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Objectives: To evaluate relapses in giant cell arteritis (GCA), investigate the utility 
of vascular ultrasound to detect relapses, and develop and assess a composite 
score for GCA disease activity (GCAS) based on clinical symptoms, ultrasound 
imaging activity, and C-reactive protein (CRP).

Methods: Patients with GCA were prospectively followed with scheduled visits, 
including assessment for clinical relapse, protocol ultrasound examination, 
and CRP. At each visit, patients were defined as having ultrasound remission or 
relapse. GCAS was calculated at every visit.

Results: The study included 132 patients, with a median follow-up time of 25 months 
[interquartile range (IR) 21]. The clinical relapse rate was 60.6%. There were no 
differences in relapse rates between GCA subtypes (cranial-GCA, large vessel (LV)-
GCA, and mixed-GCA) (p = 0.83). Ultrasound yielded a sensitivity of 61.2% and a 
specificity of 72.3% for diagnosing GCA- relapse in our cohort. In 7.7% of follow-up 
visits with clinical relapses, neither high CRP nor findings of ultrasound relapse were 
registered. In comparison, in 10.3% of follow-up visits without symptoms of clinical 
relapse, there were both a high CRP and findings of ultrasound relapse.

Conclusion: We found moderate sensitivity and specificity for ultrasound as 
a monitoring tool for relapse in this prospective cohort of GCA patients. The 
extent or subtype of vasculitis at the diagnosis did not influence the number 
of relapses. Based on a combination of clinical symptoms, elevated CRP, and 
ultrasound findings, a composite score for GCA activity is proposed.
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Introduction

Giant cell arteritis (GCA) involves both the cranial and large vessels (LV) (1, 2). The 
disease presents in three different subtypes: isolated cranial GCA (c-GCA), isolated 
LV-GCA, and mixed-GCA with involvement of both cranial vessels and LV (1, 3, 4). The 
relapse rate is known to be as high as 30–60%, depending on the study design and definition 
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of relapse (5–13). Studies have shown that the relapse rates may 
be lower in patients with c-GCA (11, 14). However, in many studies, 
the characterization of c-GCA may be inaccurate, given the absence 
of systematic examination of the supraaortic tree. The European 
Alliance of Associations for Rheumatology (EULAR) guidelines for 
the management of large vessel vasculitis recommends regular 
follow-up and monitoring of GCA disease activity based on 
symptoms, clinical findings, and systemic inflammation measured 
by erythrocyte sedimentation rate (ESR) and CRP levels (15). 
Imaging may confirm a suspected relapse in cases where laboratory 
markers of disease activity are unreliable or in the long-term 
monitoring of structural abnormalities (16, 17). There is no 
consensus on the optimal imaging modality for follow-up of relapses 
and/or structural abnormalities. Disease activity assessment in 
patients with GCA can be challenging as some patients may not have 
clinical symptoms or elevated acute phase reactants despite active 
disease (18, 19). Additionally, an isolated increase in inflammation 
markers is non-specific and should not lead to a modification in the 
immunosuppressive medication. Furthermore, the increasing use of 
interleukin-6 inhibitors in GCA treatment renders markers of 
inflammation unreliable (18–20).

There is no gold standard to evaluate disease activity, which leads 
to an unmet need for a better understanding and validation of GCA 
relapses. Given the limitations of blood tests and clinical symptoms as 
markers of GCA relapse, there is an increasing interest in imaging as 
a monitoring tool for GCA disease activity. Imaging may be helpful in 
assessing active disease, yet it is important to emphasize that the lack 
of a gold standard for disease activity evaluation influences any effort 
to compare any imaging modality with GCA disease activity. Positron 
emission tomography (PET), magnetic resonance imaging (MRI), and 
ultrasound may demonstrate findings that could represent active 
disease (4). However, imaging may show abnormalities in 
asymptomatic patients with normal inflammatory markers, and it 
remains unknown whether this can predict the progression of vascular 
damage (21). While ultrasound is widely used as a diagnostic tool in 
patients examined for GCA and is now recommended as a first-line 
imaging modality by both EULAR and the Norwegian Society of 
Rheumatology (16, 17, 22), it is not clear if it is useful for disease 
activity monitoring in clinical practice.

Short-term follow-up studies indicate that ultrasound may 
be valuable, but studies with longer follow-up times are scarce (12, 
23, 24).

In Takayasu arteritis (TAK), which is a rare LV vasculitis primarily 
afflicting young women, disease activity has since 1994 been evaluated 
by a composite score including four domains: clinical symptoms, 
ischemic symptoms, ESR, and LV imaging by angiography (25). While 
it has been suggested that this composite Takayasu activity score, 
called the Kerr’s or National Institute of Health (NIH) criteria, could 
be useful in GCA, it has not been validated in any GCA population. 
In Norway, a modified version of Kerr’s criteria is used to evaluate 
disease activity in patients with GCA (22). There remains an unmet 
need for tools to assess disease activity in GCA better, and given the 
different subsets, it is likely that a composite score utilizing multiple 
different domains will be  more sensitive than relying on any one 
measure alone.

The aims of this prospective cohort study were: (i) To assess the 
number of relapses in GCA patients, including by disease subtype. (ii) 
To evaluate the utility of ultrasound as a monitoring tool in patients 

with GCA. (iii) To develop a composite score for measuring disease 
activity in patients with GCA.

Methods

The prospective GCA cohort

Patients with new-onset GCA referred to the Department of 
Rheumatology, Martina Hansens Hospital in Bærum, Norway, from 
September 2017 and prospectively followed until September 2022 
were included. Patients with confirmed GCA were included in this 
study. The diagnosis was based on clinical manifestations (headache, 
jaw claudication, visual disturbance/vision loss, scalp tenderness, 
bilateral aching of the shoulder girdle and stiffness, limb claudication, 
and/or constitutional symptoms like fever, fatigue, or weight loss) and 
imaging findings. All the patients were classified using the ACR 1990 
criteria modified by Dejaco et  al. (21). The diagnosis was again 
reassessed and confirmed 12 months later. All the patients were 
examined at diagnosis using the extended A2-US method. The 
Extended A2-US method consists of a continuous ultrasound 
visualization of the large supraaortic vessels (common carotid, 
vertebral, segment 1–4, the whole subclavian in the right side and the 
distal part of subclavian in the left side, axillary proximally, and 
axillary distally including the proximal brachial artery).

