

[image: image1]
Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in giant cell arteritis













	 
	

	TYPE Original Research
PUBLISHED 17 November 2022
DOI 10.3389/fmed.2022.1042366





Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in giant cell arteritis

Olivier Espitia1*, Olivier Robin1, Jeanne Hersant2, Christophe Roncato3, Arthur Théry4, Marie-Anne Vibet5, Giovanni Gautier1, Alizée Raimbeau1 and François-Xavier Lapébie4

1Nantes Université, Centre Hospitalier Universitaire (CHU) Nantes, Department of Internal and Vascular Medicine, Nantes, France

2Department of Vascular Medicine, Centre Hospitalier Universitaire (CHU) Angers, Angers, France

3Department of Vascular Medicine, Centre Hospitalier Saint-Louis, La Rochelle, France

4Department of Vascular Medicine, Centre Hospitalier Universitaire (CHU) Toulouse, Toulouse, France

5Department of Biostatistics, Centre Hospitalier Universitaire (CHU) Nantes, Nantes, France

[image: image]

OPEN ACCESS

EDITED BY
Andreas P. Diamantopoulos, Akershus University Hospital, Norway

REVIEWED BY
Mark Matza, Massachusetts General Hospital and Harvard Medical School, United States
Hubert De Boysson, Centre Hospitalier Universitaire de Caen, France

*CORRESPONDENCE
Olivier Espitia, olivier.espitia@chu-nantes.fr

SPECIALTY SECTION
This article was submitted to Rheumatology, a section of the journal Frontiers in Medicine

RECEIVED 12 September 2022
ACCEPTED 04 November 2022
PUBLISHED 17 November 2022

CITATION
Espitia O, Robin O, Hersant J, Roncato C, Théry A, Vibet M-A, Gautier G, Raimbeau A and Lapébie F-X (2022) Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in giant cell arteritis.
Front. Med. 9:1042366.
doi: 10.3389/fmed.2022.1042366

COPYRIGHT
© 2022 Espitia, Robin, Hersant, Roncato, Théry, Vibet, Gautier, Raimbeau and Lapébie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Objective: The aim of this study was to analyze inter- and intra-observer agreement for contrast-enhanced ultrasonography (CEUS) for monitoring disease activity in Giant Cell Arteritis (GCA) in the wall of axillary arteries, and common carotid arteries.

Methods: Giant cell arteritis patients have CEUS of axillary arteries and common carotid. These images were rated by seven vascular medicine physicians from four hospitals who were experienced in duplex ultrasonography of GCA patients. Two weeks later, observers again rated the same images. GCA patients were recruited in from December 2019 to February 2021. An analysis of the contrast of the ultrasound images with a gradation in three classes (grade 0, 1, and 2) was performed. Grade 0 corresponds to no contrast, grade 1 to moderate wall contrast and grade 2 to intense contrast. A new analysis in 2 classes: positive or negative wall contrast; was then performed on new series of images.

Results: Sixty arterial segments were evaluated in 30 patients. For the three-class scale, intra-rater agreement was substantial: κ 0.70; inter-rater agreement was fair: κ from 0.22 to 0.27. Thirty-four videos had a wall thickness of less than 2 mm and 26 videos had a wall thickness greater than 2 mm. For walls with a thickness lower than 2 mm: intra-rater agreement was substantial: κ 0.69; inter-rater agreement was fair: κ 0.35. For walls with a thickness of 2 mm or more: intra-rater agreement was substantial: κ 0.53; inter-rater agreement was fair: κ 0.25. For analysis of parietal contrast uptake in two classes: inter-rater agreement was fair to moderate: κ from 0.35 to 0.41; and for walls with a thickness of 2 mm or more: inter-rater agreement was fair to substantial κ from 0.22 to 0.63.

Conclusion: The visual analysis of contrast uptake in the wall of the axillary and common carotid arteries showed good intra-rater agreement in GCA patients. The inter-rater agreement was low, especially when contrast was analyzed in three classes. The inter-rater agreement for the analysis in two classes was also low. The inter-rater agreement was higher in two-class analysis for walls of 2 mm thickness or more.

