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Abstract: The large vessel vasculitides comprise giant cell arteritis (GCA), Takayasu
arteritis (TAK), and chronic periaortitis. The diagnostic approach to these conditions involves
the correct use and interpretation of clinical criteria, imaging techniques, and, in case of
GCA, temporal artery biopsy. Ultrasound, magnetic resonance imaging (MRI), and computed
tomography (CT) reveal a homogeneous, concentric, thickening of the arterial wall. MRI and
CT may also reveal aneurysms and stenoses. 18F-Fluorodeoxyglucose (FDG)-PET shows
increased FDG uptake of inflamed artery walls delineating increased metabolic activity.
Ultrasound, FDG-PET, and MRI are the recommended imaging techniques in GCA and
TAK. In patients with a high suspicion of GCA who present with visual disturbances,
initiation of high-dose intravenous corticosteroids should not be delayed by imaging.
Extracranial large vessel vasculitis may be confirmed by all three modalities, particularly
by FDG-PET in case of atypical clinical pictures. In this article, we review the role of the
GCA and TAK ACR classification criteria, temporal artery biopsy, conventional angiogra-
phy, ultrasound, MRI, magnetic resonance angiography (MRA), CT angiography (CTA), and
FDG-PET in the diagnostic approach of large vessel vasculitis.

Keywords: large vessel vasculitis, giant cell arteritis, Takayasu arteritis, periaortitis, PET-
scan, ultrasonography, temporal artery biopsy

Introduction

Based on the Chapel-Hill consensus conference classification of primary vasculi-
tides, the large-vessel vasculitis (LVV) group comprises giant cell arteritis (GCA)
and Takayasu arteritis (TAK).! In addition, chronic periaortitis is a non-infectious
disorder in which the aorta is inflamed and comprises idiopathic retroperitoneal
fibrosis, inflammatory abdominal aortic aneurysm (without involvement of ureters)
and perianeurysmal retroperitoneal fibrosis (with involvement of ureters). Chronic
periaortitis may be caused by IgG4-related disease.”

In the past, temporal artery biopsy has been regarded as the gold standard for
diagnosis of GCA, and it still remains an important diagnostic tool for the cranial form
of GCA today.’ More recently, temporal artery biopsy is increasingly being replaced by
imaging techniques such as ultrasound and 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET), which are less invasive and may be more sensitive.* In 2018,
Dejaco et al developed European League Against Rheumatism (EULAR) recommen-
dations on the application of imaging for the diagnosis of LVV.* These recommenda-
tions were based on both evidence and expert and patient consensus. They concluded
that, from a patient’s perspective, imaging is preferred over surgery.* In addition, in

Open Access Rheumatology: Research and Reviews 2021:13 153—165 153
© 2021 Betrains and Blockmans. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at htps://www.dovepress.
BY NG

com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By
accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:daniel.blockmans@uzleuven.be
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Betrains and Blockmans

Dove

case of suspected LVV, imaging results are directly available,
whereas a temporal artery biopsy requires the patient to be
treated based on suspicion prior to the availability of the
biopsy results.* The recommendations also suggested that,
in patients in whom there is a high clinical suspicion of GCA,
the diagnosis of GCA can be made based on a clearly positive
ultrasound result without histology or additional imaging.* In
patients with extracranial LVV, FDG-PET, magnetic reso-
nance imaging (MRI), and magnetic resonance angiography
(MRA) play a central role in the diagnostic process.’
However, the EULAR recommendations also clearly empha-
sized that temporal artery biopsy should be performed in all
cases where GCA could not be confirmed or excluded based
on clinical, laboratory and imaging findings.*

This review article summarizes the role of history tak-
ing, physical examination, and laboratory testing, the GCA
and TAK American College of Rheumatology classification
criteria, temporal artery biopsy, conventional angiography,
ultrasound, FDG-PET, computed tomography angiography
(CTA), and MRI/MRA in the diagnostic approach of LVV.

