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ABSTRACT
Objective. Imaging techniques have 
an increasing place in the diagnosis of 
giant cell arteritis (GCA). Achieving 
D�FRQÀGHQW�GLDJQRVLV�RI�*&$� LV�RIWHQ�
challenging and temporal artery biop-
sy is still considered as the gold stand-
ard despite the delayed results. 3T-MRI 
with 2D sequences has been evaluated 
IRU�WKH�GHWHFWLRQ�RI�PXUDO�LQÁDPPDWLRQ�
in extracranial arteries to support the 
diagnosis of GCA.
Methods. We evaluated the diagnostic 
performance of fat-suppressed 3D T1-
weighted black-blood MRI (CUBE T1) 
with 3D TOF coregistration.
Results. Thirty-two patients with clini-
cally suspected GCA were included 
and 10 had a diagnosis of GCA. Sensi-
WLYLW\�DQG�VSHFLÀFLW\�RI�&8%(�7��ZHUH�
80% and 100% respectively. Therefore, 
the positive predictive value of post-
contrast CUBE T1 was 100% and the 
negative predictive value was 92%. In-
tra- and inter-observer agreement for 
mural enhancement on CUBE T1 was 
1 and 0.83, respectively.
Conclusion. We demonstrate that CUBE 
T1 is accurate for the diagnosis of GCA. 
The reproducibility and short scan dura-
tion of the technique support a wider use 
of MRI in the diagnosis process.

Introduction
Giant cell arteritis (GCA) is the most 
common form of vasculitis of large 
arteries affecting people older than 50 
years. Visual signs are present in 20-
30% of patients with GCA. Early diag-
nosis and treatment are required due to 
the risk of bilateral involvement. How-
HYHU�� DFKLHYLQJ� D� FRQÀGHQW� GLDJQRVLV�
of GCA is often challenging (1, 2). In-
deed, temporal artery biopsy (TAB) has 
long been considered the gold standard 
for GCA diagnosis but it is invasive and 
its sensitivity ranges from 39% to 86% 
(3). Colour Doppler ultrasonography, 
WKH� ÀUVW� OLQH� LPDJLQJ� H[DP�� DQG� 3(7�

scan have been proposed as alternative 
methods for GCA diagnosis but are not 
widespread in routine clinical practice 
(4, 5). Recent recommendations sug-
gest the use of magnetic resonance im-
aging (MRI) as an alternative method 
for GCA diagnosis when Colour Dop-
pler ultrasonography is not available 
(6, 7). 3T-MRI with 2D sequences has 
been evaluated for the detection of mu-
UDO�LQÁDPPDWLRQ�LQ�H[WUDFUDQLDO�DUWHULHV�
to support the diagnosis of GCA (8). 
3UH�� DQG� SRVW�FRQWUDVW� IDW�VXSSUHVVHG�
3D High-resolution T1-weighted black-
blood MRI (CUBE T1) provides a sin-
gle 3D volume scan with sub-millime-
ter isotropic data, allowing multiplanar 
reconstructions of all segments of the 
H[WHUQDO�FDURWLG��:H�GHFLGHG�WR�HYDOXDWH�
the diagnosis performance of CUBE T1 
MRI in patients with a suspected diag-
nosis of GCA.

Materials and methods
Patients
Between 2014 and 2018, patients with 
a clinical suspicion of GCA who under-
went MRI as part of the diagnosis pro-
cess were included in this prospective 
FRKRUW�VWXG\��3DWLHQWV�RULJLQDWHG�IURP�DQ�
internal medicine department or a neu-
URORJLFDO� LQWHQVLYH� FDUH�XQLW��([FOXVLRQ�
criteria were a previous TAB or a glu-
FRFRUWLFRLG�WKHUDS\�����KRXUV�EHIRUH�WKH�
05,�VFDQ��3DWLHQWV�XQGHUZHQW�WKH�XVXDO�
work-up for GCA diagnosis, encom-
SDVVLQJ�7$%��3(7�VFDQ�RU�&'8��DFFRUG-
ing to medical judgment. The doctor in 
FKDUJH�RI�WKH�SDWLHQW�HVWDEOLVKHG�WKH�ÀQDO�
diagnosis based on the complete work-
XS�DQG�IROORZ�XS��H[FHSW�IRU�&8%(�7��
MRI). A specialist from the reference 
centre for vasculitis (AR) retrospective-
O\�FRQÀUPHG�WKH�GLDJQRVLV�

