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Abstract

Purpose of the Review: The two main forms of large-vessel vasculitis (LVV) are giant cell
arteritis (GCA) and Takayasu’s arteritis (TAK). Vascular imaging can characterize disease activity
and disease extent in LVV. This review critically analyzes the clinical utility of vascular imaging in
LVV and highlights how imaging may be incorporated into the management and study of these
conditions.

Recent Findings: There are multiple imaging modalities available to assess LVV including
ultrasonography, CT angiography (CTA), magnetic resonance angiography (MRA), and 18F-
fluorodeoxyglucose (FDG) positron emission tomography (PET). As these techniques are refined,
imaging may be increasingly useful to evaluate the cranial arteries and the aorta and its primary
branches. In addition, vascular imaging may be useful to monitor disease activity and may have
prognostic value to predict future clinical events.

Summary: There are strengths and weaknesses associated with vascular imaging that should be
considered when evaluating patients with LVV. Vascular imaging will likely play an increasingly
important role in the clinical management of patients and the conduct of research in LVV and may
ultimately be incorporated as outcome measures in clinical trials in these conditions.
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Introduction:

Giant cell arteritis (GCA) and Takayasu’s arteritis (TAK) are the two main forms of large-
vessel vasculitis (LVV), defined by inflammation involving the aorta and its major
branches[1]. Traditionally, GCA is considered a disease of the cranial arteries, with temporal
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artery biopsy constituting the diagnostic the gold standard. The 1990 American College of
Rheumatology (ACR) criteria for the classification of GCA reflect the importance of cranial
features of the disease, including headache, jaw claudication, and abnormal temporal artery
findings [2] [3]. However, many patients with GCA may have disease involving the aorta
and branch arteries of the thorax. In cases of large-vessel GCA, unless the cranial arteries
are also affected, these patients would not be classified as GCA by the current 1990 ACR
criteria. The ACR criteria for TAK were also developed in 1990 and rely on vascular
abnormalities for disease classification which were typically characterized at that time by
catheter-based arteriogram, an invasive procedure that can detect luminal changes (i.e.
stenosis, aneurysm, occlusion) without detailing vessel wall morphology[4].

Widespread adoption of imaging-based angiography and development of specific vascular
imaging sequences and protocols have enabled non-invasive characterization of disease
extent and arterial wall morphology in LVV. For both GCA and TAK, several imaging
modalities have become increasingly essential to evaluate arterial disease. Current
modalities available for the assessment of LVV include ultrasonography, CT angiography
(CTA), magnetic resonance angiography (MRA), and 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET). The extent to which different imaging modalities
provide unique versus redundant information about vascular disease is unclear, and there are
strengths, weaknesses, and potential pitfalls associated with each modality.

Uncertainty remains about which imaging technique to choose to evaluate a patient with
suspected LVV, how to incorporate imaging in the assessment of disease activity in a patient
with established LVV to monitor disease and response to treatment, and the prognostic
capacity of imaging to predict future clinical and adverse angiographic events. Data
regarding the clinical utility of imaging-based assessment of disease in LVV is starting to
emerge, accompanied by initial efforts to develop evidence-based guidelines for the use of
vascular imaging in the management of patients with GCA and TAK. Despite this progress,
tremendous gaps in knowledge remain that limit the universal application of imaging-based
disease assessment in LVV. The objective of the current review is to detail existing evidence
regarding the clinical utility of vascular imaging in LVV and to highlight ways in which
imaging may be better incorporated into management approaches in these conditions.

Imaging as a Diagnostic Modality in LVV

Suspected Predominantly Cranial GCA

Vascular imaging has traditionally been used to evaluate TAK and the large-vessel variant of
GCA, but as imaging techniques have become more sophisticated, it is increasingly possible
to directly evaluate the cranial arteries (i.e. temporal arteries). For patients with suspected
GCA with predominantly cranial symptoms, vascular ultrasound or high resolution MRA
can be used to profile the cranial arteries. As spatial resolution improves on next-generation
platforms for advanced molecular imaging, use of FDG-PET to detect vascular inflammation
in the cranial arteries may also soon be within reach.

