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Abstract

Giant cell arteritis (GCA) is the most common primary systemic vasculitis in the elderly. Although the diagnosis of
GCA has improved, monitoring its disease activity remains challenging due to the lack of validated tools and
biomarkers. The current reliance on assessing symptoms, physical signs, and inflammatory markers during disease
follow-up presents limitations, notably the nonspecific nature of GCA-related symptoms and the suppressive
impact of IL-6 inhibitors on inflammatory markers. Therefore, recent attention has shifted toward acknowledging
imaging as a monitoring tool, particularly ultrasound, given its widespread accessibility, cost-effectiveness, and
well-established role in GCA diagnosis. Research on this topic has found that ultrasound characteristics, including
the number of affected arterial segments and halo size, are associated with laboratory markers and treatment
response, underscoring the ultrasound’s potential as a monitoring tool for GCA. It has also been demonstrated that
ultrasound abnormalities progress differently throughout the disease course, depending on the type of arterial
involvement, with vessel wall changes in the axillary arteries resolving more slowly than those in the temporal
arteries. Nevertheless, there are still no studies comparing the added value of regular ultrasounds for monitoring
disease activity to clinical and laboratory monitoring alone; hence, this imaging modality is not yet recommended
for patients with GCA in clinical and biochemical remission. This narrative review aims to synthesize the main
research findings of key studies addressing the role of ultrasound for monitoring disease activity in GCA, with a
focus on the pattern of arterial involvement. It highlights the potential of ultrasound, particularly halo sign
assessment, for evaluating disease progression but notes that further validation and standardization of protocols
are needed to improve accuracy and enable routine use.
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INTRODUCTION

Giant cell arteritis (GCA) is the most common form of primary systemic vasculitis in adults, affecting large-
and medium-sized arteries, in particular the aorta and its main branches". Visual loss is one of the most
feared complications in patients with cranial artery involvement, often manifesting early in the disease
course”. Thus, extensive research has been undertaken to identify the most efficient and accurate method
for diagnosing these patients, enabling a high level of diagnostic certainty before initiating a treatment plan
that often involves at least one year of immunosuppression, including prolonged use of glucocorticoids
(GGCs).

Currently, ultrasound of the temporal (TA) and axillary (AX) arteries is the first imaging modality
recommended to assess patients with suspected GCA"'. Once the diagnosis of GCA is established, correct
monitoring of disease activity is essential. However, there are still no validated tools or biomarkers to assess
response to therapy in GCA". In routine care, the follow-up evaluation of patients with GCA typically relies
on assessing GCA-related symptoms and vascular abnormalities on physical examination, as well as
monitoring laboratory markers, in particular C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR). Approximately half of patients with GCA experience relapse during their disease course, requiring
treatment adjustments”™. These relapses are usually characterized by a worsening of disease-related
symptoms and increased inflammatory markers”. However, symptoms of GCA can be mild and
nonspecific, and inflammatory markers do not reliably indicate disease activity, are not GCA-specific, and
their production is suppressed in patients treated with tocilizumab, an IL-6 inhibitor approved for GCA
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treatment® 2.

Therefore, given the evident limitations of a monitoring approach based solely on the assessment of clinical
signs, symptoms and laboratory markers, in recent years, imaging techniques have emerged as promising
tools for evaluating patients with GCA, with ultrasound being particularly notable due to its high
accessibility and low cost™?*". The inflammatory infiltration of the artery wall results in homogenous,
hypoechoic wall thickening, defined as the ‘halo’ sign, which is considered the most important ultrasound
finding to establish the diagnosis of GCA™. In addition, various studies have suggested different cut-off
values for the intima-media thickness (IMT) to identify the presence of a positive halo sign: 0.3-1.0 mm for
temporal arteries®™” " and 1.0-2.0 mm for axillary arteries®**. However, our understanding of the
association between disease activity and the characteristics of the halo sign, namely its IMT, remains
limited. In addition, it is yet to be accurately determined how the halo sign behaves over time according to
the pattern of vasculitic involvement at baseline (i.e., cranial vs. extracranial large vessel involvement).

This narrative review aims to provide a comprehensive summary of the main research findings regarding
the role of ultrasound in monitoring disease activity in GCA. It focuses on how disease activity may affect
vessel wall changes detected by ultrasound and explores variations across different types of arterial
segments. It also identifies existing research gaps and outlines a future research agenda. The main
characteristics of the studies included are summarized in Table 1.

ULTRASOUND FOR MONITORING DISEASE ACTIVITY

Cranial arteries

Giant cell arteritis primarily targets cranial arteries, with the TA being the most frequently affected vessel.
Studies assessing the TA by ultrasound during disease course have been conducted"***. Pérez Lépez et al.
prospectively assessed 22 patients (18 with GCA and 4 with PMR) at 6 months who presented with a TA
halo sign on ultrasound at disease onset”. The halo sign was reported to persist in 10/18 (55.6%) patients
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Table 1. Key findings from the main studies on the use of ultrasound for monitoring giant cell arteritis
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N patients Arteries

Authors, year Study design assessed  assessed

Time points of
ultrasound

Settings - probes used

Main conclusion

Assessment of the cranial arteries

Pérez Lopez Prospective cohort 22 TA
etal., 2009™™

De Miguel Prospective cohort 30 TA
etal, 2012

Assessment of the extracranial arteries

Schmidt etal,  Prospective cohort 40 AX, SC, brachial
20085

Czihal et al., Retrospective, 34 AX, SC, brachial
20132 cross-sectional

Bosch et al., Retrospective and 73 AX

201" prospective cohort

Assessment of the cranial and extracranial arteries

Aschwanden Prospective cohort 9 TA, AX, SC,

etal, 2010% carotid, vertebral,
femoral, popliteal

Monti et al., Retrospective 167 TA, AX

2018 cohort

Baseline, 6 weeks, 6
months

Every 2 weeks (Ist month),
then every 4 weeks until
halo disappearance

Baseline, no fixed time
points

Baseline, at least after 6
months (no fixed time
points)

Baseline, several follow-up
visits (no fixed time points)

Baseline, 6 months

Baseline, several follow-up
visits (no fixed time points)