Ultrasound examination was performed using high-end 
equipment, and the sonographers (ACBH, APD) were experienced 
(APD > 5,000 vascular scannings) and trained (ACBH) according to 
a standardized program (23). The examination utilized a General 
Electric S8 ultrasound machine with a 9–12 MHz linear probe for the 
large vessels, an 8–18 MHz hockey stick probe for the cranial arteries, 
or a Canon Aplio 800 ultrasound machine with a 3–11 MHz linear 
probe for the large vessels, and a 8–22 MHz hockey stick probe for the 
cranial arteries. We used B-mode for all vessels and in addition color 
Doppler (PRF range 2–3.5 kHz) for the cranial arteries. Colour gain 
was adjusted according to noise level with a minimum of blooming. 
Focus was at the level of interest. Frequency for Doppler was the 
highest possible. The characteristics of this GCA cohort have been 
described in a previous paper (26). The follow-up included a monthly 
visit until remission was achieved and then at months 3, 6, 12, and 
yearly thereafter. Several visits were postponed because of the Covid-
restrictions in the period 2020–2022. Patients suspected of having a 
relapse were evaluated in an unscheduled visit. Data collected at each 
visit included assessment of clinical relapse (see below), ultrasound 
examination, serum CRP measurements, Prednisolone dose, and use 
of other immunosuppressive agents.

Definitions of GCA relapse

At each visit, data on patients’ symptoms were collected. The 
consultant rheumatologist clinically classified the patient as having a 
relapse or being in remission according to the EULAR definitions of 
key symptoms and clinical findings suggestive of active disease (15). 
The definitions are shown in Table  1. Per the EULAR 
recommendations, we considered a clinical relapse (Table 1), the gold 
standard definition of GCA relapse, and all other parameters were 
compared to the clinical relapse.
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Ultrasound examinations

The patients were examined by extended ultrasound using the 
extended anteromedial method (A2-US) by the consultant 
rheumatologist, who was also experienced in vascular ultrasound 
(26). A halo and compression sign were considered positive findings 
for the temporal and facial arteries (27). The presence or absence of 
a halo sign in the cranial and vertebral arteries and the maximum 
intima-media-thickness (IMT) (thickest area visualized, upper or 
lower vessel wall) in the supraaortic arteries, assessed by ultrasound, 
was recorded for all arterial segments at every visit. The patients were 
classified as having ultrasound findings consistent with ultrasound 
remission or ultrasound relapse (as defined in Table 1) for every visit 
during the follow-up period. Settings of ultrasound equipment are 
presented in previously published papers (4, 26). To compare the 
ultrasound extent of vasculitis at diagnosis and the number of clinical 
relapses, we evaluated a combination of halo counts based on the halo 
score (but not similar) (28): 1. Simple halo count (1 point for each 
temporal, 1 point for each facial and 1 point for every large vessel 
involved), 2. Extended halo count (1 point for every cranial branch 
involved temporal common, temporal, frontal, temporal parietal, 
facial) and 1 point for every large vessel involved (carotid, vertebral, 
subclavian, axillary proximal, axillary distal), and 3. Modified 
extended halo count (1 point for every cranial branch involved 
temporal common, temporal, frontal, temporal parietal, facial) and 2 
points for every large vessel involved (carotid, vertebral, subclavian, 
axillary proximal, axillary distal).

GCA disease activity score

We assessed GCA disease activity at diagnosis and every visit by 
a preliminary composite GCA disease activity score (GCAS) based on 
the LV vasculitis NIH criteria (25) and modified as follows: 1. Clinical 
symptoms (features of vascular ischemia or inflammation and/or 
systemic features) not attributable to conditions other than GCA; 2. 
Elevated CRP (> 5 mg/L, which is the usual upper reference limit in 
Norway) not attributable to conditions other than GCA; 3. Positive 
imaging (ultrasound or other imaging modalities) (involvement of 
new arterial segments or augmentation of the IMT in the already 
involved arteries). The cut-off for active disease was ≥2 of 3 criteria.

Statistical analysis

The chi-square test was used to measure categorical variables. 
Phi-test, ANOVA, and ANCOVA regression analysis were used for 

continuous variables, and the phi-test was used to analyze correlations. 
Statistical analyses were performed using SPSS, version 21 SPSS Inc., 
Chicago, IL. p < 0.05 were considered to be significant.

Ethical considerations

According to the Declaration of Helsinki, written informed 
consent was obtained from all participating patients. The Ethics 
Committee of South-Eastern Norway (Regional Etisk Komite Sør-Øst) 
approved the study.

Results

The study included 133 patients with GCA, one patient (subtype 
LV-GCA) dropped out before the first follow-up visit. For the rest 132 
patients, 65.9% female, the mean (SD) age was 72.8 (8.8) years at 
diagnosis. 31.1% were classified as c-GCA, 15.2% as LV-GCA, and 
53.8% as mixed-GCA. The total follow-up time was 3,406 patient 
months. The median follow-up time was 25 months (IR 21 months), 
and 80 (60.6%) patients suffered at least one clinical relapse during the 
study period (Table 2). There was no significant difference in duration 
of follow-up between GCA subtypes; mean follow-up time for c-GCA 
24.7 months (CI 95% 21.1–28.3), for LV-GCA 30.1 months (CI 95% 
25.3–34.8), and for mixed-GCA 26.3 months (CI 95% 23.2–29.5) 
(p = 0.27).

