CDUS performed, and
62 patients had a TAB. Using the final diagnosis as de-
termined by the vasculitis expert as a reference, the
sensitivity, specificity, positive predictive value and neg-
ative predictive value were 93.3%, 98.5%, 96.6% and
97.1% for CDUS and 69.2%, 100%, 100% and 81.8%

for TAB, respectively (Table 2). The false-negative rate
of CDUS was 6.7%, as opposed to 30.8% for TAB. Two
of the four patients with a diagnosis of GCA with a neg-
ative CDUS had a positive TAB. A negative TAB was
observed in 8 of the 26 patients with GCA who had un-
dergone TAB, all of whom had a positive CDUS except
for one. Two false-positive results were observed with
CDUS, whereas none was documented with TAB. When
TAB was used as a reference for the diagnosis of GCA,
CDUS had a sensitivity, specificity, positive predictive
value and negative predictive value of 88.9%, 79.1%,
64% and 94.4%, respectively (Supplementary Table S2,
available at Rheumatology Advances in Practice online).
GCA was diagnosed in 42 patients when TAB was either
negative or not performed (Supplementary Table S3,
available at Rheumatology Advances in Practice online,
for their baseline characteristics).

The mean TAB specimen length was 1.68 and
1.53cm (P=0.172) in the GCA group and the non-GCA
group, respectively. TAB specimens sampled in our vas-
culitis centre were longer than those obtained in refer-
ring hospitals, with an average length of 1.66 vs 1.30cm
(P=0.014). The false-negative rate of TAB performed in
our vasculitis centre was 21.1%, as opposed to 57.1%
for those performed in the referring centre (Table 2).

Patients were on a glucocorticoid regimen for a me-
dian of 2days (IQR 0.00-7.50) before they were referred

https://academic.oup.com/rheumap
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TasLeE 2 Comparison of results obtained by colour Doppler ultrasonography and temporal artery biopsy

Parameter

CDUS,n=198
Positive CDUS?
Negative CDUS
Inconclusive CDUSP
TAB,n=62
Positive TAB
Negative TAB
TAB performed in our vasculitis centre, n =40
Positive TAB
Negative TAB
TAB performed in referring hospitals, n =22
Positive TAB
Negative TAB

GCA (n = 60), n/total (%)

No GCA (n = 138), n/total (%)

56/60 (93.3) 2/138 (1.4)
4/60 (6.7) 134/138 (97.1)
0/60 (0.0) 2/138 (1.4)

18/26 (69.2) 0/36 (0.0)
8/26 (30.8) 36/36 (100.0)

15/19 (78.9) 0/21 (0.0)
4/19 (21.1) 21/21 (100.0)

3/7 (42.9) 0/15 (0.0)
4/7 (57.1) 15/15 (100.0)

Fifty-six patients with positive CDUS: 55 patients with positive CDUS of the temporal arteries, 12 patients with positive
CDUS of axillary arteries, including 1 patient with positive CDUS of isolated axillary arteries without temporal artery involve-
ment. PThe US was either technically difficult to interpret or showed mild thickening of the intima—-media complex at the
upper limit of normal. CDUS: colour Doppler ultrasonography; TAB: temporal artery biopsy.

to our US clinic and 7 days (IQR 4.75-13.50) before TAB
was performed. Patients with a positive TAB were on
glucocorticoids for a median of 9days (IQR 4.00-21.50)
before TAB was performed vs 7days (IQR 4.00-13.00)
when TAB was negative (P=0.771). Patients with a TAB
performed in our vasculitis centre tended to have a lon-
ger treatment course of glucocorticoid before TAB [me-
dian of 11.00days (IQR 4.00-20.00)] compared with
patients from referring hospitals [median of 5.00days
(IQR 5.00-7.00)], but this difference was not found to be
statistically significant (P =0.053).