Linear 5-10 MHz (Aplio-80,
Toshiba)

9-14 MHz (LOGIQ-9, GE)

NP

NP

Type of probe NP (MyLab
Twice eHD or MyLab 70,
Esaote)

Linear 3-9 and 5-17 MHz
(iU22, Philips)

TA: L8-i18 MHz linear hockey
stick

AX: ML6-15 MHz linear matrix
array (LOGIQ-E9, GE)

6 weeks: 11/22 patients had persistent halo sign
6 months: 10/18 patients had persistent halo sign (all in clinical remission)
94.7% of patients had halo resolution during follow-up

Mean time until halo disappearance: 9 + 7 weeks for relapsing GCA and 11+ 7
weeks for new-onset GCA

More branches with halo required a longer time for halo disappearance

Higher mean CRP and ESR observed in patients with halo at baseline and
during relapse vs. at the time of halo disappearance

Halo sign disappeared in 30%, decreased in 53%, unchanged in 8%, worsened
in 5% and became occluded in 5% after a mean follow-up of 39 22 months

No ischemic arm complications were reported during follow-up

32.4% of patients had complete halo disappearance after a mean follow-up of
22 +17 months

Right AX IMT decreased from a mean of 1.8 £ 0.7 to 1.3 = 0.4 mm; left AX IMT
from a mean of 1.7 +£ 0.8 mm to 1.2 + 0.4 mm (assessed in 17 patients)

Relief of symptoms was associated with lower ESR at diagnosis [47 (11) vs. 75
(32) mm/h; P=0.02] and less presence of anemia (0% vs. 82%; P < 0.01) and
SC involvement (20% vs. 82%; P = 0.04)

No new ischemic symptoms of the upper limbs were reported during follow-up
AX IMT declined in the first 18 months by -0.5 mm (range -2.77 to 0.50)

Median AX IMT after a median disease duration of 48 months (16-137) was
0.90 mm (0.46-2.20)

AX IMT of 0.87 mm was highly specific (specificity 96%, sensitivity 61%) for
diagnosis of chronic AX GCA

6 months: 76,/84 vascular segments had persistent vasculitis, with no
systemic inflammation; new vasculitic lesions occurred in one patient at two
segments

New-onset GCA had more frequently 2 4 segments with halo sign vs. relapsing
GCA (39% vs. 7.7%, P = 0.008)

Mean AX IMT was higher in the new-onset GCA group compared to the
relapsing group (1.6 + 0.4 vs. 1.4 £ 0.2 mm, P = 0.02); no difference was found
for the TA IMT (0.6 + 0.2 vs. 0.6 + 0.1 mm, P > 0.05)



Page 4 of 13

Aschwanden
etal, 2019

Ford et al.,
20205

Sebastian et al.,
[36]

Ponte et al.,
202012

Ponte et al.,
2021™

Prospective cohort 42

Retrospective 42

Prospective cohort 21

Cross-sectional 121

Prospective cohort 49

TA, AX, SC,
carotid, vertebral,
femoral, popliteal

TA, AX, SC

TA, AX

TA, AX

TA, AX

Baseline, 6,12 and 24
months

Baseline, several follow-up
visits (no fixed time points)

Baseline (pre TC2), follow-
up visit within a range of 3-
12 months (post TCZ)

Single ultrasound
assessment within 7 days
of GC initiation

Baseline, weeks 1, 3, 6, 12
and 24
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Linear 3-9 and 5-17 MHz
(iU22, Philips) or Linear 12-3
and 18-5 MHz (EPIQ 7 duplex,
Philips)

L8-i18 MHz linear hockey stick
(TA>15and AX/SC <15
MHz) (LOGIQ S8 and E9, GE)

Linear LA435 (6-18 MHz)
(MyLab Twice, Esaote)

NP (different probes with B-
mode frequencies 210 MHz)

L8-i18 MHz linear hockey stick
(LOGIQ-E9, GE) - Portugal
and Linear 6-18 MHz (MyLab
7, Esaote) - Italy

TA: 22/26 (85%) cases showed a reduction in wall thickening (11/26 with
complete normalization); 4/26 no improvement (2/26 with new vessel wall
thickening)

LV:19/42 (45%) cases showed a reduction in wall thickening (1/42 with
complete normalization); 23/42 with no improvement (3/42 with new vessel
wall thickening)

No differences between cumulative GC dose, use of DMARDs, and number of
relapses were reported between patients with or without wall thickness
reduction (TA or LV) during follow-up

42 patients (36 with active vasculitis and 6 with hyperechoic wall thickening at
baseline ultrasound) were followed for a median time of 5.1 (IQR 2.6-7.9)
months

At follow-up ultrasound: 15/36 had no arteritis, 12/36 a hyperechoic wall
thickening and 9/36 still had active arteritis; 3/6 had no arteritis, 1/6 active
arteritis and 2/6 still had hyperechoic wall thickening

AX ultrasound abnormalities had slower improvement compared to TA

38/54 arterial segments showed a decrease in IMT following the initiation of
TCZ

The TA Halo Score showed a marked improvement upon follow-up; the AX
Halo Score remained stable

Maximum TA halo IMT: consistent reduction over 7 days of GCs (r = -0.30, P
=0.001); significant difference in halo IMT between patients assessed on day
0 and = 4 days of GCs (P < 0.003) [n = 112 patients]

Sum of all TA halo IMT: consistent reduction over 7 days of GCs (r =-0.23, P <
0.001); significant difference in sum of halo IMT between patients assessed on
day 0 and = 4 days of GCs (P < 0.003) [n = 395 TA halos]

Maximum AX halo IMT: no correlation was found between halo size and
number of days on GCs within 7 days of treatment (r = -0.064, P = 0.721) [n =
33 patients]

Sum of all AX halo IMT: no correlation was found between halo size and
number of days on GCs within 7 days of treatment (r = -0.044, P = 0.764) [n =
44 AX halos]

TA halo features (number of segments with halo and sum and maximum halo
IMT) showed significant standardized mean difference between baseline and
all time points

AX halo features (sum and maximum halo IMT) showed significant
standardized mean difference between baseline and only week 6 onward

