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ABSTRACT

Background: Vasculitis encompasses inflammatory disorders of blood vessels where early recognition is vital to prevent
complications. Tissue biopsy, the traditional diagnostic standard, is invasive and subject to sampling error. Ultrasound has
emerged as a non-invasive alternative, but interpretation is challenged by variability in protocols, operator expertise, and treatment
effects.

Objectives: To systematically review and meta-analyze the diagnostic accuracy of ultrasound in vasculitis compared with biopsy
or clinical diagnosis.

Methods: This systematic review and meta-analysis followed PRISMA-DTA guidelines (protocol registered in PROSPERO).
Eligible studies included adults undergoing cranial and/or extracranial ultrasound. A bivariate random-effects model was used for
pooled estimates. Risk of bias was assessed with QUADAS-2, and certainty of evidence with GRADE.

Results: Nineteen studies met inclusion. Pooled sensitivity was 0.85 (95% CI, 0.81-0.89) and specificity 0.95 (95% CI, 0.92—
0.97). Extended vascular protocols improved sensitivity compared with cranial-only imaging, while specificity remained high.
Sensitivity declined with delayed imaging after immunosuppressive therapy. Operator expertise strongly influenced results.
HSROC analysis confirmed robustness, and Deeks’ funnel plot showed no significant asymmetry (p = 0.05).

Conclusions: Ultrasound demonstrates excellent specificity and consistent sensitivity for diagnosing vasculitis. Wider adoption
of extended protocols and specialized training may reduce reliance on invasive biopsy in clinical practice.
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INTRODUCTION

Vasculitides comprise a diverse group of inflammatory vascular conditions with immune-mediated damage to the blood vessel
walls resulting in stenosis, occlusion, or the development of aneurysms [1]. Vasculitides are classified as large-, medium-, or
small-vessels rendering to the size of the affected vessels [2]. Their clinical presentation is extremely varied from constitutional
symptoms to potentially life-threatening ischemic complications. Early and correct diagnosis is of utmost importance since
delayed diagnosis can lead to irreversible organ damage like blindness, stroke, renal failure, or neuropathy [3]. Conventionally,
Tissue biopsy has been the gold standard for diagnosis in most types of vasculitis. Nevertheless, biopsy tests are invasive, prone
to sampling error, and can be associated with delays in starting treatment. These constraints underscore the importance of
dependable, non-invasive, and accessible imaging modalities that can aid timely diagnosis throughout the spectrum of vasculitis

[4].

Ultrasound has become a prospective modality in the diagnostic assessment of vasculitis [5]. Ultrasound of vessels allows direct
imaging of vessel walls and changes in the lumen with depiction of pathological characteristics like the "halo sign,” wall
thickening, stenosis, or occlusion [6]. Ultrasound is non-invasive, can be done at the bedside, and is more widely available in
routine practice. Technological improvements, such as high-frequency linear probes and color Doppler functions, have enhanced
resolution and diagnostic accuracy [7]. The use of fast-track clinics combining ultrasound with the early evaluation of suspected
vasculitis has been demonstrated to decrease delay in diagnosis, enhance patient outcomes, and prevent irreversible
complications. These advances draw attention to the growing use of ultrasound in the diagnosis of vasculitic disorders [8].

Over the past few years, a number of studies have looked at the diagnostic accuracy of ultrasound in vasculitis, concentrating on
large-vessel forms such giant cell arteritis (GCA) and Takayasu arteritis. Much of the existing evidence is derived from GCA
cohorts, temporal and extracranial artery ultrasound has been extensively studied [9]. Early single-center series revealed high
specificity but operator-variable sensitivity, which in many cases depended on which vascular beds were imaged and operator
experience. Series limited to cerebral arteries occasionally reported sensitivities as low as 52% but uniformly had specificity
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greater than 90%. In contrast, protocols that included extracranial arteries like the axillary, subclavian, and carotid vessels greatly
enhanced sensitivity without reducing specificity [10]. Ultrasound has also been utilized in Takayasu arteritis to identify intima-
media thickening and subclavian, carotid, and renal artery stenosis, lending further credibility to its wider application across large-
vessel vasculitis to GCA [11].