With a cut-off of 9.5 points for the GCAPS, the sensitiv-
ity, specificity, positive predictive value and negative pre-
dictive value were 98.3%, 74.3%, 62.0% and 99.0%,
respectively (Table 3). The area under the receiver operat-
ing characteristic curve for the 194 patients with a calcu-
lated GCAPS was 0.927 (95% CI: 0.892, 0.961). The
optimal cut-off point for the curve was 9.5 points (Fig. 2).

Discussion

Increasing evidence in recent years indicates that CDUS
is a helpful diagnostic tool for GCA. Our study demon-
strated that CDUS has an excellent sensitivity and spe-
cificity when performed by a trained sonographer and
that it performs better than TAB.

Wide ranges of sensitivities and specificities for CDUS
have been reported, with superior results when per-
formed by a trained sonographer using high-resolution
equipment [3, 12, 13]. Many studies have shown that
TAB is less sensitive than CDUS [14]. For instance, The
Role of Ultrasound Compared with Biopsy of Temporal
Arteries in the Diagnosis and Treatment of GCA (TABUL)
study demonstrated that CDUS had a better sensitivity
for the diagnosis of GCA in addition to being a cost-
effective approach, whereas the sensitivity of TAB was

https://academic.oup.com/rheumap

reported to be as low as 39%. The specificity of CDUS
was reported to be inferior to that of the TAB group, but
these results were affected by the lack of experience of
most sonographers [4]. A previous study suggested that
the overall sensitivity and specificity of temporal artery
US was >90% compared with the clinical diagnosis as
established by the treating physician based on standard
diagnostic criteria [3]. CDUS has also been proposed as
a tool for the follow-up of patients with GCA; however, a
previous study demonstrated no added value to this ap-
proach [15].

There are several advantages to CDUS, including the
absence of radiation and procedural risks, easy access,
rapid results, low cost and the possibility to identify skip
lesions missed by TAB (Fig. 3). Skip lesions have been
reported to occur in between 8.5 and 28% of TAB in
patients with GCA [16-18]. The rate of false-negative
TAB is reported to be as high as 15-60% [19]. We found
similar data in our study, with a TAB false-negative rate
of 30.8%. When TAB was performed in our vasculitis
centre, the false-negative rate was 21.1%, compared
with 57.1% in referring hospitals.

Temporal artery biopsy performed in our centre has a
false-negative rate in the lower range of that reported in
the literature [14]. One explanation for this might be that
in our centre, TAB is performed by a dedicated, experi-
enced vascular surgeon and interpreted by a single pa-
thologist. Most TABs in our centre were performed after
CDUS, with a specific request regarding which temporal
side and arterial segment to biopsy, whereas TABs out-
side our centre had been done without such guidance.
Finally, TAB specimens were longer in our centre than
those performed in referring hospitals, which is likely to
enhance the diagnostic yield. TAB length was previously
shown to be an important predictor of histopathological
diagnosis; for every increase in biopsy length of 0.5cm,
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TasLe 3 Comparison of GCA probability score between patients with and without a diagnosis of GCA

Parameter GCA (n =60) No GCA (n =138) P-value
GCAPS points, mean (s.p.) 14.3(2.9) 8.1(3.1) <0.001
Patients with >9.5 points on GCAPS, n (%) 57/58 (98.3) 35/136 (25.7) <0.001
Patients with <9.5 points on GCAPS, n (%) 1/58 (1.7) 101/136 (74.3)
GCAPS: GCA probability score.
Fic. 2 Receiver operating characteristic curve for GCA probability score
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The area under the receiver operating characteristic curve for the 194 patients with a calculated GCAPS was 0.927
(95% CI: 0.892, 0.961). The optimal cut-off point for the curve was 9.5 points. GCAPS: GCA probability score.