The number of TA segments with halo and sum and maximum TA halo IMT
demonstrated a significant correlation with ESR (0.41, 0.44 and 0.48), CRP
(0.34, 0.39 and 0.41), BVAS (0.29, 0.36 and 0.35), and GC cumulative dose (-
0.34, -0.37 and -0.32); no significant correlation was observed for the AX halo
features

Halo sign was detected in 94% of first disease relapses with a lower mean
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Seitz et al.,
202123

Dejaco et al.,
202218

Nielsen et al.,
20231241

Prospective cohort 18

Prospective cohort 52

Prospective cohort 47

TA, AX, SC

TA, AX

TA, AX, carotid

Baseline, day 3, weeks 4, 8, TA:L8-i18 MHz linear hockey

24 and 52

Baseline, weeks 1, 3, 6, 12
and 24

Baseline, 8 weeks, 24
weeks and 15 months

stick

AX/SC: ML6-15 MHz or 9L-D
linear (LOGIQ-E9, GE) -7
patients

TA: 8.8-22 MHz hockey-stick
AX/SC: 4-11 MHz vascular and
4-18 MHz matrix (Aplio i800,
Canon) - 11 patients

L8-i18 MHz linear hockey stick
(LOGIQ-E9, GE) - Portugal and
Linear 6-18 MHz (Mylab 7,
Esaote) - Italy

Linear 5-18 MHz (EUP-L75)
(HI VISION Avius, Hitachi)
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number of segments with halo and sum of halo IMT compared to disease onset
(29+16mmvs. 49+15mm,P=0.0012; 20+ 1.Tmmvs. 45+2.0 mm, P =
0.0012)

After GC pulses for 3 days followed by TCZ monotherapy for 52 weeks 3/18
patients achieved remission within 31 days and 14/18 within 24 weeks

TA IMT (16 patients): sharp decline on day 2/3, followed by an increase to
baseline levels at week 4 and a subsequent slow decrease until week 52

AX/SC IMT (6 patients): sharp decline on day 2/3, followed by a slow increase
up to week 8, a plateau until week 24, and a subtle decline until week 52; new
signal of vasculitis in 3/6 patients at week 4

OGUS showed significant and large to very large standardized mean
differences between baseline and all time points (from -1.19 to -2.16)

OGUS showed a significant correlation with ESR (0.48), CRP (0.43) and BVAS
(0.37)

The likelihood of achieving disease remission was lower in patients with higher
OGUS values (OR 0.34; 95%Cl: 0.18-0.63)

TA-based scores: showed significant and moderate to large standard response
means between baseline and all time points (-1.49 to -0.66)

LV-based scores: showed small to moderate standard response means
between baseline and all time points (-0.48 to 0.01) and most often were not
statistically significant

OGUS showed a large magnitude of change and was considered the score least
prone to potential bias

OGUS and TA-based scores showed a significant, moderate correlation with
CRP, and patient and physician global (0.27-0.45), and a weak correlation with
hemoglobin and platelets (0.16-0.32)

AX: Axillary arteries; BVAS: birmingham vasculitis activity score; CRP: C-reactive protein, DMARDs: disease-modifying antirheumatic drugs; ESR: erythrocyte sedimentation rate; GE: general electric; GC:
glucocorticoids; GCA: giant cell arteritis; IMT: intima-media thickness; LV: large vessels; N: number; NP: not provided; OGUS: OMERACT GCA ultrasonography score; OR: odds ratio; SC: subclavian arteries; TA:
temporal arteries; TCZ: tocilizumab.

with GCA and in 4/4 patients with PMR, although all patients were in clinical remission when the second ultrasound was performed, i.e., showed no disease-
related symptoms or abnormal inflammatory markers. However, the investigators used a linear probe that only allowed a B-mode frequency of 5-10 MHz,
which has an inferior diagnostic accuracy compared to the current probes recommended by the European Alliance of Associations for Rheumatology
(EULAR) (2 15 MHz for temporal arteries)”. In addition, no data after six months were collected; therefore, it is not known if those 14/22 patients with
persistent TA halo experienced more relapses or disease complications during further follow-up.
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De Miguel et al. prospectively assessed 30 patients with GCA, in whom an ultrasound of the TAs, using a 9-
14 MHz probe for greyscale, was performed every two weeks for the first month after GC initiation and then
every four weeks until halo disappearance. A total of 38 GCA occurrences, including those registered at
disease onset and disease relapse, were detected in the 30 patients assessed, with halo resolution observed in
36 cases (94.7%) during follow-up. After the initiation of GC treatment, the mean time to halo resolution
was 8.58 + 7.32 weeks for patients with a GCA relapse and 11.25 + 7.05 weeks for those experiencing their
first occurrence. Ultrasound results were compared with clinical and laboratory data. Patients with a TA
halo sign at baseline and during disease relapse were reported to have a higher mean ESR and CRP than
patients at the time of halo disappearance. In addition, patients with halo disappearance had normal or
lower values of ESR and CRP, compared to patients with halo persistence. A higher number of TA branches
with halo before the initiation of treatment was related to greater values of CRP and ESR and to a delayed
resolution of the halo sign, but there was no significant difference between the number of branches with
halo sign of patients at baseline compared to patients with disease relapse. This study has established an
important association between ultrasound findings and laboratory response. Nevertheless, the halo sign
behavior within the first two weeks of treatment initiation was not evaluated, although a substantial
decrease in the diagnostic sensitivity of temporal artery ultrasound has already been described only after
four days of GC treatment””. To the best of our knowledge, no study has yet evaluated how other cranial
arteries, aside from the TA, behave during disease follow-up.

Extracranial arteries

Extracranial large vessel (LV) involvement, affecting the aorta and its main branches, is frequent in GCA
and studies investigating its behavior during the clinical course of GCA have also been conducted"”>****,
Schmidt et al. performed follow-up ultrasound examinations of the proximal arm arteries (i.e., subclavian,
AXs and/or proximal brachial arteries) in 40 patients with LV-GCA, with a mean interval between baseline
and second ultrasound of 39 + 22 months”*. The halo sign disappeared completely in only 30% of cases,
decreased in 53%, remained unchanged in 8%, increased in 5%, and progressed to occlusion with collateral
flow in 5%. No ischemic arm complications were reported during follow-up, and GC requirements were
similar to control patients with GCA without LV involvement.