KEYWORDS
contrast-enhanced ultrasonography (CEUS), giant cell arteritis–large-vessel, agreement, giant cell arteritis, large-vessel vasculitis (LVV)


Introduction

Giant cell arteritis (GCA) is the most common vasculitis in elderly people, with large-vessel vasculitis (LVV) involvement in slightly more than half of the GCA cases, such as the aorta and its branches particularly the axillary artery (1–3). GCA is characterized by an arterial wall inflammatory process within the vessel wall leading to structural arterial wall alterations from mild thickening until arterial occlusion, with late complications as aneurysm (4). Assessment of arterial wall inflammatory activity is important for monitoring GCA activity. Traditionally, the GCA evaluation was based on the clinical signs with monitoring of biological inflammatory markers such as erythrocyte sedimentation rate or C-reactive protein (CRP), but with the use of interleukin-6 receptor blockers, these biological parameters are becoming less informative. More recently, imaging by computed tomography (CT) scan, positron emission tomography (PET/CT) scan, color Doppler ultrasonography (CDUS) or magnetic resonance imaging (MRI), have become very important in the diagnosis of GCA but their use for the follow-up, in particular to evaluate the LVV activity of the disease, remains to be specified. Follow-up imaging data are heterogeneous, mainly because of a lack of standardization in the interpretation of these images.

Contrast-enhanced ultrasound (CEUS) was developed for a better vascular visualization. This examination is an ultrasound in B-mode, associated with an injection of ultrasound contrast. It consists of microbubbles of weakly soluble sulfur hexafluoride gas stabilized by a phospholipid and palmitic acid envelope, which allows an increase in circulation time after intravenous injection and therefore an increase in the duration of the examination (5). These microbubbles remain strictly localized to the vascular compartment. They are eliminated within 15 min after the injection.

Contrast-enhanced ultrasound was developed to improve the visualization of the vessel lumen and to identify unstable carotid plaques at an increased risk of stroke. These unstable plaques are characterized by the presence of intraplaque inflammation, leading to the formation of neovascularization that are likely to rupture, which may result in plaque fissure, thrombus formation, and stroke (5, 6). Injection of an ultrasound contrast medium allows ultrasound visualization of microbubbles circulating in these neo-vessels. CEUS is also used to improve vascular visualization in aortic prosthesis monitoring and in digestive vascular imaging.

In GCA, arteries could be evaluated using B-mode and CDUS imaging. Typical signs of GCA are circumferential, homogeneous, hypo-echogenic wall thickening (“halo sign”) or compression sign for temporal arteritis (7–9). The intima-media thickness (IMT) ≥1 mm cutoff value, in the axillary artery has sensitivity and specificity values of 96.1–100% for GCA but 6 months after GCA treatment, approximately 50% of the patients had persistent arterial thickening despite normalization of biological inflammatory markers and the absence of clinical symptoms (10–12). To improve wall thickening analysis, CEUS could be used for vascular imaging, especially for patients with a persistent thickened vessel wall in large-vessels.

Studies using CEUS in patients with GCA or Takayasu arteritis (TA) describe uptake of ultrasound contrast agent into the vessel wall in active vasculitis (11–16). Previously published studies with CEUS in LVV used a semi-quantitative score with three-class scale (6). CEUS could detect an increase in the vascularization of the wall of these arteries, which seems to correlate with the activity (11, 17, 18). Few studies have been performed in GCA patients and they most often report GCA patients associated with TA patients. A pilot study of seven patients with TA (n = 5) or GCA (n = 2) has evaluated CDUS and CEUS of the carotid arteries (14). Of the 14 carotid arteries examined, 50% had lesions on CDUS (parietal thickening), and 64% had neovascularization of the wall on CEUS. CEUS was positive on both carotid arteries in one patient while the CDUS was negative, and conversely, parietal thickening was noted on one carotid artery in one patient on CDUS without contrast uptake on CEUS. Another study compared CEUS and PET/CT of the carotid arteries in a series of 31 consecutive patients with TA (n = 14), or GCA with LLV on PET/CT (n = 17) (15). In 10 patients, PET/CT revealed carotid arteries FDG uptake considered as active disease. Using the PET/CT as a reference, the sensitivity and specificity of carotid CEUS were 100 and 92%, respectively. Inflammation revealed by PET/CT and neovascularization of the arterial wall revealed by CEUS were correlated (15).