History Taking, Physical
Examination, and Laboratory
Testing

The diagnostic approach to every patient with suspected
LVV should include a comprehensive history, physical
examination, and laboratory testing. No individual symp-
tom, sign, or laboratory investigation result allows to
establish a diagnosis of or rule out LVV, and additional
imaging or temporal artery biopsy is typically required.’
While the symptoms of GCA, TAK, and chronic periaor-
titis may overlap to a certain degree, there are also some
substantial differences. Clinical symptoms typically reflect
end-organ ischemia, with the organs affected depending on
the vessels that are involved, in addition to nonspecific
symptoms related to systemic inflammation.” With regard
to the physical examination, all patients with suspected
LVV should undergo thorough wvascular examination
including bilateral upper extremity blood pressure, cardiac
auscultation, and assessment for vascular bruits or abnor-
mal pulses in the carotid, temporal, and limb arteries, and
signs of ischemia. Laboratory result abnormalities typi-
cally reflect an elevated acute-phase response, including
high erythrocyte sedimentation rate and increased levels of
C-reactive protein.® However, this may be absent in
patients with TAK.” A moderate, normochromic anemia
may be present in individuals with active disease.

Van der Geest et al recently reported a systematic review
and meta-analysis assessing the diagnostic accuracy of symp-
toms, signs, and laboratory findings in patients with GCA.’
They found a positive likelihood ratio (LR) of more than 2.00
only for a previous diagnosis of polymyalgia rheumatica (LR
2.07), jaw claudication (LR 4.90), and limb claudication (LR
6.01). Several symptoms that are considered typical of GCA,
including temporal headache and transient vision loss, did not
reach significance.” With regard to the physical signs,
a positive LR of more than 2.00 was found for most signs
reflecting involvement of the temporal artery, including ante-
rior ischemic optic neuropathy (LR 2.15), an abnormal tem-
poral artery (LR 2.29), tenderness of the temporal area (LR
3.14), loss of pulse of the temporal artery (LR 3.25), and
thickening of the temporal artery (LR 4.70).” Concerning the
laboratory testing, van der Geest et al found a positive LR for
an erythrocyte sedimentation rate (ESR) > 60mm/h (LR
2.40), >80mm/h (LR 2.79), >100 mm/h (LR 3.11), and
a platelet count > 400 x 10%/L (LR 3.75).> The most important
negative LR concerning the symptoms, signs, and laboratory
results include being younger than 70 years (LR 0.48), an
ESR <40 mm/h (LR 0.18), and a CRP lower than or equal to
the reference value (LR 0.40;).> While the findings by van der
Geest et al need to be prospectively validated in the future, the
authors provided a useful framework for the clinical approach
to the diagnosis of suspected GCA.’

There is no systematic review assessing the accuracy of
symptoms and signs in patients with TAK. However, Quinn
et al reported on the clinical presentation of a large cohort of
275 TAK patients from the National Institutes of Health and
the Vasculitis Clinical Research Consortium.'® They
described five typical clinical presentation patterns, including
patients with (1) vascular-related symptoms (46%) encom-
passing limb claudication, cranial symptoms, angina, and
abdominal claudication, (2) major ischemic events (29%),
(3) carotid artery tenderness (15%), (4) nonspecific constitu-
tional symptoms (8%), and (5) asymptomatic patients (3%)."°

Chronic periaortitis comprises idiopathic retroperitoneal
fibrosis, inflammatory abdominal aorta aneurysms, and
perianeurysmal retroperitoneal fibrosis."' Patients with
chronic periaortitis typically present with localized symp-
toms due to mass effect in the retroperitoneal space and
systemic features secondary to systemic inflammation.'''?
The retroperitoneal mass effect can be associated with
obstructive uropathy, lower limb edema, testicular manifes-
tations, and constipation.'' Claudication or intestinal ische-

mia are less frequent.'’
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American College of Rheumatology
(ACR) Criteria

Consensus criteria for classification of GCA have been
described in 1990 by the ACR (Table 1A)."*'* The ACR
classification criteria aimed to distinguish patients with
different types of vasculitis to be included in clinical
trials.'”> They were not intended to be used as
a diagnostic tool in clinical practice. According to the
ACR criteria, differentiation of GCA from other types of
vasculitis requires 3 out of 5 criteria, which had
a sensitivity of 93.5% and a specificity of 91.2%.'°
However, it is very important to remember that these
criteria cannot be used in a patient without evidence of
vasculitis."* In addition, they date from a time when GCA
was considered to be limited to the cranial vessels and
imaging techniques were not yet available except for
angiography.'”> Now we know that GCA frequently
involves the large thoracic arteries, and we have new
data for FDG-PET, MRI, and ultrasonography studies.*'
Furthermore, several studies have indicated that the ACR
criteria have poor specificity for GCA among patients with
conditions mimicking GCA.'®!'” The Diagnostic and
Classification Criteria in Vasculitis Study (DCVAS) is an

international observational study that aims to establish

Table | Summary of the American College of Rheumatology
(ACR) Criteria for Giant Cell Arteritis (GCA) and Takayasu
Disease (TAK)

