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Abstract

Objectives To compare the diagnostic accuracy of 3D versus 2D contrast-enhanced vessel-wall (CE-VW) MRI of extracranial

and intracranial arteries in the diagnosis of GCA.

Methods This prospective two-center study was approved by a national research ethics board and enrolled participants from

December 2014 to October 2017. A protocol including both a 2D and a 3D CE-VW MRI at 3 T was performed in all patients.

Two neuroradiologists, blinded to clinical data, individually analyzed separately and in random order 2D and 3D sequences in the

axial plane only or with reformatting. The primary judgment criterion was the presence of GCA-related inflammatory changes of

extracranial arteries. Secondary judgment criteria included inflammatory changes of intracranial arteries and the presence of

artifacts. A McNemar’s test was used to compare 2D to 3D CE-VW MRIs.

Results Seventy-nine participants were included in the study (42 men and 37 women, mean age 75 (£ 9.5 years)). Fifty-one had a

final diagnosis of GCA. Reformatted 3D CE-VW was significantly more sensitive than axial-only 3D CE-VW or 2D CE-VW

when showing inflammatory change of extracranial arteries: 41/51(80%) versus 37/51 (73%) (p = 0.046) and 35/50 (70%)

(p = 0.03). Reformatted 3D CE-VW was significantly more specific than 2D CE-VW: 27/27 (100%) versus 22/26 (85%)

(p =0.04). 3D CE-VW showed higher sensitivity than 2D CE-VW when detecting inflammatory changes of intracranial arteries:

10/51(20%) versus 4/50(8%), p = 0.01. Interobserver agreement was excellent for both 2D and 3D CE-VW MRI: k = 0.84 and

0.82 respectively.

Conclusions 3D CE-VW MRI supported more accurate diagnoses of GCA than 2D CE-VW.

Key Points

* 3D contrast-enhanced vessel-wall magnetic resonance imaging is a high accuracy, non-invasive diagnostic tool used to
diagnose giant cell arteritis.

* 3D contrast-enhanced vessel-wall imaging is feasible for clinicians to complete within a relatively short time, allowing
immediate assessment of extra and intracranial arteries.

* 3D contrast-enhanced vessel-wall magnetic resonance imaging might be considered a diagnostic tool when intracranial
manifestation of GCA is suspected.
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Abbreviations

2D Two-dimensional

3D CE-VW  Three-dimensional fat-saturated contrast-en-
hanced vessel-wall

ASNR American Society of Neuroradiology
CE-VW Contrast-enhanced vessel-wall

CRP C-reactive protein

ESR Erythrocyte sedimentation rate
EULAR European League Against Rheumatism
GCA Giant cell arteritis

MR Magnetic resonance

MRI Magnetic resonance imaging

NPV Negative predictive values

PPV Positive predictive values

ROC Receiver operating characteristic

SPAIR Spectral Attenuated Inversion Recovery

STARD Standards for Reporting of Diagnostic
Accuracy

TAB Temporal artery biopsy

WI Weighted-imaging

Introduction

Giant cell arteritis (GCA) is the most common chronic inflam-
matory vasculitis of large- and medium-sized arteries [1, 2]. Its
origin remains poorly understood [3, 4]. Its typical histologi-
cal features consist of a polymorphic granulomatous infiltrate
affecting the three tunics of the arterial wall, more specifically
the inner part of the media in a segmented and multifocal
distribution [5, 6]. Accurate diagnosis is urgent due to poten-
tial serious ophthalmological and systemic complications [7].