The characteristics on ultrasound consistent with vascular inflammation include the “halo”
sign which refers to hypoechoic thickening of the vessel wall (FIGURE 1), and the
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“compression” sign, which refers to incompressibility upon application of pressure with the
ultrasound probe [5-7]. In 1997, Schmidt, et al were the first to evaluate the use of
ultrasonography in the diagnosis of GCA and found that 73% patients with clinically
diagnosed GCA had evidence of the “halo” sign[8]. Since that study, there have been
variable results reported for the performance characteristics of temporal artery ultrasound in
the diagnosis of GCA[9-14]. A large meta-analyses of eight studies involving 575 patients
found that a unilateral halo sign achieved an overall sensitivity of 68% and specificity of
91% for GCA, rising to 100% in presence of bilateral halos [9], whereas a smaller study of
77 patients found a sensitivity of only 10-17%, but a specificity of 100%[10]. In the TABUL
study by Lugmani, et al, the largest study of its kind, the clinical effectiveness of ultrasound
was compared with temporal artery biopsy in 381 patients with suspected GCA who
underwent ultrasound followed by biopsy[11]. Using clinical diagnosis as a reference
standard, ultrasound had a sensitivity of 54% and specificity of 81%, whereas temporal
artery biopsy had a sensitivity of 39% and specificity of 100%. While the sensitivity of
biopsy was noted to be inferior to ultrasound, the sensitivity of temporal artery biopsy was
also significantly lower in this study (39%) than what has been previously typically reported
(>70%) [11, 15]. The relatively low sensitivity observed for both ultrasound and temporal
artery biopsy illustrate that many cases of clinically diagnosed GCA are still missed by each
of these methods. Advantages to ultrasound include cost-effectiveness [11], ability to be
obtained quickly and non-invasively often at the bedside, and absence of radiation or
contrast exposure. Several studies have proposed a fast-track outpatient GCA clinic which
incorporates ultrasonography in evaluating suspected LVV [16, 17, 7]. Use of
ultrasonography in these settings may significantly reduce risk of permanent visual
impairment and inpatient hospital days in patients with GCA [16].

An alternative imaging method to evaluate patients with suspected GCA with predominantly
cranial symptoms is high-resolution MRI of scalp arteries using high-field 3T MRI. Four
prior studies have demonstrated high sensitivity of high-resolution MRI to detect cranial
arteritis in suspected GCA [18] [19] [20] [21]. The largest of these studies included 171
patients who underwent MRI [18]. Using temporal artery biopsy as the diagnostic gold
standard, the sensitivity of MRI was 94% and specificity was 78%. In addition, the negative
predictive value of MRI was 98%, which indicates that temporal artery biopsy may be
avoided in patients with a normal scalp MRI. However, when clinical diagnosis of GCA was
used as a reference standard, MRI had poor sensitivity at 39% and a specificity of 82%. This
highlights that, similar to ultrasound, many cases of clinically diagnosed GCA may be
missed by high-resolution MRI of the scalp. Advantages of MRI scalp imaging include the
ability to standardize the imaging protocol and evaluate multiple cranial and extracranial
arteries at the same time; however, technical challenges of implementing and interpreting
these protocols may limit widespread adoption of these approaches.

Whether or not imaging studies are an acceptable surrogate for temporal artery biopsy in
GCA remains controversial. Comparison of the two largest studies regarding the diagnostic
performance characteristics of ultrasound and high resolution MRA highlights that
interpretation of study results is dependent on the diagnostic reference standard (Table 1)
[11, 18]. When compared against temporal artery biopsy as the diagnostic reference
standard, data from these two large studies shows that ultrasound has moderate sensitivity
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(73%) and specificity (69%), while high-resolution MR has excellent sensitivity (94%) and
moderate specificity (78%). Therefore, a normal temporal artery by high-resolution MR
closely correlates to a negative temporal artery biopsy, and a number of cases with an
abnormal ultrasound or MRA of the temporal arteries may not have corresponding histologic
evidence of vasculitis. When using clinical diagnosis as the reference standard, there is low
sensitivity for both ultrasound (54%) and MR (39%) but good specificity for ultrasound
(81%) and MR (82%). The low sensitivity indicates that most patients in these studies who
were clinically diagnosed with GCA had normal ultrasound or MR studies of the temporal
arteries. It is likely that clinical heterogeneity of GCA underlies the low diagnostic
sensitivity observed in these studies and suggests that better standardization of the diagnostic
reference standard in GCA is needed[22]. The good specificity observed in these studies was
due to a low rate of false positive findings, meaning that most, although not all, patients with
abnormalities on these modalities likely are clinically diagnosed with GCA. Based on the
good to excellent specificity of ultrasound findings in relationship to the clinical diagnosis of
GCA observed across a range of studies, recent recommendations have suggested that a
positive ultrasound of the temporal arteries could be a diagnostic surrogate for GCA,
particularly in patients with a high index of clinical suspicion for the disease[23].