Subsequent prospective studies have reaffirmed that prolonged imaging protocols, including both cranial and extracranial arteries,
increase sensitivity and decrease the likelihood of missed diagnosis [12]. Further evidence emphasizes the influence of treatment
timing: corticosteroid therapy has been found to decrease vascular wall edema and consequently diminish ultrasound sensitivity
when delayed imaging occurs [13]. International guidelines currently accept ultrasound as a first-line imaging modality for
suspected large-vessel vasculitis when experience and the necessary equipment are available. Ultrasound is the European League
Against Rheumatism (EULAR) recommendation as a first imaging test in suspected GCA, and the same principles are
increasingly extended to Takayasu arteritis [14]. Such an assessment would estimate pooled sensitivity and specificity, review
study-level modifiers including protocol design, operator experience, and timing of imaging, and review the certainty of evidence
applying GRADE framework. By combining the data, this review aims to generate clinically useful information that can be
applied in practice, reduce the need for invasive biopsy, and enable the creation of standardized diagnostic protocols for vasculitis.
With a focus on GCA the goal of this systematic review and meta-analysis is to thoroughly assess the diagnostic precision of
ultrasound in vasculitis. This study seeks to quantify pooled sensitivity, specificity, and diagnostic odds ratios using robust
statistical methods, while also exploring the variability of diagnostic performance across different settings, including cranial
versus extended extracranial protocols, reference standards, timing of imaging relative to corticosteroid initiation, and operator
expertise. In order to provide clinically significant implications for diagnostic paths and guideline creation, the GRADE
framework is also used to evaluate the certainty of the evidence.

METHODOLOGY

Protocol and Registration

The PRISMA 2020 statement and the PRISMA-DTA criteria were followed in the preparation of this systematic review and
meta-analysis. A detailed protocol was prospectively registered on PROSPERO to ensure methodological transparency and to
minimize risk of reporting bias. Every methodological step, including data extraction, study selection, and risk of bias assessment,
was carried out in accordance with predetermined plans; any discrepancies were noted and explained.

Eligibility Criteria

Studies that assessed the diagnostic precision of adult vascular ultrasound were eligible. The index test included grayscale,
Doppler, or combined ultrasound assessing cranial (temporal) and/or extracranial arteries for findings such as the halo sign,
compression sign, or intima-media thickness abnormalities. After adequate follow-up, a temporal artery biopsy or a final clinical
diagnosis served as the reference standard. Included were those studies with adequate data to create 2x2 contingency tables.
Exclusion criteria were pediatric populations, case reports, small series with fewer than 10 patients, reviews, editorials, abstracts
without extractable data, and studies using ultrasound solely for monitoring.

Information Sources and Search Strategy

A comprehensive study was undertaken in MEDLINE (via PubMed), Embase, Scopus, Web of Science Core Collection, and the
Cochrane Library (CENTRAL) for the period January 1, 2005, to September 15, 2025. Additional sources included
ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform (ICTRP), and the reference lists of relevant reviews.
The search approach combined free-text terms with restricted vocabulary for “vasculitis,” “giant cell arteritis,” “temporal
arteritis,” “ultrasonography,” “Doppler,” “sensitivity”, “specificity”, “predictive value” and “diagnostic accuracy.” No
restrictions on language was applied. Searches were rerun within 30 days of manuscript submission to capture the most recent
studies.

EEINNTS

Study Selection and Data Extraction

Two reviewers separately screened titles and abstracts using pre-piloted forms following deduplication. Potentially eligible
articles' full texts were then evaluated in regard to the inclusion and exclusion criteria. A third reviewer's arbitration or consensus
was used to settle disagreements. Reasons for full-text exclusions were systematically documented.

Data was independently retrieved by two reviewers using standardized forms. Extracted items included: study design, setting,
country, sample size, population characteristics, ultrasound modality and parameters, operator expertise, blinding procedures,
reference standard, diagnostic thresholds, and 2x2 diagnostic accuracy data. Additional details were also noted, including funding
source, conflicts of interest, and the duration between the index and reference tests. In cases where missing data was required, the
authors were contacted.

Risk of Bias and Quality Assessment

The QUADAS-2 technique was used to assess risk of bias in four areas: patient selection, index test, reference standard, and
flow/timing. Applicability problems with the index test, reference standard, and patient selection were also assessed. Comparative
designs were additionally cross-checked with QUADAS-C considerations.

Data Synthesis and Statistical Analysis

The results of diagnostic accuracy were synthesized by simultaneously pooling sensitivity and specificity using a bivariate
random-effects model (Reitsma method). HSROC curves with prediction regions and 95% confidence were produced. Sensitivity
and specificity forest plots were developed to visually assess heterogeneity. Heterogeneity was explored through subgroup
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analyses according to reference standard, ultrasound protocol (cranial versus cranial+ extracranial), and timing of imaging relative
to steroid exposure. Extensive intervals between index and reference tests and studies with a high probability of bias were
excluded from sensitivity analysis. To evaluate publication bias, Deeks' funnel plot asymmetry test was employed.

Certainty of Evidence

The GRADE framework for the accuracy of diagnostic tests was employed to evaluate the level of evidence's certainty. Each
important comparison was evaluated based on publication bias, indirectness, imprecision, inconsistency, and risk of bias. An
overview of the Tables of findings was created to show estimates of pooled effects along with certainty.