Temporal artery biopsy (TAB) remains the reference for
diagnosing GCA, but has been challenged by imaging of ex-
tracranial and intracranial arteries with high-resolution mag-
netic resonance (MR), which has proven to be highly sensitive
when diagnosing GCA [8-14]. Recently, the European
League Against Rheumatism (EULAR) mentioned MRI as
an adequate tool to help clinicians diagnose GCA [15].
However, the volume explored by optimized two-
dimensional (2D) contrast-enhanced vessel-wall (CE-VW)
MR sequences developed for imaging extracranial arteries is
limited, failing to cover the entire course of the arteries. In
addition, some arterial segments have an anatomical arrange-
ment parallel to the transverse plane, causing partial volume
effects that make it difficult to evaluate precisely wall thick-
ening and mural enhancement [8—14].

Three-dimensional fat-saturated contrast-enhanced vessel-
wall (3D CE-VW) MRI might be useful to overcome these
issues within a time frame compatible with clinical practice.
Moreover, 3D sequences might allow simultaneous analysis
of intracranial and extracranial arteries.

The objective of our study was to compare diagnostic ac-
curacy when using 3D versus 2D CE-VW MRI when diag-
nosing GCA.

Materials and methods
Ethics committee approval

This prospective multicenter study was conducted in two ter-
tiary referral centers. It was approved by two independent
research ethics boards (ID RCB 2016-A01043-48 and ID
RCB 2019-3, NCT 02896647). It adhered to the tenants of
the Declaration of Helsinki. Signed informed consent was
obtained from all subjects. This study follows the Standards
for Reporting of Diagnostic Accuracy Studies (STARD)
guidelines [16].

Population

From December 2014 to October 2017, 79 participants were
included. Inclusion criteria were as follows: (a) patients aged
50 years or older; (b) suspicion of GCA based on the presence
of the following criteria: constitutional symptoms (anorexia,
weight loss, fever, asthenia, malaise), new onset headache or
neck pain, induration or pain of the temporal artery, jaw clau-
dication, tongue or swallowing disorders, polymyalgia
rheumatica, ophthalmological findings (transient visual loss
or diplopia, unilateral or bilateral visual loss from anterior
ischemic optic neuropathy or occlusion of the central retinal
artery, diplopia secondary to ocular motor palsy or extraocular
muscle ischemia), abnormal laboratory results (erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) level);
(c) completion of an MRI with CE-VW sequences.

Patients with any contraindications to MRI, patients with
known GCA, or patients with a TAB prior to MRI were not
included. The exclusion criterion was the absence of both 2D
and 3D CE-VW sequences. Selection of patients is shown in
Fig. 1. Among the 79 patients included, four CE-VW se-
quences were missing for analysis: one 2D CE-VW and one
3D CE-VW due to major artifacts preventing MR analysis and
two incomplete 2D CE-VW due to a patient’s discomforting
leading to premature interruption of the MRI protocol.

Clinical and biological data

Systemic symptoms (anorexia, weight loss, fever, asthenia,
jaw claudication, headache, scalp tenderness, induration or
pain of the temporal artery, neck pain, myalgia, malaise,
tongue or swallowing disorders) and other ophthalmological
findings (transient visual symptoms, visual acuity, diplopia,
ocular motor examination, appearance of the ocular fundus)
were noted at admission. Urgent laboratory testing included
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n=_381

Patients with suspicion of GCA from
December 2014 to October 2017

Patients excluded
n=2
- TAB prior to MRI (n=1)

- Absence of CE-VW sequences (exam interrupted
because of claustrophobia) (n= 1)

Sequences excluded
n=4

Patients included
n=79

- 3D: Major artifacts preventing analysis (n= 1)
- 2D: Major artifacts preventing analysis (n= 1):

Absence of completion of the 2D CE-VW
sequence (exam interrupted because of
discomfort) (n=2)

|

GCA Non-GCA
n=>51 n=28
TAB-positive TAB-negative TAB-positive TAB-negative
n=31 n=20 n=0 n=28

Fig. 1 Flow chart showing selection of patients. GCA: giant-cell arteritis; TAB: temporal artery biopsy; CE-VW: contrast-enhanced vessel-wall

tests for an inflammatory biologic syndrome (ESR, CRP, com-
plete blood count, platelet count). A TAB was performed to
assess the presence of GCA.