Czihal et al. performed a cross-sectional analysis of 34 patients with LV-GCA after a mean follow-up of 22 +
17 months™. The last ultrasound of the proximal arm arteries showed that the halo sign had completely
disappeared in only 32.4% of patients, consistent with the findings of Schmidt et al.”**. In addition, the IMT,
reported in 17 patients, showed a decrease from a mean of 1.8 + 0.7 mm to 1.3 + 0.4 mm in the right AX
artery, and from a mean of 1.7 £ 0.8 mm to 1.2 + 0.4 mm in the left AX artery. None of the patients
developed new ischemic symptoms of the upper limbs during follow-up.

Bosch et al. published the results of an observational study with a mixed retrospective and prospective
design, in which 73 patients with longstanding GCA (GC treatment 2 1 year) and AX involvement of the
disease at baseline were assessed with ultrasound at various time points"®. The AX arteries’ IMT was
reported to decrease within the first 18 months of treatment by -0.5 mm (range -2.77 to 0.50). In addition,
the median IMT after a median disease duration of 48 months (16-137) was still 0.90 mm (0.46-2.20).
Nevertheless, assessment of the proximal arm arteries at fixed time points was not performed in all the three
studies.

Although GCA can affect the aorta, no research has been published on the use of ultrasound for monitoring
aortic involvement in this disease. This is not unexpected, as the technical limitations of ultrasound make it
challenging to perform serial assessments of the aorta consistently. Other non-invasive imaging techniques,
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such as CT and MR angiography, are generally more appropriate for evaluating aortic involvement in GCA
throughout the disease course.

Cranial and extracranial arteries

The most recent studies have predominantly concentrated on evaluating both types of arterial involvement
through ultrasound"”*?"**** aligning with the EULAR recommendations in which both TA and AX
should be assessed for diagnostic purposes””. Aschwanden et al. performed an ultrasound at baseline and at
six months on 9 patients with LV-GCA in 11 arterial regions: TA, carotid (common, internal and external),
vertebral, subclavian (SC), AX, femoral (common, deep and superficial) and popliteal arteries””. The study
showed that 76/84 (90.4%) of affected vascular segments showed persistence of the ultrasound abnormalities
described as “marginally enhanced echogenicity of the vessel wall” at six months despite the absence of signs
of systemic inflammation.

In another study, Aschwanden et al. assessed the same arterial regions by ultrasound in 42 patients with LV-
GCA at baseline and at 6, 12 and 24 months"”. Among patients with TA involvement, while only 11/26
(42.3%) cases showed complete bilateral normalization of vasculitic findings, 22/26 (84.6%) demonstrated a
reduction in vessel wall thickening at some point during follow-up [16 (61.5%) patients at 6 months, 21
(80.8%) patients at 12 months, and 22 (84.6%) at 24 months]. No improvement in vessel wall thickening was
observed in 4/26 (15.4%) patients, and 2/26 (7.7%) developed new vessel wall thickening during follow-up
without corresponding clinical disease activity. In addition, no differences between baseline ESR and CRP,
cumulative GC dose, use of disease-modifying antirheumatic drugs (DMARDs), and number of relapses
were reported between patients with (11/26) or without (15/26) complete normalization of ultrasound
findings during follow-up. In cases of LV involvement, 19/42 (45%) patients showed a reduction in wall
thickening at any time during follow-up, corresponding to a regression in 71/284 of the total thickened
segments at baseline. The authors did not provide details on other vessel wall characteristics, so it is possible
the thickened walls became more hyperechoic, indicating chronic changes rather than an acute halo sign,
which could explain the high persistence of vessel wall thickening. Only one patient showed complete
normalization of all vasculitic findings on ultrasound, and in three patients, there was an increase in arterial
wall thickness compatible with a previous disease relapse in two patients (in the prior one and two months,
respectively). Patients who exhibited a decrease in wall thickening in at least one LV segment during follow-
up had significantly lower median CRP and ESR at baseline compared to those with persistent findings;
however, no differences were found between groups in terms of occurrence of disease relapses, GC-
cumulative doses, and need for DMARDs.

Ford et al retrospectively analyzed patients with newly diagnosed or established GCA who underwent
follow-up ultrasound of the TA, AX, and SC arteries as part of the routine care, i.e., not using fixed time
points"?. Patients were followed for a median time of 5.1 (IQR 2.6-7.9) months. Of the 36 patients who had
active vasculitis on baseline ultrasound, 15/36 (41.7%) had no arteritis at follow-up, 12/36 (33.3%) had a
hyperechoic wall thickening, and 9/36 (25.0%) still had active arteritis. Ultrasonographic findings in the TA
were more likely to change from active arteritis to no arteritis, whereas those in the AX frequently remained
stable or showed slower improvement over time.

Sebastian et al. evaluated 22 consecutive patients with GCA treated with tocilizumab in a prospective
study"™. Ultrasound of the TA and AXs was performed in 21/22 patients pre- and post-initiation of
treatment. Baseline and follow-up results (within a range of 3-12 months) were compared. Among the 54
arterial segments displaying a halo sign at baseline, 38/54 (70.4%) showed a decrease in IMT following the
initiation of tocilizumab. The study did not provide details regarding the timing of ultrasound for the 30%
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of arterial segments that did not exhibit a decrease in IMT after tocilizumab initiation.

