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Abstract

Imaging is increasingly being used to guide clinical decision-making in patients with giant cell arteritis (GCA). While
ultrasound has been rapidly adopted in fast-track clinics worldwide as an alternative to temporal artery biopsy for the
diagnosis of cranial disease, whole body PET/CT is emerging as a potential gold standard test for establishing large
vessel involvement. However, many unanswered questions remain about the optimal approach to imaging in GCA. For
example, it is uncertain how best to monitor disease activity, given there is frequent discordance between imaging
findings and conventional disease activity measures, and imaging changes typically fail to resolve completely with
treatment. This chapter addresses the current body of evidence for the use of imaging modalities in GCA across the
spectrum of diagnosis, monitoring disease activity, and long-term surveillance for structural changes of aortic dilatation

and aneurysm formation, and provides suggestions for future research directions.
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Introduction

Over the past decade, imaging has been readily adopted to facilitate early diagnosis of the most common immune-
mediated form of large vessel vasculitis (LVV), giant cell arteritis (GCA).(1) In the 2022 ACR/EULAR classification
criteria, imaging findings including a positive halo sign on temporal artery ultrasound, ®F-fluorodeoxyglucose (*8F-
FDG) uptake in the arterial wall of the aorta on positron emission tomography (PET) and bilateral axillary involvement
using ultrasound, angiography (computed tomography [CT], magnetic resonance imaging [MRI] or catheter-based) or
PET/CT have been incorporated into the definition of GCA for research purposes.(2) This shift to incorporate imaging
alongside temporal artery biopsy (TAB) in the criteria reflects the accumulated evidence supporting the adequacy of an
imaging-based GCA diagnosis, compared to traditional TAB, among patients with cranial manifestations such as
headache, scalp tenderness, jaw claudication or acute visual loss. Another key factor driving acceptance of imaging as
a diagnostic tool, is the increasing recognition of the extra-cranial form of GCA, known as large-vessel GCA (LV-
GCA), that affects the aorta and its main branches. Whilst the need for histopathological diagnosis will remain in certain
situations (for example, an individual with a high pre-test probability of GCA but negative imaging), imaging modalities
additionally provide the potential of surveillance for the development of long-term, life-threatening vascular
complications and may prove useful in assessing the patient’s response to treatment. Following the therapeutic
revolution that the landmark GIACTA trial has spurned in GCA, disease activity monitoring while on treatment has
become one of profound clinical significance.(3) In the absence of a reliable biomarker due to the effect of interleukin-
6 (IL-6) blockade upon conventional systemic inflammatory markers like C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR), imaging offers an appealing means by which to assess disease activity, providing the results
can be shown to be reliable, reproducible and clinically relevant. Moreover, any modality utilised in this manner should

be widely available and performed by a provider with sufficient expertise.



In the following chapter, the fast-evolving literature in this field will first be reviewed regarding the present-day
performance of modalities including ultrasound, MRI and PET/CT for the diagnosis of GCA. Emerging data for the
utilisation of imaging to monitor disease activity will additionally be covered, along with the available evidence

regarding monitoring for the development of vascular complications.

A. Diagnosis

In 1932, Bayard T. Horton reported that he had discovered a new disease — GCA, with his use of TAB in the diagnostic
workup strongly influencing much of the literature that has followed. Interpretation of TAB is not straightforward due
to skip lesions and heterogeneity of histological findings, and hence significant variation in sensitivity and specificity
values are reported.(4, 5) A meta-analysis recently established an estimated sensitivity of 77%, however this together
with the invasive nature of this test have prompted a push in the modern medical era for an alternative approach.(6, 7)
Imaging was rapidly recognised as a potential solution, however the most appropriate modality tends to be determined
by the vascular territory under evaluation. For cranial-GCA (c-GCA), ultrasound and, increasingly, MRI are preferred,
whilst MR angiography (MRA) and PET/CT prove better suited to cases of suspected LV-GCA. Clinicians should
though remain cognisant of potential limitations when ordering these investigations, including the likelihood of a false
negative result owing to prior steroid exposure, and false positives from relevant differentials among an elderly
population, such as atherosclerosis.(8)

Ultrasound
o Cranial disease:

Ultrasound was first used in GCA in a bid to increase the TAB positivity rate by identifying appropriate sites for biopsy,
although it still remains unclear whether this substantially improves sensitivity.(9-11) By contrast, its ability to identify
inflammation-related abnormalities in the arterial wall is now well-established. The pivotal Temporal Artery Biopsy
and Ultrasound in the Diagnosis of GCA (TABUL) study provided early evidence for temporal artery ultrasound (TAU)
being incorporated into GCA diagnostic pathways; the addition of TAU as a preliminary test being demonstrated to be
cost-effective in reducing the number of TABs required, without substantial loss of diagnostic accuracy.(12) This,
coupled with higher sensitivity of TAU (albeit slightly lower specificity compared to TAB) has encouraged uptake and
spread of this approach to GCA diagnosis. These new “fast-track” diagnostic services have even claimed to reduce the
rates of GCA-related visual loss in some centres, although this welcome improvement is not necessarily a direct result
of the ultrasound test itself.(13, 14)