Diagnostic reference

A final diagnosis of GCA was made in the case of a positive
TAB. In patients with a negative TAB, a review of the clinical
and biological charts including response to corticosteroid ther-
apy (but excluding MRI findings) was performed by an inter-
disciplinary panel of rheumatologists and internists not in-
volved in the management of the patient. By consensus, they
established a final diagnosis of GCA based on ACR criteria
[17].

MR imaging

MR imaging was performed on a 3 T Philips Ingenia (Philips
Medical Systems) or a 3 T General Electric Discovery MR
750 (General Electric Medical Systems) with a dedicated 32-
channel head coil. Based on the American Society of
Neuroradiology (ASNR) vessel wall imaging guidelines
[18], proton density-weighted fat-saturated 2D and 3D CE-
VW sequences were acquired before and after injection of a
single intravenous bolus (0.1 mmol/kg) of gadobutrol
(Gadovist®, Bayer Healthcare). A Spectral Attenuated
Inversion Recovery (SPAIR) on the 3 T Philips Ingenia and
a spectral presaturation (FatSat) on the 3 T GE Discovery
MR750 were used for fat suppression to offer the best contrast
between extracranial vessels wall inflammation and the sur-
rounding fat.

@ Springer

To avoid any effect due to impregnation, sequences were
performed in a random order. Characteristics of CE-VW MR
sequences are displayed in Table 1.

MRI analysis

Two board-certified neuroradiologists (AC and GP), with 5
and 2 years of experience, respectively, blinded to clinical,
biological, and histopathologic data, independently read the
randomized results of the anonymized 2D and 3D CE-VW
MRI sequences. A second reading was performed 8 weeks
later to analyze intra-observer concordance. Six weeks later,
a “gold standard” consensus reading was performed with a
third reader, a second senior neuroradiologist with 9 years of
experience (AL), who was also blinded to the data.
Subsequently, a more detailed analysis of the 3D CE-VW
sequence was performed to more precisely evaluate the effect
of the multiplanar reformatting. The same readers interpreted
the randomized results of the 3D CE-VW MRI sequences in
the axial plane only or with multiplanar reformatting. All read-
ing sessions took place on a dedicated workstation with the
Horos software (Horosproject.org, Nimble Co).

The readers assessed the following characteristics of pa-
tients” MRIs:

—  The primary judgment criterion was the presence of GCA-
related inflammatory changes of extracranial arteries, based
on the search for circumferential wall thickening and mural
enhancement of the six following extra-cranial arterial seg-
ments: left and right frontal and parietal branches of the
superficial temporal artery and of the occipital artery, using
the previously published 4-point scale [8, 12].


http://horosproject.org
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Table 1 Detailed characteristics
of CE-VW MR sequences. CE-
VW: contrast-enhanced vessel-
wall; PD: proton density; TR:
repetition time; TE: echo time;
FOV: field of view; SPAIR:
spectral attenuated inversion re-

Center 1 (n = 45)

Center 2 (n = 34)

3-T Philips Ingenia

3-T General Electric Discovery MR

covery; FatSat: spectral
presaturation

Type of sequence

TR (ms)

TE (ms)

Number of excitations

FOV (mm)

Bandwidth (kHz)

Acquisition matrix

Acquired voxel size (mm)
Reconstructed voxel size (mm)
Acquisition duration

Fat saturation

PD-weighted
1350

PD-weighted
550

PD-weighted
500

750
2D CE-VW 3D CE-VW 2D CE-VW 3D CE-VW
Scan mode 2D 3D 2D 3D

PD-weighted
600

30 38 22 30

1 2 4 2

220 x 220 252 x 252 %200 200 x 200 200 x 200 x 177
528 754 31.3 62.5

736 x 736 316 x 316 x 250 512 x 416 288 x 288 x 148
03x03x15 08x08x0.8 0.4x05x%x3 0.7%x0.7%x1.2
03x03x15 08x08x0.8 0.4x05x%x3 0.7 % 0.7 0.6
4 min 20 s 4 min 51 s Smin 19 s 6 min 50 s
SPAIR SPAIR FatSat FatSat

