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Abstract

Objective: Literature describing follow-up vascular ultrasound (VUS) in giant cell arteritis 

(GCA) is limited. We report our experience with follow-up VUS obtained in clinical care of 

patients with GCA.

Methods: We retrospectively identified GCA patients with an abnormal initial VUS, defined as 

circumferential hypoechoic wall thickening (“halo sign”), or circumferential hyperechoic wall 

thickening without evidence of arteriosclerosis or arteritis, who subsequently underwent follow-up 

VUS during 2013-2018. Studies were interpreted as active arteritis, hyperechoic wall thickening 

without active arteritis, or no arteritis. We compared clinical and laboratory characteristics at time 

of initial VUS among patients with active arteritis vs. hyperechoic wall thickening without active 

arteritis. We described whether and how VUS interpretation changed from initial to follow-up 

VUS. Among individual vessels, we tested whether abnormal findings (e.g. halo sign) persisted at 

follow-up VUS using McNemar’s test.

Results: 42 patients fulfilled study criteria. Median time between initial and follow-up VUS was 

5.1 (IQR 2.6-7.9) months. Characteristics at initial VUS did not differ according to VUS 

interpretation. Among 36 patients with active arteritis on initial VUS, follow-up VUS showed 

active arteritis in 25.0%, hyperechoic wall thickening in 33.3% and no arteritis in 41.7%. Among 6 

patients with hyperechoic wall thickening on initial VUS, half had no arteritis on follow-up VUS. 

Sonographic findings tended to persist in axillary arteries and were more likely to change in the 

superficial temporal arteries.

Conclusion: Among 42 GCA patients, the majority had a change in VUS interpretation between 

initial and follow-up VUS. Sonographic findings in the temporal circulation more frequently 

changed than findings in axillary arteries.
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INTRODUCTION

Vascular ultrasound (VUS) of temporal and axillary arteries is recommended as a highly 

specific and sensitive diagnostic test for giant cell arteritis (GCA), but the role of follow-up 

VUS in GCA remains uncertain(1-3). Studies describing real-world experience with follow-

up VUS in GCA are needed. VUS has been utilized for evaluation of GCA at our medical 

center since 2013. Herein, we report our experience with follow-up VUS obtained in the 

care of patients with GCA.

METHODS

We performed a retrospective cohort study among newly diagnosed and established GCA 

patients at a large academic medical center, 2013-2018. We included GCA patients (as 

diagnosed by the treating rheumatologist) with an abnormal initial VUS who had a follow-

up VUS performed as part of clinical care. VUS was defined as abnormal if at least one 

vessel demonstrated circumferential hypoechoic wall thickening– the well-known halo sign, 

indicative of active arteritis– or circumferential hyperechoic wall thickening without 

evidence of arteriosclerosis. The latter finding, which is distinct from both the halo sign and 

from normal vasculature, has occasionally been referenced in prior literature(4-6). Clinical 

and laboratory data were extracted through electronic medical record (EMR) review. The 

Partners HealthCare Institutional Review Board approved all aspects of this study.

Simultaneous color Doppler and duplex ultrasonography were performed using an 8-18 

MHz linear transducer (>15 MHz for temporal arteries, <15 MHz for large arteries) (LOGIQ 

S8 and E9 ultrasound systems; GE Healthcare, Chicago, Illinois). Grey scale was set to the 

highest available frequency, with dynamic range 40-50 dB and focus set to approximately 5 

mm below skin surface. Color Doppler was set to the highest frequency with pulse repetition 

frequency (PRF) 2 KHz for temporal arteries and lower frequency with PRF 3.5 KHz for 

large arteries. Frame rate was set high as possible. Color PRF was 2.5 KHz Doppler 

frequency shift and was readjusted throughout the exam with velocity changes. Color gain 

was set such that color covered the lumen entirely, and color box angle correction was set to 

≤60 degrees. Power Doppler was used if occlusion was suspected. Pulse Doppler settings 

were 2 KHz for temporal arteries and 3-5 KHz for large arteries and were adjusted according 

to flow velocities. Doppler sample volume size was the same diameter as the arterial lumen 

(0.7 mm for temporal arteries; 1 mm for large arteries) and was positioned in the middle of 

the vessel with angle correction 60 degrees.

Trained cardiovascular ultrasonographers followed a standardized protocol to visualize the 

bilateral common superficial temporal arteries and their frontal and parietal branches, and 

the subclavian and axillary arteries. Trained cardiovascular medicine physicians interpreted 

each VUS. Ultrasonographers and interpreting cardiovascular medicine physicians were not 

blinded to clinical data. The overall VUS interpretation was “active arteritis” if at least one 

vessel had a halo sign, or “hyperechoic wall thickening without active arteritis” if at least 

one vessel had hyperechoic wall thickening and no vessel had a halo sign. Studies with 
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neither finding were interpreted as no arteritis. Sample images of VUS demonstrating active 

arteritis, hyperechoic wall thickening and no arteritis are shown in Figures 1 and 2.