Thus, up to date, the biggest challenge in CDUS as in CEUS is the lack of quantitative, reliable, and effective measures to evaluate disease activity in GCA and monitoring of treatment response.

The objective of this study was to investigate the reliability (consistency and reproducibility) of arterial wall CEUS in GCA with semi-quantitative visual analysis by comparing the classification of different experts on sets of ultrasound loops (inter-rater association) and on experts’ own repeated ratings (intra-rater association).



Materials and methods


Inclusion criteria

Inclusion criteria were GCA patients, with American College of Rheumatology (ACR) criteria (19), or age >50 years and CRP >10 mg/L and vasculitis on imaging: ultrasound, MRI, CT or PET/CT (20–23). This study included patients with large-vessel involvement with increased IMT ≥0.8 mm at the axillary or common carotid arteries on CDUS. Patients were included from December 2019 to February 2021.



Contrast-enhanced ultrasound examination

Contrast-enhanced ultrasound was performed on a Toshiba Aplio 400 ultrasound machine (Canon Medical Systems, Europe) with a L11-4 linear array probe according to the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines (24). The common carotid artery and axillary arteries were assessed by the same experienced physicians. The ultrasound examination was performed with the patient in the supine position. For each patient, the bilateral carotid and axillary arteries were examined and the wall thickness (IMT) of the common carotid artery and axillary arteries were measured.

The mechanical index was between 0.06 and 0.09. The instrument parameters were kept consistent for all patients. The gray scale was automatically adapted. The maximum IMT was measured using CDUS, and the most prominently thickened vessel segment was chosen based on the accessibility to all parts of the vessel wall. CEUS was performed at the thickest site of the common carotid or axillary artery. Micro Flow Imaging (MFI) mode was used for recording image loops.

Each contrast agent infusion was followed by a saline flush with 10 ml of NaCl 0.9% solution. After injection of 2.5 mL of ultrasound contrast agent (SonoVue, Bracco S.p.A., Milan, Italy), a continuous ultrasound video was recorded over 60 s, and the image loops were stored on an ultrasound machine. Afterward, the recorded movies were analyzed by a real time examination.



Study design

Images were analyzed by experienced seven vascular physicians (named thereafter observers) from three university hospitals and one general hospital. Consensus meetings were held, a first meeting to specify the evaluation method and comparing the analysis data obtained by the evaluation of three experienced investigators, then each observer analyzed 10 loops of training images and after analysis of the data a second meeting to adjust and harmonize the evaluations was held; then each operator analyzed 4 series of 30 image loops. An initial three-class analysis was performed. The degree of neovascularization at the thickening wall on CEUS was defined as follows (Figure 1): grade 0, no vascularization, representing no moving microbubbles in the thickened artery lesions; grade 1, limited or moderate vascularization, representing limited or moderate visible appearance of microbubbles in the thickened artery lesions; and grade 2, severe vascularization, representing extensive wall vascularization with a clear visible appearance of microbubbles (Supplementary Video 1) (14). A second two-class analysis was then performed, describing no wall contrast or arterial wall contrast. The order of reviewing the image sets was different between each series; the review of each image set was performed with at least a 2-week interval to reduce recall bias. The investigators were blinded to clinical and biological data.
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FIGURE 1
Contrast-enhanced ultrasonography in arterial wall in giant cells arteritis patients (A), no contrast-enhanced (B), grade 1 moderate contrast-enhanced (C), grade 2 high contrast-enhanced in longitudinal section (D), grade 2 contrast-enhanced in cross section (T0: wall reference at the start of contrast infusion; T1: wall contrast at the end of the recording, red arrow specific arterial wall thickening area where contrast-enhanced was evaluated).




Ethics

This study was conducted in compliance with the Declaration of Helsinki principles and received ethics approval by the local ethics committee of the University Hospital of Nantes. Each patient included in this study received written information and no patient objected to this study. No written informed consent was needed by the ethics committee because of the retrospective study design (French public health code article: L 1121-1).