—  Score 0: no wall thickening (< 0.6 mm) and no mural
enhancement

—  Score 1: no wall thickening (< 0.6 mm) and slight mural
enhancement

—  Score 2: wall thickening (> 0.6 mm) and substantial mural
enhancement

—  Score 3: marked wall thickening (> 0.7 mm) and strong
mural enhancement with perivascular inflammatory
infiltration

Scores 0 and 1 were considered negative for GCA, whereas
scores 2 and 3 were considered positive. At least one positive
segment out of the six analyzed was required to establish a
positive MRI diagnosis of GCA. Examples are provided in
Fig. 2.

—  Secondary judgment criteria were:

—  The presence of GCA-related inflammatory changes of
the following intracranial arteries: the internal carotid ar-
tery after its exit from the cavernous sinus; the vertebral
artery at least 0.5 cm from its emergence from the trans-
verse canal of the first cervical vertebrae; the anterior,
middle, and posterior cerebral arteries; the basilar artery.
The evaluation of their wall thickening and mural en-
hancement used the following 4-point scale:

*  Score 0: no wall thickening and no mural enhancement

* Score 1: no wall thickening and slight mural enhancement

* Score 2: wall thickening and substantial mural
enhancement

* Score 3: marked wall thickening and strong mural en-
hancement with perivascular inflammatory infiltration

Scores 0 and 1 were considered negative for GCA-related
inflammatory changes, whereas scores 2 and 3 were consid-
ered positive for GCA-related inflammatory changes. At least
one positive segment was required to establish a positive MRI
diagnosis of GCA-related inflammatory changes of the intra-
cranial arteries.

—  The presence of artifacts scored as follows: 0 correspond-
ing to an absence of artifacts, 1 corresponding to the pres-
ence of minor artifacts not preventing the MR analysis, 2
to the presence of major artifacts not preventing MR anal-
ysis, 3 to the presence of major artifacts preventing MR
analysis.

Statistical analysis

Quantitative variables were presented as mean (standard devi-
ation), median (interquartile range or IQR), and categorical
variables as percentages. Accuracy, sensitivity, specificity,
positive predictive values (PPVs), and negative predictive
values (NPVs) were calculated for each CE-VW MR se-
quence. Diagnostic accuracy was compared using the
McNemar test. Inter- and intra-observer agreement for MRI
reading was assessed using non-weighted Cohen’s kappa sta-
tistics and interpreted as follows: 0.0—0.2—poor correlation;
0.21-0.4—fair correlation; 0.41-0.6—moderate correlation;
0.61-0.8—good correlation; 0.81—1—almost perfect correla-
tion [19]. The influence of a delay between introducing corti-
costeroids and completion of the MRI was studied by using
receiver operating characteristic (ROC) curves. Optimal
thresholds were calculated from ROC curves using the
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Fig. 2 Contrast-enhanced fat saturation proton density-weighted MRI at
3 T of 4 different patients illustrating typical images of the 4-point scale
used to assess the extracranial arteries. a No wall thickening (< 0.6 mm)
and no mural enhancement, rating 0. b No wall thickening (< 0.6 mm)
and slight mural enhancement, rating 1. ¢ Wall thickening (> 0.6 mm) and
substantial mural enhancement, rating 2. d Marked wall thickening (> 0.7
mm) and strong mural enhancement with perivascular inflammatory in-
filtration, rating 3

Youden index. A p value below 0.05 was considered statisti-

cally significant. Data were analyzed using the R software
package [20].