(A) ACR 1990 GCA Classification Criteria

Score Criteria

| ® Age at onset 250 years
| ® New headache

| ® Temporal artery abnormalities (tenderness to palpa-
tion, decreased pulsation)

ESR 250 mm/h

| ® Abnormal artery biopsy (vasculitis with mononuclear
cell or granulomatous inflammation, usually with

giant cell infiltrates)

(B) ACR 1990 TAK classification criteria

Criteria
® Age at onset <40 years
® Extremity claudication
® Decreased brachial artery pulse
® Blood pressure difference >10mmHg between arms
® Bruit over subclavian arteries or aorta

® Arteriogram abnormalities

a classification system and validate new diagnostic criteria
for systemic vasculitis applying data-driven methods.'®

In 1990, the ACR also published the consensus classi-
fication criteria for TAK (Table 1B)." Classifying patients
as TAK requires 3 out of 6 criteria, which has a sensitivity
of 90.5% and specificity of 97.8%.'” The main criticism
about the ACR Criteria for TAK involves the age restric-
tion criterion (disease onset <40 years) in addition to the
fact that the control cohort used to develop the criteria
included predominantly small vessel vasculitis patients but
not patients with atherosclerotic disease or congenital aor-
tic disorders.’ This limits the utility of the TAK ACR
classification criteria in clinical practice.

Temporal Artery Biopsy
Transmural inflammation affecting the media has been the
characteristic feature of a positive temporal artery biopsy
(Figure 1)."*2° Fragmentation of the internal elastic
lamina or the presence of multinucleated giant cells is
not required."**° The significance of isolated (peri)adven-
titial inflammation remains to be determined. Galli et al
recently reported on temporal artery inflammation limited
to the (peri)adventitial tissue.”’ They found that GCA or
polymyalgia rheumatica was diagnosed in 86% of patients
with inflammation limited to the adventitial or periadven-
titial tissue. However, this limited inflammation had
a sensitivity of 41.9% and specificity of 52.5% for GCA.?'
In a recent meta-analysis of reports on temporal artery
biopsy results of GCA patients fulfilling the ACR criteria, the
fraction of temporal artery biopsy-positive GCA cases was
estimated to be 77%.**> However, there was high between-
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Figure | Positive temporal artery biopsy with fragmentation of the elastic internal
lamina (arrow) on the junction between a hyperplastic intima (lower layer) and an
inflamed media (upper layer) with the presence of multinucleated giant cells (block
arrow).
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study heterogeneity with a sensitivity of 84% and 68% for
reports published prior to 2012 and from 2012 on,
respectively.”? Accordingly, as stated by Ing et al, the pooled
sensitivity reported by Rubinstein et al should be interpreted
with caution.”* The decline over time in the percentage of
temporal artery biopsy-positive GCA may correspond to an
increase in temporal artery biopsy-negative GCA diagnosed
based on PET-CT and other imaging modalities.”* In addition,
growing evidence suggests that temporal artery biopsy-
positive and -negative GCA have distinctive features, corre-
sponding to cranial and extracranial GCA, respectively.'
Biopsies suggestive of GCA tend to be longer compared
to negative biopsies.”**> A threshold length of 0.5-1.0 cm
results in an increase of the diagnostic yield.***> However,
the lack of biopsy procedure and processing methods stan-
dardization contributes to the variable sensitivity of temporal
artery biopsy. Chu et al suggested an optimal biopsy pre-
fixation length of 1.5-2.0 cm to diagnose patients with giant
cell arteritis based on the analysis of 1190 temporal artery
biopsies from 1163 patients.”® However, a recent study by
Muratore et al found that a postfixation temporal artery
biopsy specimen length of at least 5 mm, corresponding to
a prefixation surgical specimen length of 7-10 mm, max-
imizes the diagnostic accuracy of temporal artery biopsy.?’
They also reported that, in order not to miss inflammation

limited to adventitial and/or periadventitial small vessels as
described above, at least three other sections at deeper levels
should be evaluated in all uninflamed temporal artery biopsy
specimens.”” The TABUL study by Lugmani et al compared
ultrasound to temporal artery biopsy in the diagnostic
approach of GCA.?® The authors reported a lower sensitivity
of the temporal artery biopsy compared to that of the ultra-
sound (39% vs 54%).% Interestingly, they also reported
a very moderate interoperator reproducibility between the
different pathologists of 62%.°% As expected, a positive
temporal artery biopsy result had a sensitivity approximating
100%.>*