Statistical analysis

Agreement and association measures are used to quantify the degree of consistency between experts’ categorical (e.g., binary or ordinal) ratings. For ordered ratings, measures of association are recommended since diminishing credit is assigned for pairs of ratings on the same patient’s test result which are similar but not in full agreement. Measures of agreement are focusing on assessing the levels of exact concordance (i.e., where raters assign the exact same category to a subject’s test result), whereas measures of association also take into account the degrees of disagreement among raters’ classifications.

In this design, a group of raters scored a set of patients’ test results twice, leading to dependencies between classifications. Hence we applied the modeled based kappa evaluation developed by Nelson et al. that provides an overall evaluation (consistency and reproducibility) of the association among multiple raters’ paired scores of patients’ imaging results, at two points of time (25, 26). As no intervention was planned between the two points of time, the consistency between rater’s paired assessments is determined by the intra-rater association whereas the reproducibility is at tested by the inter-rater association.

Statistical analysis Inter- and intra-observer agreements (or association) were interpreted by the Landis and Koch interpretation: 0.21–0.40: fair; 0.41–0.60: moderate, 0.61–0.80: substantial; ≥0.81: almost perfect.




Results

We included 30 patients with newly diagnosed or known GCA with LVV of the axillary and/or carotid arteries. The mean age of all included patients was 75.7 ± 5.7 years. The patients were predominantly female: 63.3% (19 females). The mean wall thickness was 2.1 ± 1.1 mm.

For the whole of the observers, the mean number of views of each ultrasound loop was 4.4 ± 1.1 in three-class scale analyses. Inter and intra−observer agreements of arterial wall contrast-enhanced ultrasonography in three-class analysis are summarized in Table 1. The intra-observer association is high (0.7), indicating substantial consistency between both evaluation series at time 1 and time 2 by each observer. The inter-observer association at time 1 is low (0.27) and at time 2 is even lower (0.22). This indicates that consistency between raters is no more than fair.


TABLE 1    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis.
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The agreement of arterial wall contrast in two classes is presented in Table 2. The two-class assessment modestly increases inter-observer agreements, moving from fair to moderate agreement. However, the intra-rater agreement is lower than in the three-class evaluation, indicating a lesser consistency in the evaluation between two views of ultrasound loops.


TABLE 2    Inter-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis (CI: confidence interval).

[image: Table 2]

Out of the 30 image loops, 13 had an arterial wall thickness greater than 2 mm. Inter and intra−observer agreement of arterial wall contrast-enhanced ultrasonography in three-class or two-class analysis, according to an arterial wall thickness less or greater than or equal to 2 mm are presented in Tables 3,4. In the cases, the intra-observer association ranges from 0.53 to 0.69, indicating moderate to substantial consistency between both evaluation series by each observer. The inter-observer agreements were fair ranging from 0.25 to 0.35 in the three-class analysis. In the two-class analysis, they showed a great variability especially for walls <2 mm.


TABLE 3    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis according to an arterial wall thickness (CI: confidence interval).
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TABLE 4    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis according to an arterial wall thickness (CI: confidence interval).

[image: Table 4]

The physician’s experience did not affect inter- and intra-observer agreements (Tables 5,6). However, the CEUS is globally little performed in GCA, thus none of the physicians has performed more than 300 CEUS in GCA to evaluate disease activity in arterial wall.


TABLE 5    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis according to physician’s experience (CI: confidence interval).
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TABLE 6    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis according to physician’s experience (CI: confidence interval).
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Discussion

This multicenter study is the first to investigate inter- and intra-observer agreements of arterial wall contrast in GCA with visual assessment of contrast. In this study, intra-observer agreement in the analysis of arterial parietal contrast uptake in GCA was good with an analysis performed in three-class scale. On the other hand, the inter-observer agreement is fair with κ between 0.22 and 0.27 for an analysis in three-class scale, the inter-observer agreement is slightly better from fair to moderate when the analysis is performed in 2-class scale with κ between 0.35 and 0.41.