Results
Demographic, clinical, and biological characteristics
Seventy-nine participants were included in the study (42 men

and 37 women, mean age 75 years [SD 9.5]). Fifty-one had a
final diagnosis of GCA (26 women and 25 men). There were

@ Springer

no differences between the two groups for the clinical and
biological characteristics, except for initial ESR and C-
reactive protein rates, which were significantly higher in
GCA patients. Detailed characteristics are displayed in
Table 2.

TAB diagnostic accuracy

TAB was positive for 31 patients. Its sensitivity, specificity,
PPV, and NPV were 62%, 100%, 100%, and 58% respectively
(Table 3).

GCA-related inflammatory changes of extracranial
arteries

Reformatted 3D CE-VW was significantly more sensitive
than axial-only 3D CE-VW or 2D CE-VW when showing
inflammatory change of extracranial arteries: 41/51 (80%)
versus 37/51 (73%) (p = 0.046) and 35/50 (70%) (p = 0.03).
Reformatted 3D CE-VW was significantly more specific than
2D CE-VW: 27/27 (100%) versus 22/26 (85%) (p = 0.04).

There was no significant difference in sensitivity and spec-
ificity between axial-only 3D CE-VW and 2D CE-VW: 37/51
(73%) versus 35/50 (70%) (p = 0.32) and 25/27 (93%) versus
22/26 (85%) (p = 0.16), respectively (Table 3 and Figs. 3
and 4).

GCA-related inflammatory changes of intracranial
arteries

3D CE-VW sequences were significantly more sensitive than
2D CE-VW when showing GCA-related inflammatory chang-
es: 10/51 (20%) versus 4/50 (8%) patients (p = 0.01) (Table 3
and Fig. 5). Bilateral intracranial involvement was detected in
7 (70%) patients versus 1 (25%) with 3D and 2D CE-VW
respectively. Inflammatory changes of any internal carotid
arteries, any vertebral arteries, or any arteries of the Circle of
Willis were detected in 8/10 (80%), 9/10 (90%), and 2/10

Table 2 Clinical and biological characteristics of GCA and non-GCA
patients. The results in brackets are percentages. The asterisks (*) indicate
significant differences after appropriate statistical correction. GCA: giant-
cell arteritis; IQR: interquartile range; ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein

GCA Non- D
GCA

n=>51 n=28

Gender Men 25 (49) 17 (60.7) 04
Women 26 (51) 11 (39.3)

Age Median [IQR] 77 [12.5] 71[12] 0.1
ESR Median [IQR] 71[55.5] 41 [63] 0.005*
CRP Median [IQR] 72.5[78.6] 17 [31] < 0.0001*
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Table 3  Diagnostic accuracy and inter and intra-reader agreement of
2D and 3D contrast-enhanced vessel-wall (CE-VW) MRI and of temporal
artery biopsy (TAB) for distinguishing giant-cell arteritis (GCA) from

non-GCA patients. An asterisk (*) indicates a statistically significant dif-
ference. PPV: positive predictive value; NPV: negative predictive value;
IQR: interquartile ratio; NA: not applicable, NS: not significant

Inflammatory changes of extracranial arteries Inflammatory TAB
changes of
intracranial
arteries
2D Axial-only Reformatted 2D CE-VW 2D CE-VW  Axial-only 3D 2D CE- 3DCE- 2D CE-VW
CE- 3D CE- 3D CE-VW  versusaxial-  versus CE-VW versus VW VW versus 3D
VW VW only 3D reformatted  reformatted 3D CE-VW
CE-VW 3D CE-VW  CE-VW
Accuracy 0.75 0.79 0.87 0.48 0.40 0.75
Sensitivity 70%  73% 80% p=0.32 p=0.03* p = 0.046%* 8% 20% p=0.01* 62%
Specificity 85%  93% 100% p=0.16 p =0.04* p=0.16 100% 100% NA 100%
PPV 90%  95% 100% p=0.14 p =0.04* p=0.15 100% 100% NA 100%
NPV 59%  64% 73% p=0.09 p=0.004%  p=0.017* 37% 41% p =0.02% 58%
Inter-reader 0.84 0.92 0.82 0.49 0.72
agreement
Intra-reader 0.81 0.90 1 0.71 0.96
agreement

(20%) patients versus 1/4 (25%), 4/4 (100%), and 0/4 (0%)
patients with 3D and 2D CE-VW respectively.