The halo sign (Figure 1), initially reported by Schmidt et al., describes a homogeneous, hypoechoic arterial wall
thickening attributed to vascular wall oedema and has now been studied in multiple meta-analyses reporting sensitivity
values of 68-88% and specificity of 77-91%.(5, 15) The inability to compress the temporal artery when applying pressure
with the ultrasound probe, known as the compression sign, represents an additional suggestive finding (sensitivity 79%
and specificity 100% in the initial report).(16) Accordingly, the Outcome Measures in Rheumatology Clinical Trials
(OMERACT) Large Vessel Vasculitis Working Group have determined the halo and compression signs to be the most
reliable indicators of c-GCA.(17) The experience of the clinician and equipment utilised should also be carefully

considered, with the recommendation that >300 examinations be undertaken before a sonographer achieves competence



and a probe >15 MHz utilised to optimise scan results. Cut-offs for defining the “halo” have reduced over time as
ultrasound equipment has become more sophisticated, however normal temporal artery intima-media thickness (IMT)
values depend both on the size of the arteries (women tend to have smaller arteries than men) and on comorbid age-
related intimal thickening, especially in individuals with a large burden of atherosclerosis.(18) Finally, it is worth noting
that a significant difference in halo IMT is observed as early as >4 days post prednisolone commencement, hence TAU
should be undertaken as soon as practically possible in the diagnostic work-up of a patient with symptoms suggestive
of GCA.(19)

e Extra-cranial disease:
Whilst almost all large and medium arteries aside from the thoracic aorta can be assessed by ultrasound, imaging studies
using this modality in GCA have concentrated on findings at the vertebral, carotid, subclavian and axillary arteries,
which are frequently affected in LV-GCA. Like the cranial vessels, it is possible to assess for intima-media thickening
in these arterial territories. Early PET data had suggested that up to 80% of GCA patients exhibited extra-cranial
involvement at diagnosis, but ultrasound studies in larger, unselected GCA cohorts have not replicated such results.(20)
Accordingly, the 2018 EULAR recommendations for the use of imaging in large vessel vasculitis advocate evaluation
of the axillary arteries if TAU proves negative or indeterminate.(21) This approach is further substantiated by results of
several recent studies demonstrating a substantive increase in sensitivity for confirming GCA as the diagnosis when
axillary artery scanning is added.(22-24) Notably, the greatest benefit for routinely imaging the large vessels was found
among those patients with a low pre-test probability of c-GCA. Utilisation of an extended ultrasound protocol
(comprising temporal, axillary, brachiocephalic and carotid arteries) has been demonstrated to have superior diagnostic
performance (sensitivity 95% and specificity 98%), but at the cost of increased examination time, which could
compromise feasibility in a “fast-track” context. By contrast, inclusion of the subclavian arteries does not appear to be

especially helpful.(25)

MRI
e Cranial disease:

The superior image resolution offered by MRI means that it can be utilised to assess most vascular territories throughout
the body. Since the seminal publication of Bley et al. documented mural inflammatory changes (wall thickening and
contrast enhancement) of the superficial temporal artery, vascular MRI has been recognised as a potential non-invasive
test for GCA.(26) Results of a meta-analysis that informed the 2018 Update of the EULAR Recommendations for the
Management of Large Vessel Vasculitis found a sensitivity of 73% and specificity of 88% compared with clinical c-
GCA diagnosis as the reference standard, and sensitivity of 93% and specificity of 88% compared with TAB.(27) With
the development of newer 3-dimensional techniques (3D), even better specificity values (91%) have since been
reported.(28)

Unlike ultrasound, MRI offers the added advantage of being able to image smaller intra-cranial vessels and orbital
structures. For example, posterior ciliary artery involvement (the most common cause of permanent visual loss in GCA)
can be appreciated on 3D T1-weighted black-blood MRI.(29) This finding is recognised as highly sensitive and specific
for arteritic, acute ischaemic optic neuropathy and can even precede the development of fundoscopic changes, thereby

potentially identifying a “vision-at-risk” patient subset. Within the orbit, a range of abnormalities associated with GCA



have additionally been documented using MRI including non-specific orbital enhancement, optic nerve parenchymal
enhancement, perineural sheath enhancement and optic chiasmal enhancement.(30) Whilst there does not appear to be
a clear-cut correlation between such imaging findings and the development of visual symptoms, it is apparent that almost
one-third of GCA patients possess intra-orbital changes on T1-weighted black-blood MRI.(31) Moving forwards, it will
be essential to establish the prognostic significance of these abnormalities and gain an understanding of the anticipated

treatment response following the initiation of glucocorticoid therapy.

e Extra-cranial disease:
MRA is the preferred imaging modality for diagnosis of Takayasu arteritis (TAK), which is the second commonest
LVV, but is less frequently utilised for this purpose in LV-GCA despite reasonable diagnostic performance. In both
TAK and LV-GCA, concentric wall thickening with mural contrast enhancement and oedema on T2-weighted images
can be appreciated, together with structural lesions including stenosis, occlusion and aneurysm formation.(32) The lack
of radiation required for MRI offers an advantage over CT angiography (CTA), but drawbacks include tolerability issues
for patients with claustrophobia, longer acquisition time, inability to image patients with metallic implants, potential for
adverse reactions to gadolinium-based contrast agents, lack of specificity in distinguishing segments of active vasculitis
from atherosclerosis, and the absence of standardised definitions for arteriographic abnormalities, specifically wall
thickness.(33) As compared with PET/CT, MRA is also limited to imaging the aorta and its branches in a single

examination rather than providing an overview of vascular territories throughout the whole body.