CT and PET are not currently recommended to assess cranial artery involvement in GCA,
but these methods are being evaluated in a few studies. A small, retrospective case-control
study including 14 patients with GCA evaluated the utility of cranial CTA to diagnose GCA
based upon evaluation of the superficial temporal artery abnormalities, with a sensitivity of
71.4% and specificity of 85.7% when compared to a clinical diagnosis of GCA as the
reference standard[24]. FDG-PET is more commonly used to evaluate the aorta and primary
branch arteries. Traditionally, spatial resolution limitations have precluded the ability to
detect arterial FDG uptake in the temporal arteries; however, recent studies have shown that
newer generation PET/CT scanners and delayed imaging acquisition protocols may be
useful detect increased FDG uptake in cranial arteries in cases of suspected GCA [25, 26].
As scanner capabilities and imaging protocols are further refined, use of CTA and PET may
be incorporated into the diagnostic evaluation of cranial GCA.

Suspected TAK or GCA with predominantly large-artery involvement

Imaging-based assessment of the aorta and its primary branches is needed in patients with
TAK and patients with GCA who have disease predominantly affecting the large arteries.
Studies on the extent of large artery involvement by either MRA or FDG-PET have shown
strong similarities in the patterns of arterial disease between patients with TAK and
GCA[27] [28]. The incidence of large-artery involvement in GCA varies based on timing of
imaging acquisition relative to disease onset and initiation of treatment. Incidence also varies
depending upon the imaging modality used to screen for disease (angiography 20-30%,
positron emission tomography 30-80%, ultrasound 30%) [29]. Despite these estimates, there
are no current guidelines regarding the need for screening for large-artery disease in GCA,
and reliance on the vascular physical examination to screen for large artery involvement will
miss a significant burden of arteriographic disease [30].
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Ultrasound can be used to evaluate the carotid, axillary, and renal arteries but has less value
to evaluate the descending aorta. Compared to TAK, patients with GCA have more
involvement of the bilateral axillary arteries and longer stenotic lesions of the upper
extremity arteries, which can be detected by ultrasonographic evaluation of the axillary
arteries[27, 31].

CTA can evaluate mural thickening, stenosis, and aneurysm of the aorta and branch vessels
[32]. In one study, CTA was shown to have a sensitivity of 73% and specificity of 78% to
diagnose GCA [33]. CTA has also been used in the diagnosis of TAK with high accuracy
[34]. Advantages of CT include its non-invasiveness in comparison to conventional catheter-
based angiography and the ability to detect structural lesions with a higher resolution and
shorter scanning time than MRA, allowing for more arterial regions to be evaluated in one
session. Additionally, CTA is a preferred non-invasive imaging modality to monitor changes
in aortic aneurysm morphology over time [35]. Multiple studies have shown MRI imaging to
be useful to diagnose LVV[36, 37]. MRA detects structural lesions (i.e. stenosis, occlusion,
aneurysm) and arterial wall abnormalities reflective of ongoing vascular inflammation,
including edema and contrast enhancement (FIGURE 2). MRA is advantageous given the
absence of radiation, which is particularly important in younger patients with TAK.
Recently, gadolinium-based contrast agents have been shown to be retained in the brain and
other tissues for one year or longer after contrast-based MR studies[38, 39]. While the
clinical significance of this observation is unknown, the Federal Drug Administration has
issued recommendations to minimize the use of these agents unless clinically necessary.
Limitations of both MRA and CTA include cost of imaging studies, lack of specificity to
differentiate arterial lesions due to vasculitis from atherosclerotic changes, dependence on
expertise of the center and radiologist, adverse events related to the administration of
contrast agents, and lack of standardized definitions of arteriographic abnormalities, notably
wall thickness.