Presence of artifacts

There were no significant differences when scoring artifacts
between 2D and 3D sequences with a median score of 0.5
(IQR 0.7) and 0.4 (IQR 0.6), p = 0.6, respectively.

Inter-and intra-reader agreement

Regarding assessment of GCA-related inflammatory changes
of extracranial arteries, inter- and intra-observer agreements
were almost perfect, with a Cohen’s k of 0.84 (IC95 0.66—
0.95) and 0.81 (IC95 0.40-1) for 2D CE-VW, 0.92 (IC95
0.80-0.97) and 0.90 (IC95 0.77-0.97) for axial-only 3D CE-
VW, and 0.82 (IC95 0.66-0.92) and 1 (IC95 0.82-1) for
reformatted 3D CE-VW, respectively.

Regarding assessment of GCA-related inflammatory changes
of intracranial arteries, the inter-observer agreement was moder-
ate for 2D and good for 3D sequences, with a Cohen’s k of 0.49
(0.16-0.82) and 0.72 (IC95 0.46—0.90) respectively. Intra-
observer agreement was good for 2D sequences and almost per-
fect for 3D sequences, with a Cohen’s k of 0.71 (IC95 0.27-1)
and 0.96 (0.75-1) respectively.

Impact of the delay between the completion
of the MRI and corticosteroid therapy

Patients with an accurate diagnosis of GCA with 2D and 3D
CE-VW MRI had a shorter corticosteroid-MRI interval than

patients with an inaccurate diagnosis: 1 day versus 3 days
(p = 0.048) and 2 days versus 4 days (p = 0.052) respectively.
ROC curves provided optimal thresholds for accurate diagnosis
of GCA within the first 3 days and 5 days after starting cortico-
steroid therapy for 2D CE-VW and 3D CE-VW respectively.

Discussion

Our prospective study showed that 3D CE-VW MRI had a
higher accuracy than 2D CE-VW when diagnosing GCA,
with 80% sensitivity and 100% specificity.

Our results are in line with previous studies evaluating di-
agnostic accuracy of extracranial arteries MRI in GCA, with a
sensitivity of our 2D CE-VW sequence of 70% and a specific-
ity of 85% similar to the 69% to 81% sensitivity and 80 to 97%
specificity reported in the literature [8, 12—14]. While excellent
sensitivity and specificity values of 3D CE-VW MRI se-
quences have been demonstrated for the diagnosis of arteritic
anterior ischemic optic neuropathy in patients with GCA [21,
22], our study is the first one to our knowledge to provide
diagnostic accuracy of a 3D CE-VW MRI sequence for GCA.

We showed that multiplanar reformatted 3D CE-VW im-
aging was more sensitive and specific when diagnosing GCA
as compared to axial-only 3D CE-VW and 2D CE-VW. This
suggests that reformatting 3D images without significant loss
to image resolution might be the main factor accounting for
higher diagnostic accuracy. 3D CE-VW is particularly inter-
esting when diagnosing GCA because it allows reformatting
MR images in an oblique sagittal plane to align and analyze
branches of extracranial arteries along their whole course,
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Fig. 3 Contrast-enhanced vessel-wall (CE-VW) MRI in an 82-year-old
man with suspicion of giant-cell arteritis (GCA). Extracranial arteries
were considered negative for GCA on 2D CE-VW MRI and positive on
3D CE-VW-MRI. The discrepancy centered around the evaluation of the
anterior branch of the left temporal artery. On native axial 2D CE-VW (a),
readers found that the slight mural enhancement was not circumferential
(arrow), therefore did not consider it positive for GCA. On 3D CE-VW
MRI reformatted in a para-axial perpendicular plane to the course of the