BF_-FDG PET/CT
e Cranial disease:

The low-image resolution and proximity of the PET avid brain to the cranial arteries had traditionally precluded the use
of this modality to diagnose c-GCA. More recently however, improved time-of-flight technology has enabled closer
examination of these smaller vessels.(34, 35) In the GAPS study, Sammel et al. utilised a new generation PET/CT
scanner with Imm CT reconstruction to image the vasculature of the head, neck and chest in patients with suspected
GCA.(35) Results established a sensitivity of 92% and specificity of 85% compared with TAB as the reference standard,
with a sensitivity of 71% and specificity of 91% achieved when evaluated against clinical diagnosis. The scan field did
have to be limited to above the diaphragm due to the intensity of the protocol required and hence vascular wall **F-FDG
uptake could only be compared to the background intensity of the blood pool in the superior vena cava (rather than the
liver). Despite this, 18 arterial segments could be assessed including bilateral temporal, occipital, maxillary, vertebral,

carotid, subclavian and axillary arteries, the brachiocephalic artery, and the ascending, arch and descending aorta.

The best approach to scoring cranial disease on ¥F-FDG PET/CT has since been the subject of a case-control study.(36)
In comparing the scan results of c-GCA patients with controls, visual analysis of PET avidity proved less specific (75%)
than utilising a semi-quantitative cut-off of 5.00 based upon the maximum standardised uptake value (SUVmax) Of a
defined arterial region of interest compared with the background blood pool (92%). The performance of qualitative
scoring could however be improved by utilising a higher cut-off value and when multiple territories were involved. It is
therefore clear that routinely evaluating the cranial arteries offers the potential of adding value to the diagnostic

capability of this modality in suspected GCA cases. That said, there is a need for further research into the accuracy of



individual vessel findings on PET/CT, with another recent study finding better sensitivity for the trunk and frontal

branches of the temporal arteries as compared with the parietal segments.(37)

e Extra-cranial disease:

Arterial uptake of the radiolabelled sugar molecule ¥F-FDG on PET scanning can confirm a diagnosis of LV-GCA due
to the high metabolic activity of involved inflammatory cells including macrophages and lymphocytes, with low-dose
CT facilitating anatomic correlation of findings.(38) The avidity of uptake is typically compared to the liver either by
visual assessment using the Meller score (0 — no uptake present; 1 — low-grade uptake [uptake present but lower than
liver uptake]; 2 — intermediate-grade uptake [similar to liver uptake]; 3 — high-grade uptake [between liver uptake and
cerebral uptake]) or SUVma.(39) In general, *®F-FDG uptake in the vessel wall >2 is considered indicative of LVV,
although higher SUV cut-off values have been advocated for at the aorta and iliofemoral regions due to greater likelihood
of confounding by atherosclerotic disease in this distribution.(40)

Two studies have evaluated the diagnostic performance of PET in LV-GCA, reporting sensitivities of 67-77% and
specificities of 66-100% using TAB and clinical diagnosis as reference standards, respectively.(41, 42) The timing of
the scan relative to the administration of high-dose glucocorticoid therapy (which should not be delayed in patients with
symptoms of c-GCA) is important, with a reduction in the intensity of ®F-FDG uptake within the vessel wall appreciated
after just 72 hours.(43) Despite this, accurate diagnosis was still achieved in a prospective study of patients with
confirmed LV-GCA after 3 days of treatment, however the sensitivity of the test decreased substantially by day 10 with
only 5/14 patients remaining PET positive. Among patients with a negative TAB, the sensitivity of PET/CT for an LV-
GCA diagnosis has been established to be 61% and specificity 80%, based upon results of a retrospective cohort
study.(44) A significant proportion of these patients were though treated with prednisolone prior to scanning, which
presumably would have diminished the results. Regardless, it is clear that whole body PET/CT is worth considering to

aid diagnosis in this clinical setting.

An additional advantage to whole body PET/CT over other imaging modalities in cases of suspected LVV, is its ability
to exclude relevant differential diagnoses including malignancy and infection. In the instance of pyrexia of unknown
origin and inflammation of unknown origin (a common clinical presentation among patients with LV-GCA), there is
additionally evidence to support the cost-effectiveness of PET/CT as part of the preliminary work-up.(45-47)
Furthermore, PET/CT is increasingly recognised as the gold standard investigation for polymyalgia rheumatica (PMR),
as a result of exquisite sensitivity and specificity values when a combination of abnormalities at sites corresponding to
distinctive musculotendinous inflammation are detected.(48) Given the overlapping pathologies of these conditions
whereby roughly half of all GCA patients will experience polymyalgia symptoms, recognition of this disease subset

may similarly prove useful in circumstances of diagnostic uncertainty.

