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ABSTRACT

Objective. Literature describing fol-
low-up vascular ultrasound (VUS) in
giant cell arteritis (GCA) is limited. We
report our experience with follow-up
VUS obtained in clinical care of pa-
tients with GCA.

Methods. We retrospectively identified
GCA patients with an abnormal initial
VUS, defined as circumferential hypo-
echoic wall thickening (“halo sign”),
or circumferential hyperechoic wall
thickening without evidence of arterio-
sclerosis 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 ac-
tive arteritis. We described whether and
how VUS interpretation changed from
initial to follow-up VUS. Among indi-
vidual vessels, we tested whether abnor-
mal findings (e.g. halo sign) persisted at
follow-up VUS using McNemar's test.
Results. 42 patients fulfilled the 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 pa-
tients 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 inter-
pretation between initial and follow-up
VUS. Sonographic findings in the tempo-

ral circulation more frequently changed
than findings in axillary arteries.

Introduction

Vascular ultrasound (VUS) of temporal
and axillary arteries is recommended as
a highly specific and sensitive diagnos-
tic test for giant cell arteritis (GCA), but
the role of follow-up VUS in GCA re-
mains uncertain (1-3). Studies describ-
ing real-world experience with follow-
up VUS in GCA are needed. VUS has
been utilised for evaluation of GCA at
our medical centre 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 es-
tablished GCA patients at a large aca-
demic medical centre, 2013-2018. We
included GCA patients (as diagnosed by
the treating rheumatologist) with an ab-
normal 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 circumferen-
tial hypoechoic wall thickening, the
well-known halo sign, indicative of ac-
tive arteritis, or circumferential hypere-
choic wall thickening without evidence
of arteriosclerosis. The latter finding,
which is distinct from both the halo sign
and from normal vasculature, has occa-
sionally been referenced in prior litera-
ture (4-6). Clinical and laboratory data
were extracted through electronic medi-
cal record (EMR) review. The Partners
HealthCare Institutional Review Board
approved all aspects of this study.
Simultaneous colour Doppler and du-
plex 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,
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Chicago, Illinois, USA). Grey scale
was set to the highest available frequen-
cy, with dynamic range 40-50 dB and
focus set to approximately 5 mm below
skin surface. Colour Doppler was set to
the highest frequency with pulse repeti-
tion frequency (PRF) 2 KHz for tem-
poral arteries and lower frequency with
PRF 3.5 KHz for large arteries. Frame
rate was set high as possible. Colour
PRF was 2.5 KHz Doppler frequency
shift and was readjusted throughout the
exam with velocity changes. Colour
gain was set such that colour covered
the lumen entirely, and colour box an-
gle 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 correc-
tion 60 degrees.

Trained cardiovascular ultrasonogra-
phers followed a standardised protocol
to visualise the bilateral common super-
ficial temporal arteries and their frontal
and parietal branches, and the subclavi-
an and axillary arteries. Trained cardio-
vascular medicine physicians interpret-
ed each VUS. Ultrasonographers and
interpreting cardiovascular medicine
physicians were not blinded to clini-
cal data. The overall VUS interpreta-
tion 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 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 inter-
pretation (active arteritis, hyperechoic
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Top row: Initial VUS showing active arteritis
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Fig. 1. Vascular ultrasound (VUS) images from a patient in our cohort. Initial VUS demonstrated
active arteritis characterised 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).

Top row: Initial VUS showing active arteritis
- :"' . ~ e ) k::'KO

Fig. 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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wall thickening without active arteritis,
or no arteritis). We categorised patients
according to whether and how VUS
changed between the initial and follow-
up scan and described the treating rheu-
matologist’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 v. 9.4; threshold for statistical sig-
nificance p<0.05.

Results
We identified 42 GCA patients (includ-
ing 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 be-
tween initial and follow-up VUS was
5.1 months (IQR 2.6-7.9). Characteris-
tics at time of initial VUS of the entire
sample, and according to initial and
follow-up VUS result, are presented
in Table I. Polymyalgia rheumatica
(PMR) at time of initial VUS was more
common among patients who had hy-

perechoic 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 as-
sessing ultrasonographic change from
initial VUS (45.2%), recurrent/worsen-
ing 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

Table I. Characteristics at the time of initial abnormal VUS, overall and according to initial and follow-up VUS interpretation.

Initial VUS interpretation Follow-up VUS interpretation

Characteristic at the time of initial ~ All patients Active arteritis Hyperechoic wall  Active arteritis Hyperechoic wall No arteritis