Parietal thickening appears to be important to consider in the visual analysis of contrast uptake since inter-observer agreement in the two-category analysis showed higher agreement rates when the wall had a thickness of ≥2 mm. Thus, it is possible that the performance of semi-quantitative contrast score analysis is different in GCA compared with TA because wall thickenings in TA are often much greater than in GCA (12–15). The thicker the wall the more concordant the assessment between observers, however, it remains insufficiently reproducible in this study to take a decision for therapeutic modification.

The results of this study discuss the value of visual assessment of wall contrast uptake in view of the poor inter-observer agreement. Thus, a study of contrast uptake by quantitative methods seems more interesting during LVV. Some authors have proposed other ways of analyzing contrast intake. As such, Bergner et al. used the difference in contrast-enhanced areas between lumen contrast and arterial wall contrast for the study of contrast uptake (16). To better analyze the arterial wall in the LVV, an automated contrast analysis method with digital detection tools should be validated. For CEUS, Giordana et al. reported a lowering of the gray scale median of the common carotid wall under steroid treatment in TA (27). If CEUS interpretation is efficient and reproducible, it could be used in routine clinical practice; it will make monitoring much easier to repeat, safer, faster, and much more cost-effective than MRI or PET/CT. Thus, CEUS could be a good method to monitor GCA activity with large-vessels involvement. The results highlight the need to increase the reproducibility of CEUS as the inter-observer agreement was disappointing. If these results are confirmed, visual interpretation of CEUS cannot be recommended for LVV evaluation in routine practice. It does not seem appropriate to decide on a treatment change based on a visual analysis of the CEUS.

The variability of ultrasound should be put into perspective with inter-observer agreement variabilities for other imaging techniques. To our knowledge, there is no study that has investigated the concordance between observers for CT in GCA. For PET/CT, visual grading system analysis in four classes with liver uptake as reference had good inter observer agreement with κ from 0.79 to 0.96 (28). In CDUS, the main inter-observer agreement data were performed on the temporal arteries and axillary arteries. For the diagnosis of temporal arteritis, “halo” and “compression” signs were the main CDUS patterns for GCA diagnosis. For the halo sign, the agreement between the observers evaluated on images was 0.95 and the agreement of the halo sign on video loop was 0.84 (9). Compression sign for the diagnosis of temporal arteritis had an excellent inter-observer κ:0.83–0.92 (9, 29). For chronic wall modifications of axillary arteries in GCA, the CDUS inter-reader reliability was κ 0.79–0.80 for and κ was 0.88 for intra-reader agreement (30).

The strengths of this study are the multicenter image analysis, image loops were performed in a single center with an identical image acquisition protocol, a blinded analysis of clinical biological data and imaging such as PET/CT. The limitations of this study include the small number of patients and the absence of a probe motion reduction system to limit motion artifacts that alter the interpretation of image loops with the MFI mode. Concerning the experience acquisition of the physician, CEUS is mainly performed in a few expert centers, unlike GCA diagnostic or follow-up CDUS, because few patients with artery wall thickenings are eligible for CEUS and very few centers realize CEUS. Acquiring experience in performing and interpreting the CEUS seems to us to be more difficult to obtain than mastering the compression sign or the halo sign with the CDUS. Thus, the development of software to assist interpretation seems fundamental to have a better reproducibility of results and to have a quantitative evaluation of the contrast uptake.



Conclusion

This multicenter study showed that the intra-observer agreement for CEUS was good for the semi-quantitative visual analysis. In contrast, inter-observer agreement was poor for semi-quantitative visual analysis and moderately improved when contrast uptake analysis was binary. A significant parietal thickening improved inter-observer agreement in binary analysis. Prospective studies with digital and automated CEUS analysis should be performed to clarify the interest of CEUS in the follow-up of GCA.
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SUPPLEMENTARY VIDEO 1
Grade 2 contrast-enhanced registration loop of an axillary artery in longitudinal section; left window with grade 2 contrast enhancement with significant thickening of the arterial wall on the right side of the image. On the right window, B-mode video of the same artery, registration was performed automatically at the same time.