RESULTS

Study Selection

There were 650 records found in the first search (600 from databases and 50 from other sources). 350 records were filtered by
title and abstract after 300 duplicates were eliminated. 150 of these were excluded since they did not fit the criteria. 180 of the
200 full-text publications that were evaluated for eligibility were excluded. Of these, 40 were not diagnostic accuracy studies, 41
had insufficient data, 50 examined the incorrect group (non-vasculitis or paediatric exclusively), and 50 employed an index test
other than ultrasound. In the end, the qualitative and quantitative synthesis included 19 studies. An overview of the selection
procedure is given by the PRISMA flow diagram (Figure 1).

{ Identification of studies via Databases and Registers }
Records identified from: -

Databases (Embase, PubMed, Scopus, Web of .| Duplicate records removed,
Science, Cochrane Library) n=600 | 7 n =300

Other sources (Manual Reference checks) n = 50

Total records identified n = 650

1

Records screened, n = 350

|

|:> Records excluded, n =150

Records assessed for I:>
eligibility, n = 200 Records excluded: n=181
* Index test not ultrasound n=50
* Wrong population (non-vasculitis/pediatric
only) , n=50
= Not a diagnostic accuracy study , n= 40
Total number of included studies, n =19 *  Insufficient data n=41

‘ Included H Eligibility H Screening " Identification ‘

Figure 1. PRISMA flow diagram

Study Characteristics

The 19 included studies were published between 2005 and 2025 and conducted across Europe, North America, Australia, and
Asia, as shown in Table 1. The majority of research included patients with suspected GCA at fast-track clinics or hospitals. The
range of sample sizes was 55-300 patients, with a combined population of approximately 2,500 patients across all studies.

The index test was vascular ultrasound in all cases, employing either cranial-only protocols (temporal arteries) or extended
protocols including extracranial arteries (axillary, subclavian, carotid). Ultrasound findings evaluated included the halo sign,
compression sign, and wall thickening or stenosis. Probe frequency varied (10-18 MHz), and operator expertise was typically
high, with several studies performed in specialized fast-track centers. Clinical diagnosis with follow-up was the reference standard
in ten investigations, TAB in eight, and a combination of the two in two.

Diagnostic Accuracy of Ultrasound

Forest Plot of Sensitivity

The forest plot of sensitivity (Figure 2) demonstrated moderate variability across studies. Reported sensitivities ranged from 52%
to 100%, with most estimates clustering above 80% [20, 23, 18]. Studies incorporating extracranial arteries generally achieved
higher sensitivities compared with cranial-only protocols [19, 28, 30]. The pooled sensitivity estimate was ~85%, highlighting
that ultrasound reliably detects the majority of patients with vasculitis.
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Figure 2. Forest plot of sensitivity of ultrasound for the diagnosis of vasculitis

Blue dots indicate individual study estimates with 95% confidence intervals; the red diamond represents the pooled sensitivity.

Forest Plot of Specificity

The forest plot of specificity (Figure 3) showed consistently high values across nearly all studies. Specificity estimates ranged
from 71% to 100% [20, 23, 22, 26, 27]. The pooled specificity was ~95%, underscoring the strong ability of ultrasound to rule
out GCA in patients without the disease. Extended ultrasound protocols did not compromise specificity, maintaining excellent
performance in both cranial-only and cranial+extracranial protocols.
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Figure 3. Forest plot of specificity of ultrasound for the diagnosis of vasculitis
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Green dots indicate individual study estimates with 95% confidence intervals; the red diamond represents the pooled specificity.

Study-Level Variability and Effect Modifiers

Table 2 summarizes the variability in diagnostic performance across the 19 included studies, stratified by ultrasound protocol,
reference standard, steroid exposure, and operator expertise. Overall, sensitivity ranged from 52% to 100% and specificity from
71% to 100%. Cranial-only protocols were consistently less sensitive (52-82%) than extended cranial+extracranial protocols
(85-97%), while specificity remained uniformly high in both approaches. Studies using temporal artery biopsy as the reference
standard reported excellent specificity (>91%) but lower sensitivity compared with those using final clinical diagnosis, which
showed broader ranges. One prospective study demonstrated a decline in sensitivity from 92% at baseline to 70% after 10 days
of steroid therapy, with specificity unchanged [31]. Operator expertise also influenced results: fast-track centers achieved higher
diagnostic accuracy compared with routine practice cohorts. While highlighting the significance of technical methodology,
reference standards, imaging timing, and clinical knowledge, these data also demonstrate the robustness of ultrasonography in
GCA.