We used Fisher’s exact and Kruskal-Wallis tests to examine whether clinical and laboratory 

characteristics at time of initial VUS differed according to initial VUS interpretation (active 

arteritis or hyperechoic wall thickening without active arteritis) or follow-up VUS 

interpretation (active arteritis, hyperechoic wall thickening without active arteritis, or no 

arteritis). We categorized patients according to whether and how VUS changed between the 

initial and follow-up scan and described the treating rheumatologist’s clinical impression 

after the follow-up scan. Among individual vessels, we evaluated whether findings on initial 

VUS (halo sign, hyperechoic wall thickening, or no arteritis) changed on follow-up VUS 

using McNemar’s test. Analyses were performed using SAS v9.4; threshold for statistical 

significance p<0.05.

RESULTS

We identified 42 GCA patients (including 28.6% with established GCA at time of VUS) 

with an abnormal initial VUS and a subsequent follow-up VUS during the study period. The 

study sample was 71.4% female and 69.1% white, with median age at initial VUS 72.5 years 

(interquartile range [IQR] 66.6-78.2). Among 26 patients that ever had temporal artery 

biopsy, 46.2% of biopsies revealed active arteritis on histopathology. The median time 

between initial and follow-up VUS was 5.1 months (IQR 2.6-7.9). Characteristics at time of 

initial VUS of the entire sample, and according to initial and follow-up VUS result, are 

presented in Table 1. Polymyalgia rheumatica (PMR) at time of initial VUS was more 

common among patients who had hyperechoic wall thickening or no arteritis on follow-up 

VUS as opposed to active arteritis on follow-up VUS; otherwise, clinical and laboratory 

characteristics did not significantly differ according to VUS interpretation. Indications for 

ordering follow-up VUS included assessing ultrasonographic change from initial VUS 

(45.2%), recurrent/worsening GCA symptoms (38.1%), or rising ESR/CRP (16.7%) in an 

asymptomatic patient. Twenty-nine patients (69.1%) were using glucocorticoids at time of 

initial VUS: 11/29 (37.9%) had been commenced on steroids prior to VUS during evaluation 

of suspected GCA, while 10/29 (34.5%) and 8/29 (27.6%) had been on chronic steroids for 

prior diagnoses of GCA or PMR, respectively.

Change in VUS interpretation from initial to follow-up VUS is illustrated in Figure 3. 

Among 36 patients with active arteritis on initial ultrasound, follow-up ultrasound showed 

no arteritis in 15 (41.7%), active arteritis in 9 (25.0%), and hyperechoic wall thickening 

without active arteritis in 12 (33.3%). Median time between the initial and follow-up VUS 

was shorter among patients with persistent active arteritis on the follow-up scan (2.7 months, 

IQR 0.5-7.9) compared to those with no arteritis on follow-up scan (6.1 months, IQR 

4.2-13.4). Of the 6 patients with hyperechoic wall thickening without active arteritis on 

initial VUS, follow-up VUS revealed no arteritis in 3, active arteritis in 1, and persistent 

hyperechoic wall thickening without active arteritis in 2. After a follow-up VUS with no 

arteritis, the treating rheumatologist (who was not blinded to VUS result) felt that GCA was 

inactive/not flaring in 11/18 (61.1%). After a follow-up VUS with hyperechoic wall 
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thickening without active arteritis, the treating rheumatologist felt that GCA was felt to be 

inactive/not flaring in 9/14 (64.3%).

At the individual vessel level, abnormalities tended to remain concordant between initial and 

follow-up VUS in the axillary and subclavian arteries according to McNemar’s test 

(p>0.05). For example, among 9 right subclavian arteries with halo sign on initial VUS, 1 

had no arteritis, 4 had halo sign and 4 had hyperechoic wall thickening on follow-up VUS. 

Among 9 right axillary arteries with halo sign on initial VUS, 1 had no arteritis, 3 had halo 

sign and 5 had hyperechoic wall thickening on follow-up VUS. Abnormal findings in the 

superficial temporal arteries on initial VUS often had no arteritis on follow-up VUS 

(McNemar’s p<0.05). For example, of 12 right superficial temporal arteries with halo sign 

on initial VUS, 8 had no arteritis, 2 had halo sign and 2 had hyperechoic wall thickening on 

follow-up VUS.

DISCUSSION

Among 42 GCA patients with an abnormal initial VUS and a follow-up VUS obtained as 

part of clinical care, the majority (73.8%) had a different VUS interpretation between the 

initial and follow-up scan (median of 5 months later). Clinical/laboratory parameters 

including steroid exposure did not statistically differ among patients according to VUS 

findings, with the exception of PMR being more common among those patients without 

active arteritis on follow-up VUS, though small sample size limited the power to detect such 

differences. In this observational study, the median time between the initial and follow-up 

scan was shorter among patients with persistent active arteritis on VUS compared with those 

whose active arteritis resolved. Findings in the superficial temporal arteries often changed 

between initial and follow-up VUS, while axillary and subclavian artery findings often 

remained stable.

