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Head and Neck cancers are relatively
common: squamous cell carcinoma
of the head and neck (SCCHN) has

a worldwide incidence of approxi-
mately 500,000 cases per annum [1].
Treatment is a combination of sur-
gery, chemotherapy and radiotherapy
(RT), devised to maximize the proba-
bility of eradicating the disease while
retaining organ function [2-5].
Recent technical advances in RT
include high-precision conformal
techniques such as intensity-modu-
lated RT (IMRT) and volumetric
intensity modulated arc therapy
(VMAT), which enable dose escala-
tion to lesions without exceeding
recommended exposure levels for
organs at risk (OAR). However, these

techniques require accurate anatomi-
cal information to contribute towards
improving disease control.

High-resolution Magnetic Resonance
Imaging (MRI) has increasingly been
used to plan Head and Neck RT
[6-10]. MRI and CT images are regis-
tered, combining the advantageous
soft tissue contrast of MRl examina-
tions and the required CT-based
electron density. However, MR
images are often distorted due to
magnetic field inhomogeneity and
non-uniform gradients [11-13], and
the use of CT-MR fusion requires
geometrically accurate MRI datasets.
This article describes the equipment,
protocols and techniques used in
Head and Neck MRI at the Royal
Marsden NHS Foundation Trust to
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Receiver coil arrangement used at the Royal Marsden NHS Foundation Trust
to perform Head and Neck MRI for RT planning. A standard MR-compatible
baseboard is employed, enabling the use of a thermoplastic mask. The large
flex-coil is positioned above the neck and used in conjunction with elements
of the spine array.
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ensure that the MRI examinations
undertaken for RT planning purposes
achieve the required geometric
accuracy.

At the Royal Marsden NHS Foundation
Trust clinical Head and Neck MRI
examinations for RT planning are
undertaken at 1.5T in the 70 cm bore
MAGNETOM Aera (Siemens Health-
care, Erlangen, Germany). Patients are
scanned in the RT position using an
appropriate head rest and thermoplas-
tic shell immobilisation attached to an
MR-compatible headboard, modified
to remain accurately positioned on the
Aera patient couch. In addition to the
elements of the posterior spine coil
selected at the level of the lesion, a
large flex-coil is also placed anteriorly,
in line with the tumor, employing a
custom-built plastic device to keep
the coil curved, following the neck
anatomy. This arrangement achieves

a high signal-to-noise ratio, allows
effective use of parallel imaging and
keeps patient comfort in the RT plan-
ning position (Fig. 1).

The MRI protocol covers the primary
tumor and neck lymph nodes with
approximately isotropic T1-weighted
sagittal 3D acquisition (TE 1.8 ms,
TR 880 ms, 160 x 1 mm slices,

250 mm x 250 mm FOV, 256 x 256
image matrix). Images are acquired
post contrast-agent injection (single
dose). This dataset is subsequently
registered with the RT planning CT
examination, and for this reason its
geometric integrity is checked periodi-
cally with a large linear test object,
previously described [14], consisting
of sets of straight tubes in three

orthogonal directions. Figure 2 shows
images of the test object without and
with post processing to correct image
distortion. The 3D distortion correction
built into the scanner software is
essential for RT planning, and always
used. The maximum displacement
found within the volume encompassed
by head and neck examinations is less
than 1 mm. In addition, the imaging
protocol employs a 500 Hz/pixel band-
width, ensuring chemical shift related
displacements in the readout direction
remain under 0.5 mm.

Having characterized the geometric
integrity of the protocol employed,

it is also essential to characterize any
further distortion associated with the
distribution of magnetic susceptibility
values within the subjects. In Head
and Neck a large number of air-tissue
interfaces in the vicinity of the tumors
gives rise to localized magnetic field
inhomogeneity, detrimental to the
geometric integrity of the images. For
this purpose, the field inhomogeneity
in this region was estimated in five
Head and Neck subjects. Transaxial
gradient-echo images were acquired
with fat and water in phase (TE values
4.76 and 9.53 ms), and the phase

images were subtracted. The local
field inhomogeneity was measured
after phase unwrapping. Displace-
ments associated with the airways
were mostly under 0.5 mm with
this sequence. Displacements only
reach 1 mm in the vicinity of dental
implants, and only very few pixels
are affected.