B. Monitoring Disease Activity and Predicting Treatment Outcomes

Reliable tools to assess disease activity in GCA are required. Although 12 months of tocilizumab in combination with
a weaning schedule of glucocorticoid therapy has been shown to substantially reduce the risk of relapse, less than one-
quarter of participants in the open-label extension of the GIACTA study achieved a sustained drug-free remission at 2

years.(3, 49) For patients and clinicians alike, concern that sudden visual loss or stroke might result if disease relapse is



not treated promptly looms large. Similarly, structural complications including aortic aneurysm formation and dissection
most frequently develop at vessel segments exhibiting active inflammation, with higher incidence rates among patients
experiencing a relapsing disease course.(50, 51) At this point, however, there is insufficient evidence for routine imaging
of GCA patients in clinical remission (defined as the absence of all symptoms and signs attributable to active disease
and normalisation of CRP and ESR).(21, 52, 53) This is largely because abnormalities detected by modalities such as
ultrasound, MRI and PET/CT at diagnosis do not universally resolve with treatment. The clinical significance of these
residual changes is yet to be determined in some circumstances (for example, in c-GCA), or not convincingly associated
with relevant long-term outcomes like disease relapse in others (for example, persistent F-FDG uptake in the large
vessels on PET/CT).(20) Consequently, the present-day focus is very much upon establishing the expected resolution
of abnormal findings with treatment and the correlation between persistence and/or recurrence of signs and disease

activity.

Ultrasound

As at diagnosis, ultrasound’s potential for point-of-care application makes it an appealing modality by which to evaluate
disease activity in GCA. It is well-established that the halo sign in the cranial arteries resolves following 2-4 weeks of
glucocorticoid therapy (Figure 2).(21) The same cannot be said of the extra-cranial vessels, where intima-media
thickening can persist for many months; whether this represents ongoing active inflammation, fibrosis or a combination
can be difficult to establish.(21)

The GUSTO study, which involved an ultra-short course of glucocorticoid therapy (500mg intravenous [IV]
methylprednisolone [MP] administered for three consecutive days) followed by IV tocilizumab on day 3 and weekly
subcutaneous (SC) tocilizumab thereafter, provides a unique insight into the impact of treatment upon cranial and extra-
cranial vessel IMT.(54) Initial MP administration caused a rapid reduction in IMT at the temporal arteries by day 2/3,
subsequently increasing back to baseline levels at week 4 and then gradually declining until week 52. Whilst a
comparable reduction in IMT was documented at day 2/3 along with a gradual rebound in thickness up to week 8 at the
axillary and subclavian arteries, a plateau was observed until week 24 when values were once again noted to decrease.
Presumably, these observations reflect the rapid effects of high-dose glucocorticoid therapy upon vessel wall oedema,
as compared with tocilizumab’s slower onset of action. This differential response does however raise the possibility that
tocilizumab might be less effective in its treatment of LV- than c-GCA, and/or further substantiates an inherent
difference in the remodelling and repair efforts that take place in larger, more muscular great vessels once inflammation
has abated. Unfortunately, practical and ethical considerations impede correlation of recurrent histological sampling

with longitudinal imaging among GCA patients.

Few studies have specifically explored the correlation between ultrasound findings and clinical outcomes in GCA.(55-
57). De Miguel et al. established a correlation between halo disappearance at the cranial arteries and reduced markers
of systemic inflammation (CRP/ESR), with patients imaged at the time of disease relapse noted to have fewer involved
arterial segments, lower CRP and ESR levels, and a shorter time to halo resolution compared with those scanned at the
point of GCA diagnosis.(55) Change in IMT values following treatment has subsequently been explored as a means for
monitoring disease activity, with a reduction in wall thickening once again more commonly observed at the temporal

arteries than the larger vessels.(56) In their work assessing the sensitivity to change of the non-compressible halo sign



and IMT in newly diagnosed GCA patients, Ponte et al. demonstrated a positive correlation between temporal artery
features and conventional disease activity markers (CRP, ESR and Birmingham Vasculitis Activity Score [BVAS])
during follow-up.(57) Notably, these findings were not replicated at the axillary arteries. In terms of long-term outcomes,
a smaller number of involved halo segments and lower IMT at the temporal arteries (but not the axillary arteries) proved
to be a predictor of clinical remission likelihood and cumulative prednisolone dose. Among 17 patients experiencing
disease relapse, 16 (94.1%) were found to possess at least one active arterial segment with halo, which also exhibited

an increase in IMT measured.