Ethics statements
This study was conducted in compli-
DQFH� ZLWK� WKH� *RRG� &OLQLFDO� 3UDFWLFH�
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ki principles. The study was approved 
by local ethics committee, who waived 
the requirement for informed consent.

MRI acquisition
MRI was performed in one centre on 
a 3T unit (MR 750, GE Healthcare) 
with an eight-channel head coil. The 
protocol included a fat-suppressed 3D 
High-resolution T1-weighted black-
blood MRI sequence (CUBE T1) with 
the following parameters: sagittal 
plane acquisition; FOV 23×23×16 cm; 
TR/TE, 650/14 ms; bandwidth, 62.5 
N+]�� PDWUL[�� ���ð����� VSDWLDO� UHVROX-
tion, 0.9×0.9×1 mm interpolated to 
0.45×0.45×0.5 mm3�� 3DUDOOHO� DFFHOHUD-
tion was applied along the phase direc-
tion (Autocalibrating Reconstruction 
for Cartesian Sampling, factor of 2). 
The total scanning time was 4 minutes 
38 seconds. CUBE T1 was performed 
before and after injection of gadolinium 
chelate (0.2 mL/kg of gadoteric acid, 
DOTAREM®, GUERBET, France). A 
3D-TOF was also acquired before gad-
olinium injection: FOV 22×19×11 cm, 
TR min TE 2.5ms; bandwidth: 71kHz; 
PDWUL[� ���[����� SL[HO� ���ð���� PP��
phase 246; frequency 352, time 4 min-
utes 43 seconds.

Image analysis
7ZR�QHXURUDGLRORJLVWV��&55�DQG�:%+�
ZLWK� ��� DQG� �� \HDUV� RI� H[SHULHQFH� LQ�
vascular neuroimaging, respectively), 
blinded to all other data, independently 
UHYLHZHG�LPDJHV�RQ�D�ZRUNVWDWLRQ��$:�
:RUNVWDWLRQ��*(�+HDOWKFDUH��� ,Q�RUGHU�
to differentiate arteries and veins and 
better analyse vessel wall enhance-
ment, 3D-TOF images were coregis-
tered to pre- and post-contrast CUBE 
T1 images using an automated 3D 
rigid registration, visually checked, and 
manually corrected whenever neces-
sary. A prominent or strong mural en-
hancement including perivascular en-
hancement of either frontal or parietal 
branches of the temporal arteries and/or 
RFFLSLWDO�DUWHULHV�ZDV�FODVVLÀHG�DV�SRVL-
tive, as described by Bley et al. (9). One 
reader (CRR) performed another read-
ing session more than one month later, 
to compute intra-observer agreement. 
This second reading was used for the 
ÀQDO�DQDO\VHV�

Inter- and intra-reader agreement for 
presence or absence or arterial wall en-
hancement was assessed with Cohen’s 
kappa statistic. 

