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Abstract

Objectives To assess the detectability of vasculitic changes of
the superficial cranial arteries with contrast-enhanced 7 T MRI
in three patients with GCA and intraindividual comparison
with 3 T MRL

Methods Three patients (two female, one male) with
suspected GCA underwent contrast-enhanced T1-weighted
high-resolution MRI at 3 T and 7 T magnetic field strength.
The clinical diagnosis, based on criteria of the American
College of Rheumatology, was confirmed by biopsy of the
superficial temporal artery after MRI. MR images were visu-
ally assessed for detection of vasculitic mural contrast en-
hancement and vessel wall thickening of the superficial crani-
al arteries.

Results Both 3 T and 7 T MRI allows for visualisation of
mural inflammatory changes and assessment of the vasculitic
involvement pattern. Image quality of 7 T MRI was rated
superior to image quality of 3 T MRI scans.

>4 Michael B. Hoffmann
michael.hoffmann@med.ovgu.de

Department of Ophthalmology, Visual Processing Laboratory,
Otto-von-Guericke-University Magdeburg, Leipziger Str. 44,
39120 Magdeburg, Germany

Department of Radiology, Otto-von-Guericke-University
Magdeburg, Magdeburg, Germany

Department of Diagnostic and Interventional Radiology, University
Medical Center Wiirzburg, Wiirzburg, Germany

Center for Behavioral Brain Sciences, Magdeburg, Germany

Department Biomedical Magnetic Resonance, Institute for
Experimental Physics, Otto-von-Guericke-University Magdeburg,
Magdeburg, Germany

Leibniz Institute for Neurobiology, Magdeburg, Germany

Conclusions 7 T MR imaging of vasculitic changes in pa-
tients with GCA is possible, and suggests superior image qual-
ity. Larger patient studies are necessary to quantify the diag-
nostic advantages of 7 T MRI.
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Introduction

Giant cell arteritis (GCA) is a granulomatous vasculitis of
large- and medium-sized vessels that mostly affects elderly
patients. Because of its unspecific symptoms it is still a diag-
nostic challenge [1, 2]. The diagnostic gold standard is biopsy
and histological examination of the superficial temporal arter-
ies, an invasive method regularly applied to confirm the diag-
nosis in terms of the essential systemic long-term medication
with corticosteroids and possible adverse reactions. While a
positive histology result can be considered as diagnostic
proof, a negative biopsy [3] does, due to skip lesions, not rule
out GCA [4-6]. The rate of false-negative histology results is
estimated to be 10 % to 25 % [4, 7]. Importantly, however, an
early diagnosis and immediate therapy is imperative to avoid
devastating ischemic complications, such as loss of vision [1]
or cerebrovascular events [8]. MRI promises observer-
independent imaging approaches for a fast and accurate
GCA detection. Previously, a high-resolution contrast-en-
hanced T1-weighted MR imaging protocol was proposed for
the assessment of vascular inflammation in GCA via the iden-
tification of vessel wall thickness and mural contrast agent
enhancement [9, 10]. Follow-up studies demonstrated high-
resolution MRI to be a valuable imaging approach in the di-
agnosis of GCA, with good agreement with histological
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results and clinical diagnosis based on ACR criteria [4, 11].
Recently, a multi-centre trial including 98 patients with
suspected GCA and histological evaluation confirmed previ-
ous single-centre results with a sensitivity of 88.7 % and a
specificity of 75.0 % and a good interobserver agreement [12].

As previous MRI studies in GCA underlined the superior-
ity of 3 T over 1.5 T imaging [4], the advent of 7 T imaging
promises a further increase in the diagnostic potential. Here,
we assessed the detectability of vasculitic changes of the su-
perficial cranial arteries with contrast-enhanced 7 T MRI in
three patients, and with an intraindividual comparison with
3 T MRIL

Methods
Patients

This study was approved by the Ethics Committee of the Otto-
von-Guericke University Magdeburg, and followed the tenets
of the Declaration of Helsinki. All participants gave their in-
formed written consent.

Two women and one man treated for suspected GCA in the
Department of Ophthalmology were included in this compar-
ative pilot study (Table 1). They had palpable abnormalities of
the superficial temporal artery and underwent temporal artery
biopsy within 1, 2, and 3 days after the MRI measurements,
which confirmed the diagnosis GCA in all three cases.
Systemic treatment with an initial dose of 500 mg (patient
#2 and #3) and 100 mg (patient #1) of corticosteroids was
started on the day of admission. The longest duration of cor-
ticosteroid therapy prior to MRI was 3 days.