References

1. Agard C, Barrier J-H, Dupas B, Ponge T, Mahr A, Fradet G, et al. Aortic involvement in recent-onset giant cell (temporal) arteritis: a case-control prospective study using helical aortic computed tomodensitometric scan. Arthritis Rheum. (2008) 59:670–6. doi: 10.1002/art.23577

2. Prieto-González S, Arguis P, García-Martínez A, Espígol-Frigolé G, Tavera-Bahillo I, Butjosa M, et al. Large vessel involvement in biopsy-proven giant cell arteritis: prospective study in 40 newly diagnosed patients using CT angiography. Ann Rheum Dis. (2012) 71:1170–6. doi: 10.1136/annrheumdis-2011-200865

3. Blockmans D. The use of (18F) fluoro-deoxyglucose positron emission tomography in the assessment of large vessel vasculitis. Clin Exp Rheumatol. (2003) 21:S15–22.

4. Muratore F, Kermani TA, Crowson CS, Koster MJ, Matteson EL, Salvarani C, et al. Large-vessel dilatation in giant cell arteritis: a different subset of disease? Arthritis Care Res. (2018) 70:1406–11. doi: 10.1002/acr.23498

5. Baud JM, Luong S, Rouyer O, Maurizot A, Gautier C. Pour le groupe de travail sur l’échographie de contraste carotidienne. [Contribution of contrast enhanced ultrasonography in the characterization of carotid lesions]. J Med Vasc. (2017) 42:301–14. doi: 10.1016/j.jdmv.2017.06.003

6. Staub D, Partovi S, Schinkel AFL, Coll B, Uthoff H, Aschwanden M, et al. Correlation of carotid artery atherosclerotic lesion echogenicity and severity at standard US with intraplaque neovascularization detected at contrast-enhanced US. Radiology. (2011) 258:618–26. doi: 10.1148/radiol.10101008

7. Czihal M, Zanker S, Rademacher A, Tatò F, Kuhlencordt PJ, Schulze-Koops H, et al. Sonographic and clinical pattern of extracranial and cranial giant cell arteritis. Scand J Rheumatol. (2012) 41:231–6. doi: 10.3109/03009742.2011.641581

8. Hellmich B, Agueda A, Monti S, Buttgereit F, de Boysson H, Brouwer E, et al. 2018 Update of the EULAR recommendations for the management of large vessel vasculitis. Ann Rheum Dis. (2020) 79:19–30. doi: 10.1136/annrheumdis-2019-215672

9. Chrysidis S, Duftner C, Dejaco C, Schäfer VS, Ramiro S, Carrara G, et al. Definitions and reliability assessment of elementary ultrasound lesions in giant cell arteritis: a study from the OMERACT large vessel vasculitis ultrasound working group. RMD Open. (2018) 4:e000598. doi: 10.1136/rmdopen-2017-000598

10. Pérez López J, Solans Laqué R, Bosch Gil JA, Molina Cateriano C, Huguet Redecilla P, Vilardell Tarrés M. Colour-duplex ultrasonography of the temporal and ophthalmic arteries in the diagnosis and follow-up of giant cell arteritis. Clin Exp Rheumatol. (2009) 27:S77–82.

11. Ma L-Y, Li C-L, Ma L-L, Cui X-M, Dai X-M, Sun Y, et al. Value of contrast-enhanced ultrasonography of the carotid artery for evaluating disease activity in takayasu arteritis. Arthritis Res Ther. (2019) 21:24. doi: 10.1186/s13075-019-1813-2

12. Lottspeich C, Dechant C, Köhler A, Tischler M, Treitl KM, Treitl M, et al. Assessment of disease activity in takayasu arteritis: potential role of contrast-enhanced ultrasound. Ultraschall Med. (2019) 40:638–45. doi: 10.1055/a-0817-5423

13. Wang Y, Wang Y-H, Tian X-P, Wang H-Y, Li J, Ge Z-T, et al. Contrast-enhanced ultrasound for evaluating arteritis activity in takayasu arteritis patients. Clin Rheumatol. (2020) 39:1229–35. doi: 10.1007/s10067-019-04698-9