Table 2. Variability in Diagnostic Performance Across Study Characteristics

Factor Sensitivity Range | Specificity Range | Representative Findings / Example Studies
(Stratification) (%) (%)

Overall range (20 | 52-100 71-100 Lowest: [20, 23] (sens ~52); Highest: [18] (sens
studies) 100)

Ultrasound protocol

Cranial-only 52 - 82 71-100 Lower sensitivity [20,23, 17]
Cranial + extracranial | 85—97 94 -100 Extended protocols improved sensitivity [10, 28,
30]

Reference standard

Temporal artery | 71 -100 91-100 High specificity, lower sensitivity [17, 22]

biopsy

Clinical diagnosis | 52 — 95 71-98 More reflective of real-world pathways [23, 25]
(£TAB)

Steroid exposure 70-92 ~94 Sensitivity fell after steroids (92% at baseline —

70% by Day 10) [31]

Operator expertise

Fast-track centers 86 — 95 95-99 Higher accuracy [30, 28]

Routine practice 52 -71 71-93 Lower accuracy in routine cohorts [20, 23]

Summary Receiver Operating Characteristic (HSROC) Analysis

The HSROC curve (Figure 4) illustrates the overall diagnostic performance of ultrasound in GCA. The pooled summary operating
point demonstrated a sensitivity of 0.85 (95% CI: 0.81-0.89) and a specificity of 0.95 (95% CI: 0.92-0.97), confirming high
diagnostic accuracy. The 95% confidence ellipse around the summary point indicated limited uncertainty in the pooled estimates.
Most individual studies clustered closely near the summary point, underscoring the robustness and consistency of the findings
across study settings.

1.0

0.8

C N s "
)((‘7 0 0.2 04 0.6
False positive rate (1 — specificity)

Figure 4. HSROC Representation of Diagnostic Accuracy Estimates
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Each cross represents an individual study (n = 19) included in the meta-analysis, plotted as sensitivity against false positive rate
(1 — specificity). The diamond denotes the pooled summary operating point from the bivariate random-effects model (pooled
sensitivity ~ 85%, pooled specificity = 95%). The solid ellipse signifies the 95% confidence region around the summary point,
reflecting the precision of the pooled estimates. The dashed diagonal line indicates the line of no discrimination (sensitivity = 1
— specificity).

Assessment of Publication Bias

The Deeks’ funnel plot for diagnostic odds ratios is shown in Figure 5. Visual inspection demonstrated a reasonably symmetrical
scatter of studies around the regression line. Although the borderline p-value suggests that potential small-study effects cannot
be totally ruled out, the slope of the regression line was not statistically significant (p = 0.05), hence there was no major indication
of publication bias.
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Figure 5. Assessment of Publication Bias (Deeks’ Funnel Plot)
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Certainty of Evidence

Using the GRADE method, the evidence's certainty was assessed (Table 3). Sensitivity was rated as moderate certainty, with
downgrading due to risk of bias (patient selection and steroid exposure), inconsistency between studies, and some imprecision in
the estimates. Specificity was rated as high certainty, as estimates were consistent, precise, and not affected by serious concerns
regarding bias, indirectness, or publication bias.

Table 3. GRADE Assessment for Ultrasound in the Diagnosis of vasculitis

Outcome | Certainty | Risk of Bias Inconsistency | Indirectness | Imprecision Publication
Bias
Sensitivity | Moderate | Some concerns | Moderate Low Somewhat Borderline (p =
(patient selection, wide CI 0.05)
steroid timing)
Specificity | High Low Low Low Narrow ClI No serious
concerns
DISCUSSION

The systematic review and meta-analysis were undertaken to evaluate the diagnostic accuracy of ultrasound in vasculitis. Early
and accurate diagnosis is essential to avoid severe complications such as vision loss and cerebrovascular events, yet the diagnostic
pathway has traditionally relied on invasive tissue biopsy, which has limited sensitivity. By synthesizing data from 19 studies,
the aim was to quantify pooled sensitivity and specificity, explore study-level variability, assess the impact of protocol and
operator differences, and appraise the certainty of the evidence.

According to the pooled analysis, ultrasonography has a sensitivity of about 85% and a specificity of 95% for diagnosing
vasculitis. The HSROC analysis's tight confidence ellipse around the summary point confirms the consistency of these findings.
Analysis of variability at study level showed that extended protocols involving extracranial arteries significantly increased
sensitivity (to well above 90%) without compromising specificity, while cranial-only protocols were less sensitive (52-82%).
The timing of imaging also played a role: sensitivity decreased from 92% at baseline to 70% on day 10 following initiation of
corticosteroids but remained unaltered for specificity. Expertise of the operator was an additional modifier, with fast-track units
having superior accuracy relative to routine practice groups.
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The funnel plot indicated no clear publication bias, but the slope was on the border of statistical significance (p = 0.05) suggesting
borderline small-study effects. Certainty of evidence, using GRADE, was rated to moderate for sensitivity because of concerns
regarding patient selection, steroid exposure, and inconsistency, but was high for specificity as the studies provided consistent
and accurate estimates.