There were no statistical differences with regards to clinical relapse 
between the different GCA subtypes (c-GCA 26/41 patients (63.4%), 
LV-GCA 11/20 patients (55.0%) or mixed- GCA 43/71 patients 
(60.6%) (p = 0.82)), or among cranial isolated (63.4%) versus LV 
involvement 54/91 patients (59.3%) (p = 0.83) or between cranial 
vessel involvement 69/112 patients (61.6%) or LV isolated (55.0%) 
(p = 0.58) (Figure 1).

Extent of vasculitis by ultrasound at 
diagnosis and clinical relapse rates

To evaluate whether the extent of vasculitis by ultrasound at 
diagnosis had any impact on clinical relapse rates during follow-up, 
we  compared the number of vessels having ultrasound findings 
consistent with vasculitis (defined by halo count-scores at diagnosis) 
with rates of clinical relapse corrected for time of follow-up. No 
difference was observed between the extent of vasculitis at diagnosis 
and the occurrence of a clinical relapse (Table 3), indicating that the 
extent of vessel involvement is not a predictor for relapse.

TABLE 1 Definitions of clinical remission and relapse, and definitions of remission and relapse by ultrasound.

Clinical remission No clinical signs and symptoms attributable to active vasculitis (morning stiffness of the shoulder or neck, sudden visual loss, jaw 

claudication, headache, scalp tenderness, constitutional symptoms, limb claudication).

Clinical relapse Clinical signs and symptoms attributed to vasculitis (morning stiffness of the shoulder or neck, sudden visual loss, jaw claudication, temporal 

headache, scalp tenderness, constitutional symptoms, limb claudication) after a period of clinical remission.

Ultrasound relapse Involvement of new arterial segments (cranial, temporal, fascial) and/or LV (carotid, vertebral, subclavian, axillary proximal, axillary distal) or 

augmentation of the IMT ≥0.2 mm in the already involved arteries (LV) compared to the ultrasound findings at the previous visit.

Ultrasound remission No involvement of new arterial segments (cranial, temporal, fascial) and/or LV (carotid, vertebral, subclavian, axillary proximal, axillary 

distal) or augmentation of the IMT ≥0.2 mm in the already involved arteries (LV) compared to the ultrasound findings at the previous visit.
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FIGURE 1

Percentage of GCA patients in the three different subtypes with registered clinical relapse in the study period. c-GCA, cranial-GCA; LV-GCA, large 
vessel-GCA.

TABLE 3 Influence of different halo count-scores of disease extension at diagnosis on clinical relapse during follow-up.

Status during follow-up

Ultrasound findings at diagnosis Clinical relapse
(n = 139)

Clinical remission
(n = 581)

p-value

Simple halo count, mean (SD) 4.5 (2.6) 4.9 (2.6) 0.35

Extended halo count, mean (SD) 6.2 (3.3) 6.8 (3.2) 0.31

Modified extended halo count, mean (SD) 8.7 (5.4) 9.7 (5.2) 0.22

SD, standard deviation.

TABLE 2 Characteristics of the GCA cohort.

Patients with clinical 
relapse (n = 80)

Patients without clinical 
relapse (n = 52)

Total p-value

Gender 0.9

Men, n(%) 27(20.5) 18(13.6) 45(34.1)

Female, n(%) 53(40.2) 34(25.8) 87(65.9)

Age at diagnosis, years, mean (SD) 72(9.3) 73(7.8) 72.8(8.8) 0.3

Follow-up time, months, median (IR) 28.5(21) 23(17) 25 (21) 0.015

Number of visits, median (IR) 7(4) 4(2) 6(4) <0.05

Subtype GCA, n(%) 0.8

c-GCA 26 15 41(31.1)

LV-GCA 11 9 20(15.2)

Mixed-GCA 43 28 71(53.8)

Use of DMARD, n(%) 52(65.0) 11(21.2) 63(47.7) <0.005

Ultrasound relapse ever, yes/no 75/6 30/21 132 <0.05

CRP > 5 mg/L during follow-up, yes/no 69/12 33/18 132 0.006

Prednisolone dose initially mg, median (IR) 40 (20) 40 (0) 40(19) 0.02

SD, standard deviation; IR, interquartile range; GCA, giant cell arteritis; c-GCA, cranial GCA; LV-GCA, large vessel GCA; DMARD, disease modifying drug; CRP, C-reactive protein.
Bold values are statistically significant.
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Use of disease-modifying antirheumatic 
drugs

Of the 132 patients, 63 (47.7%) used DMARDs during the 
follow-up period, 34.1% of all patients with c-GCA (p = 0.06), 65% of 
all patients with LV-GCA (p = 0.03), and 50.7% of all patients with 
mixed-GCA (p = 0.09). The most used immunosuppressive agents 
were Methotrexate (48 patients) and Leflunomide (15 patients). Seven 
patients switched to a 2nd DMARD (4 MTX, 2 Leflunomide, 1 
Tocilizumab), while 2 patients switched to a 3rd DMARD (1 
Tocilizumab, 1 Azathioprine).

Ultrasound findings at follow-up visits

During the study period, 750 follow-up visits were registered. In 
30 follow-up visits (4.0%), ultrasound was not performed, resulting in 
720 follow-ups included in the analyses. In 474 (65.8%) visits, 
ultrasound findings were consistent with our definition of ultrasound 
remission. In 246 visits, ultrasound findings were consistent with 
relapse. Ultrasound relapse was isolated to the cranial arteries in 73 
visits (29.7%), isolated to LV in 134 visits (54.5%), and involved both 
cranial and LV in 39 visits (15.9%).