Results
Thirty-two patients (25 women, 7 men 
mean±SD age 70.2±12.1 years) were 
included. Main clinical and biological 
characteristics of patients at the time 
of inclusion are summarised in Table I. 
7HQ�RI� WKHVH�SDWLHQWV�KDG�D�ÀQDO�GLDJ-
nosis of GCA. Another diagnosis was 
obtained for 21 patients. Interestingly, 
among diagnosis, 2 patients had a pri-
mary central nervous system vasculitis, 
1 patient had an ANCA associated vas-
culitis, 1 had a polymyalgia rheumatica 
without evidence of GCA and another 
patient had a temporal cellulitis. Thir-
teen patients had non-arteritis vascular 
event. No diagnosis was obtained de-
VSLWH�H[WHQVLYH�ZRUNXS�IRU���SDWLHQW�
3D CUBE T1 displayed the arteries 
ZDOO�FOHDUO\��DOORZLQJ�DQ�HDV\�LGHQWLÀ-
cation of parietal enhancement, and the 
3D TOF coregistration was helpful in 
image analysis (Fig. 1). Indeed, intra- 
and inter-observer agreement for mural 
enhancement on CUBE T1 was 1 and 
0.83, respectively. 
Eight of the 10 patients with GCA had a 
strong mural enhancement in post-con-
trast CUBE T1 (Fig. 1), while none of 
the 22 patients without GCA had mural 
enhancement on MR images: sensitiv-
LW\� ZDV� WKHUHIRUH� ���� DQG� VSHFLÀFLW\�
100%. Regarding the 2 patients with 
GCA and no mural enhancement on 
MRI, both had normal TAB and the di-
agnosis was obtained on an aortic FDG 
XSWDNH�ZLWK�3(7�VFDQ�LQ�RQH�FDVH�DQG�
on clinical symptoms only in the other 

case. Therefore, the positive predictive 
value of post-contrast CUBE T1 was 
100% and the negative predictive value 
was 92%. In our cohort, only 6 of the 
10 GCA patients had a positive TAB 
(length of TAB ranging from 5 to 20 
mm) (10). Therefore, the sensitivity of 
TAB was 60%. If TAB was used as the 
reference standard, MRI yielded a sen-
sitivity of 100%. Despite normal TAB, 
WZR� SDWLHQWV� ZLWK� D� ÀQDO� GLDJQRVLV� RI�
GCA had arteritis on MRI after analysis 
of CUBE T1 images; in one of them, 
vessel enhancement was observed only 
in occipital artery.
Among the patients with another diag-
nosis than GCA, post-contrast CUBE 
T1 would have been contributive in the 
diagnosis of primary isolated central 
nervous vasculitis (2 patients); indeed, 
a strong mural enhancement was ob-
served in intracranial internal carotid 
arteries in post-contrast CUBE T1, 
VSDULQJ� H[WUD�FUDQLDO� YHVVHOV�� $QRWKHU�
patient had temporal cellulitis with a 
clear MR enhancement of subcutaneous 
IDW��ZLWKRXW�PXUDO� HQKDQFHPHQW�RI� H[-
tracranial arteries. Interestingly, another 
patient had a diagnosis of small vessel 
vasculitis and no mural artery enhance-
ment was observed.

Discussion
:H�KHUH�GHPRQVWUDWH�WKH�IHDVLELOLW\�DQG�
accuracy of a 3D post-contrast CUBE 
T1 in the diagnosis of GCA. Indeed, we 
observed a sensitivity of 80%, which is 
higher than the 64.1% sensitivity ob-
served by Rhéaume et al. with 2D se-
quences in their series of 171 patients 
�����:H�FDQQRW�H[FOXGH�WKDW�WKH�KLJKHU�
sensitivity we observed was due to a 
shorter duration of glucocorticoid ther-

Table I. Main clinical and biological characteristics of patients undergoing MRI.

� 3DWLHQWV�ZLWK� 3DWLHQWV�� 7RWDO
� *&$�ÀQDO� ZLWKRXW�*&$� SRSXODWLRQ
� GLDJQRVLV� ÀQDO�GLDJQRVLV�

Male/Female (%) 2/8 5/17    7/25 (22/78)
Mean age (year) ± SD 69 ± 13 71 ± 12 70  ±  12
Mean C-reactive protein (mg/dL) ± SD 148 ± 150 23 ± 40 59  ±  98
Clinical symptoms:   
 • Headaches (%) 9  (90) 15  (68) 24  (75)
� ��$FXWH�QHXURORJLFDO�GHÀFLW�(%) 0  15  (68) 15  (47)
 Visual palsy or loss of vision   8  (36) 8  (25)
� 2WKHU�DFXWH�QHXURORJLFDO�GHÀFLHQF\   7  (32) 7  (22)

GCA: giant cell arteritis; SD: standard deviation.