FDG-PET is a type of nuclear medicine imaging currently established for use in the
diagnosis and monitoring of cancer. Metabolically active cells, such as malignant cells,
utilize more glucose than other tissues, resulting in greater FDG uptake on PET scans. Use
of FDG-PET has been proposed in patients with LVV, as abnormal metabolic activity in the
walls of large arteries, presumably from activated immune cells with enhanced glycolytic
capacity, can be a surrogate for vascular inflammation in LVV (FIGURE 3) [32]. A meta-
analysis of 8 studies [40] [41-47], including 170 patients with LVV, showed a pooled
sensitivity of 76% and specificity of 93% for FDG-PET to diagnose LVVV[48]. Most of these
studies are limited by retrospective study designs which introduce selection bias and
comparison against healthy controls or patients with cancer rather than a more targeted
population of patients with conditions that mimic LVV. A more recent prospective study of
88 patients found that PET distinguished patients with active LVV from disease-relevant
comparators with a sensitivity of 85% and specificity of 83%[49]. A recent study showed
that many patients thought to have isolated polymyalgia rheumatica, without associated
cranial symptoms, often have evidence of LVV on FDG-PET.[50] These studies indicate that
PET has good sensitivity for detecting vascular inflammation, but its imperfect specificity
highlights that vascular PET activity may be present in other conditions, particularly
atherosclerosis, and can be similar to LVV on imaging. Other limitations to PET include
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cost, radiation exposure, limitations to access, and lack of a standardized approach for
analysis of vascular activity. One main advantage of FDG-PET is that it can be used in
combination with CT or MR to supplement assessment of LVV.

Vascular Imaging to Assess Disease Activity:

Patients with LV'V often experience disease relapses following initial remission. Some
studies have recommended periodic imaging to monitor for disease activity, but there are no
accepted guidelines regarding frequency of imaging or the preferred imaging modality. A
small prospective study evaluated carotid ultrasound in patients with LV'V and found it
useful as a marker of disease activity[51], and several other studies have suggested
ultrasound of the large vessels can detect disease activity[52, 53] [51, 54], whereas other
studies have shown abnormalities such as wall thickness may persist for years on imaging
following diagnosis[55]. Arterial wall thickening and contrast enhancement on both CTA
and MRA have been proposed as features of active disease, although it also remains
unknown how long these changes persist in patients with previously active disease[56] [57].
Other studies have suggested wall thickening alone is not associated with active disease and
have reported conflicting data on the presence of vascular wall enhancement for identifying
disease activity [58]. There have been varying reports about the utility of FDG-PET to
monitor disease activity, with some studies suggesting interpretation of FDG-PET is less
reliable once immunosuppressive therapy is initiated and noting persistence of FDG uptake
in absence of clinically active disease [59, 60] [61, 62] [63]. Lack of standardized definitions
of abnormal uptake on FDG-PET makes interpretation of multiple studies difficult[58].

Patients with LVV may have evidence to suggest active disease on imaging in the absence of
clinical symptoms, with prior studies demonstrating ongoing vascular disease activity during
remission on MRA [64] [65] [66] [67] and PET [60, 49, 68]. In one study, while PET was
shown to be active in 34 out of 40 patients with clinically active disease, PET was also active
in 41 out of 71 (58%) patients with LV in clinical remission [49]. A follow-up study found
that approximately 50% patients with LVV have what appears to be ongoing disease activity
on both MRA and PET studies obtained concurrently during clinical remission[57]. In
absence of corresponding histology, a typical challenge for these types of studies, it remains
unclear to what extent vascular abnormalities observed during clinical remission represent
active vascular inflammation, non-specific changes related to vascular damage, including
atherosclerosis, or both. Clinical and laboratory assessment of disease activity does not
always correlate well with ongoing vascular inflammation, and patients can develop new
arterial lesions on angiography during periods of clinical remission[69]. In addition,
persistent activity on imaging substantiate autopsy data and findings from temporal artery
biopsies performed during clinical remission that have shown active, ongoing vasculitis[49,
70].