Conventional Angiography

Conventional angiography has often been considered to be
the best diagnostic test for the diagnosis of TAK in the past
(Figure 2).° The International Conference on Takayasu
Arteritis in 1994 classified the disease based on the angio-
graphic findings.” Due to the invasive nature of angiography
and the impossibility of conducting a biopsy of large thoracic
arteries, MRA, ultrasonography, and PET-CT are now widely
used for the diagnosis of TAK.* The role of conventional
angiography has changed from a diagnostic tool to
a treatment option with the implementation of endovascular
interventions (dilatation and/or stenting of stenotic segments,

2186 /1

Figure 2 Conventional angiography in a 24-year-old woman with Takayasu disease (TAK) showing stenosis of the left subclavian artery, moderate dilatation of the entire
thoracic aorta, irregular dilatation of the abdominal aorta, and stenosis of the left renal artery.
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endovascular prosthesis in case of aneurysm formation),
which have improved the outcome of patients with LVV.*%3!

Ultrasound

General Considerations

Ultrasound is a technique that is widely available in clinical
practice. It is less expensive compared to other imaging
techniques and biopsy. Ultrasound of the unaffected tem-
poral artery shows a compressible, pulsatile vessel with mid-
to-hyperechoic tissue surrounding an anechoic lumen.*” The
normal axillary artery is visualized as a pulsatile vessel with
mid-to-hyperechoic tissue surrounding an anechoic lumen
and is not easily compressible due to the deep anatomic
location.*® For both structures, the intima-media complex
can be identified with high resolution ultrasound equipment
and is defined as a hypo- to anechoic structure surrounded
by two aligned hyperechoic margins.>? In active vasculitis,
inflammation of the artery results in a thickened vessel

wall. >

On ultrasound, this is described as the halo sign
(Figure 3), a hypoechoic vessel wall thickening that is
clearly demarcated on the side of the vessel lumen and can
be visualized in both the long and short axis.> In addition,
the hypoechoic vessel wall thickening surrounding the artery
is typically incompressible.*® Artifacts associated with
inadequate filling of the vessel lumen result in a deceptive
“halo sign” but the artery remains compressible.>® Stenosis
may result from severe wall thickening and is visible on

Doppler ultrasound as a turbulent color pattern and

persistent diastolic flow.*> Consideration of stenosis did
not result in an increased sensitivity in a meta-analysis.**

A meta-analysis from 2018, only considering prospec-
tive reports including more than 20 patients with both GCA
and TAK, showed a moderate sensitivity (77% with 95%
confidence interval 62-87%), high specificity (96% with
95% confidence interval 85-99%), a positive LR of 19,
and a negative LR of 0.2.** However, expertise and high-
quality equipment is essential to attain reliable findings with
ultrasound.** Unless a transesophageal echocardiography is
performed, the main limitation of ultrasound remains the
restricted ability to evaluate the thoracic aorta.”*

Ultrasound in GCA

The standard ultrasound assessment comprises the tem-
poral and axillary arteries.'” Examination of the femoral
artery and popliteal artery is warranted if history and
clinical examination indicate their involvement.>> In
GCA, stenosis or occlusion of the axillary artery is asso-
ciated with collateral blood flow in half of the cases.*
Ultrasound also allows assessment of extracranial arteries
such as the common carotid artery, vertebral artery, and
subclavian artery.>” However, as involvement of these
structures in GCA is often associated with temporal artery
or axillary artery vasculitis, routine assessment of these
arteries with ultrasound does not result in a significantly
increased sensitivity.>” With regard to examination of the

aorta,

in particular the descending thoracic aorta,

Figure 3 Cross-sectional Doppler ultrasound view of the left temporal artery in a 72-year-old patient with giant cell arteritis. The arrow shows the hypoechogenic halo sign.

Open Access Rheumatology: Research and Reviews 2021:13

157

Dove:


https://www.dovepress.com
https://www.dovepress.com

Betrains and Blockmans

Dove

ultrasound has a clear disadvantage compared to CT, MRI,
and PET.*” The abdominal aorta may be easier to visua-
lize, but intestinal air and obesity may also impair
visibility.