Put together, these results suggest that ultrasound shows promise as a monitoring tool for GCA disease activity, however
it remains clear that differences abound in the trajectory of change that takes place in different vascular territories with
treatment. The recently developed OMERACT GCA Ultrasonography Score, calculated from the sum of IMT measured
in the superficial temporal (common trunk, frontal and parietal branches) and axillary arteries first divided by pre-
determined IMT cut-off values and then the number of segments available, provides a consensus-based and provisionally
validated instrument to monitor GCA that will require additional study in clinical research settings.(58) Modifications
to ultrasound imaging protocols, such as the use of contrast, may similarly provide novel insights, particularly in the
LV-GCA space. A proof-of-concept study suggests high sensitivity (91.7%) and specificity (100%) for the detection of
active extra-cranial disease when a >25% increase in the calculated contrasted area is observed, however further

investigation in a larger patient cohort where the sonographer is blinded to clinical information is now needed.(59)

PET/CT, MRA and PET/MRI

PET/CT represents the other most studied modality for monitoring disease activity in GCA to date, although research
efforts are thus far limited to assessing extra-cranial manifestations longitudinally (Figure 3). Of course, radiation
exposure (approximately 9mSv for a whole body scan from skull vertex to toes, less if limited from skull vertex to mid-
thigh) and accessibility (usually limited to tertiary hospitals) represent definite drawbacks to utilising this modality for
monitoring purposes. By contrast, MRI utilises magnetic properties to produce images, is more widely available and
offers the theoretic potential to monitor both the cranial and extra-cranial arteries serially (although not at the same
time). The current literature is however limited to the use of MRA in LV-GCA, though its application in c-GCA and

correlation between these findings and clinical disease states will undoubtedly become areas of future research interest.

Blockmans et al. first studied repetitive PET in GCA, demonstrating a marked reduction in the number and intensity of
involved arterial segments after 3 months of treatment, but no further decrease at the 6-month mark.(20) When the 18
patients whose disease relapsed during the follow-up period were compared with those participants in a sustained clinical

remission, no difference could be identified in the PET findings between the groups at diagnosis, 3- or 6-months follow-

up.

Hybrid PET/CT technology has since permitted improved anatomical correlation of vascular ®F-FDG uptake.
Consequently, the calcific deposits that accompany atherosclerosis, recognised as another inflammatory condition of
the blood vessel wall with abundant activated immune cells, can be better distinguished from segments of active
LVV.(60) This is of certain importance when contemplating serial imaging to assess disease activity in the older GCA

population. A diffuse and linear (as opposed to focal and patchy) pattern of abnormal *¥F-FDG uptake in multiple vessels



is recognised as characteristic of active GCA, with PET avidity greater than the liver (Grade 3 as per Meller et al. (39))

the best discriminator between LV-GCA and atherosclerotic disease (sensitivity 83%, specificity 91%).(61)

A lack of widely accepted or standardised definitions for clinical outcomes of relevance, like remission and relapse,
together with a paucity of accurate biomarkers have hampered efforts to establish thresholds of meaning for active
disease on imaging in LVV.(62) In order to evaluate the potential of PET/CT for monitoring purposes, Grayson et al.
undertook a large, prospective, longitudinal cohort study that repeated imaging at six-monthly intervals. Like results
from ultrasound studies of extra-cranial involvement, frequent discordance between clinical remission and abnormal
vascular ¥F-FDG uptake was found — 41/71 patients (57.7%) deemed to be in clinical remission exhibited imaging
findings consistent with active vasculitis. Consequently, the specificity of ®F-FDG-PET/CT to differentiate between
LVV on imaging and remission was only 42%. Correlation between clinically active LVV and PET/CT findings was
better though (34/40), yielding a sensitivity of 85% and specificity of 83%.

This work additionally provided the basis for the development of the PETVAS scoring system, an instrument designed
to reflect vasculitis disease activity by summing the qualitative assessment of arterial *¥F-FDG uptake compared to the
liver across nine vascular territories (aorta, subclavian, carotid and innominate arteries).(63) Clinically active LVV was
found to correlate with a higher mean PETVAS (21.5 vs. 12.2, p<0.001), whilst lower scores were seen in association
with disease remission. The ability of the PETVAS to discriminate between clinical disease states subsequently yielded
a sensitivity of 68% and specificity of 71% using a cut-point of >20. Whilst this performance is not ideal, the reliability
of clinician-determined disease activity in LVV (which is similarly known to be imperfect) should be factored into these
results. Furthermore, a much higher proportion of participants with a PETVAS score >20 were found to experience later

disease relapse (45% vs. 11%, p=0.03), suggesting a possible prognostic application.

The available literature in this field has since been the topic of a systematic review (n=21) and meta-analysis (n=8).(64)
Substantial heterogeneity in study design was noted regarding LVV diagnosis (the majority including patients with GCA
and TAK), disease duration (new or relapsing), imaging protocol (scan extent, F-FDG dose and acquisition time),
reference standard (clinician diagnosis or use of instruments incompletely validated in LVV eg. BVAS, definition of
BE-FDG positivity (mostly using the liver as the reference organ) and analysis strategy (qualitative and/or semi-
guantitative). Consequently, a planned meta-analysis to establish the proportion of patients in clinical remission with
normalised scan findings was unable to proceed. The ability of ¥F-FDG PET/CT to detect disease relapse/refractory
disease could however be ascertained based upon results of four cross-sectional studies (n=111 patients, with 136 scans).