Vascular imaging abnormalities may be responsive to treatment [71]. One study evaluated
changes on CTA in patients with LVV following glucocorticoid treatment at 1-year follow
up and found that contrast enhancement resolved in 94% patients[56]. While wall thickening
was still present in 68% patients, the number of affected segments and aortic wall thickness
significantly decreased in response to treatment. Ultrasound abnormalities of the temporal
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arteries can normalize with treatment [11]. Reichenbach and colleagues evaluated MRA
signals following treatment with tocilizumab, and found that vessel wall enhancement
normalized in 1/3 of patients at week 52 [67]. Another study showed qualitative PET scores
significantly improved in response to increased treatment, remained unchanged when there
was no change in treatment, and significantly worsened following decreased treatment over
6-month imaging assessment intervals [71]. The improvements seen on imaging in response
to treatment, suggests that vascular activity by PET and MRA may constitute an imaging-
based biomarker of disease activity in LVV.

Prognostic Value of Vascular Imaging:

There is limited prospective data about whether vascular imaging obtained at the time of
diagnosis or during a period of clinical remission may predict long term clinical outcomes in
LVV. Data regarding PET activity has been particularly interesting in this regard. In one pilot
study of 17 patients with LVV, increased intensity and extent of arterial FDG uptake at
diagnosis predicted a less favorable response to treatment [72]. A prospective study in 35
patients with GCA failed to demonstrate value of FDG-PET to predict clinical relapse;
however, patients were studied early in the disease course while taking moderate doses of
glucocorticoids[60]. In a recent study of 39 patients with LVV who underwent FDG-PET
during clinical remission with subsequent prospective clinical evaluation, patients with
increased vascular PET activity were 4x more likely to experience clinical relapse over 15
months average follow-up [49]. Patients with LV'V are at substantially increased risk to
develop aortic dilation and aneurysms, often occurring years after initial diagnosis[73][74].
Use of imaging, in particular FDG-PET, to identify and monitor disease activity may be able
to identify subclinical inflammation prior to development of permanent structural damage to
the aorta and its major branches, including thoracic and abdominal aortic aneurysms and
dissections. However, long term prospective studies that monitor angiographic progression
of disease in relationship to vascular PET activity are lacking in LV'V. In the absence of a
histologic gold standard, these studies are needed to evaluate whether disease activity on
imaging correlates with future disease progression and vascular complications.

Imaging in Clinical Practice:

Given the various imaging options, there have been recommendations for the use of imaging
in LVV. EULAR proposed guidelines, published in 2018, recommending an early imaging
test in patients with suspected GCA or TAK[23]. The guidelines propose that for a patient
with suspected GCA and a positive imaging test, the diagnosis of GCA can be made without
an additional test, including temporal artery biopsy or further imaging. Furthermore, they
advocate ultrasound of temporal and/or axillary arteries as first-line imaging for suspected
GCA, with high resolution MRI cranial arteries as an alternative option, and ultrasound,
PET, MRI, and/or CT as secondary diagnostic options. For patients with suspected TAK,
MRI was recommended to evaluate mural inflammation and luminal pathology as first-line
imaging, and PET, CT, and/or ultrasound as alternative imaging modalities. Joint procedural
recommendations out of Europe regarding use of FDG-PET/CTA for LVV stress the
importance of patient preparation and image acquisition and propose standardized imaging
interpretation criteria for clinical use [32].
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Timing of image acquisition relative to initiation of treatment likely influences performance
characteristics of vascular imaging in LVV. For example, in a serial imaging study,
diagnostic accuracy of FDG-PET to detect vascular inflammation in patients with LVV was
preserved 3 days after initiation of glucocorticoid treatment but declined by 10 days into
therapy[75]. Given that prompt initiation of glucocorticoids is standard of care in patients
with suspected LVV with symptoms of disease activity, accompanying vascular imaging
studies should be performed expeditiously, and results should be interpreted in the context of
ongoing treatment.