37]

Ponte et al. performed a cross-sectional analysis of all patients with GCA from the TABUL cohort"” who
exhibited a halo sign on ultrasound conducted within 7 days of starting GCs™. A consistent reduction in
the halo size in the TAs was observed over time, with patients showing a significantly smaller halo IMT after
more days of GC exposure [maximum halo size per patient r = -0.30, P = 0.001 (n = 112 patients); and all
halos r = -0.23, P < 0.001 (n = 395 halos)]. Contrary to the TAs, no correlation was found between halo size
and number of days on GCs for the AXs within the first seven days of treatment [maximum halo size per
patient: r = -0.064, P = 0.721 (n = 33 patients), and all halos r = -0.044, P = 0.764 (n = 44 halos)]. However,
this could be explained by the low number of patients with LV involvement included in the analyses, and
due to the fact that in larger arteries, the halo sign takes significantly longer to diminish and resolve
compared to the TA
established the reasoning for conducting prospective monitoring studies assessing the long-term association
between the presence and thickness of the halo sign and disease activity in GCA. Thus, Ponte et al.
proceeded to conduct a prospective evaluation of 49 patients with a new onset of ultrasound-proven
GCA"™. The number of TA and AX segments with halo was recorded and the halo IMT of each segment
measured. Sensitivity to change was calculated between time points where over 80% of patients were

34,17,22
S[

I. These findings, although limited by the cross-sectional design of the analyses,

evaluated. During the study period, 354 visits were recorded, a mean of 7.2 + 3.8 visits per patient. Halo
sensitivity to change was calculated at weeks 1, 3, 6, 12, and 24, revealing a significant standardized mean
difference between all time points and baseline for TA halo features (including the sum of segments with
halo, and sum and maximum halo IMT). For AX arteries, a significant difference in the sum and maximum
halo IMT was observed only after week 6. In addition, a significant correlation between all TA halo features
and ESR and CRP (P < 0.05) was verified, aligning with the results of De Miguel et al., as well as with
Birmingham Vasculitis Activity Score (BVAS) and GC cumulative dose (P < 0.05)"". No significant
correlations were found for the AX halo features. Patients with a greater number of TA segments showing
halo (OR 0.39, P < 0.05) and higher TA halo IMT values (OR 0.34, P < 0.05) were less likely to achieve
disease remission. In contrast, AX halo features showed no association with attaining clinical remission (P >
0.05). Despite the fact that only 11/49 (22.4%) patients in this cohort had AX involvement, these findings
support those found in the previous cross-sectional study by the same research group"”, which found no
change in the AX halo IMT during the first 7 days of high-dose GC treatment, unlike the TA halo IMT. It
also validates the findings from prior studies, in which AX halos have been reported to persist for a longer
time than TA halos, irrespective of clinical remission!”'*****. Moreover, halo sign was present in 94% of
first disease relapses, but with fewer segments showing halo sign and with lower halo IMT compared to
disease onset.

Monti et al. retrospectively evaluated the utility of ultrasound in the routine clinical care of patients with
suspected or established GCA in a single University Hospital (Oxford, UK)"”'". Patients underwent
ultrasound at the discretion of the treating physicians. Over a period of 23 months, 377 ultrasounds of the
TA and AX arteries were performed: 210/377 (56%) for first referrals of patients with suspected GCA, 89/
377 (24%) to complement the regular follow-up of patients with established GCA, and 78/377 (21%) for
patients with suspected GCA relapse. Of the 210 patients assessed for suspected GCA, 54 (26%) had a
positive ultrasound, and of the 78 patients assessed for a possible GCA relapse, 29 (37%) had a positive
ultrasound. Patients with a new onset of GCA more frequently displayed four or more arterial segments
with a halo sign than patients with a clinical relapse of the disease (39% vs. 7.7%, P = 0.008), supporting the
results observed by Ponte et al. but contrasting with De Miguel et al."**. Moreover, Monti et al.”" also
recorded details on the halo size in 174/377 (46%) ultrasound examinations, which corresponded to the last
7 months of the study period™. The mean halo thickness of the AX arteries was higher in the new onset
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group compared to the relapsing group (1.6 + 0.4 vs. 1.4 + 0.2 mm, P = 0.02), although no difference was
found for the TAs (0.6 0.2 vs. 0.6 + 0.1 mm, P > 0.05). Despite also reporting a higher sum of halo IMT for
patients at disease onset, in comparison to their first clinical relapse (4.49 +1.95 vs. 2.01 + 1.13, P = 0.001),
Ponte et al. found that this difference was only verified for patients with TA involvement (P = 0.001) and
not for patients with AX involvement (P = 1.000)"".

Seitz et al. aimed to prospectively characterize the effect of an ultra-short GC treatment (500 mg of i.v.
methylprednisolone/day for three days) followed by i.v. tocilizumab monotherapy (8 mg/kg) on the IMT of
the TA, AX, and SCs™'. Despite the small number of patients included - 18 patients - a sharp decline was
demonstrated in the IMT of the TA, AX, and SCs after 2/3 days of treatment, corresponding to the period
receiving methylprednisolone. In the TAs, this was followed by an increase in the IMT to baseline levels at
week 4, and a subsequent gradual decrease in IMT coinciding with the improvement of symptoms and the
attainment of clinical remission. For the AX and SCs, a similar decline in IMT was observed on day 2/3,
followed by a slow increase up to week 8, reaching a plateau until week 24, and a subtle decline thereafter
until week 52. However, in only 6/18 patients, involvement of the extracranial large arteries was
documented.

Recently, Nielsen et al. prospectively examined the sensitivity to change and discriminative abilities of
vascular ultrasonography scores for disease monitoring in GCA"". The study encompassed 47 patients
diagnosed with GCA, who underwent prospective follow-up assessments at both week 8 and week 24,
including ultrasound of the TA, AX, and carotid arteries. Furthermore, within this cohort, a subset of 24
patients was followed for an extended period of 15 months. The results demonstrated that ultrasound
outcomes improved during the follow-up period starting from week 8. However, it was noted that only
scores involving the TAs consistently showed statistically significant improvement, while those based on
large vessels did not. Additionally, patients experiencing a relapse were more likely to display a positive TA
ultrasound and an increase in ultrasonographic scores compared to those in clinical remission. In contrast,
there were no significant differences in outcomes related to large vessels between relapsing and remitting
patients.