14. Schinkel AFL, van den Oord SCH, van der Steen AFW, van Laar JAM, Sijbrands EJG. Utility of contrast-enhanced ultrasound for the assessment of the carotid artery wall in patients with takayasu or giant cell arteritis. Eur Heart J Cardiovasc Imaging. (2014) 15:541–6. doi: 10.1093/ehjci/jet243

15. Germanò G, Macchioni P, Possemato N, Boiardi L, Nicolini A, Casali M, et al. Contrast-enhanced ultrasound of the carotid artery in patients with large vessel vasculitis: correlation with positron emission tomography findings. Arthritis Care Res. (2017) 69:143–9. doi: 10.1002/acr.22906

16. Bergner R, Splitthoff J, Wadsack D. Use of contrast-enhanced ultrasound sonography in giant cell arteritis: a proof-of-concept study. Ultrasound Med Biol. (2022) 48:143–8. doi: 10.1016/j.ultrasmedbio.2021.09.019

17. Czihal M, Lottspeich C, Hoffmann U. Ultrasound imaging in the diagnosis of large vessel vasculitis. VASA Z Gefasskrankheiten. (2017) 46:241–53. doi: 10.1024/0301-1526/a000625

18. Dong Y, Wang Y, Wang Y, Tian X, Li J, Yang Y, et al. Ultrasonography and contrast-enhanced ultrasound for activity assessment in 115 patients with carotid involvement of takayasu arteritis. Mod Rheumatol. (2022). [Epub ahead of print]. doi: 10.1093/mr/roac107

19. Hunder GG, Bloch DA, Michel BA, Stevens MB, Arend WP, Calabrese LH, et al. The American college of rheumatology 1990 criteria for the classification of giant cell arteritis. Arthritis Rheum. (1990) 33:1122–8.

20. Berthod PE, Aho-Glélé S, Ornetti P, Chevallier O, Devilliers H, Ricolfi F, et al. CT analysis of the aorta in giant-cell arteritis: a case-control study. Eur Radiol. (2018) 28:3676–84. doi: 10.1007/s00330-018-5311-8

21. Monti S, Floris A, Ponte CB, Schmidt WA, Diamantopoulos AP, Pereira C, et al. The proposed role of ultrasound in the management of giant cell arteritis in routine clinical practice. Rheumatol Oxf Engl. (2017) 57:112–9. doi: 10.1093/rheumatology/kex341

22. Espitia O, Schanus J, Agard C, Kraeber-Bodéré F, Hersant J, Serfaty J-M, et al. Specific features to differentiate giant cell arteritis aortitis from aortic atheroma using FDG-PET/CT. Sci Rep. (2021) 11:17389. doi: 10.1038/s41598-021-96923-2

23. Slart RHJA, Writing group, Reviewer group, Members of EANM Cardiovascular, Members of EANM Infection and Inflammation, Members of Committees, et al. FDG-PET/CT(A) imaging in large vessel vasculitis and polymyalgia rheumatica: joint procedural recommendation of the EANM, SNMMI, and the PET interest group (PIG), and endorsed by the ASNC. Eur J Nucl Med Mol Imaging. (2018) 45:1250–69. doi: 10.1007/s00259-018-3973-8

24. Sidhu PS, Cantisani V, Dietrich CF, Gilja OH, Saftoiu A, Bartels E, et al. The EFSUMB guidelines and recommendations for the clinical practice of contrast-enhanced ultrasound (ceus) in non-hepatic applications: update 2017 (long version). Ultraschall Med. (2018) 39:e2–44. doi: 10.1055/a-0586-1107

25. Nelson KP, Edwards D. Measures of agreement between many raters for ordinal classifications. Stat Med. (2015) 34:3116–32. doi: 10.1002/sim.6546

26. Nelson KP, Zhou TJ, Edwards D. Measuring intrarater association between correlated ordinal ratings. Biom J Biom Z. (2020) 62:1687–701. doi: 10.1002/bimj.201900177

27. Giordana P, Baqué-Juston MC, Jeandel PY, Mondot L, Hirlemann J, Padovani B, et al. Contrast-enhanced ultrasound of carotid artery wall in takayasu disease: first evidence of application in diagnosis and monitoring of response to treatment. Circulation. (2011) 124:245–7. doi: 10.1161/CIRCULATIONAHA.110.006668