How temporal artery biopsy and ultrasound must be
prioritized in the diagnostic approach of GCA remains
indeterminate. In addition, when using biopsy-positive
GCA cases as a reference, temporal artery ultrasound
results were abnormal in 75% of cases at best.’*”®
This implies that temporal artery biopsy and temporal
artery ultrasound are not interchangeable, and that this
non-invasive imaging technique cannot entirely substitute
temporal artery biopsy. Furthermore, in a randomized
study, Germano et al found no significant difference in
the frequency of positive biopsy results in patients with
suspected GCA between patients who underwent a color
duplex sonography-guided biopsy and patients with
a standard temporal artery biopsy.*® Thus, a color duplex
sonography-guided approach does not increase the sensi-
tivity of temporal artery biopsy in the diagnosis of GCA.*

Van der Geest et al developed a composite halo score,
based on percentiles of halo thickness of the three tem-
poral artery segments (common superficial, parietal, and
frontal) and the axillary artery on each side at baseline in
89 patients with suspected GCA.'” The halo score has
a decent sensitivity (78%) but average specificity (55%—
61%) for a diagnosis of GCA.'” However, the halo score
has a fair ability to identify GCA patients at risk for ocular
ischemia.'” Patients with a high halo score (>3) were at
high risk (>30%) of ocular ischemia, while patients with
a low halo score showed a <5% risk of GCA-related vision
loss.'” In another prospective study of 90 patients with
suspected GCA, van der Geest et al found that the halo
score could be useful to identify a subset of patients with
GCA who have intimal hyperplasia [are under the curve
0.82 (0.61-1.00)].*' GCA patients with intimal hyperpla-
sia and a positive temporal artery biopsy result more fre-
quently had ocular ischemia (40%) compared to other
patients with GCA (14%).*!

Ultrasound also plays an important role in fast-track path-
ways, which aim to ensure early referral, standardized assess-
ment, and rapid treatment of patients with suspected
GCA.*** The early assessment includes temporal artery
and axillary artery ultrasound in addition to temporal artery
biopsy.*>* Patil et al found that the fast-track pathway
reduced permanent visual impairment in patients with GCA
compared to the conventional approach in their center (OR
0.17; 95% CI 0.06-0.47; p=0.001).** Monti et al also found

that a fast-track pathway including ultrasound assessment
contributed to a reduced permanent vision loss risk in patients
with GCA.** However, the fast-track approach remains to be
validated at other sites and in prospective studies.

Ultrasound in TAK

The standard ultrasound assessment in patients with TAK
comprises the carotid, subclavian, and vertebral arteries in
addition to the abdominal aorta, as these vessels are most
commonly affected.” The presence of arterial hypertension
should prompt to examine the renal arteries. Ultrasound may
show an increased wall thickness upon active disease.**
A meta-analysis found a pooled sensitivity of ultrasound
for TAK of 81% (95% CI: 69-89%) compared to clinical
criteria.* The pooled specificity was 100%.*° In addition, as
stated by the authors, the extremely high specificity can also
be explained by the case-control design of the studies
included in the meta-analysis, which compared patients
with longstanding TAK to healthy controls or patients with
systemic lupus erythematosus. Thus, the specificity of US
for TAK is likely overestimated substantially.*’

Echocardiography may detect left ventricular hypertro-
phy due to a variety of causes, including renal hyperten-
sion, pulmonary hypertension, aortic valve insufficiency,
and ascending aorta vasculitis.*®

Ultrasound in Chronic Periaortitis
Contrast-enhanced ultrasound may identify periaortic
changes on a microvascular level in inflammatory aortic
diseases. The inflammatory process may lead to stenosis of
the abdominal vasculature.*’” On standard ultrasound,
chronic periaortitis may also present as a hypoechoic
mass encompassing the infrarenal aorta.*’*® Similar to
GCA and TAK, aortitis is characterized on ultrasound by
a thickened and hypoechoic artery. Enhancement with
microbubble contrast can be seen within the wall of the
artery with contrast-enhanced ultrasound. On contrast-
enhanced ultrasound imaging, an amplified enhancement
of the periaortic tissue characterizing inflammation and
hypervascularity of the adventitia may be detected.*’