Comparison of clinical relapse and 
ultrasound relapse

Of the 139 follow-up visits with clinical relapse, 85 visits had 
ultrasound relapse as well. In 161 of 581 visits in which patients were in 
clinical remission, there was evidence of ultrasound relapse, yielding a 
sensitivity of 61.2% and a specificity of 72.3% for ultrasound relapse in 
GCA patients. A weak to moderate positive correlation of 0.28 was 
calculated (p < 0.01) among the clinical and ultrasound relapse with a 
cut-off for LV involvement of 0.2 mm. When the cut-off was raised to 
0.3 mm, the correlation increased to 0.3 (p < 0.01) and the specificity 
was raised to 79.0%, while the sensitivity fell to 54.5%. Raising further 
the cut-off to 0.4 mm reduced sensitivity to 44.0% and raised specificity 
to 83.0% with an unchanged correlation of 0.3 (p < 0.001).

Clinical relapse and CRP

A total of 615 follow-up visits included CRP values, with CRP 
>5 mg/L in 281 visits. Median CRP for visits with clinical relapse was 
13 (IR 24) mg/L. The correlation of CRP with clinical relapse was 0.28 

(p < 0.01). Ultrasound activity had a weak correlation of 0.15 with 
CRP (p < 0.01).

Clinical  activity and GCA disease activity 
score

In 105 visits, CRP measurement was missing; hence, GCAS could 
be calculated for 615 visits. Ultrasound relapse and CRP > 5 mg/L, 
together with combinations of them, are compared to clinical relapse 
in Table 4. One hundred and seventy visits were scored with a positive 
GCAS (≥2), while 445 visits were GCAS negative (<2).

In 10 (7.7%) follow-up visits with clinical relapses, there were 
neither CRP >5 mg/L nor ultrasound relapses (GCAS<2), and in 50 
(10.3%) follow-up visits with clinical remission, there were both 
CRP>5mg/L and ultrasound relapse (GCAS ≥ 2) (Table 5).

Discussion

The moderate sensitivity and specificity of ultrasound in 
diagnosing clinical relapse in GCA patients are the main findings of 
our study. To our knowledge, this is the first study addressing the use 
of ultrasound as a follow-up tool in a prospective cohort of GCA 
patients during a long period, which included both the cranial and the 
majority of the supraaortic large vessels. Prior research on vascular 
ultrasound’s role in monitoring GCA has been limited, and mainly on 
the correlation between disease activity and the presence of a temporal 
artery halo for a short period or by monitoring small groups of patients 
and few supraaortic vessels. One prospective study highlighted the 
ultrasound halo sign’s potential in monitoring GCA. However, it 
demonstrated sensitivity mainly in temporal arteries without 
significant findings in the axillary halo regarding disease activity or 
clinical remission (12). This study included only 6 months of follow-up, 
and few of the patients in this cohort had axillary involvement (11/49 
patients), which poorly reflects the distribution of patients of different 

TABLE 4 Ultrasound relapse and CRP > 5 mg/L compared to clinical relapse.

GCAS
component

Follow-up, clinical 
remission visits 

(n = 485)

Follow-up, clinical 
relapse visits 

(n = 130)

Sensitivity Specificity

CRP > 5 mg/L, n = 281(%) 189(67.3) 92(32.7) 70.8 61.0

Ultrasound relapse, n = 246(%) 161(65.4) 85(34.6) 61.2 72.3

CRP > 5 mg/L AND ultrasound relapse, n = 123(%) 66(53.7) 57(46.3) 43.8 86.4

CRP > 5 mg/L OR

ultrasound relapse, n = 376(%)

262(69.7) 114(30.3) 82.0 45.9

GCAS, giant cell arteritis activity score; CRP, C-reactive protein.

TABLE 5 GCAS compared to clinical relapse.

GCAS ≥ 2 Total

No Yes

Clinical relapse No 435 50 485

Yes 10 120 130

Total 445 170 615

GCAS, giant cell arteritis activity score.
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subtypes of GCA (12). In a Danish study, different vascular ultrasound 
scores were evaluated for sensitivity to change (24). They reported that 
scores containing TA were sensitive to change, while LV responded 
poorly (24). However, they evaluated only the distal part of the axillary 
artery and the carotid artery [rarely involved in GCA (26)]. In addition, 
the follow-up time for most patients was only 24 weeks. Other smaller 
studies have demonstrated the persistence of axillary halos compared 
to TA halos, irrespective of clinical remission (12, 23, 29–31).

CRP levels have previously been identified as a marker of low 
reliability for GCA disease activity due to its lack of specificity and 
sensitivity, and this was confirmed in our study as well (8, 32, 33). The 
relapse rate in our study was in the upper range (60.6%) compared to 
reported in other studies (5–12). This could be  explained by the 
prospective design, the extended follow-up time, and the high rate of 
DMARD use (47.7%). Our study is the first in which the patients were 
classified into three groups (cranial-GCA, LV-GCA, and mixed- GCA) 
by performing ultrasound at diagnosis and following them by 
ultrasound of both cranial and LV for an extended period. Conflicting 
data are published on relapse rates in patients with LV versus cranial 
involvement, with some studies showing that patients with LV 
involvement did not relapse more often than patients with c-GCA (34, 
35), while other studies found that patients with LV involvement 
relapse more often and earlier than the patients with cranial- GCA 
(11, 14, 36–39). One reason could be that the majority of studies lack 
an extended baseline visualization of supraaortic large vessels, thus 
missing a significant proportion of patients with LV involvement (14, 
35, 38, 39).

In our study, we did not observe any influence in the number of 
relapses of the extent of vasculitis at diagnosis, by using halo count and 
modifications and corrected for follow-up time in the different groups. 
A recently published study prospectively performing PET-CT or MRI at 
the time of treatment discontinuation found no significant difference in 
the number of vasculitic vessel segments on imaging on relapse rate (40).

The use of DMARDs was observed in 47.7% of the patients in our 
cohort. Methotrexate was the most used DMARD. This could 
be explained by The Norwegian Tender System which requires the use 
of Methotrexate as the first-line Prednisolone-sparing agent in GCA 
patients (22). In our cohort, only two patients were treated with 
Tocilizumab—one as a second DMARD switch and the other as a 
third DMARD switch, with the second patient initiating Tocilizumab 
treatment very late during the follow-up period. Consequently, the 
follow-up duration was limited after the initiation of Tocilizumab. 
This results in a small sample size and insufficient follow-up time, 
compromising the accuracy and reliability of any comparisons with 
the Methotrexate group concerning relapse rates.