In an effort to optimize the use of ultrasound for monitoring patients with GCA, particularly in clinical
trials and research, the OMERACT has very recently developed a provisional ultrasound score named
OMERACT GCA Ultrasonography Score (OGUS). It is determined by summing the IMT measurements for
each assessed segment of the TA and AX arteries, and dividing by the corresponding rounded IMT cut-off
values of each segment (common superficial TA: 0.4 mm; parietal and frontal branches: 0.3 mm; AX: 1.0
mm). The resulting value is then divided by the total number of segments evaluated. This approach offers a
more objective and standardized method for evaluating disease activity, thus serving as a valuable
monitoring tool in clinical practice and research®™. However, it is still imperative that this scoring system
undergoes further validation in a patient-based reliability exercise, as well as in independent cohorts of
patients with GCA"®,

FINAL CONSIDERATIONS

The evidence regarding the value of ultrasound for the assessment of patients with GCA during follow-up
has been steadily growing. In our review, we found a wide range of reported rates for persistent vasculitic
changes varying from 5.3% to 90.5%. These discrepancies are likely influenced by several factors, including
the types of arteries evaluated, the timing of assessments, differing definitions of improvement or
persistence, and variations in ultrasound equipment. For studies that provided technical details, the B-mode
frequency of the probes used ranged from 5-22 MHz for temporal arteries and 4-18 MHz for axillary
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arterjes!">'>'722222520%) Nonetheless, the overall findings indicate that ultrasound is a valuable tool for
detecting vessel wall changes throughout the disease course and in response to treatment, with these
changes showing a good correlation with inflammatory markers.

Despite the important advances demonstrated in the various studies discussed, the recent EULAR
recommendations only advise patients to undergo ultrasound for disease monitoring when there is
suspicion of relapse or in case of treatment with drugs blocking the interleukin-6 pathway (e.g.,
tocilizumab), in which CRP and ESR are unreliable”. Ultrasound is not routinely recommended for patients
in clinical and laboratory remission, as the clinical significance of persistent ultrasound abnormalities in
relation to therapeutic decisions and future outcomes remains unclear. Over the course of the disease, it is
frequently observed that the halo sign becomes more chronic and less hypoechoic compared to baseline,
often being reported simply as ‘wall thickening’>"”. However, differentiating between wall thickening that
indicates a halo sign in active disease and wall thickening associated with scarring in inactive disease can
pose a significant challenge, especially for less experienced sonographers. These unclear findings commonly
seen during follow-up can potentially lead to an overreporting of ultrasound abnormalities, which in turn
could lead to unwarranted overtreatment. Nevertheless, the interpretation of ultrasound results during a
suspected relapse can still be facilitated by the comparison with previous examinations, including
assessments conducted during periods of inactive disease. Therefore, in our group’s perspective, we deem it
beneficial to perform at least one ultrasound evaluation after achieving clinical remission, establishing a
baseline ‘remission ultrasound’ for future reference in the event of a suspected relapse during follow-up.

As the knowledge progresses on the use of ultrasound for managing patients with GCA, it is crucial that
future research [Table 2] also explores the potential added value of regular ultrasounds for monitoring
disease activity compared to clinical and laboratory monitoring alone. As it has been consistently described,
the presence of a halo sign in ultrasound, indicative of acute inflammation, can provide valuable insights
into the activity of the disease. Its characteristics, including number of affected arterial segments and the
halo size/IMT, have shown associations with laboratory markers and response to treatment [Figure 1], with
a distinct pattern noted in cranial and extracranial arteries [Figure 2], underscoring the ultrasound potential
as a valuable monitoring tool for GCA. Recent advancements, such as the development of the OMERACT
OGUS Score, have introduced a more standardized and objective approach to ultrasound-based
monitoring. Therefore, it is imperative to conduct further validation studies, which would be instrumental
in establishing a more definitive role for ultrasound in disease monitoring, not only to aid clinical practice
but also to be included in international recommendations.

CONCLUSION

In summary, while ultrasound has demonstrated significant potential in detecting vessel wall changes
through disease course and correlating with inflammatory markers in GCA, its routine use remains limited
due to the variability in findings and the risk of overreporting abnormalities. Establishing a “remission
ultrasound baseline” may enhance the interpretation of future results, but the true value of regular
ultrasound monitoring versus traditional clinical and laboratory methods remains to be fully validated.
Ongoing research and standardized scoring systems like the OMERACT OGUS Score are essential for
refining the role of ultrasound in disease management and guiding future recommendations.
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Table 2. Future research agenda

- Compare the outcomes of adding regular ultrasound monitoring to the standard clinical and laboratory assessment of disease activity in GCA
- Further examine the relationship between halo sign characteristics and disease activity, laboratory markers, and treatment response

- Study the distinct patterns of vessel wall changes in cranial versus extracranial arteries to refine monitoring approaches

- Validation of the OMERACT OGUS Score in additional independent cohorts

- Inclusion of ultrasound-based scores, such as OGUS, in the monitoring of patients in clinical trials to improve the assessment of treatment
response and disease progression.

Figure 1. Temporal artery ultrasound of a patient with GCA at different disease stages. (A) At disease diagnosis with the LCSTA showing
a significant halo sign (baseline); (B) At disease remission with no halo sign found in the LCSTA (6 months of follow-up); (C) At disease
relapse with the LCSTA showing a halo sign (9 months of follow-up). IMT measurements are shown in yellow. GCA: Giant cell arteritis;
IMT: intima-media thickness; LCSTA: left common superficial temporal artery.

Figure 2. Ultrasound of the temporal and axillary arteries in a patient with GCA at baseline and 6 months. (A) At disease diagnosis with
the LCSTA showing a significant halo sign (baseline); (A1) At disease diagnosis with the left axillary artery showing a significant halo
sign (baseline); (B) At disease remission with no halo sign found in the LCSTA (6 months of follow-up); (B1) At disease remission with a
halo sign still found in the left axillary artery (6 months of follow-up). IMT measurements are shown in yellow. GCA: Giant cell arteritis;
IMT: intima-media thickness; LCSTA: left common superficial temporal artery.



Page 12 of 13 Martins-Martinho et al. Vessel Plus 2024;8:34 | https://dx.doi.org/10.20517/2574-1209.2024.04

DECLARATIONS

Authors’ contributions

Conception, design, and writing: Martins-Martinho ]
Writing: Sopa I

Conception, design, writing, and revision: Ponte C

Availability of data and materials
This review is based on previously published studies and data, which are available in the public domain. No
new datasets were generated or analyzed during the current study.

Financial Support and Sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Ethical approval was not required for this study as it is a review of previously published literature.

Consent for publication
Not applicable since this is a review of previously published literature.

Copyright
© The Author(s) 2024.