Computed Tomography
Angiography

In LVYV, CTA with contrast in the venous phase may detect
arteritis as thickening of the vessel wall and enhancement
with a double-ring pattern.’® In accordance with FDG-
PET, mural thickening of the aorta remains present in
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two out of three patients after one year of treatment with
glucocorticoids, whereas the vessel wall contrast enhance-
ment will disappear in most patients.’’ In a prospective
study on CTA performed in 25 patients with suspected
GCA, and 15 who were ultimately diagnosed with GCA,
mural thickening had a lower specificity (84.6% vs 100%)
compared to an increased FDG-uptake on PET-scan with
similar results regarding sensitivity (73.3% vs 66.7%).%
Two concordance studies between CTA and PET/CT con-
cluded that both techniques are able to identify involve-
ment of the large vessels in GCA.>*>* However, PET/CT
was more performant to detect inflammation of the aortic
branches.>® Serial CT imaging of the aorta may detect
aortic structural damage, including late aortic dilatation,
which may affect one in three patients after long-term
Furthermore, CT
a comprehensive technique for vascular evaluation in

follow-up.> angiography  is
TAK patients. It allows evaluation of both the vessel
lumen and vessel wall changes, of which the latter may

precede the vascular remodeling.>®>®

MRI Imaging

General Considerations

MRI is becoming widely available for the workup of
extracranial LVV.* Less frequently, MRI is used to exam-
ine the temporal and occipital arteries.’® MRA may pro-
vide a comprehensive overview of all affected arteries in
LVV. 1t is also superior to ultrasound for the detection of
periaortitis.”® LVV is shown on MRI as concentric wall
thickening with mural contrast enhancement and edema of
the artery wall on T2-weighted images.®® To detect inflam-
mation of the vessel wall early in the disease course,
postcontrast T2-weighted images are superior when com-
pared to regular T2-weighted images.°” MRA also allows
evaluation of the artery lumen for stenosis, occlusion, or

aneurysm formation. %'

MRI in Giant Cell Arteritis

A pooled analysis of six studies involving 509 patients
comparing MRI with the clinical diagnosis of GCA as
a reference found a sensitivity of 73% (95% CI 57-85%)
and a specificity of 88% (95% CI 81-92%) with a positive
LR of 5.9 (95% CI 3.4-10.3) and a negative LR of 0.3
(0.2-0.5).** A pooled analysis of six reports with a total of
443 cases comparing MRI of the cranial arteries with
temporary artery biopsy found a sensitivity of 93% (95%
CI 89-96%) and a specificity of 81% (95% CI 73-87%)

with a positive LR of 5.0 (95% CI 3.2-7.8) and a negative
LR of 0.1 (0.1-0.1).>* In addition to involvement of the
extra-cerebral arteries, intra-cerebral vasculitis may be

detected, but this does not increase the sensitivity.”>6%¢3

MRI in Takayasu Arteritis

To establish the diagnosis of TAK, EULAR indicates MRI as
the preferred imaging technique, which allows to assess both
the artery wall and the lumen.* It also provides an entire
overview of all significant arteries (Figure 4). MRI has
a sensitivity of 98% and a specificity of 100% for TAK
when compared to angiography as a reference.** This was
also confirmed in a meta-analysis of smaller studies evaluating
MRI in TAK, which reported a sensitivity and specificity of
more than 90%.*

MRI in Chronic Periaortitis

In chronic periaortitis with retroperitoneal fibrosis, MRI is
superior in providing delineation between the inflammation
and the surrounding tissue when compared to ultrasound and
CT.%® Retroperitoneal fibrosis may be visualized as hypoin-
tense in T1-weighted images and hyperintense during the
active phase in T2-weighted images.®® The hyperintensity in
the early phase is due to edema and hypercellularity, evolving
to a lower intensity in the later stages.’”°> MRI may also

Figure 4 MR angiography showing aortic stenosis (arrow) at the thoracoabdominal
transition in a 20-year-old patient with Takayasu disease.
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reliably differentiate retroperitoneal fibrosis from malignant

neoplasm and lymphoma.(’f”67

PET Imaging

General Considerations

FDG-PET is a scintigraphic technique used to diagnose
and assess LVV. FDG-PET is often combined with CT. In
addition, FDG-PET/MRI is more recently being intro-
duced. Transport of FDG across capillaries correlates
with glucose uptake. Malignant cells have an increased
glucose metabolism when compared to normal cells,
explaining the important role of FDG-PET in hematology
and oncology. Activated white blood cells also have an
increased glucose metabolism, hence the frequent use of
FDG-PET in infections and non-infectious inflammatory
disorders. It provides functional information on the meta-
bolic activity of organs and structures. Table 2 provides an
overview and comparison of the diagnostic examinations
used in patients with large vessel vasculitis.®®