A greater proportion of patients with LV disease received 
additional immunosuppressive therapy compared to those with 
c-GCA, which aligns with previously published data (14).

Interestingly, we did not observe any significant differences in the 
number of clinical relapses between patients with isolated cranial 
arteritis and those LV involvement. This finding is somewhat 
unexpected given the severity often associated with LV involvement. 
One possible explanation for this observation is the early introduction 
of DMARDs in patients exhibiting LV involvement. Previous studies 
have demonstrated that patients with LV involvement typically require 
higher doses of corticosteroids and have higher relapse rates compared 
to those with cranial arteritis alone (11, 14). This evidence likely 
influenced our clinical practice, leading to the proactive and early 
administration of DMARDs in the LV group. Specifically, Methotrexate 

was more frequently employed in patients with LV involvement as an 
adjunct to corticosteroid therapy. Despite these proactive measures, it is 
important to note that the absence of a significant difference in relapse 
rates between the two groups may also reflect the heterogeneity of the 
disease and the complexity of managing GCA. The similar initial 
corticosteroid doses observed in both groups (44 mg in the LV group 
vs. 44.13 mg in the cranial group, p = 0.9) further support that the 
baseline treatment approach was comparable, thereby underscoring the 
potential impact of early DMARD intervention in achieving comparable 
relapse rates. Thus, our findings suggest that early and aggressive 
management with DMARDs in patients with LV involvement may 
mitigate the expected higher relapse rates typically associated with this 
subgroup. This hypothesis warrants further investigation in larger, 
prospective studies to confirm the benefits of early DMARD 
introduction and to refine treatment protocols for GCA patients with 
varying patterns of vascular involvement.

Several quantitative scores have been developed for using 
ultrasound in GCA patients (23, 41, 42). Our study employs a method 
focusing on the development of vasculitic changes in new vascular beds 
or increased IMT in previously involved vessels. This approach aims 
for efficiency in clinical practice, contrasting with the time-consuming 
quantitative scores designed for research purposes. The provisional 
OMERACT ultrasonography score (OGUS) was shown to have a high 
sensitivity to change between baseline and follow-up for 24 weeks. Still, 
the only LV assessed was the axillary artery (6 of 8 arterial segments 
included were cranial) (42). Most importantly, the calculation of this 
score is meant for use in clinical trials and not for daily clinical practice. 
The same applies to the score used in the GUSTO trial, which was also 
time-consuming/complicated to calculate (23).

There are no well-defined and clinically used outcome measures 
regarding disease activity in patients with GCA. In the present study, the 
combination of ultrasound and CRP to judge disease activity yielded 
high sensitivity and low specificity (ultrasound relapse OR CRP >5 mg/L 
positive) and low sensitivity and high specificity (ultrasound relapse 
AND CRP >5 mg/L positive). Interestingly, in TAK, the combination of 
inflammatory markers, imaging, claudication, and clinical symptoms has 
been used as an outcome measure for the disease activity (active disease 
>2 positive components) (43–46). Based on the findings in the present 
study and the experience with a similar disease (TAK), we propose the 
combination of clinical symptoms, CRP, and ultrasound findings of 
activity into a composite score (GCAS) in which two positives of three 
components indicate active disease. Coath and Mukhtyar used modified 
NIH criteria (constitutional symptoms, claudication symptoms, CRP 
>10 mg/L, ultrasonographic changes of GCA) as an aid to diagnose 
relapse in GCA (31). The Norwegian Society of Rheumatology 
recommends using NIH criteria to register disease activity (22).

Major strengths of this study are the prospective design, the long-
term follow-up with a systematic ultrasonographic protocol, the 
standardized collection of the follow-up data, the high total number 
of follow-up visits, and the real-life setting of an outpatient clinic. The 
ultrasound examination followed a predefined protocol for visualizing 
blood vessels, and all scans were performed by experienced 
ultrasonographers using high-end ultrasound equipment. The use of 
the extended anteromedial ultrasound examination with visualization 
of all supraaortic vessels (both upper and lower wall) ensured that all 
vasculitic changes in the vessel wall were visualized and measured 
(26). Another strength is that our cohort also includes patients 
diagnosed with LV disease and that the patients were classified into 
three different subgroups for the very first visit, in contrast to many 
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other studies, which mainly included patients with cranial involvement 
based mainly on biopsy.

A main limitation is that temporal and facial artery halo were 
assessed only as present/absent instead of assessment of ultrasound-
specific halo features, like the number of segments with halo sign 
involved and the halo IMT. Another significant limitation is the 
absence of a universally accepted gold standard for defining relapse in 
GCA. Our study utilized the EULAR relapse definition, which is based 
exclusively on clinical criteria. This approach lacks a comprehensive 
perspective that includes imaging modalities such as PET, MRI, and 
ultrasound, which are increasingly used to identify relapses. However, 
as our study suggests, interpreting results from these imaging 
techniques can be challenging, and many patients may exhibit changes 
without showing clear signs of active disease. Ultrasonographic 
changes may persist in some cases in patients thought to be in clinical 
remission (47, 48). The ultrasonographers were not blinded to the 
clinical data and CRP level and thus could have been influenced by 
this information.