The findings are consistent with research that demonstrated pooled vascular ultrasound sensitivities of 80-85% and specificities
higher than 90% [33]. The enhancement with extracranial imaging is consistent with recent prospective multicenter trials that
showed the diagnostic utility of including axillary and carotid arteries. Previous investigations that only addressed cranial arteries
have shown lesser sensitivities, which support that longer protocols improve performance [34]. The loss of sensitivity post-steroid
therapy seen in this review is consistent with other work and supports the clinical observation that vascular wall edema is quickly
resolved by treatment, diminishing ultrasound detectability [35]. Collectively, these comparisons enhance the external validity of
the findings and affirm ultrasound is a primary technique for diagnosing vasculitis.

The clinical impact is significant. Ultrasound provides a fast, non-invasive, and readily available means of diagnosing vasculitis
with high specificity, supportive of use for confirmation of disease and minimisation of unnecessary biopsies [36]. High
diagnostic accuracy observed in fast-track centres implies that widespread implementation of such models may enhance outcomes
through earlier treatment and avoidance of complications. Longer imaging protocols can be promoted because they enhance
sensitivity without decreasing specificity. Additionally, the moderate certainty regarding sensitivity is a reminder that although
ultrasound is immensely valuable in diagnosis, clinicians must be careful not to exclude vasculitis, especially if imaging is delayed
after starting corticosteroids.

There are several limitations that need to be noted. There was heterogeneity between studies, including reference standard
variability, from biopsy-based confirmation to clinical diagnosis, which could account for some of the variation in sensitivity.
Operator experience also differed, with the faster-track centers performing better than routine practice, restricting generalizability
of aggregated data. Pre-treatment steroid therapy also adds complexity to application in everyday life since urgent treatment is
frequently started ahead of time prior to imaging, potentially decreasing test sensitivity. Although Deeks' test was not significant
for substantial asymmetry, border line evidence of small-study effects increases the risk of residual publication bias. Lastly, the
lack of individual patient data limited further subgroup analyses and precluded assessment of finer distinctions between halo and
compression sign performance.

Large, prospective, multicentre trials using standardised ultrasound techniques should be the main focus of future research
incorporating cranial and extracranial arteries. Training and credentialing for operators will need to be harmonised to allow for
reproducibility and enable wider adoption outside specialised centres. Individual patient data meta-analyses would allow further
subgroup analysis, for example, steroid timing, vascular territories, and imaging thresholds. Furthermore, long-term studies are
necessary to investigate the untapped potential of ultrasonography for tracking disease activity and response. Finally, the optimal
role of ultrasound in the diagnostic process for vasculitis would be determined by comparisons with other imaging modalities
such as magnetic resonance imaging (MRI) and positron emission tomography/computed tomography (PET/CT).

CONCLUSION

This meta-analysis and systematic review prove that ultrasound is an accurate diagnostic instrument for vasculitis. Pooling across
19 studies, estimates had a 95% specificity and 85% sensitivity findings validated by HSROC analysis. Specificity was uniformly
high over protocols and settings, further affirming ultrasound as a good method to validate disease, whereas sensitivity was
variable with respect to technique, timing, and operator expertise. Extended protocols that include extracranial arteries greatly
enhanced sensitivity without loss of specificity, reinforcing the utility of thorough vascular evaluation. Sensitivity was reduced
when imaging was done after the start of immunosuppressive therapy, highlighting the imperative for early referral and imaging
before treatment whenever feasible. Diagnostic performance was generally higher in fast-track centers than with routine practice,
reinforcing the necessity for expert training and organized diagnostic pathways. The strength of indication was graded as high for
specificity and moderate for sensitivity, capturing some reservations about study heterogeneity, treatment effects, and patient
selection heterogeneity. Publication bias was not ruled out completely, but overall consistency of the results instills one with
confidence in the clinical usefulness of ultrasound. In practice, ultrasound provides a quick, non-invasive, and affordable modality
that can decrease dependency on invasive biopsy and hasten the initiation of treatment. Greater application of extended imaging
protocols and the introduction of fast-track models can further enhance diagnostic precision and patient outcomes. Standardization
of protocols, multicenter validation, and comparative assessment with other imaging methods in future studies should target
optimization of diagnostic algorithms for vasculitis.

REFERENCES
1. Weyand CM, Goronzy JJ, Rott KT, Stone JH, Seo P, Calamia KT, Salvarani C, Myones BL. Vasculitides. In: Klippel
JH, Stone JH, Crofford LJ, White PH, editors. Primer on the Rheumatic Diseases. 13th ed. New York: Springer; 2008.
p. 398-450. doi:10.1007/978-0-387-68566-3_51

2. Ralli M, Campo F, Angeletti D, Minni A, Artico M, Greco A, Polimeni A, de Vincentiis M. Pathophysiology and
therapy of systemic vasculitides. EXCLI J. 2020 Jun 18;19:817-854. doi: 10.17179/excli2020-1512. PMID: 32665772;
PMCID: PMC7355154.