REFERENCES

1. Jennette JC, Falk RJ, Bacon PA, et al. 2012 Revised international chapel hill consensus conference nomenclature of vasculitides.
Arthritis Rheum 2013;65:1-11. DOI

2. Gonzalez-Gay MA, Garcia-Porrua C, Llorca J, et al. Visual manifestations of giant cell arteritis. Trends and clinical spectrum in 161
patients. Medicine (Baltimore) 2000;79:283-92. DOI

3. Dejaco C, Ramiro S, Bond M, et al. EULAR recommendations for the use of imaging in large vessel vasculitis in clinical practice:

2023 update. Ann Rheum Dis 2024;83:741-51. DOI

4. Ponte C, Rodrigues AF, O'Neill L, Lugmani RA. Giant cell arteritis: current treatment and management. World J Clin Cases
2015;3:484-94. DOI PubMed PMC

5. Mainbourg S, Addario A, Samson M, et al. Prevalence of giant cell arteritis relapse in patients treated with glucocorticoids: a
metal lanalysis. Arthritis Care & Research 2020;72:838-49. DOI

6. Moreel L, Betrains A, Molenberghs G, Vanderschueren S, Blockmans D. Epidemiology and predictors of relapse in giant cell arteritis:
a systematic review and meta-analysis. Joint Bone Spine 2023;90:105494. DOI PubMed

7. Kermani TA, Warrington KJ, Cuthbertson D, et al; Vasculitis Clinical Research Consortium. Disease relapses among patients with
giant cell arteritis: a prospective, longitudinal cohort study. J Rheumatol 2015;42:1213-7. DOI
8. Martins P, Teixeira V, Teixeira FJ, et al. Giant cell arteritis with normal inflammatory markers: case report and review of the literature.

Clin Rheumatol 2020;39:3115-25. DOI

9. Monti S, Agueda AF, Lugmani RA, et al. Systematic literature review informing the 2018 update of the EULAR recommendation for
the management of large vessel vasculitis: focus on giant cell arteritis. RMD Open 2019;5:¢001003. DOI PubMed PMC

10. Unizony S, Arias-Urdaneta L, Miloslavsky E, et al. Tocilizumab for the treatment of large-vessel vasculitis (giant cell arteritis,
Takayasu arteritis) and polymyalgia rheumatica. Arthritis Care Res (Hoboken) 2012;64:1720-9. DOI PubMed

11.  Stone JH, Tuckwell K, Dimonaco S, et al. Glucocorticoid dosages and acute-phase reactant levels at giant cell arteritis flare in a
randomized trial of tocilizumab. Arthritis Rheumatol 2019;71:1329-38. DOI PubMed PMC

12.  Tse WY, Cockwell P, Savage CO. Assessment of disease activity in systemic vasculitis. Postgrad Med J 1998;74:1-6. DOI PubMed
PMC

13. Lopez 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.
PubMed


https://dx.doi.org/10.1002/art.37715
https://dx.doi.org/10.1097/00005792-200009000-00001
https://dx.doi.org/10.1136/ard-2023-224543
https://dx.doi.org/10.12998/wjcc.v3.i6.484
http://www.ncbi.nlm.nih.gov/pubmed/26090367
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4468893
https://dx.doi.org/10.1002/acr.23901
https://dx.doi.org/10.1016/j.jbspin.2022.105494
http://www.ncbi.nlm.nih.gov/pubmed/38458850
https://dx.doi.org/10.1016/j.jvs.2015.10.016
https://dx.doi.org/10.1007/s10067-020-05116-1
https://dx.doi.org/10.1136/rmdopen-2019-001003
http://www.ncbi.nlm.nih.gov/pubmed/31673411
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6803016
https://dx.doi.org/10.1002/acr.21750
http://www.ncbi.nlm.nih.gov/pubmed/22674883
https://dx.doi.org/10.1002/art.40876
http://www.ncbi.nlm.nih.gov/pubmed/30835950
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6772126
https://dx.doi.org/10.1136/pgmj.74.867.1
http://www.ncbi.nlm.nih.gov/pubmed/9538478
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2360776
http://www.ncbi.nlm.nih.gov/pubmed/19646351

Martins-Martinho et al. Vessel Plus 2024;8:34 | https://dx.doi.org/10.20517/2574-1209.2024.04 Page 13 of 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Evangelatos G, Fragoulis GE, Iliopoulos A. Temporal ultrasound for monitoring tocilizumab treatment in giant cell arteritis: seeing
beyond serum markers? Ann Rheum Dis 2021;80:¢184. DOI PubMed

Ford JA, Dilorio MA, Huang W, Sobiesczcyk P, Docken WP, Tedeschi SK. Follow-up vascular ultrasounds in patients with giant cell
arteritis. Clin Exp Rheumatol 2020;38:107-11. PubMed PMC

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;31:231-7. DOI PubMed

Aschwanden M, Schegk E, Imfeld S, et al. Vessel wall plasticity in large vessel giant cell arteritis: an ultrasound follow-up study.
Rheumatology (Oxford) 2019;58:792-7. DOI

Bosch P, Dejaco C, Schmidt WA, Schliiter KD, Pregartner G, Schéfer VS. Ultrasound for diagnosis and follow-up of chronic axillary
vasculitis in patients with long-standing giant cell arteritis. Ther Adv Musculoskelet Dis 2021;13:1759720X21998505. DOI PubMed
PMC

Ponte C, Monti S, Scir¢ CA, et al. Ultrasound halo sign as a potential monitoring tool for patients with giant cell arteritis: a prospective
analysis. Ann Rheum Dis 2021;80:1475-82. DOI

Ponte C, Serafim AS, Monti S, et al. Early variation of ultrasound halo sign with treatment and relation with clinical features in
patients with giant cell arteritis. Rheumatology 2020;59:3717-26. DOI

Monti S, Floris A, Ponte CB, et al. The proposed role of ultrasound in the management of giant cell arteritis in routine clinical practice.
Rheumatology (Oxford) 2018;57:112-9. DOI

Czihal M, Piller A, Schroettle A, Kuhlencordt PJ, Schulze-Koops H, Hoffmann U. Outcome of giant cell arteritis of the arm arteries
managed with medical treatment alone: cross-sectional follow-up study. Rheumatology (Oxford) 2013;52:282-6. DOI PubMed