In conclusion, ultrasound demonstrates moderate sensitivity and 
specificity as a monitoring tool in the follow-up of GCA patients. The 
extent of vasculitis at the diagnosis did not influence the number of 
relapses in GCA patients, and no difference was seen in relapse rates 
regarding different GCA subtypes. A composite GCA activity score, 
combining clinical observations, CRP levels, and ultrasound findings, 
may be useful to guide the management of this complex condition.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Southeastern Norway (REK SørØst). The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent was 

obtained from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

AH: Writing – original draft, Writing – review & editing. LB: Writing 
– original draft, Writing – review & editing. TK: Writing – original draft, 
Writing – review & editing. ØM: Writing – original draft, Writing – review 
& editing. AD: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Correction note

A correction has been made to this article. Details can be found 
at: 10.3389/fmed.2025.1635905.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Andel PM, Diamantopoulos AP, Myklebust G, Haugeberg G. Vasculitis distribution 

and clinical characteristics in giant cell arteritis: a retrospective study using the new 2022 
ACR/EULAR classification criteria. Front Med. (2023) 10:1286601. doi: 10.3389/
fmed.2023.1286601

 2. Skaug HK, Fevang BT, Assmus J, Diamantopoulos AP, Myklebust G, Brekke LK. 
Giant cell arteritis: incidence and phenotypic distribution in Western Norway 
2013-2020. Front Med. (2023) 10:1296393. doi: 10.3389/fmed.2023.1296393

 3. Gribbons KB, Ponte C, Craven A, Robson JC, Suppiah R, Luqmani R, et al. 
Diagnostic assessment strategies and disease subsets in Giant cell arteritis: data from an 
international observational cohort. Arthritis Rheumatol. (2020) 72:667–76. doi: 10.1002/
art.41165

 4. Andel PM, Chrysidis S, Geiger J, Haaversen A, Haugeberg G, Myklebust G, et al. 
Diagnosing Giant cell arteritis: a comprehensive practical guide for the practicing 
rheumatologist. Rheumatology. (2021) 60:4958–71. doi: 10.1093/rheumatology/keab547

 5. Proven A, Gabriel SE, Orces C, O'Fallon WM, Hunder GG. Glucocorticoid therapy 
in giant cell arteritis: duration and adverse outcomes. Arthritis Rheum. (2003) 49:703–8. 
doi: 10.1002/art.11388

 6. Alba MA, Garcia-Martinez A, Prieto-Gonzalez S, Tavera-Bahillo I, Corbera-Bellalta 
M, Planas-Rigol E, et al. Relapses in patients with giant cell arteritis: prevalence, 

characteristics, and associated clinical findings in a longitudinally followed cohort of 
106 patients. Medicine. (2014) 93:194–201. doi: 10.1097/MD.0000000000000033

 7. Martinez-Lado L, Calvino-Diaz C, Pineiro A, Dierssen T, Vazquez-Rodriguez TR, 
Miranda-Filloy JA, et al. Relapses and recurrences in giant cell arteritis: a population-
based study of patients with biopsy-proven disease from northwestern Spain. Medicine. 
(2011) 90:186–93. doi: 10.1097/MD.0b013e31821c4fad

 8. Weyand CM, Fulbright JW, Hunder GG, Evans JM, Goronzy JJ. Treatment of giant 
cell arteritis: interleukin-6 as a biologic marker of disease activity. Arthritis 
Rheum. (2000) 43:1041–8. doi: 10.1002/1529-0131(200005)43:5<1041::AID-ANR12> 
3.0.CO;2-7

 9. Hachulla E, Boivin V, Pasturel-Michon U, Fauchais AL, Bouroz-Joly J, Perez-Cousin 
M, et al. Prognostic factors and long-term evolution in a cohort of 133 patients with 
giant cell arteritis. Clin Exp Rheumatol. (2001) 19:171–6.

 10. Nesher G, Nesher R, Mates M, Sonnenblick M, Breuer GS. Giant cell arteritis: 
intensity of the initial systemic inflammatory response and the course of the disease. 
Clin Exp Rheumatol. (2008) 26:S30–4.

 11. Kermani TA, Warrington KJ, Cuthbertson D, Carette S, Hoffman GS, Khalidi NA, 
et al. Disease relapses among patients with Giant cell arteritis: a prospective. Longitudinal 
Cohort Study J Rheumatol. (2015) 42:1213–7. doi: 10.3899/jrheum.141347

https://doi.org/10.3389/fmed.2024.1436707
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmed.2025.1635905
https://doi.org/10.3389/fmed.2023.1286601
https://doi.org/10.3389/fmed.2023.1286601
https://doi.org/10.3389/fmed.2023.1296393
https://doi.org/10.1002/art.41165
https://doi.org/10.1002/art.41165
https://doi.org/10.1093/rheumatology/keab547
https://doi.org/10.1002/art.11388
https://doi.org/10.1097/MD.0000000000000033
https://doi.org/10.1097/MD.0b013e31821c4fad
https://doi.org/10.1002/1529-0131(200005)43:5<1041::AID-ANR12>3.0.CO;2-7
https://doi.org/10.1002/1529-0131(200005)43:5<1041::AID-ANR12>3.0.CO;2-7
https://doi.org/10.3899/jrheum.141347


Haaversen et al. 10.3389/fmed.2024.1436707

Frontiers in Medicine 08 frontiersin.org

 12. Ponte C, Monti S, Scire CA, Delvino P, Khmelinskii N, Milanesi A, 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: 10.1136/
annrheumdis-2021-220306

 13. Restuccia G, Boiardi L, Cavazza A, Catanoso M, Macchioni P, Muratore F, et al. 
Flares in biopsy-proven Giant cell arteritis in northern Italy: characteristics and 
predictors in a long-term follow-up study. Medicine. (2016) 95:e3524. doi: 10.1097/
MD.0000000000003524

 14. Muratore F, Kermani TA, Crowson CS, Green AB, Salvarani C, Matteson EL, et al. 
Large-vessel giant cell arteritis: a cohort study. Rheumatology. (2015) 54:463–70. doi: 
10.1093/rheumatology/keu329

 15. 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

 16. Dejaco C, Ramiro S, Duftner C, Besson FL, Bley TA, Blockmans D, et al. EULAR 
recommendations for the use of imaging in large vessel vasculitis in clinical 
practice. Ann Rheum Dis. (2018) 77:636–43. doi: 10.1136/annrheumdis-2017- 
212649