Results demonstrated moderate diagnostic accuracy, with a sensitivity of 77% and specificity of 71%.

Recent publications have focussed more upon the impact of different treatment approaches on PET/CT findings. In the
Resolution of Vascular Inflammation in Patients with GCA (RIGA) study, Schénau et al. demonstrated a significant
reduction in PETVAS scores during follow-up (median 11.8 months) among LV-GCA patients treated with either
prednisolone monotherapy, or prednisolone combined with either methotrexate or tocilizumab.(65) A numerically
greater reduction in PETVAS was observed with combination treatment, however only 37/82 (45.12%) follow-up scans
were actually deemed “inactive” (defined as the absence of vascular F-FDG uptake >2(39) in any vascular territory).

In another prospective study involving LV-GCA patients treated with tocilizumab, a similar incidence of persistent



active vasculitis was recorded (11/25 [44%]).(66) Both groups have additionally explored the performance of PETVAS
as a predictor of relapse, however findings failed to demonstrate good accuracy for discriminating between disease states

and worsening vascular **F-FDG uptake did not correlate with clinical manifestations in the majority of cases.(65, 66)

In the younger TAK population where repeated radiation exposure is particularly undesirable, MRA is preferred over
BE-FDG PET/CT for monitoring purposes.(21) By contrast, relatively few studies have investigated this application in
LV-GCA. Similar to the PET/CT literature, discord between clinical and imaging-based remission has been observed —
in patients with either new-onset or relapsing GCA treated with tocilizumab, one-third failed to improve their scan
findings after 12 weeks despite being deemed to be in complete clinical and laboratory remission.(67) Quinn et al.
additionally contrasted the performance of MRA and 8F-FDG PET/CT in a prospective study, finding MRI to be more
capable of documenting disease extent but less reliable for assessing vasculitis activity.(68) Concordance between MRA
and PET/CT was present in 68% of scans (Cohen’s kappa=0.30), but correlation between clinical disease activity
(determined by the treating physician) and imaging findings was superior for PET/CT. It therefore seems apparent that
the higher image resolution of MRI compared to PET/CT confers greater sensitivity for the detection of vessel wall
inflammatory changes, however not all abnormalities appreciated on imaging prove clinically significant. It is
nonetheless worth noting that findings of wall oedema and thickening (but not vascular stenosis) on MRA were
independently associated with PET/CT disease activity.

It is likely that hybrid imaging technology will continue to evolve. Although scarcely available, the lower radiation
exposure associated with PET/MRI makes it another modality with potential for monitoring purposes. Thus far, a small
pilot study has documented little difference in PET/MRI and PET/CT qualitative and semi-quantitative scores for active
disease.(68) Furthermore, improved understanding of the precise pathophysiology underlying LV-GCA, and perhaps
inherit differences to the cranial form of the disease, may translate into the development and application of novel PET
tracers targeting cell populations specific to disease activity and which better correlate with outcomes of clinical

relevance.(69)

C. Surveillance for Vascular Complications

Imaging is the primary means by which to surveil for thoracic aortic aneurysm (TAA) formation and thoracic aortic
dilatation (TAD) in patients with established GCA. The optimal approach to do so, however, remains incompletely
determined. As in diagnosis and disease activity monitoring, a similar paradigm exists whereby different imaging

modalities offer their own characteristic advantages, yet no technique provides a perfect solution in isolation.

Increased thoracic aortic diameter, in the form of TAA and TAD, represent the most notable disease-related long-term
complications for patients with established, treated GCA.(70) Diameter varies by location within the thoracic aorta, but
also naturally increases over time, gaining approximately 1mm per decade of life. Aortic dilatation, which generally
represents enlargement outside the age-specific normal range per 95% confidence intervals, can lead to aneurysm
formation when the aorta is dilated >50% wider than expected. This phenomenon is recognised to occur in an accelerated
fashion in some, but not all, GCA patients.(71) Uncontrolled aortitis, which can progress asynchronously to cranial and
systemic manifestations, is believed to represent the primary driver, although other processes including atrophy of the

aortic smooth muscle and concurrent atherosclerosis may additionally contribute.(50, 51, 72) Serial monitoring of aortic



diameter therefore has been suggested as a means by which to characterise each GCA patient’s risk of a catastrophic
complication.(71) While TAA is usually clinically silent as it develops, rupture is typically heralded by excruciating
chest or thoracic back pain, dyspnoea and severe hypotension. Less than half of patients survive until emergency arrival
at a hospital, and approximately half of the remaining patients will die in hospital, even with modern interventional
techniques.(73, 74) Pre-emptive intervention, in the form of endovascular or open repair, is generally considered when
rupture risk is deemed sufficiently high. A substantive imperative therefore exists to diagnose TAA prior to this outcome

and identify those patients in whom intervention is justified.

