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Abstract

Background: Giant cell arteritis (GCA) is a systemic granulomatous vasculitis affecting
large and medium-sized arteries, predominantly in individuals over 50 years. While it tra-
ditionally involves cranial branches of the external carotid artery, particularly the temporal
arteries, growing evidence underscores frequent extracranial involvement, especially in
the supra-aortic trunks. Objective: We aimed to critically review the diagnostic utility of
extended Color Doppler Ultrasound (CDUS) in GCA, with a focus on vertebrobasilar in-
volvement and current international imaging guidelines. Methods: Taking inspiration from
a representative case of extracranial GCA with vertebrobasilar ischemic events, the current
literature and international recommendations (e.g., EULAR, ACR, BSR and SIR) were
reviewed. Results: Diagnostic accuracy significantly improves when CDUS is extended to
include carotid, vertebral, subclavian and axillary arteries. Elevated inflammatory markers
such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) correlate with
large-vessel involvement and support the use of extended scanning protocols. International
guidelines vary in their emphasis on extended CDUS, but consensus is growing toward
ultrasound imaging-first strategies in expert hands. Conclusion: Extended CDUS is a
sensitive, non-invasive first-line diagnostic tool for GCA. In patients with symptoms of
the posterior cerebral circulation and elevated inflammatory indices, early comprehen-
sive vascular imaging reduces diagnostic delay and may obviate the need for temporal
artery biopsy.

Keywords: giant cell arteritis; extended color Doppler; vascular imaging; diagnosis;
vasculitis

1. Introduction

In 1932, Bayard T. Horton, a neurologist at the Mayo Clinic, described a puzzling
condition affecting elderly women who presented with new-onset temporal headache,
low-grade fever and sudden, episodic vision loss. Temporal artery biopsy revealed granu-
lomatous inflammation with multinucleated giant cells, which became known as “temporal
arteritis” [1].

Giant cell arteritis (GCA) is the most common systemic vasculitis in adults over
50 years of age. It is histologically characterized by granulomatous inflammation with
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lymphomonocytic infiltrates, multinucleated giant cells, internal elastic lamina fragmen-

tation and concentric intimal hyperplasia leading to luminal stenosis and subsequent

ischemia [2,3].

Clinically, GCA presents in two major phenotypes:

e Cranial GCA (C-GCA) affects the superficial temporal arteries, presenting with clas-
sical symptoms such as new-onset headache, scalp tenderness, jaw claudication and
vision loss.

e Large-vessel GCA (LV-GCA or extracranial GCA) involving the aorta and major
branches, including the subclavian, axillary, carotid, and vertebral arteries [4,5].

Recent studies using PET-CT and high-resolution ultrasound have demonstrated that
extracranial involvement is present in up to 60-70% of GCA cases, often in the absence
of cranial symptoms. Vertebrobasilar ischemia, in particular, may be under-recognized.
Elevated ESR and CRP are frequently the only early laboratory clues [6-8].

This narrative review based on a representative clinical case stems from our renewed
interest in GCA. We present the case of a 74-year-old woman who presented with transient
ischemic episodes in the cerebral vertebrobasilar territory over a 3-month period. Initially
misdiagnosed with atherosclerotic disease and possible vertebral dissection, her condition
deteriorated despite vascular risk factor management.

Brain MRI revealed multifocal ischemic lesions in the posterior circulation and bilat-
eral vertebral artery occlusion. Inflammatory markers were significantly elevated (ESR
120 mm/h, CRP 4.2 mg/dL). Autoimmune screening was negative except for anti-parietal
cell antibodies.

Extended CDUS (Figures 1-3) revealed a bilateral halo sign of temporal arteries, hypoe-
choic circumferential thickening of the subclavian and common carotid arteries, increased
intima-media thickness (IMT) and non-compressibility of arteries. Growing evidence con-
firms that extended CDUS protocols, including extracranial vessels, significantly increase
diagnostic yield in patients with suspected LV-GCA [9].
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Figure 1. Increased intima-media thickness (IMT) and non-compressibility of temporal arteries.
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Figure 2. Increased intima-media thickness (IMT) and non-compressibility of carotid arteries.