Multiple smaller prospective studies and one large retrospective study investigating VUS in 

GCA diagnosis also reported data on follow-up VUS after initiation of treatment(3,6-13). 

These studies reported a wide range of mean time to halo sign disappearance, e.g. 16 days to 

11 weeks, with one study finding that 10 of 26 patients had persistent halo signs 6 months 

into treatment despite being in clinical remission(7,11,13). In most of these studies, VUS 

was performed at protocolized intervals, in contrast to the present study which included 

VUS obtained in the course of longitudinal patient care for a variety of indications. 

Furthermore, only several of the above studies included the axillary or subclavian arteries in 

the ultrasonographic assessment(3,5,6). In our cohort, less than half of patients with active 

arteritis (i.e. halo sign) on initial VUS had resolution of findings on follow-up VUS after 

median 5 months. A possible explanation for the relatively low frequency of halo sign 

resolution despite treatment in our cohort could be confounding by indication (e.g. more 

symptomatic patients may have had follow-up VUS performed sooner than asymptomatic 

patients). We also observed that findings in the superficial temporal arteries were more likely 

to change from active arteritis to no arteritis between the initial and follow-up VUS, whereas 

findings in the axillary arteries often remained stable. That abnormalities of proximal arm 

arteries tend to change appearance more slowly with time compared to temporal arteries has 

been previously observed by Schmidt and colleagues(5).
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Circumferential hyperechoic wall thickening without sonographic evidence for active 

arteritis or arteriosclerosis was observed in 14% of initial VUS in our cohort. Hyperechoic 

wall thickening has been infrequently described in prior literature and is of unclear clinical 

significance. Schmidt and colleagues described a patient with extracranial GCA in which 

hypoechoic wall thickening of the axillary, brachial, carotid and subclavian arteries became 

hyperechoic 1 year after commencing treatment, hypothesizing that hyperechogenicity may 

represent fibrosis due to chronic disease(4). A subsequent study by Schmidt et al. of 40 

follow-up VUS in GCA patients with large vessel involvement noted “vasculitic wall 

swelling became brighter at follow-up examinations”(5). Aschwanden et al. performed 

follow-up VUS 6 months after initial VUS in 9 patients with halo signs involving the 

extracranial large arteries. In the majority of examined segments, findings did not normalize 

but rather “a marginally enhanced echogenicity of the vessel wall persisted”(6). In our 

cohort, the 6 patients with hyperechoic wall thickening and no active arteritis on initial VUS 

did not differ from patients with active arteritis in terms of clinical or laboratory parameters, 

prior diagnosis of GCA, or prednisone exposure, though our small sample size prevents 

meaningful clinical conclusions. We observed that hyperechoic wall thickening on the initial 

ultrasound was not necessarily permanent, as 3 of these 6 patients had resolution of findings 

on the follow-up ultrasound and 1 patient developed new halo sign. The majority of patients 

with hyperechoic wall thickening on follow-up VUS were ultimately felt to have inactive 

disease by their treating rheumatologists.

Strengths of our study include application of a standardized VUS protocol including the 

extracranial arteries in a clinic-based cohort, which examined the real-world use of follow-

up VUS in GCA. Limitations include small sample size, restricting our ability to detect 

differences between subgroups, as well as short follow-up period. Approximately one-third 

of our cohort (35.7%) presented with headache at time of initial abnormal VUS, which is 

perhaps unexpectedly low compared to other GCA cohorts. The relatively low frequency of 

headache in our cohort may be explained by the fact that our cohort included patients with 

established disease who were undergoing treatment, rather than exclusively patients with a 

new presentation of GCA. Some patients in our cohort had predominantly large vessel 

involvement, which may also explain the low prevalence of headache.

In summary, in this retrospective cohort of 42 GCA patients who underwent follow-up VUS 

after initial abnormal VUS as part of clinical care, the majority had a different VUS 

interpretation between initial and follow-up scan. Abnormalities in the superficial temporal 

arteries tended to change, whereas abnormalities in the subclavian and axillary arteries 

tended to persist. Though more studies are needed, follow-up VUS to monitor GCA disease 

activity may be informative, particularly in the temporal circulation.
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Figure 1. 
Vascular ultrasound (VUS) images from a patient in our cohort. Initial VUS demonstrated 

active arteritis characterized by halo sign (hypoechoic circumferential wall thickening) in the 

frontal branch of the right temporal artery (top row); follow-up VUS four months later 

showed no arteritis, with resolution of the halo sign and normal appearance of that same 

vessel (bottom row).
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Figure 2. 
Vascular ultrasound (VUS) images in a patient in our cohort. Initial VUS demonstrated 

active arteritis in the right axillary artery (top row); follow-up VUS approximately three 

months later showed hyperechoic wall thickening without active arteritis in that same vessel 

(bottom row).
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Figure 3. Change in VUS interpretation over time.
Arrows are labeled with the median (interquartile range) number of months between initial 

and follow-up VUS.
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