Criteria for patient exclusion from this study were renal
dysfunction (glomerular filtration rate <60 ml/min), allergy
to contrast agent, implants/stents, treatment with
corticosteroids > 5 days, epilepsy, an instable general condi-
tion, participation in other studies, or former temporal artery
biopsies. Between November 2010 and August 2013, fifteen
patients were excluded (four with renal dysfunction, four with

implants/stents, one with both attributes, three with an allergy
to contrast agents, one with claustrophobia, one with a signif-
icant stenosis of the vertebral artery, and a lack of capacity of
the MRI in one case). Cases in which the patient declined the
participation were not registered. Because of this low inclu-
sion rate, we decided to present this initial case series of three
investigated patients with biopsy-proven GCA.

MRI measurements

Contrast-enhanced MR imaging was first performed on a
whole body 7 T system (Siemens Healthcare, Germany) using
a 32-channel head coil (Nova Medical, Wilmington, DE,
USA). After the intravenous application of single-dose con-
trast media [Multihance, Bracco (patients #1 & #2), Gadovist,
Bayer (patient #3)] T1-weighted spin echo images were ac-
quired in axial orientation aligned along the anterior and pos-
terior commissure (TR 500-600 ms (depending on SAR re-
strictions), TE 17 ms, matrix 1024 x 840, FoV 210 x 180 mm?,
slice thickness 2 mm, gap 1 mm, bandwidth 132 Hz/px, no
partial Fourier). Thirty axial slices covered a large central part
of the brain. The pulse duration of the refocusing pulse was
extended to stay within SAR limits. This had the positive side-
effect that due to the different bandwidths of the excitation and
refocusing pulses, only water signals contributed to the signal,
and fat signals were not acquired. This reduced SAR further,
as no separate fat saturation pulse was required. Within 1 hour
after the 7 T examination, patients underwent 3 T MR imaging
(MAGNEOM Verio or MAGNETOM Trio, Siemens
Healthcare, Germany) also employing 32-channel head coils
without further injection of contrast media. Fat-saturated T1-
weighted spin echo images were acquired (TR 500 ms, TE
15 ms, matrix 1024 x 768, FoV 200 x 200 mm, slice thickness
3 mm, gap 3 mm, bandwidth 76 Hz/px, partial Fourier 6/8).
MR images were visually assessed, with particular emphasis
on the detection of mural contrast agent enhancement and wall
thickening of the superficial cranial arteries. These signs have
been recognized as typical vasculitic MRI findings in patients
with GCA [9]. A 3D rendering of the arteries is not supported

Table 1 Patient details

Patient Gender Age (years) ESR (mm) C prior Biopsy Clinical signs
MRI (days)

#1 male 84 78/82 1 day right t.a. 1, 3 (left eye)

#2 female 75 76/88 2 days left t.a. 1,2

#3 female 69 98/102 3 days left t.a. 1,2,4

Temporal artery biopsy was positive in all three patients. Systemic treatment with a therapeutic dose of cortico-
steroids was started on the day of admission for all patients.

ESR = erythrocyte sedimentation rate; t.a. = temporal artery; C prior MRI=time of initiation of corticosteroid
treatment prior to MRI scan; Clinical signs: 1 — abnormalities of temporal artery; 2 — headache/jaw claudica-
tion; 3 — anterior ischemic optic neuropathy; 4 — malaise
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by the resolution applied here. For this purpose, future re-
search applying the very high resolution angiography capabil-
ity of 7 T may add further insight.

Results
Case 1

Figure 1 illustrates the results of the cranial 3 Tand 7 T MRI in
an 84-year-old male patient with suspected GCA due to an
anterior ischemic optic neuropathy (left eye) and an elevated
ESR of 78 mm in the first hour. Biopsy of the right superficial
temporal artery that was performed 2 days after the MRI scans
confirmed the diagnosis. Contrast-enhanced T1-weighted MR
imaging visualizes the entire cranial circumference for the
examination of the superficial cranial arteries and their
branches. At 3 T (Fig. 1a), only slight vasculitic signs are
evident. There is wall thickening and slight contrast enhance-
ment of the wall of the frontal branch of the left () and the
right (—) superficial temporal arteries, which are imaged hor-
izontally. In Fig. 1b, the corresponding 7 T images are
depicted, i.e., of the cranial circumference of the same patient
at nearly the same level. Mural contrast enhancement and wall
thickening of the frontal branches of the right (—) and left
superficial temporal artery (<) appear more pronounced at
7 T. Tt should be noted that the 7 T images were acquired
immediately after the intravenous administration of the con-
trast agent, while the patient did not receive an additional
contrast injection for the 3 T scans acquired approximately
1 hour after the 7 T scan. For a more dorsal 7 T image of the
same patient (Fig. 1c), the right frontal branch of the superfi-
cial temporal artery does not display any inflammatory signs
(*), while inflammatory contrast enhancement and wall thick-
ening of the parietal branch of the superficial right temporal
artery is evident (—). In contrast, the left superficial cranial
arteries appear to be not affected (< marks the parietal branch
of the left superficial temporal artery).