Clinicians who employ imaging-based strategies to assess LVV should be aware of various
modality-specific pitfalls that may complicate the interpretation of these studies. Incorrect
probe angle can create a false “halo” by ultrasonography, and an angle between sound waves
and artery of <60 degrees has been recommended[23]. On MRA, concentrated gadolinium in
the adjacent subclavian vein can create a susceptibility artifact termed a “pseudostenosis” in
the adjacent subclavian artery that could be misinterpreted as a true arterial stenosis[76].
FDG uptake by prosthetic grafts is not specific for active disease and may limit the utility of
FDG-PET to monitor vascular inflammation at sites of previous surgical intervention[77].
Differences in the interpretation of temporal artery ultrasound and biopsy findings by expert
review emphasize a need to standardize assessment of vascular imaging studies and
highlight that even the diagnostic gold standard of temporal artery biopsy is subject to
interpretation[11].

As imaging interpretation and expertise are variable among different regions of the world
and various centers, it is difficult to follow specific guidelines when incorporating imaging
into clinical practice. For example in the EULAR guidelines[23], imaging preference is
given to ultrasound for GCA, perhaps reflecting the regional expertise in vascular
ultrasonography common to many expert European centers [32]. The preferred vascular
imaging study in a patient with LVV may differ depending on the resources and expertise
available at each center. Center-specific algorithms that incorporate ultrasound and other
imaging modalities in the diagnosis of GCA have been proposed [78].

Recommendations for the use of imaging to monitor disease activity over time are less
defined than recommendations concerning diagnostic use of vascular imaging in LVV.
Patients with TAK often undergo serial angiography at regular intervals to monitor vascular
damage, particularly in the early phases of disease. In the recent EULAR guidelines, repeat
imaging for patients in established clinical remission was not routinely recommended.
Guidelines for use of FDG-PET emphasize potential value of FDG-PET/CT to evaluate
response to treatment by monitoring functional metabolic information and detecting
structural vascular changes [32].

Imaging as an Outcome Measure in Clinical Trials

Imaging may be incorporated as novel outcome measures in clinical trials and other research
studies to standardize more objectively the assessment of disease activity. To date, defining
disease activity and disease remission in clinical trials of TAK and GCA has been difficult,
as using clinical impression as a reference standard can lead to variability in physician-
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dependent subjective interpretation of symptoms. Previous measures of disease activity in
TAK and GCA have attempted to incorporate imaging into disease indices as outlined in
TABLE 2 [79, 69, 49, 80, 66]. The NIH criteria for TAK in 1994[69] was the first disease
activity measure to incorporate imaging, where new or worsening angiographic features
were considered to be a marker of active disease in TAK. Since that time, other indices have
incorporated imaging [66, 80, 79], but most continue to focus on angiographic progression
of disease, with emphasis given to new areas of arterial stenosis, occlusion, or aneurysm.
Many of these outcome measures are difficult to implement in observational cohorts of
patients who do not have prior imaging for comparison, as assessing angiographic lesions to
differentiate active inflammation from vascular damage is challenging. More recently,
PETVAS [49] has been proposed as a disease activity index which incorporates assessment
of FDG uptake in arterial territories, by summing PET activity in 9 vascular territories. This
measure has the potential ability to evaluate and monitor vascular disease activity prior to
development of angiographic lesions and should be tested in clinical trials.

Concluding Remarks:

Vascular imaging will likely play an increasingly important role in the clinical management
of patients and the conduct of research in LVV. Implementation of imaging-based diagnostic
algorithms may potentially spare patients from more invasive diagnostic procedures.
Improvements in advanced molecular imaging may enable the visualization and
quantification of cell-specific immune subsets, an emerging field of study known as
“immuno-PET” [81]. Novel PET ligands specific for monocytes hold the promise of
improved specificity to detect vascular inflammation; however, these efforts may be limited
by an inability to differentiate tracer uptake from circulating myeloid cells within the blood
pool from mononuclear cellular infiltrates within the arterial wall. Incorporating imaging-
based outcomes in clinical trials of LVV in comparison to clinical and serologic assessments
of disease activity may provide a more nuanced understanding of drug efficacy in LVV.
Exploring circulating and tissue-specific biomarkers in relationship to both clinical
assessment and imaging-based assessment of vascular disease activity may enable discovery
of novel therapeutics capable of inducing more durable remission in LV'V.