artery (b), the arterial wall enhancement appeared more clearly and cir-
cumferential (arrows), therefore deemed positive for GCA. 3D CE-VW
MRI reformatted in a sagittal oblique plane (¢) showed very short focal
inflammatory changes of a horizontal segment of the artery (arrow),
explaining the difficulties to assess it accurately on axial 2D CE-VW.
All other extracranial artery segments were considered normal on both
2D and 3D CE-VW imaging. Temporal artery biopsy (d) confirmed GCA

Fig. 4 Contrast-enhanced vessel-wall (CE-VW) MRI in a 70-year-old
woman with suspicion of giant-cell arteritis (GCA). 3D CE-VW MRI
reformatted in a sagittal plane (a) showing a focal area of enhancement
surrounding the right temporal artery (arrow) compatible with GCA-
related inflammatory changes. 3D CE-VW MRI reformatted in a para-
axial perpendicular plane to this area (b) showing that the enhancement

@ Springer

was not circumferential (arrows), corresponding to venous plexuses ad-
jacent to the artery. Using 3D CE-VW supported quick and reliable iden-
tification of such pitfalls by allowing multiplanar reconstructions.
Temporal artery biopsy was negative for GCA and final consensus eval-
uation ruled out GCA
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Fig. 5 Contrast-enhanced vessel-
wall (CE-VW) MRI in a 75-year-
old man with histopathologically
confirmed giant-cell arteritis
(GCA). 3D CE-VW MRI
reformatted in axial (a), coronal
(b), and sagittal (c¢) planes show-
ing clear circumferential en-
hancement and thickening (black
arrows) of both V4 segments of
vertebral arteries, both internal
carotid arteries after exiting from
the cavernous sinus and left mid-
dle cerebral artery. In comparison,
3D CE-VW MRI reformatted in
axial (d), coronal (e), and sagittal
() planes in a 73-year-old woman
ruled out GCA, showing a
normal-appearing right vertebral
artery, internal carotid arteries and
middle cerebral artery
(arrowhead) and mild eccentric
enhancement of the V4 segment
of the left vertebral artery (white
arrow), ultimately not considered
GCA-related inflammatory
changes, but rather
atherosclerosis

displaying wall thickening and mural enhancement more con-
spicuously, thus revealing GCA-inflammatory changes more
easily. Subsequently, 3D CE-VW reformatting in a strictly
perpendicular orientation to the arteries supports higher diag-
nostic confidence when confirming GCA by showing circum-
ferential arterial changes. Using 3D CE-VW might decrease
the rate of false negative such as in cases of distal or focal
inflammatory changes, which might be difficult to assess with
2D CE-VW, or in cases where arterial segments cannot be
correctly appreciated because of their tangential orientation
to the transversal plane [8, 23]. This is crucial in GCA because
the disease can be segmented and multifocal [24]. 3D CE-VW
might reduce the rate of false positive findings due to small
venous plexuses adjacent to the artery or of atheromatous
plaques, which do not involve the whole circumference of
the artery [25].

3D CE-VW sequences were also significantly more sensitive
than 2D CE-VW when showing GCA-related inflammatory
changes of intracranial arteries. We found involvement of