TAD will however only impact a minority of patients with GCA, and it is presently unclear whether this increased risk
similarly translates to abdominal aortic aneurysm formation.(75, 76) When contemplating the best approach to screening
for vascular complications, the chosen imaging modality must not be detrimental to the unaffected majority through
factors such as ionizing radiation exposure, financial cost or the psychological distress associated with serial
radiographic surveillance and/or follow-up of incidental imaging findings. This challenge is further exacerbated by the
broad window of TAA risk in GCA, which continues well after diagnosis before plateauing around ten years.(71)
Optimal timing, including interval lengths at different stages of the natural history, has yet to be determined, although
previous guidance has suggested reassessing every two years.(77) Quantification and serial comparison may also be
aided by the use of angiographic scores and established methods for measurement.(78-80)

Chest X-Ray

Until recently, chest x-ray was considered the only modality feasible for routine screening of TAD and TAA in
GCA.(77) Inherent advantages include its affordability, accessibility and minimal ionizing radiation. It is, however,
insufficiently sensitive in the development of early-stage TAA as it cannot determine aortic wall thickness, and is of
particularly limited value in the ascending aorta, which is frequently affected in GCA patients.(81, 82) Age-related
radiographic appearances such as “unfolding of the aorta” can also lead to false-positives that necessitate further

dedicated imaging.

Transthoracic Echocardiography (TTE)

TTE can visualise the aortic root and ascending aorta, and similarly offers the advantages of being widely accessible,
relatively low cost, requires no contrast and confers no ionizing radiation. It nevertheless only detects the internal
diameter of the aorta, missing the wall thickening associated with aortitis and secondary TAA, as well as other features
of aortitis including peri-adventitial enhancement.(83) TTE cannot visualise the entire length of the thoracic aorta, is
affected by body habitus, and its operator-dependent nature makes it less replicable in the context of serial imaging
surveillance for measurement.(84, 85) Ultimately, TTE might be appropriate for screening for aortic structural change
in GCA, but there is little evidence to support this approach and any abnormalities detected in this context should be

subsequently confirmed with a different imaging modality.(81)

CTA
CTA represents another frequently employed modality for TAD and TAA surveillance.(21) Advantages include
accessibility and relative affordability, together with its rapid image acquisition time and established use in other

populations, for example collagen and connective tissue disorders like Marfan and vascular Ehlers-Danlos syndromes.



Notably, modern CT imaging techniques generally confer higher spatial resolution than MRI, and therefore are more
accurate in measuring aortic structures. A prospective evaluation of aortic segments by CTA undertaken 12 months post
the commencement of glucocorticoid therapy demonstrated persistent arterial wall thickening in approximately half of
all GCA patients scanned.(86) This result does not however adequately inform the use of this modality for the detection
of TAD and TAA. Furthermore, CTA is recognised as inferior to MRI and PET for assessing the activity of segments
affected by vasculitis owing to limited soft tissue contrast. Consideration should additionally be given to the nephrotoxic
potential of arterial-phase iodinated contrast agents and the risks associated with cumulative radiation exposure from
serial imaging.(87) The radiation dose associated with CTA of the aorta has however reduced from 10-20 mSV to less
than one-third of that in recent times, making repetitive scanning to monitor for TAD and TAA more feasible than
before.(88, 89).

Few descriptions exist in the literature to inform screening recommendations about serial CTA in GCA. In one cohort,
patients were imaged every four years, in the absence of any overt disease activity, to detect TAA and TAD.(90)
Structural abnormalities were documented in up to one-third of participants, with the highest incidence during the 5
years following diagnosis. A lack of data exists to inform alternative approaches, including from other conditions
wherein TAD monitoring is routine, yet optimal intervals remain contentious.(81, 91) Regardless, serial imaging
utilising either CTA, MRI or US is considered justifiable in all GCA patients with known large vessel involvement.(21)

Whole Body PET/CT and MRA

PET/CT, with its enhanced capacity to demonstrate active aortitis, could plausibly predict future TAD and TAA
development by demonstrating active inflammatory change. Increased ®F-FDG uptake at diagnosis in the aorta has been
previously shown to correlate with the late volume of the thoracic aorta, considered a surrogate for aortic diameter.(92)
A retrospective cohort analysis similarly found a relationship between the degree of PET avidity at both diagnosis and
follow-up, and the incidence of TAD.(93) With increasing use of this modality for disease monitoring purposes in LV-
GCA, it stands to reason that PET/CT may additionally be capable of surveying for evolving structural damage in this

disease subset.