there was an increase in the odds ratio for positive TAB
up to 2.0cm [20]. Overall, this highlights the importance
of having a skilled surgeon to perform TAB and an ex-
perienced pathologist to analyse the tissue sample.
Interestingly, a retrospective Canadian study collected
data on TAB performed by 11 different subspecialties,
each with a different level of experience depending on
geographical location. The number of TABs done per
specialty during a 10year time frame ranged between 1
(emergency medicine) and 3791 (general surgery) [21].
GCAPS is an interesting tool for the risk stratifica-
tion of patients with suspected GCA, particularly to
exclude the diagnosis. The sensitivity of GCAPS in our
study (with a cut-off of 9.5 points) was similar (98.3%)
to the original publication (95.7%) but had a lower
specificity of 74.3% vs 86.7%, respectively. In the pre-
vious study, 88.4% of patients were classified accu-
rately using GCAPS, whereas 79.5% of our patient
population was categorized correctly. This could be
explained by the nature of our study, with certain
GCAPS being calculated retrospectively. The receiver

operating characteristic curve for GCAPS demon-
strated an optimal cut-off point of 9.5 points, identical
to what was previously reported [8].

Two patients in our study had a false-positive CDUS
(1.47%), which is similar to what was observed in pre-
vious studies [22]. The first patient had a recent acute
otitis media with mastoiditis; he had been referred to
our clinic to rule out GCA because his inflammatory
markers remained elevated despite the infectious epi-
sode presumably being resolved. Further investiga-
tions demonstrated an invasive ENT infection with
endovasculitis. The second patient was referred with a
high clinical probability of GCA (GCAPS = 17), with
headaches, visual and constitutional symptoms, ab-
normal temporal artery examination and elevated in-
flammatory markers. CDUS was positive on temporal
and axillary arteries. GCA was diagnosed, but the pa-
tient did not improve with glucocorticoids. Subsequent
large vessel CT angiography revealed an aortic lesion
compatible with angiosarcoma, which was confirmed
on biopsy.

https://academic.oup.com/rheumap
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Fic. 3 Colour Doppler ultrasonography of the temporal arteries

(A) Longitudinal view of a normal intima—media complex of the left frontal branch of the temporal artery (arrow). (B)
Longitudinal view of a hypoechoic thickening of the intima—media (halo sign) of the left parietal branch of the temporal
artery (arrow). (C) Transverse view of a halo sign using colour Doppler (green arrow) and positive compression sign in
that location (red arrow).
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Four patients with GCA had a false-negative CDUS.
Three of these four had a prolonged course of glucocorti-
coids before CDUS (ranging from 30 to 480days before
CDUS); GCA was confirmed with either TAB or extracra-
nial large vessel imaging. The fourth patient underwent
one of the first CDUS performed at our centre. He had
been on CSs for 5days before US examination and had
a positive TAB. These cases highlight that the accuracy
of CDUS decreases with glucocorticoid use [4, 23]. The
TABUL study described optimal results when CDUS was
performed on patients within 7 days of the start of gluco-
corticoids and, ideally, after they had received only a sin-
gle dose of glucocorticoids. Additionally, vasculitides are
heterogeneous diseases that can present with a range of
symptoms, with many common diseases mimicking pri-
mary vasculitides [24, 25].

This study has several strengths. Patients were in-
cluded consecutively, and most were assessed by a
GCA specialist. The database was thorough, and we
demonstrated that CDUS is highly performant in our re-
ferral centre, similar to previous studies published by
CDUS pioneers. Although many factors influence TAB
results, our study raises the question of whether having
a consistent experienced surgical specialist and pathol-
ogist might improve the yield of TAB.

Our study has several limitations. The study was retro-
spective, and the ultrasonographer was not blinded to
the patient’s characteristics, physical examination and
laboratory values. However, the final diagnosis was con-
firmed 6 months after the original assessment. The ex-
ternal validity of our results might be affected by the
fact that CDUS was performed by the same US expert
and by the single-centre design of the study.

Conclusion

CDUS of the temporal and axillary arteries showed a
high sensitivity and specificity and is a useful tool for the
diagnosis of GCA when performed by an experienced
sonographer. Good-quality TAB performed by a skilled
surgeon and interpreted by an experienced pathologist
can help to reduce the rate of false-negative TAB. The
GCAPS is a useful clinical tool in our cohort of patients,
with a score <9.5 points making the diagnosis of GCA
unlikely.
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