28. Lensen KDF, Comans EFI, Voskuyl AE, van der Laken CJ, Brouwer E, Zwijnenburg AT, et al. Large-vessel vasculitis: interobserver agreement and diagnostic accuracy of 18F-FDG-PET/CT. BioMed Res Int. (2015) 2015:914692. doi: 10.1155/2015/914692

29. Aschwanden M, Imfeld S, Staub D, Baldi T, Walker UA, Berger CT, et al. The ultrasound compression sign to diagnose temporal giant cell arteritis shows an excellent interobserver agreement. Clin Exp Rheumatol. (2015) 33:S113–115.

30. Schäfer VS, Chrysidis S, Schmidt WA, Duftner C, Iagnocco A, Bruyn GA, et al. OMERACT definition and reliability assessment of chronic ultrasound lesions of the axillary artery in giant cell arteritis. Semin Arthritis Rheum. (2021) 51:951–6. doi: 10.1016/j.semarthrit.2021.04.014



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in giant cell arteritis



		Introduction



		Materials and methods



		Inclusion criteria



		Contrast-enhanced ultrasound examination



		Study design



		Ethics



		Statistical analysis







		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Medicine

Inter and intra-observer
agreement of arterial wall
contrast-enhanced
ultrasonography in giant cell
arteritis









OPS/images/fmed-09-1042366-g001.jpg







OPS/images/fmed-09-1042366-t006.jpg
Measure of association Estimated kappa

Physician with more than 5 years of experience

Intra-rater 0.51
Inter-rater (1st evaluation) 0.07
Inter-rater (2nd evaluation) 0.42

Physician with less than 5 years of experience
Intra-rater 0.62
Inter-rater (1st evaluation) 0.68

Inter-rater (2nd evaluation) 0.55

(95% CI)

(0.38; 0.65)
NA
NA

(0.47; 0.76)
NA
NA







OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine






OPS/images/fmed-09-1042366-t004.jpg
Measure of association

Arterial wall thickness <2 mm
Intra-rater

Inter-rater (1st evaluation)
Inter-rater (2nd evaluation)
Arterial wall thickness >2 mm
Intra-rater

Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.56
0.36
0.02

0.57
0.22
0.63

(95% CI)

(0.42; 0.70)
(0.19; 0.66)
(—0.09; 0.27)

(0.45; 0.68)
(0.05; 0.44)
(0.59; 0.86)






OPS/images/fmed-09-1042366-t005.jpg
Measure of association Estimated kappa (95% CI)

Physician with more than 5 years of experience

Intra-rater 0.68 (0.66; 0.70)
Inter-rater (1st evaluation) 0.35 (0.32;0.38)
Inter-rater (2nd evaluation) 0.36 (0.33; 0.39)

Physician with less than 5 years of experience

Intra-rater 0.72 (0.70; 0.73)
Inter-rater (1st evaluation) 0.39 (0.36; 0.42)
Inter-rater (2nd evaluation) 0.38 (0.35; 0.41)







OPS/images/fmed-09-1042366-t002.jpg
Measure of agreement

Intra-rater
Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.56
0.35
0.41

(95% CI)

(0.43; 0.69)
(0.21;0.57)
(0.25; 0.60)





OPS/images/fmed-09-1042366-t003.jpg
Measure of association

Arterial wall thickness <2 mm
Intra-rater

Inter-rater (1st evaluation)
Inter-rater (2nd evaluation)
Arterial wall thickness >2 mm
Intra-rater

Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.69
0.35
0.35

0.53
0.25
0.25

(95% CI)

(0.59; 0.79)
(0.20; 0.50)
(0.20; 0.50)

(0.46; 0.60)
(0.09; 0.41)
(0.09; 0.41)






OPS/images/fmed-09-1042366-t001.jpg
Measure of association

Intra-rater
Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.70
0.27
0.22

(95% CI)

(0.65; 0.75)
(0.19; 0.35)
(0.15; 0.29)