3. Auanassova A, Yessirkepov M, Zimba O, Ahmed S, Mruthyunjaya P. Diagnostic delays in systemic vasculitides.
Rheumatol Int. 2024 Jun;44(6):1003-1011. doi: 10.1007/s00296-024-05582-9. Epub 2024 Apr 8. PMID: 38587659.

12

VASCULAR & ENDOVASCULAR REVIEW

www.VERjournal.com


http://www.verjournal.com/

Diagnostic Accuracy of Ultrasound in Vasculitis - A Systematic Review and Meta- analysis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Marvisi C, Muratore F, Cabassi C, Galli E, Boiardi L, Piana S, Mengoli MC, Salvarani C, Cavazza A. What to Know
About Biopsy Sampling and Pathology in Vasculitis? Curr Rheumatol Rep. 2022 Sep;24(9):279-291. doi:
10.1007/s11926-022-01082-6. Epub 2022 Jul 27. PMID: 35895226.

Schmidt WA, Schéfer VS. Diagnosing vasculitis with ultrasound: findings and pitfalls. Ther Adv Musculoskelet Dis.
2024 Jun 5;16:1759720X241251742. doi: 10.1177/1759720X241251742. PMID: 38846756; PMCID: PMC11155338.
Sundholm JKM, Paetau A, Albéck A, Pettersson T, Sarkola T. Non-Invasive Vascular Very-High Resolution Ultrasound
to Quantify Artery Intima Layer Thickness: Validation of the Four-Line Pattern. Ultrasound Med Biol. 2019
Aug;45(8):2010-2018. doi: 10.1016/j.ultrasmedbio.2019.04.017. Epub 2019 May 14. PMID: 31101444,

Bianchini E, Guala A, Golemati S, Alastruey J, Climie RE, Dalakleidi K, Francesconi M, Fuchs D, Hartman Y, Malik
AEF, Makanaité M, Nikita KS, Park C, Pugh CJA, Satrauskien¢ A, Terentes-Printizios D, Teynor A, Thijssen D,
Schmidt-Truckséss A, Zupkauskiené J, Boutouyrie P, Bruno RM, Reesink KD. The Ultrasound Window Into Vascular
Ageing: A Technology Review by the VascAgeNet COST Action. J Ultrasound Med. 2023 Oct;42(10):2183-2213. doi:
10.1002/jum.16243. Epub 2023 May 6. PMID: 37148467.

Ludwig DR, V60 S, Morris V. Fast-track pathway for early diagnosis and management of giant cell arteritis: the
combined role of vascular ultrasonography and [18F]-fluorodeoxyglucose PET-computed tomography imaging. Nucl
Med Commun. 2023 May 1;44(5):339-344. doi: 10.1097/MNM.0000000000001670. Epub 2023 Feb 27. PMID:
36826382.

Czihal M, Lottspeich C, Hoffmann U. Ultrasound imaging in the diagnosis of large vessel vasculitis. Vasa. 2017
Jul;46(4):241-253. doi: 10.1024/0301-1526/a000625. Epub 2017 Mar 23. PMID: 28332442.

Hop H, Mulder DJ, Sandovici M, Glaudemans AWJM, van Roon AM, Slart RHJA, Brouwer E. Diagnostic value of
axillary artery ultrasound in patients with suspected giant cell arteritis. Rheumatology (Oxford). 2020 Dec
1;59(12):3676-3684. doi: 10.1093/rheumatology/keaal02. PMID: 32240306; PMCID: PMC7733725.

Oura K, Yamaguchi Oura M, Itabashi R, Maeda T. Vascular Imaging Techniques to Diagnose and Monitor Patients
with Takayasu Arteritis: A Review of the Literature. Diagnostics (Basel). 2021 Oct 27;11(11):1993. doi:
10.3390/diagnostics11111993. PMID: 34829340; PMCID: PMC8620366.

Moreel L, Betrains A, Doumen M, Molenberghs G, Vanderschueren S, Blockmans D. Diagnostic yield of combined
cranial and large vessel PET/CT, ultrasound and MRI in giant cell arteritis: A systematic review and meta-analysis.
Autoimmun Rev. 2023 Jul;22(7):103355. doi: 10.1016/j.autrev.2023.103355. Epub 2023 May 3. PMID: 37146926.
Pinnell J, Tiivas C, Mehta P, Dubey S. Corticosteroids reduce vascular ultrasound sensitivity in fast- track pathways
(FTP): results from Coventry Multi-Disciplinary FTP for cranial Giant Cell Arteritis. Scand J Rheumatol. 2023
May;52(3):283-292. doi: 10.1080/03009742.2022.2051279. Epub 2022 Apr 20. PMID: 35442157.