FDG-PET in GCA

FDG-PET may visualize inflammation of the larger
arteries in patients with extracranial GCA, in whom the
temporal artery is spared but there is involvement of the
aorta and its branches (Figure 5). PET-CT is the best
imaging examination in case of an atypical clinical pre-
sentation with a broad differential diagnosis, as it is a very
effective imaging technique to identify LVV when it is
unexpected.®' Detection of temporal artery inflammation
was considered impossible on PET-CT because of the
anatomical location next to the FDG consuming brain,
their superficial location, and small vessel diameter.
However, more recently, visualization of temporal artery
inflammation has been reported on the newest PET-CT
engines and is also correlating with cranial symptoms
and histological findings compatible with GCA.®*"° FDG-
uptake of the larger arteries is very specific for vasculitis,
but atherosclerosis may complicate the interpretation of
PET-CT images. Vasculitis is shown as a linear, smooth
FDG-uptake, in contrast to atherosclerosis which has
a spotty appearance, corresponding to the atherosclerotic
plaques. FDG-uptake of the thoracic aorta and its main
branches has a very high specificity of 95% to 100% for
vasculitis. The specificity decreases to 70% to 80% when
only the abdominal aorta or lower limb arteries are con-
sidered, because these vessels are more disposed to ather-
osclerosis. In GCA, symmetrical FDG-uptake is typically

noted, and the arteries are bilaterally affected in equal
measure. The vessels that are most frequently affected
include the subclavian arteries (75%), the thoracic and
abdominal aorta (50%), and the axillary, carotid, iliac,
and femoral arteries (30-40%).”" When GCA is suspected,
PET-CT should be performed as soon as possible. The
sensitivity and specificity of PET-CT decreases after initi-
ating treatment and up to 50% of PET-CT may become
negative after 10 days.”>’”® Performing the PET-CT ima-
ging within 3 days after oral glucocorticoid initiation is
warranted. Moreover, there are no data on the sensitivity
and specificity of PET-CT after 3 days of high-dose intra-
venous corticosteroid administration, which is required in
case of visual disturbances.

Patients with GCA have an increased risk of develop-
ing thoracic aortic aneurysms.”* In a retrospective study of
46 patients with GCA, patients with an increased aortic
FDG-uptake at diagnosis had a significantly increased
diameter of the ascending and descending aorta compared
to patients without aortic FDG-uptake at a mean of
3.9+2.5years after diagnosis, with FDG-uptake being
the only independent variable for the volume of the thor-
acic aorta (p=.039) in multivariate analysis.”> In
a multicenter cohort study, a positive PET scan at diag-
nosis was the only parameter which correlated signifi-
cantly with aortic complications that occurred in 9 out of
130 patients with GCA.”® In a cohort study of 93 patients
with LVV, patients with GCA who had significant aortic
FDG- uptake (grade 3) at their initial PET-CT were at
increased risk of aortic dilatation.”” These studies con-
clude that patients with GCA who have a high aortic FDG-
uptake at diagnosis are more likely to develop aortic
dilatation during follow-up. If this would be confirmed in
a prospective study, PET-CT should probably be per-
formed in every patient with GCA at diagnosis, to evaluate
the risk of late aneurysm formation.

PET in TAK

Several studies have investigated the utility of PET in
patients with TAK.”*®? PET-CT may aid substantially in
establishing an early diagnosis and assess disease activity
in TAK patients.*> A meta-analysis of imaging modalities
found a combined sensitivity of 81% (95% CI 69-89%)
and specificity of 74% (95% CI 55-86%).*> The perfor-
mance of PET was not significantly different when PET
was performed alone in comparison to PET combined with
CT or CTA.* Active disease detected by PET, alone or in
combination with CT or CTA, was also associated with an
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Table 2 Comparison of Diagnostic Examinations in Patients with Large Vessel Vasculitis