Figure 3. Increased intima-media thickness (IMT) and non-compressibility of the common carotid

artery evaluated with next-generation M-Flow imaging.
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A subsequent 18F-FDG PET/CT scan confirmed systemic vasculitic involvement of
the temporal, vertebral and subclavian arteries. The patient began high-dose corticosteroid
therapy with rapid clinical and biochemical improvement.

This case would support the importance of considering extracranial GCA in patients
with posterior stroke syndromes and reinforces the use of extended CDUS protocols [9,10].

2. Methods

A systematic literature review was conducted to evaluate the diagnostic utility of
extended color Doppler ultrasound (CDUS) in giant cell arteritis (GCA), with particular
emphasis on the detection of posterior circulation involvement.

The search was performed in PubMed, Cochrane Library and Google Scholar from
January 2010 to August 2025, using the following keywords: “Giant Cell Arteritis”, “Color
Doppler Vltrasound”, “Extended ultrasound”, “Large Vessel Vasculitis”, “Vertebral Artery”,
“Posterior Circulation Diagnosis” and related synonymes.

Inclusion criteria were as follows:

e  Original studies, systematic reviews and meta-analyses published in English or Italian
from 2010 onward.

e  Adult patients (age > 50 years) with suspected or confirmed GCA.

e The use of extended CDUS protocols, including assessment of temporal, axillary,
subclavian, carotid and vertebral arteries.

e  Outcome reporting diagnostic sensitivity, specificity, accuracy, or clinical impact
(e.g., association with ischemic complications, especially posterior circulation stroke).

e  Studies comparing CDUS with other imaging modalities (PET/CT, MRI) or with
clinical reference standards.

Exclusion criteria were as follows:

e  Studies on pediatric populations or vasculitides other than GCA.

e  Studies lacking specific data on CDUS or not distinguishing between limited and
extended protocols.

e  Articles without relevant diagnostic or clinical outcome data.

Study selection: The search identified 23 records (Pubmed: 5; Cochrane Library: 1;
Google Scholar additional relevant studies: 17). All 23 records underwent title/abstract
screening, with 8 exclusions (not related to GCA, pre-2010, or no ultrasound data). Full-
text review was performed on 15 articles; 5 were excluded due to the absence of data on
extended CDUS or lack of diagnostic/clinical outcomes. A total of 10 studies met the
inclusion criteria and were included in the qualitative synthesis.

3. Results

As shown in Table 1, CDUS is a first-line diagnostic imaging tool in the diagnosis of
suspected GCA due to its high sensitivity, specificity, repeatability and non-invasiveness.
While initial protocols focused on temporal arteries, modern evidence supports the exten-
sion of CDUS to include supra-aortic trunks.

The ultrasound examination involves a >15 MHz linear probe for cranial vessels and
>10 MHz transducer with power Doppler settings for peripheral arteries. These technical
recommendations are consistent with current expert consensus, which also emphasizes the
importance of probe frequency, Doppler settings, and operator training to avoid artifacts
and optimize diagnostic accuracy [11]. Imaging pathological signs include the following:
(a) A halo sign: Characterized by a hypoechoic (dark) thickening of the vessel wall. The
halo sign is sensitive to change and typically disappears within 2—4 weeks of initiating
glucocorticoid therapy, supporting its value in both diagnosis and early monitoring [12].



J. Vasc. Dis. 2025, 4, 37

50f9

(b) Compression sign: Defined as visibility of the vessel wall upon transducer-imposed
compression of the artery. (c) Intima-media thickness (IMT) > 1 mm [10,13-15].

Table 1. Summary of diagnostic value of extended CDUS.

Study/Protocol Scope of Extension Diagnostic Impact Reference
Oxford A2 Protocol (2023) Carotid, subclszlan, axillary, Sen51t1(\)71ty increased from 42.1% [9]
vertebral arteries to 69.9%
Carotid and axillary arteries in Sensitivity rose to 95%,
van der Geest et al. (2022) addition to temporal arteries specificity maintained at 98% (101
Bosch et al., RMD Open (2023) Verteb.ral and subclavian Predl.cts higher relapse and [7]
extension steroid dependence

Recent EULAR-endorsed cut-off values for intima-media thickness (IMT) include
>0.42 mm for temporal arteries and >1.0 mm for axillary arteries [11].