Rajah Sebastian AU. Giant Cell Arteritis (GCA): An international, multicentre, longitudinal evaluation of clinical,
laboratory and ultrasound parameters in the diagnosis, prognosis and monitoring of GCA [dissertation]. Colchester
(UK): University of Essex; 2023.

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.
Avrthritis Res Ther. 2006;8(4):R116. doi: 10.1186/ar2003. PMID: 16859533; PMCID: PMC1779378.

Habib HM, Essa AA, Hassan AA. Color duplex ultrasonography of temporal arteries: role in diagnosis and follow-up
of suspected cases of temporal arteritis. Clin Rheumatol. 2012 Feb;31(2):231-7. doi: 10.1007/s10067-011-1808-0. Epub
2011 Jul 9. PMID: 21743987.

Aschwanden M, Daikeler T, Kesten F, Baldi T, Benz D, Tyndall A, Imfeld S, Staub D, Hess C, Jaeger KA. Temporal
artery compression sign--a novel ultrasound finding for the diagnosis of giant cell arteritis. Ultraschall Med. 2013
Feb;34(1):47-50. doi: 10.1055/s-0032-1312821. Epub 2012 Jun 12. PMID: 22693039.

Diamantopoulos AP, Haugeberg G, Hetland H, Soldal DM, Bie R, Myklebust G. Diagnostic value of color Doppler
ultrasonography of temporal arteries and large vessels in giant cell arteritis: a consecutive case series. Arthritis Care Res
(Hoboken). 2014 Jan;66(1):113-9. doi: 10.1002/acr.22178. PMID: 24106211.

Aranda-Valera IC, Garcia Carazo S, Monjo Henry I, De Miguel Mendieta E. Diagnostic validity of Doppler ultrasound
in giant cell arteritis. Clin Exp Rheumatol. 2017 Mar-Apr;35 Suppl 103(1):123-127. Epub 2017 Feb 28. PMID:
28244857.

Croft AP, Thompson N, Duddy MJ, Barton C, Khattak F, Mollan SP, Jobanputra P. Cranial ultrasound for the diagnosis
of giant cell arteritis. A retrospective cohort study. J R Coll Physicians Edinb. 2015;45(4):268-72. doi:
10.4997/JRCPE.2015.403. PMID: 27070887.

Lugmani R, Lee E, Singh S, Gillett M, Schmidt WA, Bradburn M, Dasgupta B, Diamantopoulos AP, Forrester-Barker
W, Hamilton W, Masters S, McDonald B, McNally E, Pease C, Piper J, Salmon J, Wailoo A, Wolfe K, Hutchings A.
The Role of Ultrasound Compared to Biopsy of Temporal Arteries in the Diagnosis and Treatment of Giant Cell Arteritis
(TABUL): a diagnostic accuracy and cost-effectiveness study. Health Technol Assess. 2016 Nov;20(90):1-238. doi:
10.3310/hta20900. PMID: 27925577; PMCID: PMC5165283.

Roncato C, Allix-Béguec C, Brottier-Mancini E, Gombert B, Denis G. Diagnostic performance of colour duplex
ultrasonography along with temporal artery biopsy in suspicion of giant cell arteritis. Clin Exp Rheumatol. 2017 Mar-
Apr;35 Suppl 103(1):119-122. Epub 2017 Mar 20. PMID: 28339362.

Conway R, O'Neill L, McCarthy GM, Murphy CC, Veale DJ, Fearon U, Killeen RP, Heffernan EJ, Molloy ES.
Performance characteristics and predictors of temporal artery ultrasound for the diagnosis of giant cell arteritis in routine
clinical practice in a prospective cohort. Clin Exp Rheumatol. 2019 Mar-Apr;37 Suppl 117(2):72-78. Epub 2019 Jan 4.
PMID: 30620296.

13

VASCULAR & ENDOVASCULAR REVIEW

www.VERjournal.com


http://www.verjournal.com/

Diagnostic Accuracy of Ultrasound in Vasculitis - A Systematic Review and Meta- analysis

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Estrada Alarcon P, Reina D, Navarro Angeles V, Cerda D, Roig-Vilaseca D, Corominas H. Doppler ultrasonography of
superficial temporal artery in a cohort of patients with strong clinical suspicion of giant cell arteritis. Med Clin (Barc).
2019 Aug 16;153(4):151-153. English, Spanish. doi: 10.1016/j.medcli.2018.04.016. Epub 2018 Jun 2. PMID:
29871775.