Case 2

Figure 2 illustrates the results of the cranial 3 Tand 7 T MRI of
a 75-year-old female patient with suspected GCA due to a new
onset of headache, and an elevated ESR of 76 mm in the first
hour. The diagnosis was confirmed histologically by biopsy of
the left superficial temporal artery 3 days after the MRI.
Contrast-enhanced T1-weighted MR imaging illustrates mural
inflammatory changes of the frontal branch of the left (not
shown) and the right superficial temporal artery (‘—’ in
Fig. 2) at both magnetic field strengths. Mural contrast en-
hancement with accumulation of contrast medium in the
perivascular space appears stronger at 7 T than at 3 T. It should
be noted that the 7 T images were acquired immediately after

the application of contrast medium, while the 3 T images were
acquired 30 minutes later. The signal intensity of skin and
subcutaneous fat at 7 T MR image appears more inhomoge-
neous than at 3 T, and also shows signs of patient motion. No
mural inflammatory changes of the left superficial temporal or
occipital arteries are depicted at this level for either field
strength.

Case 3

Figure 3 illustrates the results of the cranial 3 Tand 7 T MRI of
the cranial circumference of a 69-year-old female patient with
suspected GCA referred by a rheumatologist due to lassitude,
palpable abnormalities of the superficial temporal artery, and
an elevated ESR of 98 mm in the first hour. Biopsy of the left
superficial temporal artery performed 1 day after the MRI
scans confirmed the diagnosis. The 3 T MRI depicts mural
inflammatory changes of the parietal branch of the right su-
perficial temporal artery (—), while there is only slight con-
trast enhancement on the left side (). Prominent inflamma-
tory mural enhancement of the right and left parietal branches
of the superficial temporal artery in nearly identical location is
evident at 7 T. Solitary single-dose contrast agent was deliv-
ered directly prior to acquisition at 7 T and about 60 minutes
prior to acquisition at 3 T.

Discussion

We present the first report of high-resolution 7 T MRI of the
superficial temporal arteries in three patients with biopsy-
proven GCA and the intraindividual comparison to 3 T
MRI. The detection of mural inflammatory changes in a bilat-
eral assessment of the frontal and parietal branches of the
superficial temporal and the superficial occipital artery within
a single acquisition was possible at 7 T. The higher field
strength provided strong contrast enhancement with subjec-
tively superior image quality that may result in greater sensi-
tivity to detect inflammatory signs. Thus, the use of 7 T im-
aging suggests an increase in sensitivity with the known ben-
efits of MR-based assessment in GCA, i.e., assessment of the
whole cranial circumference to evaluate the cranial involve-
ment pattern, to localize inflamed vessel segments, and to
distinguish between involved and uninvolved segments.
This is important, as GCA is marked by a discontinuous af-
fection [5]. The detection of such local inflammatory lesions
may assist the optimal preparation of temporal artery biopsy,
with the potential to decrease the rate of false-negative sample
extraction [10]. While the three cases of the present study
suggest a good agreement of MRI findings at 7 T with histo-
logical results and the diagnosis according to the ACR criteria,
only follow-up studies on a greater patient cohort will be able
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Fig.1 Contrast-enhanced, T1-weighted SE image of patient #1 at 3 T (a:
VERIO) and 7 T (b, ¢) at the corresponding location (a, b) and one more
cranial slice (c¢) to assess the involvement of the superficial cranial arteries
in the inflammatory processes. a Slight inflammatory vessel changes at
3 T, with a thickened vessel wall of the frontal temporal artery on both
sides (—, <) and slight contrast enhancement of the frontal branch of the
left superficial temporal artery (). b 7 T MRI of the cranial
circumference of the same patient at nearly the same level. On both
sides, the frontal branches of the superficial temporal artery are
horizontally imaged and display wall thickening. The frontal branch of
the right superficial temporal artery (—) demonstrates a more
conspicuous contrast enhancement in comparison to the left side (). ¢
7 T images at a higher level demonstrating contrast enhancement and
mural thickening of the right parietal branch (—). There are no
inflammatory signs of the right frontal (*) and left parietal branches (<)

to provide the data basis to assess the sensitivity and specific-
ity of MR-based GCA diagnostics at 7 T.