The large-vessel vasculitides have historically posed significant management challenges to
clinicians. Understanding the benefits of imaging-based assessment in relationship to cost
and potential risks are critical unmet needs in LVV. Carefully designed longitudinal studies
will be needed to evaluate whether imaging-based assessments are predictive of long term
clinical outcomes in LVV, including clinical response, angiographic progression of disease,
and mortality. Ultimately, an improved understanding of the relationships between clinical,
serologic, and imaging-based assessments of disease will likely be critical to promote
advancements in the lives of patients with these complex, potentially life-threatening
conditions.
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A.

Figurel.
Ultrasound images from a patient with newly diagnosed giant cell arteritis showing a “halo

sign” in a cross-sectional view of the left frontal branch of the temporal artery (A) and
increased wall thickness seen on transverse view of the left common superficial branch of
the temporal artery (B). /mage courtesy of Cristina Ponte, MD, Hospital de Santa Maria,
Lisbon, Portugal.
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Figure 2.
Maximum intensity projection (MIP) reconstruction image from three-station magnetic

resonance angiography (MRA) of a patient with Takayasu’s arteritis. The white arrows
indicate areas of vascular pathology in the subclavian, axillary, abdominal, and iliofemoral
arteries. /mage from the National Institutes of Health Vasculitis Translational Research
Program.

Curr Treatm Opt Rheumatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quinn and Grayson

Page 18

Figure 3.
Maximum intensity projection (MIP) reconstruction image from 18-F-fluorodeoxyglucose

positron emission tomography of a patients with biopsy-confirmed giant cell arteritis. There
is severe FDG uptake (red) throughout the aorta and branch arteries reflective of vascular
inflammation. /mage from the National Institutes of Health Vasculitis Translational
Research Program.
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Diagnostic Performance Characteristics of Ultrasound and High Resolution MRI in Two Large Studies of
Giant Cell Arteritis

Ultrasound [11] MRI [18]

Temporal artery biopsy reference standard

Sensitivity

Specificity

73% 94%
69% 8%

Clinical diagnosis reference standard

Sensitivity

Specificity

54% 39%
81% 82%
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Table 2:
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Incorporation of Vascular Imaging into Disease Assessment Indices in Large-Vessel Vasculitis

Imaging Measure

Advantages

Disadvantages

Name Population
Kerr, et al[69] (NIH TAK
criteria)
Aydin, et al. [82] (DEI- TAK
Takayasu)
Misra, et al.[66] TAK
(ITAS2010)
Nakagomi et a/. [80] GCA + TAK
(Combined Arteritis
Damage Score,
CARDS)
Grayson, et al. [49] GCA + TAK
(PETVAS)
Tombetti, et al [79] GCA + TAK

New onset or worsening of
typical angiographic features

No imaging component

Free text component

Uses MRA + CTA to evaluate
arterial stenosis, occlusion,
and aneurysm

Summary score of qualitative
assessment of FDG uptake in
arterial territories (4 segments
of aorta +11 branch arteries)

Uses MRA + CTA to evaluate
arterial stenosis and dilation

Angiogram allows for direct
visualization of vascular
pathology

N/A

Any new imaging is noted

Quantifies extent of damage
using novel score

Useful in assessing degree of
PET activity; higher scores
were predictive of clinical

relapse

Quantifies arterial
involvement to provide an
overview of pattern of
arterial disease and severity

Angiographic changes not noted
until there is significant stenosis
or occlusion

N/A

Not standardized or incorporated
into scoring system

Does not incorporate wall
thickness; only evaluates
damage

Subject to visual interpretation
without standardized
semiquantitative values

Does not incorporate wall
thickness or edema of vascular
walls, exclusively uses luminal

data
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