Despite the absence of ionizing radiation, MRI still provides sufficient spatial resolution, particularly of the aortic root,
to facilitate TAD and TAA measurement. Its natural advantage in LV-GCA is aligned with its roles in diagnosis and
disease monitoring: good soft tissue contrast permits sensitive detection of active aortitis. The ability of MRA to
characterise vascular complications in GCA at individual timepoints is thus established, but evidence to support its use

serially for the purpose of monitoring TAA is scarce, even outside of GCA.(67, 94)

Summary

Imaging has transformed the diagnosis of GCA, both for cranial and extra-cranial subsets of the disease, in the past
decade, and significantly diminished the necessity for undertaking the traditional, but invasive, investigation of TAB.
Many questions do remain unanswered concerning the best use of this technology for disease monitoring and vascular
complication surveillance purposes. It is nonetheless clear, that the potential is great should future research studies

manage to better characterise the expected change in abnormal imaging findings with treatment and their relationship



to outcomes of clinical significance like disease relapse, as well as determining the optimal interval for serial scanning
to detect the development of TAD and TAA.



Practice Points

e TAU can be a first-line diagnostic test for cranial-GCA; when performed by an experienced sonographer, a
positive TAU is sufficient for diagnosis without the need for a temporal artery biopsy.

e For patients with suspected LV-GCA, PET/CT offers the advantage over ultrasound and MRA of imaging the
vasculature throughout the whole body, as well as excluding relevant differential diagnoses.

e Both cranial and extra-cranial/large vessel imaging abnormalities improve with treatment, however the latter
appear more persistent; the relationship of these persistent changes to clinical disease states remains unclear.

e Surveillance for vascular complications including TAD and TAA is recommended in all LV-GCA patients, with
best evidence for CTA as the imaging modality of choice, however the optimal interval between scans is

contentious.

Research Agenda

¢ Role of imaging for assessing treatment response in GCA.

o Determination of the long-term clinical significance, particularly the relationship to remission and disease
relapse, of persistent imaging abnormalities at both cranial and extra-cranial vessels in GCA.

o Further study of the incidence of vascular complications among all GCA patients, not just those with recognised
large vessel involvement, with resultant characterisation of the best approach (imaging modality, frequency,

duration) to surveillance.
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Table 1: Utility of available imaging modalities for diagnosis, disease activity monitoring, and surveillance for vascular complications in GCA.

Modality Ultrasound MRI 18E.FDG PET/CT CTA
Site Cranial vessels Cranial vessels Whole body (skull vertex to toes) Great vessels
Great vessels (excluding aorta) Great vessels (MRA)
Key Findings c-GCA: Concentric wall thickening and Diffuse and linear *¥F-FDG uptake Vascular complications including
e Halosign mural contrast enhancement in the vessel wall >2# TAD and TAA
e Compression sign
LV-GCA:
e Halosign
e IMT>1.0mm*
Advantages No ionising radiation High image resolution Exclude relevant differentials Readily available

Disadvantages

Diagnosis*

Monitoring Disease Activity

Surveillance for Vascular
Complications

Point-of-care use

Operator-dependent
Halo IMT reduces >4 days post
treatment

Halo sign®4:

e Sensitivity 68-88%
e Specificity 77-91%

c-GCA changes more responsive to
treatment than LV-GCA

No. of halo segments and IMT
values may correlate with
relapse/remission in c-GCA>’

TTE may be appropriate for
screening

*Utilising clinical diagnosis as the reference standard.
#As per the Meller score, where 2 represents intermediate-grade uptake, similar to the liver.

No ionising radiation
Can additionally image orbit and
intra-cranial vessels

Metallic implants contraindicated
Claustrophobia

Longer acquisition time

AEs to gadolinium-contrast agent —
allergy, nephrotoxicity

c-GCA%:

e Sensitivity 73%
e Specificity 88%

Frequent discord between imaging
findings and clinical state

Less reliable than PET/CT for
assessing disease activity”®

Scarce evidence in GCA

Can assess all vascular territories
throughout the body

Reduced ®F-FDG uptake >72 hours
post treatment

lonising radiation (~9mSv)

Limited availability

Expensive

c-GCA*:

e Sensitivity 71%

e Specificity 91%
LV-GCA®’:

e  Sensitivity 67%

e Specificity 100%
Low-grade 8F-FDG uptake
common despite clinical remission

Moderate accuracy for detecting
disease relapse®:

e  Sensitivity 77%

e  Specificity 71%
May demonstrate at-risk segments
for TAD and TAA%

Rapid acquisition time
Affordable

lonising radiation (~<7mSv)
AEs to iodinated contrast — allergy,
nephrotoxicity

Inferior to MRI and PET/CT due to
limited soft tissue contrast

Not appropriate

Most frequently employed
modality



Figure 1: A. Normal temporal artery with Power Doppler ultrasound (PDUS); B. Normal temporal artery under compression; C. Normal axillary artery; D. Normal axillary
artery with PDUS; E. Halo sign in c-GCA; F. Compression sign in c-GCA; G. Abnormal axillary artery in LV-GCA,; H. Abnormal axillary artery in LV-GCA with PDUS
demonstrating increased IMT.




Figure 2: Halo sign in c-GCA at baseline in transverse (A.) and longitudinal views (C.); Resolution of halo sign following initiation of treatment (B. and D.).




Figure 3: LV-GCA on whole body PET/CT at diagnosis (A.); Significant improvement in *®F-FDG uptake following 12 months of treatment with tocilizumab (B.).
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