intracranial arteries in 20% of our GCA patients, which supports
findings from previous studies [14, 26-28]. 3D CE-VW may
support easier diagnosis of GCA-related intracranial inflamma-
tion and help distinguish GCA from atherosclerosis, which has a
high prevalence in older patients and is the main differential
diagnosis. Indeed, 3D CE-VW MRI differentiates between con-
centric wall thickening, suggestive of vasculitis, and eccentric
wall thickening, more commonly found in atherosclerosis. This
distinction might be challenging to perform with 2D CE-VW,
whereas the possibility of reformatting enables 3D CE-VW to
overcome major issues such as partial volume effect [18, 29].
3D CE-VW sequences can be provided with an acceptable
duration (4 min 51 s to 6 min 50 s in our study) for clinical
practice. This is particularly important in patients with a suspi-
cion of GCA because of the morbidity related to the disease
requiring emergency treatment and therefore a quick diagnosis
[30]. 3D CE-VW suffered only minor artifacts, with a similarly
low score of artifacts when compared to 2D CE-VW imaging.
Moreover, inter- and intra-reader agreements were almost perfect
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with 3D CE-VW MRI, meaning that diagnosing GCA with 3D
CE-VW MRI might be feasible in clinical practice without in-
volving radiologists with further sub-specialized training.

In the case of suspicion of GCA, the relevance of TAB in
the diagnostic strategy is discussed [31-33]. In our study, 3D
CE-VW MRI had a significantly higher sensitivity than TAB.
TAB is an invasive procedure and its results are delayed.
These drawbacks advocate for completing an emergency
MR, including 3D CE-VW imaging of extracranial arteries
when GCA is suspected. With imaging, the provider could
rule out GCA with higher confidence and provide a positive
diagnosis faster. The early completion of MRI is paramount
since MRI accuracy decreases rapidly after starting corticoste-
roid treatment, as soon as 3-5 days in our study which is
similar to the 2-5 days reported by previous studies [8, 34,
35]. Our results are in line with recent EULAR recommenda-
tions for the management of large vessel vasculitis, mention-
ing that all patients presenting with signs and symptoms sug-
gestive of GCA should be urgently referred to a specialist
team for further multidisciplinary diagnostic workup and
management, and that GCA should be confirmed by imaging,
by using ultrasound, MRI, or both for temporal or other cra-
nial arteries [32].

Our study suffers from several limitations. Firstly, the overall
number of patients remains low. The sex-ratio is atypical in a
GCA population because we would expect a threefold higher
incidence of female patients. However, the prospective design
of this controlled two-center study controlled against potential
major bias, reinforcing the significance of our results.

Secondly, readers knew which sequences they were
assessing, which could have led to a certain bias. However, they
were blinded to clinical and biological data and to final diagno-
sis, which limits the impact of potential recognition bias.

Thirdly, we performed our study on 3-T MRI devices in
two tertiary centers with optimized 2D and 3D CE-VW MR
sequences, which might not be widely available across all
medical centers and limit its generalization. Moreover, the
MRI acquisition parameters were not the same between 2D
and 3D CE-VW sequences. Our 2D acquisitions were based
on the sequences already published in the literature [8, 9, 12,
14], which are currently considered sequences of reference.
We designed our 3D acquisitions to take approximately the
same amount of time to be conducive to clinical practice.
However, the spatial resolution of the 3D sequence was lower
than that of the 2D sequence, which might negatively impact
analyses on small structures such as the intracranial vessel
walls. Higher resolution 3D imaging might be available in
the future to reduce or overcome this limitation.

Fourthly, we evaluated inter- and intra-reader variability
based on a qualitative analysis instead a quantitative analysis,
because the segmental and multifocal distribution of GCA
made it unlikely that the readers could measure the arterial
wall thickness at the same location for each extracranial artery.

@ Springer

Finally, we did not have pathological evidence to support
our findings regarding intracranial arteries assessment; thus,
we cannot be certain that all circumferential arterial wall thick-
enings and mural enhancements we observed were indeed
GCA-related inflammatory changes, and not atherosclerotic
disease. These findings should therefore be taken with caution
and require further studies in which, for example, MRI follow-
up of GCA patients with suspected inflammatory changes of
intracranial arteries could be considered.

Conclusion

Our prospective study showed that 3D CE-VW MRI support-
ed higher diagnostic accuracy of GCA than 2D CE-VW, with
80% sensitivity and 100% specificity. MRI should be per-
formed as soon as possible, ideally before or within the first
5 days after corticosteroid therapy.
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