VuS (n=42) (n=36) thickening (n=10) thickening without (n=18)
without active active arteritis
arteritis (n=6) (n=14)
Age, years 72.5(66.6-782)  72.5(64.9-780) 734 (68.8-784) 72.5(694,77.2) 742 (68.8,79.8) 70.8(61.6,77.8)
Female 714 66.7 100.0 60.0 78.6 722
White 69.1 63.9 100.0 70.0 64.3 722
Symptom duration
Less than 1 week 24 2.8 0.0 0.0 0.0 5.6
1-3 weeks 119 8.3 333 0.0 0.0 27.8
=3 weeks 73.8 75.0 66.7 80.0 929 55.6
Unclear 119 139 0.0 200 7.1 11.1
Clinical features at time of symptom onset
Headache 35.7 333 50.0 300 429 333
Fever 143 11.1 333 20.0 143 11.1
Jaw claudication 310 333 16.7 10.0 50.0 27.8
Temporal artery tenderness 214 222 16.7 20.0 14.3 27.8
Scalp tenderness 214 25.0 0.0 10.0 28.6 222
Fatigue 333 30.6 50.0 10.0 28.6 50.0
Weight loss 16.7 16.7 16.7 40.0 7.1 11.1
Transient vision loss 9.5 11.1 0.0 0.0 21.4 5.6
Polymyalgia rheumatica 333 30.6 50.0 0.0* 35.7* 50.0*
GCA diagnosis prior to initial VUS 28.6 30.6 16.7 200 14.3 444
CRP, mg/L (median, IQR) 28.8 (8.4-87.6) 29.0 (8.4-89.3) 229 (3.3-38.0) 69.3(5.7,215.7) 27.8(104,51.1) 30.6(3.3,81.9)
ESR, mm/hr (median, IQR) 59 (34-90) 59 (34-91) 50 (31-78) 77 (71, 85) 49 (34,95) 55 (26, 68)
Current glucocorticoid use 69.1 69 .4 66.7 50.0 714 77.8
Prednisone equivalent daily dose™*
Low (>0 to 15mg) 379 36.0 50.0 0.0 40.0 50.0
Moderate (=15 to 40mg) 172 16.0 25.0 20.0 10.0 214
High (240mg) 44.8 48.0 25.0 80.0 50.0 28.6
Prednisone duration™*
>0 days to <1 week 345 36.0 25.0 60.0 40.0 214
=1 week to <3 weeks 35 4.0 0.0 20.0 0.0 0.0
=3 weeks 62.1 60.0 75.0 20.0 60.0 78.6
Methotrexate use 95 11.1 0.0 0.0 7.1 16.7

Presented as median (IQR) or percentage.

*Indicates p-value <0.05; otherwise p-values were non-significant.

“*Percentage of n=29 patients taking glucocorticoids at time of initial VUS.

VUS: vascular ultrasound; GCA: giant cell arteritis; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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Initial VUS Follow-up VUS
2.7 months | Acute arteritis
(IarR0.5,7.9 n=9
(25.0%)
Acute arteritis 100663 Hyperechoic wall
n=36 === thickening
n=12
(33.3%)
6.1(4.2,13.4) 1
No arteritis
n=15
(41.7%)
Hyperechoicwall| ;15, Hyperechoic
thickening 2.8) » wall thickening
n=6 2
5.8(2.9,11.9) ,| No arteritis
n=3

Fig. 3. Change in VUS interpre-
tation over time.
Arrows are labeled with the me-
dian (interquartile range) number
of months between initial and
follow-up VUS.

26.5 (n/a)

Acute arteritis
n=1

diagnoses of GCA or PMR, respec-
tively.

Change in VUS interpretation from ini-
tial 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 with-
out active arteritis in 12 (33.3%).
Median time between the initial and
follow-up VUS was shorter among pa-
tients with persistent active arteritis on
the follow-up scan (2.7 months, IQR
0.5-7.9) compared to those with no ar-
teritis 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 ar-
teritis, 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 thickening without
active arteritis, the treating rheumatolo-
gist felt that GCA was felt to be inac-
tive/not flaring in 9/14 (64.3%).

At the individual vessel level, abnor-
malities tended to remain concordant
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between initial and follow-up VUS in
the axillary and subclavian arteries ac-
cording 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 ini-
tial VUS often had no arteritis on fol-
low-up VUS (McNemar’s p<0.05). For
example, of 12 right superficial tem-
poral 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 abnor-
mal 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 sta-
tistically differ among patients accord-
ing to VUS findings, with the exception
of PMR being more common among

those patients without active arteritis
on follow-up VUS, though small sam-
ple 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 pa-
tients with persistent active arteritis on
VUS compared with those whose active
arteritis resolved. Findings in the super-
ficial 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 in-
vestigating 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 find-
ing that 10 of 26 patients had persistent
halo signs 6 months into treatment de-
spite being in clinical remission (7, 11,
13). In most of these studies, VUS was
performed at protocolised intervals, in
contrast to the present study which in-
cluded VUS obtained in the course of
longitudinal patient care for a variety of
indications. Furthermore, only several
of the above studies included the axil-
lary or subclavian arteries in the ultra-
sonographic assessment (3, 5, 6). In our
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cohort, less than half of patients with
active arteritis (i.e. halo sign) on ini-
tial 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 arte-
ritis 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 arter-
ies has been previously observed by
Schmidt and colleagues (5).

Circumferential hyperechoic wall thick-
ening 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 sig-
nificance. Schmidt and colleagues de-
scribed a patient with extracranial GCA
in which hypoechoic wall thickening of
the axillary, brachial, carotid and sub-
clavian arteries became hyperechoic 1
year after commencing treatment, hy-
pothesising that hyperechogenicity may
represent fibrosis due to chronic disease
(4). A subsequent study by Schmidt et
al. of 40 follow-up VUS in GCA pa-
tients 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 in-
volving the extracranial large arteries.
In the majority of examined segments,
findings did not normalise 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 pa-
tients with active arteritis in terms of
clinical or laboratory parameters, prior
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diagnosis of GCA, or prednisone expo-
sure, though our small sample size pre-
vents 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 thick-
ening on follow-up VUS were ultimate-
ly felt to have inactive disease by their
treating rheumatologists.

Strengths of our study include appli-
cation of a standardised 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 dif-
ferences between subgroups, as well as
short follow-up period. Approximately
one-third of our cohort (35.7%) pre-
sented with headache at time of initial
abnormal VUS, which is perhaps unex-
pectedly low compared to other GCA
cohorts. The relatively low frequency
of headache in our cohort may be ex-
plained by the fact that our cohort in-
cluded 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 ex-
plain 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 major-
ity had a different VUS interpretation
between initial and follow-up scan. Ab-
normalities in the superficial temporal
arteries tended to change, whereas ab-
normalities in the subclavian and axil-
lary 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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