Current international guidelines differ in their degree of endorsement of extended
CDUS protocols, as shown in the comparative summary in Table 2.

Table 2. Comparative summary of CDUS protocols.

Guidelines Main Recommendations

-CDUS of temporal =+ axillary arteries as initial test
EULAR (2018 and 2023) -Can replace biopsy if positive
[7,14] -Supports extended protocol

-Diagnosis possible without biopsy

EULAR Points to Consider
(2024) [11]

-Endorses extended CDUS including carotid and vertebral arteries
-Supports biopsy sparing approach in expert centers
-CDUS recommended for diagnosis, monitoring and relapse prediction

ACR/Vasculitis Foundation (2021)

-CDUS as non-invasive first-line tool only in expert centers
-Still prioritizes temporal artery biopsy

16l -Additional imaging (PET/CT, MRA) after confirmation
-Aligned with EULAR recommendations

SIR (Italian Society of Rheumatology) -CDUS as a first-line diagnostic tool

[17] -Often replaces biopsy

-Supports fast-track pathways and vascular extension

BSR 2020 (British Society for Rheumatology) -CDUS preferred in fast-track clinics

[18] -TAB still considered where ultrasound expertise is lacking
-CDUS replacing biopsy
Key Differences -EULAR, SIR, BSR: supportive

-ACR: cautious, prioritizes biopsy

Overall Consensus

-Extended CDUS is crucial in GCA diagnosis when performed by
trained operators with proper protocols

4. Discussion

Despite advances in awareness and imaging technology, the early diagnosis of giant
cell arteritis (GCA) remains challenging due to its heterogeneous clinical presentation
symptom and overlap with other vascular disorders. Over the past decade, international
guidelines have progressively incorporated color Doppler ultrasonography (CDUS) into
diagnostic pathways, though variations persist regarding vascular territories to be assessed
and its role relative to temporal artery biopsy (TAB), MRI or PET/CT.

Comparative studies confirm the diagnostic accuracy of CDUS. Hansen et al. reported
that CDUS, particularly the compression sign, achieved a sensitivity of 63% and specificity
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of 79% compared to 69% sensitivity and 100% specificity for TAB, with CDUS identifying
more overall positive cases [19].

Extended CDUS protocols further improve diagnostic yield, especially for large-vessels
involvement. Pacheco et al. recently demonstrated that the simultaneous assessment of
the superficial temporal and axillary arteries delivers robust performance and is feasi-
ble in fast-track settings [20]. Similarly Skoog et al. observed that sensitivity increased
from 86% with temporary assessment alone to 95% when extracranial vessels were in-
cluded, with 10% of cases presenting isolated extracranial disease that would have been
otherwise missed [21,22].

Guideline recommendations vary. EULAR (2018, 2023) and SIR advocate extended
vascular assessment even in cranial presentations, supporting CDUS as a first-line modality
that may replace biopsy in expert hands [14,17,23]. The 2024 EULAR-endorsed “Points
to Consider” recommend the systematic inclusion of carotid and vertebral arteries, when
clinically indicated, and emphasize CDUS as a tool for both diagnosis and monitoring [11].

In contrast ACR/Vasculitis Foundation Guidelines (2021) maintain TAB (tempo-
ral artery biopsy) as the diagnostic gold standard, reserving imaging for atypical cases
or biopsy-negative cases [16], while the British Society for Rheumatology (BSR) 2020
guidelines support CDUS in fast-track clinics but retain biopsy in low-ultrasound-
expertise settings [18].

Posterior circulation involvement, particularly vertebral artery vasculitis, is under-
recognized despite being associated with cerebrovascular events in up to 10% of
GCA cases [6,8,9,18,24].

Priinte et al. emphasized the need to evaluate vertebral arteries in atypical presenta-
tions, as isolated extracranial disease can occur without cranial symptoms [24]. In such
cases, extended CDUS facilitates earlier diagnosis and prompt treatment.