 17. Dejaco C, Ramiro S, Bond M, Bosch P, Ponte C, Mackie SL, et al. EULAR 
recommendations for the use of imaging in large vessel vasculitis in clinical practice: 
2023 update. Ann Rheum Dis. (2023) 83:ard-2023-224543–751. doi: 10.1136/
ard-2023-224543

 18. Monti S, Agueda AF, Luqmani RA, Buttgereit F, Cid M, Dejaco C, 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:e001003. doi: 10.1136/rmdopen-2019-001003

 19. Tse WY, Cockwell P, Savage CO. Assessment of disease activity in systemic 
vasculitis. Postgrad Med J. (1998) 74:1–6. doi: 10.1136/pgmj.74.867.1

 20. Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M, Blockmans D, 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: 10.1002/
art.40876

 21. Dejaco C, Duftner C, Buttgereit F, Matteson EL, Dasgupta B. The spectrum of giant 
cell arteritis and polymyalgia rheumatica: revisiting the concept of the disease. 
Rheumatology (2017) 56:506–515. doi: 10.1093/rheumatology/kew273

 22. Haaversen AB, Brekke LK, Bakland G, Rodevand E, Myklebust G, Diamantopoulos 
AP. Norwegian society of rheumatology recommendations on diagnosis and treatment 
of patients with giant cell arteritis. Front Med. (2022) 9:1082604. doi: 10.3389/
fmed.2022.1082604

 23. Seitz L, Christ L, Lotscher F, Scholz G, Sarbu AC, Butikofer L, et al. 
Quantitative ultrasound to monitor the vascular response to tocilizumab in 
giant cell arteritis. Rheumatology (Oxford). (2021) 60:5052–9. doi: 10.1093/
rheumatology/keab484

 24. 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. (2023) 62:3084–94. doi: 
10.1093/rheumatology/kead028

 25. Kerr GS, Hallahan CW, Giordano J, Leavitt RY, Fauci AS, Rottem M, et al. Takayasu 
arteritis. Ann Intern Med. (1994) 120:919–29. doi: 10.7326/0003-4819- 
120-11-199406010-00004

 26. Bull Haaversen AC, Brekke LK, Kermani TA, Molberg O, Diamantopoulos AP. 
Extended ultrasound examination identifies more large vessel involvement in patients 
with giant cell arteritis. Rheumatology. (2022) 62:1887–94. doi: 10.1093/rheumatology/
keac478

 27. Chrysidis S, Duftner C, Dejaco C, Schafer 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

 28. Sebastian A, van der Geest KSM, Coath F, Gondo P, Kayani A, Mackerness C, et al. 
Halo score (temporal artery, its branches and axillary artery) as a diagnostic, prognostic 
and disease monitoring tool for Giant cell arteritis (GCA). BMC Rheumatol. (2020) 4:35. 
doi: 10.1186/s41927-020-00136-5

 29. Bosch P, Dejaco C, Schmidt WA, Schluter KD, Pregartner G, Schafer VS. 
Ultrasound for diagnosis and follow-up of chronic axillary vasculitis in patients with 

long-standing giant cell arteritis. Ther Adv Musculoskelet Dis. (2021) 
13:1759720X2199850. doi: 10.1177/1759720X21998505

 30. Aschwanden M, Schegk E, Imfeld S, Staub D, Rottenburger C, Berger CT, et al. 
Vessel wall plasticity in large vessel giant cell arteritis: an ultrasound follow-up study. 
Rheumatology. (2019) 58:792–7. doi: 10.1093/rheumatology/key383

 31. Coath FL, Mukhtyar C. Ultrasonography in the diagnosis and follow-up of giant 
cell arteritis. Rheumatology. (2021) 60:2528–36. doi: 10.1093/rheumatology/keab179

 32. Kyle V, Cawston TE, Hazleman BL. Erythrocyte sedimentation rate and C reactive 
protein in the assessment of polymyalgia rheumatica/giant cell arteritis on presentation 
and during follow up. Ann Rheum Dis. (1989) 48:667–71. doi: 10.1136/ard.48.8.667

 33. Pountain GD, Calvin J, Hazleman BL. Alpha 1-antichymotrypsin, C-reactive 
protein and erythrocyte sedimentation rate in polymyalgia rheumatica and giant cell 
arteritis. Br J Rheumatol. (1994) 33:550–4. doi: 10.1093/rheumatology/33.6.550

 34. Tomelleri A, Campochiaro C, Sartorelli S, Farina N, Baldissera E, Dagna L. 
Presenting features and outcomes of cranial-limited and large-vessel giant cell arteritis: 
a retrospective cohort study. Scand J Rheumatol. (2022) 51:59–66. doi: 
10.1080/03009742.2021.1889025

 35. de Boysson H, Daumas A, Vautier M, Parienti JJ, Liozon E, Lambert M, et al. 
Large-vessel involvement and aortic dilation in giant-cell arteritis. A multicenter study 
of 549 patients. Autoimmun Rev. (2018) 17:391–8. doi: 10.1016/j.autrev.2017.11.029

 36. de Mornac D, Espitia O, Neel A, Connault J, Masseau A, Espitia-Thibault A, et al. 
Large-vessel involvement is predictive of multiple relapses in giant cell arteritis. Ther Adv 
Musculoskelet Dis. (2021) 13:1759720X2110090. doi: 10.1177/1759720X211009029

 37. Espitia O, Neel A, Leux C, Connault J, Espitia-Thibault A, Ponge T, et al. Giant cell 
arteritis with or without aortitis at diagnosis. A retrospective study of 22 patients with 
longterm followup. J Rheumatol. (2012) 39:2157–62. doi: 10.3899/jrheum.120511

 38. Sugihara T, Hasegawa H, Uchida HA, Yoshifuji H, Watanabe Y, Amiya E, et al. 
Associated factors of poor treatment outcomes in patients with giant cell arteritis: 
clinical implication of large vessel lesions. Arthritis Res Ther. (2020) 22:72. doi: 10.1186/
s13075-020-02171-6