S-97Clinical and Experimental Rheumatology 2020

3D-T1 MRI for giant cell arteritis diagnosis / C. Rodriguez-Régent et al.

apy received by our patients (<2 days in 
our study compared to 8.5±8.2 days in 
the Rhéaume study). Indeed, sensitivity 
was decreased in patients who received 
more than 5 days of glucocorticoid be-
fore MRI (11). However, it seems more 
likely, that the 3D MRI acquisition, al-
lowing multiplanar reconstructions, to-
gether with the 3D TOF coregistration 
could account for the higher sensitivity 
DQG�WKH�H[FHOOHQW�UHSURGXFLELOLW\��,Q�RXU�
study, we had similar sensitivity and 
VSHFLÀFLW\� DV� FRPSDUHG� WR� D� SUHYLRXV�
VWXG\� IRFXVLQJ� RQ� VXSHUÀFLDO� FUDQLDO�
DUWHULHV� ������ 3RVW�FRQWUDVW� &8%(� 7��
HQDEOHV�DOO�EUDQFKHV�RI�H[WHUQDO�FDURWLG�
arteries to be evaluated and was supe-
rior to TAB in 2 patients of our cohort 
by identifying another site of pari-
HWDO� LQÁDPPDWLRQ� LQ� RFFLSLWDO� DUWHULHV��
missed by TAB (12). In addition, this 
increased sensitivity was obtained with 
D�YHU\�KLJK�VSHFLÀFLW\���������2XU�UH-
sults support the view that MRI might 
EHFRPH�D�PDMRU�H[DPLQDWLRQ�IRU�WKH�GL-
agnosis of GCA, as recently proposed 
by the EULAR recommendations and 

previous studies (6-9, 11). One patient 
had a diagnosis of GCA based on the 
KLJK� ���)'*� XSWDNH� LQ� DRUWD� RQ� 3(7�
scan. Further studies are needed to con-
ÀUP� WKDW�FRPELQLQJ� LPDJLQJ�RI�SUR[L-
mal arteries with that of distal branches 
RI�H[WHUQDO�DUWHULHV�LQFUHDVHV�WKH�VHQVL-
tivity of MRI. MRI could also provide 
additional help in the diagnosis process, 
as it would have been informative for 
differential diagnosis in 3 patients.
Finally, the inter-reader and intra-read-
er agreement for the detection of mu-
UDO� HQKDQFHPHQW� ZHUH� H[FHOOHQW�� 7KH�
reproducibility and short scan duration 
are clearly an advantage of the CUBE 
7��VHTXHQFH�ZLWK�VXE�PLOOLPHWULF�YR[-
els acquisition. 
Our study has several limitations. First, 
patients included in the study under-
went MRI as part of the clinical work-
up based on clinical GCA suspicion. 
Although patients came from two dif-
ferent hospitals, our population might 
not be representative of all patients with 
a GCA clinical suspicion. In addition, 
the small size of our cohort does not 

DOORZ�GHÀQLWLYH�FRQFOXVLRQ��/DVW��05,�
was performed with a 3T single im-
ager. Although 3D fat-suppressed T1-
weighted black blood MRI sequences 
are available from all manufacturers, 
ODUJHU� VWXGLHV� DUH� UHTXLUHG� WR� FRQÀUP�
our preliminary results and evaluate our 
technique with 1.5T imager.

Conclusion
:H�KDYH�GHPRQVWUDWHG�WKH�IHDVLELOLW\�RI�
3D fat-suppressed T1-weighted black 
blood sequence for the diagnosis of 
*&$��:H�DOVR�SURSRVH��'�72)�FRUHJ-
istration in order to improve image 
analysis. Further studies are required 
WR�FRQÀUP�RXU�SUHOLPLQDU\�UHVXOWV�
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