Zarka F, Rhéaume M, Belhocine M, Goulet M, Febrer G, Mansour AM, Troyanov Y, Starnino T, Meunier RS, Chagnon
I, Routhier N, Bénard V, Ducharme-Bénard S, Ross C, Makhzoum JP. Colour Doppler ultrasound and the giant cell
arteritis probability score for the diagnosis of giant cell arteritis: a Canadian single-centre experience. Rheumatol Adv
Pract. 2021 Nov 10;5(3):rkab083. doi: 10.1093/rap/rkab083. PMID: 34859177; PMCID: PMC8633428.

Noumegni SR, Jousse-Joulin S, Hoffmann C, Cornec D, Devauchelle-Pensec V, Saraux A, Bressollette L. Comparison
of halo and compression signs assessed by a high frequency ultrasound probe for the diagnosis of Giant Cell Arteritis.
J Ultrasound. 2022 Dec;25(4):837-845. doi: 10.1007/s40477-021-00618-3. Epub 2022 Apr 15. PMID: 35426608;
PMCID: PMC9705675.

Prearo |, Dekorsy FJ, Brendel M, Lottspeich C, Dechant C, Schulze-Koops H, Hoffmann U, Czihal M. Diagnostic yield
of axillary artery ultrasound in addition to temporal artery ultrasound for the diagnosis of giant cell arteritis. Clin Exp
Rheumatol. 2022 May;40(4):819-825. doi: 10.55563/clinexprheumatol/v1bvfz. Epub 2022 May 4. PMID: 35522542,
Henry IM, Fernandez Fernandez E, Peiteado D, Balsa A, de Miguel E. Diagnostic validity of ultrasound including extra-
cranial arteries in giant cell arteritis. Clin Rheumatol. 2023 Apr;42(4):1163-1169. doi: 10.1007/s10067-022-06420-8.
Epub 2022 Nov 11. PMID: 36357632.

He J, Williamson L, Ng B, Wang J, Manolios N, Angelides S, Farlow D, Wong PKK. The diagnostic accuracy of
temporal artery ultrasound and temporal artery biopsy in giant cell arteritis: A single center Australian experience over
10 years. Int J Rheum Dis. 2022 Apr;25(4):447-453. doi: 10.1111/1756-185X.14288. Epub 2022 Jan 22. PMID:
35064750; PMCID: PMC9305537.

Skoog J, Svensson C, Eriksson P, Sjowall C, Zachrisson H. The Diagnostic Performance of an Extended Ultrasound
Protocol in Patients With Clinically Suspected Giant Cell Arteritis. Front Med (Lausanne). 2022 Jan 18;8:807996. doi:
10.3389/fmed.2021.807996. PMID: 35118098; PMCID: PMC8804250.

Hansen M, Hansen IT, Keller KK, Therkildsen P, Hauge EM, Nielsen BD. Serial  assessment of ultrasound sensitivity
and scores in patients with giant cell arteritis before and 3 and 10 days after treatment. Rheumatology (Oxford). 2025
Jun 1;64(6):3895-9. doi:10.1093/rheumatology/keae551. PMID:39400596.

Moreel L, Betrains A, Boeckxstaens L, Pieters G, Wuyts E, Weynand B, Fourneau I, Van Laere K, Demaerel P, De
Langhe E, Vanderschueren S, Blockmans D. Direct comparison of the diagnostic accuracy of PET/CT, cranial MRI,
ultrasound and temporal artery biopsy in giant cell arteritis. Eur J Nucl Med Mol Imaging. 2025 Jul;52(9):3333-41.
doi:10.1007/s00259-025-07166-6.

Bosch P, Bond M, Dejaco C, Ponte C, Mackie SL, Falzon L, Schmidt WA, Ramiro S. Imaging in diagnosis, monitoring
and outcome prediction of large vessel vasculitis: a systematic literature review and meta-analysis informing the 2023
update of the EULAR recommendations. RMD Open. 2023 Aug 1;9(3):e003379. doi:10.1136/rmdopen-2023-003379.
PMID:37611655.

Eckstein HH, Kuehnl A, Berkefeld J, Lawall H, Storck M, Sander D. Diagnosis, treatment and follow-up in extracranial
carotid stenosis. Dtsch Arztebl Int. 2020 Nov 20;117(47):801-8. doi:10.3238/arztebl.2020.0801. PMID:33310891.
Imaging G. Meeting of the British Medical Ultrasound Society, 6-8 December 2017, Cheltenham Racecourse, UK.
Ultrasound. 2018;26(2):133-83. d0i:10.1177/1742271X17753176. PMID:29662354.

Lopez D, Guevara M. Use of ultrasound in the diagnosis and management of the vasculitides. Curr Rheumatol Rep.
2020 Jul 11;22(7):31. doi:10.1007/s11926-020-00911-y. PMID:32651772.

14

VASCULAR & ENDOVASCULAR REVIEW

www.VERjournal.com


http://www.verjournal.com/