Imaging Technique Assessment Advantages Limitations
Temporal artery biopsy |® Histology ® Histological diagnosis of temporal |® Invasive
arteritis ® Result not immediately available
® |ocal complications
® Skip lesions
Conventional ® Lumen ® Comprehensive vascular evaluation [® Radiation
angiography possible ® |nvasive
High resolution for small vessels Contraindication for contrast in case of
® Therapeutic intervention iodine allergy
® Contraindication for contrast in case of
renal impairment
Ultrasound ® Lumen ® Inexpensive ® |ong assessment time for comprehen-
® Wall thickening (halo) ® No radiation sive vascular assessment
® No contrast/venipuncture needed ® [nterobserver variation
® Good resolution for medium and small [® Not suitable for structures below air
arteries or bone
® -« Microbubble contrast for increased
resolution of vessel wall
CT/CTA ® Lumen ® Comprehensive vascular evaluation [® Radiation
® Wall thickening possible ® Venipuncture
® Contrast enhancement ® Minimally invasive ® |imited resolution for small vessels
® Vessel diameter ® Cost reasonable ® Contraindication for contrast in case of
iodine allergy
® Contraindication for contrast in case of
renal impairment
MRI/MRA ® Lumen ® Comprehensive vascular evaluation |® Long acquisition time
® Wall thickening possible ® Venipuncture
® Contrast enhancement ® Minimally invasive ® |imited resolution for small vessels
® Vessel diameter No radiation ® Expensive
® Wall edema ® Contraindication for contrast in case of
renal impairment
® Claustrophobia
® Not feasible with some metal devices
PET (usually combined ® |8F-FDG metabolism |® Comprehensive vascular evaluation Radiation
with CT or MRI) reflecting metabolism possible ® Venipuncture
Minimally invasive ® No standards for positivity (FDG
® Whole-body assessment uptake)
® No or limited resolution for small
vessels
® Not widely available

Note: Adapted from Rheum Dis Clin North Am, 42(4), Prieto-Gonzalez S, Espigol-Frigolé G, Garcia-Martinez A, et al. The expanding role of imaging in systemic vasculitis. 733—

751, Copyright (2016), with permission from Elsevier.®®

acute phase response with a pooled odds ratio of 3.7 for
ESR and an odds ratio of 4.1 for CRP.** Follow-up PET
data of a limited number of studies showed improvement
of the PET abnormalities following treatment in some but
not all studies.®"** In only two studies, the improvement

of the PET findings was in accordance with the clinical

activity.®""®? Caution is warranted when arterial grafts are

.83
present, as they can cause confusion.

PET in Chronic Periaortitis
In patients with chronic periaortitis, increased FDG-uptake
is often noted encompassing the aorta.***® PET-CT may
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Figure 5 FDG-PET in an 81-year-old patient with temporal artery biopsy-positive
giant cell arteritis. Increased FDG-uptake is apparent in the ascending and descend-
ing thoracic aorta, the subclavian arteries, the axillary arteries, the carotid arteries,
the iliac arteries, and the femoral arteries.

also detect other affected organs when the periaortitis is
part of a systemic disorder, including IgG4-related disease

or Erdheim-Chester disease.®’*?

Conclusion

In patients with a high suspicion of GCA who present with
visual disturbances, initiation of high-dose intravenous corti-
costeroids should not be delayed by imaging techniques. In
these patients, temporal artery ultrasound performed by an
experienced technician or temporal artery biopsy are prob-
ably the two preferred modalities. In patients with suspected
GCA who present with typical manifestations, including
headache and jaw claudication, PET-CT, ultrasound, and
temporal artery biopsy may be considered depending on the
local options and expertise. Corticosteroids can be started
once the diagnosis is confirmed or a biopsy is obtained. In
patients with suspected TAK, MRI and PET-CT are the best
imaging techniques to detect mural inflammation or luminal
changes to support the diagnosis. In young patients with
TAK, MRI may be preferred to limit radiation exposure.
PET-CT should be considered as a first-line imaging modal-
ity in patients with chronic periaortitis and may aid in detect-
ing other affected organs when the periaortitis is part of
a systemic disorder. In these patients, MRI is excellent to
differentiate the inflammation from the surrounding tissues.

Combined PET-MRI engines are becoming available and
may become the standard imaging procedure in LVV in
future. Finally, in patients presenting with atypical clinical
pictures, such as fever, weight loss, or isolated elevation of
inflammatory markers, PET-CT has been shown to be the
most effective imaging modality.
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