 39. Dumont A, Parienti JJ, Delmas C, Boutemy J, Maigne G, Martin Silva N, et al. 
Factors associated with relapse and dependence on glucocorticoids in Giant cell arteritis. 
J Rheumatol. (2020) 47:108–16. doi: 10.3899/jrheum.181127

 40. Hemmig AK, Rottenburger C, Baruti L, Mensch N, Aschwanden M, Kyburz D, 
et al. Imaging to predict early relapses after treatment discontinuation in patients with 
large vessel giant cell arteritis - a cohort study. Semin Arthritis Rheum. (2024) 66:152425. 
doi: 10.1016/j.semarthrit.2024.152425

 41. Schafer 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) 56:1632. doi: 10.1093/rheumatology/kex289

 42. Dejaco C, Ponte C, Monti S, Rozza D, Scire CA, Terslev L, et al. The provisional 
OMERACT ultrasonography score for giant cell arteritis. Ann Rheum Dis. (2023) 
82:556–64. doi: 10.1136/ard-2022-223367

 43. Aydin SZ, Robson JC, Sreih AG, Hill C, Alibaz-Oner F, Mackie S, et al. Update on 
outcome measure development in large-vessel Vasculitis: report from OMERACT 2018. 
J Rheumatol. (2019) 46:1198–201. doi: 10.3899/jrheum.181072

 44. Alessi HD, Quinn KA, Ahlman MA, Novakovich E, Saboury B, Luo Y, et al. 
Longitudinal characterization of vascular inflammation and disease activity in Takayasu 
arteritis and Giant cell arteritis: a single-center prospective study. Arthritis Care Res. 
(2023) 75:1362–70. doi: 10.1002/acr.24976

 45. Régnier P, Joncour AL, Maciejewski-Duval A, Desbois A-C, Comarmond C, 
Rosenzwajg M, et al. Targeting JAK/STAT pathway in Takayasu’s arteritis. Ann Rheum 
Dis. (2020) 79:951–9. doi: 10.1136/annrheumdis-2019-216900

 46. Mekinian A, Saadoun D, Vicaut E, Thietart S, Lioger B, Jego P, et al. Tocilizumab 
in treatment-naive patients with Takayasu arteritis: TOCITAKA French prospective 
multicenter open-labeled trial. Arthritis Res Ther. (2020) 22:218. doi: 10.1186/
s13075-020-02311-y

 47. Perez Lopez J, Solans Laque R, Bosch Gil JA, Molina Cateriano C, Huguet 
Redecilla P, Vilardell TM. 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.

 48. 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. Rheumatology. (2018) 57:112–9. doi: 10.1093/rheumatology/kex341

https://doi.org/10.3389/fmed.2024.1436707
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1136/annrheumdis-2021-220306
https://doi.org/10.1136/annrheumdis-2021-220306
https://doi.org/10.1097/MD.0000000000003524
https://doi.org/10.1097/MD.0000000000003524
https://doi.org/10.1093/rheumatology/keu329
https://doi.org/10.1136/annrheumdis-2019-215672
https://doi.org/10.1136/annrheumdis-2017-212649
https://doi.org/10.1136/annrheumdis-2017-212649
https://doi.org/10.1136/ard-2023-224543
https://doi.org/10.1136/ard-2023-224543
https://doi.org/10.1136/rmdopen-2019-001003
https://doi.org/10.1136/pgmj.74.867.1
https://doi.org/10.1002/art.40876
https://doi.org/10.1002/art.40876
https://doi.org/10.1093/rheumatology/kew273
https://doi.org/10.3389/fmed.2022.1082604
https://doi.org/10.3389/fmed.2022.1082604
https://doi.org/10.1093/rheumatology/keab484
https://doi.org/10.1093/rheumatology/keab484
https://doi.org/10.1093/rheumatology/kead028
https://doi.org/10.7326/0003-4819-120-11-199406010-00004
https://doi.org/10.7326/0003-4819-120-11-199406010-00004
https://doi.org/10.1093/rheumatology/keac478
https://doi.org/10.1093/rheumatology/keac478
https://doi.org/10.1136/rmdopen-2017-000598
https://doi.org/10.1186/s41927-020-00136-5
https://doi.org/10.1177/1759720X21998505
https://doi.org/10.1093/rheumatology/key383
https://doi.org/10.1093/rheumatology/keab179
https://doi.org/10.1136/ard.48.8.667
https://doi.org/10.1093/rheumatology/33.6.550
https://doi.org/10.1080/03009742.2021.1889025
https://doi.org/10.1016/j.autrev.2017.11.029
https://doi.org/10.1177/1759720X211009029
https://doi.org/10.3899/jrheum.120511
https://doi.org/10.1186/s13075-020-02171-6
https://doi.org/10.1186/s13075-020-02171-6
https://doi.org/10.3899/jrheum.181127
https://doi.org/10.1016/j.semarthrit.2024.152425
https://doi.org/10.1093/rheumatology/kex289
https://doi.org/10.1136/ard-2022-223367
https://doi.org/10.3899/jrheum.181072
https://doi.org/10.1002/acr.24976
https://doi.org/10.1136/annrheumdis-2019-216900
https://doi.org/10.1186/s13075-020-02311-y
https://doi.org/10.1186/s13075-020-02311-y
https://doi.org/10.1093/rheumatology/kex341

	Vascular ultrasound as a follow-up tool in patients with giant cell arteritis: a prospective observational cohort study
	Introduction
	Methods
	The prospective GCA cohort
	Definitions of GCA relapse
	Ultrasound examinations
	GCA disease activity score
	Statistical analysis
	Ethical considerations

	Results
	Extent of vasculitis by ultrasound at diagnosis and clinical relapse rates
	Use of disease-modifying antirheumatic drugs
	Ultrasound findings at follow-up visits
	Comparison of clinical relapse and ultrasound relapse
	Clinical relapse and CRP
	Clinical activity and GCA disease activity score

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