One obstacle of 7 T MR imaging is the inhomogeneous
signal intensity of the skin and fat which was observed in
the present case series. It should be noted, however, that the
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Fig. 2 Cranial contrast-enhanced, T1-weighted MRI of patient #2 at 3 T
(a; Trio) and 7 T (b) showing contrast enhancement of the frontal branch
of the right superficial temporal artery (—) with a stronger contrast agent
enhancement visualized at 7 T

results suggest a superior imaging quality of the superficial
cranial arteries at 7 T compared to 3 T, i.e., a gain of spatial
resolution and contrast to noise. This is probably due to the
higher intrinsic signal-to-noise ratio at 7 T and the longer
native T1 that leads to stronger contrast-agent effects.
Contrast agents were delivered immediately prior to 7 T im-
aging, but 30 minutes (patient # 2) to 60 minutes (patient # 1
and patient # 3) prior to 3 T imaging. The elimination half-life
time is 1.2 to 1.7 h for Multihance and 1.3 to 2.1 h for
Gadovist. This suggests a minor, but possible effect of the
contrast-agent elimination. Follow-up investigations are need-
ed to address this issue and to quantify the resolution or
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Fig. 3 Contrast-enhanced, T1-weighted images of patient #3 at 3 T (a;
Verio) and 7 T (b) at nearly equivalent levels. a Inflammatory vessel
changes of the parietal branch of the right (—) and, less conspicuous, of
the parietal branch of the left superficial temporal artery (). b 7 T MRI
readily reveals bright inflammatory contrast enhancement of the parietal
branches on both sides

contrast-to-noise advantage at higher magnetic field strength,
and to evaluate possible diagnostic advantages. In this study,
only three out of 15 patients could be included due to a num-
ber of contraindications for contrast-enhanced MRI at 7 T.
With the introduction of 7 T to clinical diagnosis, we expect
more implants to be tested and certified as MR-safe for 7 T in
the future.

To avoid severe ischaemic complications of GCA a rapid
initiation of high-dose corticosteroids is essential. Clinical
symptoms such as headache or jaw claudication usually dis-
appear soon after initiation of steroid therapy, but histological
signs of GCA in biopsy are still detectable after 2 weeks of
steroid treatment [13]. Previous studies have shown that

vasculitic MRI signs in GCA disappear soon under successful
therapy, and diagnostic imaging should be performed as soon
as possible, preferentially before or early after the beginning
of medication to avoid false-negative results [12, 14—16]. This
phenomenon was taken into account in the present case series,
with the longest period interval of steroid treatment before
MRI comprising 3 days. Further studies are necessary to ana-
lyse how long vasculitic signs seen in MRI persist under ste-
roid treatment, and if 7 T provides a diagnostic advantage to
estimate diagnostic success and detect relapsing vasculitis.

Vasculitic mural inflammatory changes typically present as
circumferential mural thickening and contrast enhancement in
MRI as compared to the rather eccentric appearance of an
atherosclerotic plaque. For that reason, imaging planes should
be chosen in an orthogonal orientation to the vessel’s track. It
should be noted, however, that the specific cause of vasculitic
changes cannot be differentiated by MRI signs alone [17, 18].
Various systemic diseases such as sarcoid, systemic lupus er-
ythematosus (SLE), gaint cell arteritis (GCA), or others may
lead to mural vasculitic inflammatory changes. The specific
clinical presentations of those diseases differ substantially
among each other and need to be taken into account for the
differential diagnosis.

High-resolution imaging at 7 T without contrast agents
might be of value for the identification of vascular changes
[19, 20]. For example, irregularities of the artery lumen and
especially stenoses might be detected with non-contrast 7 T
angiography. This imaging approach permits the assessment
of'the vessel’s course without the need for contrast agent. This
would increase the diagnostic capabilities related to patients
with allergies to contrast agents or renal failure, and would
help to avoid complications. The presented case series is too
small to contribute to this issue. Further studies should address
the possibility to perform MR imaging without contrast me-
dium in patients with allergies and impaired renal function. In
a 3 T MRI trial including 43 patients with suspected GCA,
Geiger et al. [21] found an indication for the possibility to
detect vasculitic signs of the superficial cranial arteries by
radial T2-weighted MRI without administration of i.v. contrast
agents. A limitation of the MRI protocol used in that study is
the lower spatial resolution of T2 compared with the post-
contrast T1-weighted method, which makes the detection of
mild and moderate GCA cases difficult. Higher resolution of
T2-weighted imaging might be achieved using a higher mag-
netic field strength.

The present case series of three patients demonstrates that
contrast-enhanced 7 T MRI allows the detailed visualization
of the superficial cranial arteries and the non-invasive assess-
ment of the cranial involvement pattern. There is an indication
that the higher magnetic field strength promises further im-
provement of the vasculitis diagnosis. Further studies with
larger patient trials are necessary to detail the diagnostic ad-
vantages of ultra-high field MR imaging.
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