We propose a tiered diagnostic approach Figure 4:

e Tier 1: A CDUS of temporal, axillary and subclavian arteries and extension to carotid
and vertebral vessels in high-risk patients.

e  Tier 2: MRI or PET/CT, when CDUS is negative or inconclusive. Van Nieuwland et al.
found these modalities to have comparable overall diagnostic accuracy, with differing
artery-specific performance [25].

e Tier 3: Temporal artery biopsy in selected cases in the context of persistently high
clinical suspicion despite negative imaging findings.

Beyond diagnosis, CDUS also supports disease monitoring, particularly in patients
receiving IL-6 inhibitors such as tocilizumab, where CRP (C-reactive protein) may be
suppressed [15,16,26]. Persistent wall changes can be detected despite clinical remission,
serving as structural correlates of subclinical disease. Quantitative scores such as the Halo
Score may standardize follow-up and relapse prediction.

Overall, extended CDUS, when performed by trained operators following standard-
ized protocols, aligns with a modern paradigm prioritizing imaging as a first-line diag-
nostic tool. It enables faster diagnosis, reduces reliance on invasive biopsy, and supports
longitudinal disease assessment, particularly in large-vessel involvement and posterior
circulation disease.
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Suspected GCA
(Age =50, symptoms, ESR/CRP 1)

Y

Tier 1 - Extended CDUS:
Temporal + Axillary + Subclavian + Carotid + Vertebral

Positive Negative/Inconclusive

Negative or inconclusive CDUS

. J
Positive CDUS:
Halo sign / IMT > cut-off / Non-compressibility
— Initiate therapy

L 4
Tier 2 - PET/CT or MRI:
Assess aorta, deep vessels,
atypical involvement

Negative

Positive but suspicion high

Negative but high clinical suspicion

A |
Positive imaging:
Confirm diagnosis
— Initiate therapy

L J
Tier 3 - Temporal Artery Biopsy:
Selected cases

Y Y

Follow-up & Monitoring:
Repeat CDUS, Halo Score,
monitor IL-6i patients

Figure 4. The proposed tiered diagnostic algorithm for suspected giant cell arteritis (GCA). Tier
1 includes extended color Doppler ultrasound (CDUS) of temporal axillary, subclavian, carotid
and vertebral arteries. Tier 2 involves FDG-PET/TC or MRI for an assessment of deep or atypical
vessel involvement when CDUS is inconclusive. Tier 3 consists of temporal artery biopsy in selected
high suspicion cases with negative imaging. The follow-up phase includes repeat CDUS, Halo Score
assessment and monitoring patients on IL-6 inhibitors. Adapted from current evidence [7,11,14,20,25].
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5. Conclusions

This review highlights the pivotal role of extended color Doppler ultrasound (CDUS)
in the diagnostic work-up of giant cell arteritis (GCA). By systematically evaluating
not only the temporal arteries but also extracranial vessels such as the axillary, subcla-
vian, carotid, and vertebral arteries, extended CDUS markedly increases the diagnostic
yield [8,9,15,21,22,25,27,28]. This broader approach enables the detection of both cranial
and extracranial disease phenotypes, allowing an earlier recognition of large-vessel involve-
ment and posterior circulation disease [8,9,21,27]. Such findings are clinically relevant,
as posterior circulation involvement is often underdiagnosed and may precede or occur
in the absence of cranial symptoms, potentially leading to disabling or fatal ischemic
events [8,9,15]. Compared with other imaging modalities such as PET/CT and MRI, ex-
tended CDUS is rapid, non-invasive, widely available, and cost-effective, making it an
ideal first-line technique, especially in fast-track clinics [21,25,27].

Nevertheless, despite the growing evidence base, some challenges remain. Differences
in operator expertise, equipment settings and diagnostic thresholds for intima-media
thickness (IMT) continue to limit the generalizability of results [15,22].

Furthermore, while several studies support the inclusion of vertebral arteries in
the scanning protocol, standardized acquisition and interpretation criteria are still lack-
ing [15,22].

In conclusion, extended CDUS represents a powerful, first-line imaging tool for the
early diagnosis of GCA [28], with the potential to improve patient outcomes through the
timely recognition of extracranial and posterior circulation involvement. The standardiza-
tion of protocols and broader dissemination of expertise will be crucial to consolidating its
role in routine clinical practice.
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