Seitz L, Christ L, Lotscher F, et al. Quantitative ultrasound to monitor the vascular response to tocilizumab in giant cell arteritis.
Rheumatology (Oxford) 2021;60:5052-9. DOI PubMed PMC

Nielsen BD, Therkildsen P, Keller KK, Gormsen LC, Hansen IT, Hauge EM. Ultrasonography in the assessment of disease activity in
cranial and large-vessel giant cell arteritis: a prospective follow-up study. Rheumatology (Oxford) 2023;62:3084-94. DOI PubMed
Miguel E, Roxo A, Castillo C, Peiteado D, Villalba A, Martin-Mola E. The utility and sensitivity of colour Doppler ultrasound in
monitoring changes in giant cell arteritis. Clin Exp Rheumatol 2012;30:S34-38. PubMed

Chrysidis S, Duftner C, Dejaco C, 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:¢000598. DOI PubMed PMC
Salvarani C, Silingardi M, Ghirarduzzi A, et al. Is duplex ultrasonography useful for the diagnosis of giant-cell arteritis? Ann Intern
Med 2002;137:232-8. DOI

Czihal M, Schrottle A, Baustel K, Lottspeich C, Dechant C, Treitl M, et al. B-mode sonography wall thickness assessment of the
temporal and axillary arteries for the diagnosis of giant cell arteritis: a cohort study. Clin Exp Rheumatol 2017;103:128-33. PubMed
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. Arthritis Res Ther 2006;8:R116. DOI
PubMed PMC

Schifer VS, Juche A, Ramiro S, Krause A, Schmidt WA. Ultrasound cut-off values for intima-media thickness of temporal, facial and
axillary arteries in giant cell arteritis. Rheumatology 2017;56:1479-83. DOI PubMed

Ghinoi A, Pipitone N, Nicolini A, et al. Large-vessel involvement in recent-onset giant cell arteritis: a case-control colour-Doppler
sonography study. Rheumatology (Oxford) 2012;51:730-4. DOI

Forster, Tato, Weiss, et al. Patterns of extracranial involvement in newly diagnosed giant cell arteritis assessed by physical
examination, colour coded duplex sonography and FDG-PET. Vasa 2011;40:219-27. DOI

Hauenstein C, Reinhard M, Geiger J, et al. Effects of early corticosteroid treatment on magnetic resonance imaging and
ultrasonography findings in giant cell arteritis. Rheumatology (Oxford) 2012;51:1999-2003. DOI

Schmidt WA, Moll A, Seifert A, Schicke B, Gromnica-ihle E, Krause A. Prognosis of large-vessel giant cell arteritis. Rheumatology
2008;47:1406-8. DOI PubMed

Aschwanden M, Kesten F, Stern M, et al. Vascular involvement in patients with giant cell arteritis determined by duplex sonography
of 2x11 arterial regions. Annals of the Rheumatic Diseases 2010;69:1356-9. DOI

Sebastian A, Kayani A, Prieto-pena D, et al. Efficacy and safety of tocilizumab in giant cell arteritis: a single centre NHS experience
using imaging (ultrasound and PET-CT) as a diagnostic and monitoring tool. RMD Open 2020;6:¢001417. DOI PubMed PMC
Lugmani R, Lee E, Singh S, et al. 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-eftectiveness study. Health Technol Assess 2016;20:1-238. DOI PubMed
PMC

Dejaco C, Ponte C, Monti S, et al. The provisional OMERACT ultrasonography score for giant cell arteritis. Ann Rheum Dis
2023;82:556-64. DOI


https://dx.doi.org/10.1136/annrheumdis-2019-216527
http://www.ncbi.nlm.nih.gov/pubmed/31690621
http://www.ncbi.nlm.nih.gov/pubmed/32359038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7812681
https://dx.doi.org/10.1007/s10067-011-1808-0
http://www.ncbi.nlm.nih.gov/pubmed/21743987
https://dx.doi.org/10.1093/rheumatology/key383
https://dx.doi.org/10.1177/1759720x21998505
http://www.ncbi.nlm.nih.gov/pubmed/33796156
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7983430
https://dx.doi.org/10.1136/annrheumdis-2021-220306
https://dx.doi.org/10.1093/rheumatology/keaa196
https://dx.doi.org/10.1093/rheumatology/kex341
https://dx.doi.org/10.1093/rheumatology/kes239
http://www.ncbi.nlm.nih.gov/pubmed/22986290
https://dx.doi.org/10.1093/rheumatology/keab484
http://www.ncbi.nlm.nih.gov/pubmed/34117737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8566271
https://dx.doi.org/10.1093/rheumatology/kead028
http://www.ncbi.nlm.nih.gov/pubmed/36651670
http://www.ncbi.nlm.nih.gov/pubmed/22410311
https://dx.doi.org/10.1136/rmdopen-2017-000598
http://www.ncbi.nlm.nih.gov/pubmed/29862043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5976098
https://dx.doi.org/10.7326/0003-4819-137-4-200208200-00006
http://www.ncbi.nlm.nih.gov/pubmed/28375835
https://dx.doi.org/10.1186/ar2003
http://www.ncbi.nlm.nih.gov/pubmed/16859533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1779378
https://dx.doi.org/10.1093/rheumatology/kex289
http://www.ncbi.nlm.nih.gov/pubmed/28859330
https://dx.doi.org/10.1093/rheumatology/ker329
https://dx.doi.org/10.1024/0301-1526/a000096
https://dx.doi.org/10.1093/rheumatology/kes153
https://dx.doi.org/10.1093/rheumatology/ken258
http://www.ncbi.nlm.nih.gov/pubmed/18625659
https://dx.doi.org/10.1136/ard.2009.122135
https://dx.doi.org/10.1136/rmdopen-2020-001417
http://www.ncbi.nlm.nih.gov/pubmed/33161376
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856116
https://dx.doi.org/10.3310/hta20900
http://www.ncbi.nlm.nih.gov/pubmed/27925577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5165283
https://dx.doi.org/10.1136/ard-2022-223367