In addition to the clinical service pro-
viding anatomical images for RT plan-
ning, functional MRI is also employed
to characterize lesions pre and post
treatment and to investigate predic-
tion of treatment response both at
1.5T (MAGNETOM Aera) and 3T
(MAGNETOM Skyra). In RT planning,
the ultimate aim of functional imag-
ing techniques is to identify radio-
resistant disease and thus provide

a biological target volume for dose
boosting. Geometric accuracy is
therefore essential to allow correct
registration of functional MR images
with anatomical MRI and CT datasets.
In Head and Neck cancers, both diffu-
sion-weighted imaging (DWI) and
Dynamic Contrast-Enhanced (DCE)
MRI have been explored [15-21].

Diffusion-weighted imaging with
readout segmentation of long
variable echo-trains (RESOLVE):
EPI-based DWI is sensitive to the
mobility of water molecules and

to their environment. In cancer, cell
proliferation is often associated with
an increase in cell density and in
extracellular space tortuosity. This
leads to lower values of the Apparent
Diffusion Coefficient (ADC), com-
pared to healthy tissues [22-23]. ADC
values have thus been used for tumor
detection, prediction and assessment
of treatment response.

EPI in regions adjacent to air-tissue
interfaces is known to suffer from
poor geometric integrity [24].
Because this affects Head and Neck
studies, strategies to reduce the
echo-train length were sought. In
addition to parallel imaging, the
RESOLVE technique was also
employed to acquire multi-shot DWI
using a navigator signal to enable
accurate multi-echo combinations.
In Head and Neck studies, DWI with
RESOLVE was employed, covering
the volume of interest to identify
restricted diffusion within primary
lesions and affected lymph nodes.

Images of the Linear Test Object (described by Doran et al. [14]) acquired using a 3D T1-weighted sequence with
bandwidth 500 Hz/pixel, without distortion correction (2A) and with 3D distortion correction (2B). Each picture shows
three maximum intensity projections (sagittal, coronal and transaxial) and a 3D view of the test object.
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Standard DWI (b=0)

RESOLVE DWI (b=0)

RESOLVE ADC

A comparison of conventional single shot DWI (3A) and RESOLVE DWI (3B) in a head examination. The ADC calculated with

the RESOLVE DWI (3C) retains the geometric integrity. Standard DWI parameters: TE 98 ms, TR 7000 ms, receiver bandwidth
1040 Hz/pixel, matrix 192 x 192, FOV 230 mm x 230 mm, 3 averages, slice thickness 4 mm. RESOLVE DWI parameters: TE 58 ms,
TR 5700 ms, receiver bandwidth 950 Hz/pixel, matrix 128 x 128, FOV 240 mm x 240 mm, slice thickness 4 mm.

Figure 3 compares DWI acquired
without and with the RESOLVE
technique for a Head subject, in a
slice comprising air spaces. The clear
improvement in geometric integrity
achieved with RESOLVE DWI allows
the registration of anatomical and
functional images, thus allowing

the use of DWI in RT planning for
Head and Neck cancers (Fig. 4).

Dynamic contrast-enhanced MRI
with CAIPIRINHA-VIBE and TWIST
view-sharing*:

In dynamic contrast-enhanced
(DCE)-MRI a series of 3D T1-weighted
images is acquired to monitor
contrast-agent uptake following an
intravenous injection of contrast-
agent. Using reference images, this
technique can be quantitative and
provide a dynamic calculation of T1
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for each voxel. This enables pharma-
cokinetic modelling, providing infor-
mation on tumor microcirculation,
vascularity, blood volume and vessel
permeability [25, 26]. This quantita-
tive approach to DCE requires high
temporal resolution to maintain
accuracy. However, this conflicts
with the need for high spatial resolu-
tion in RT planning applications.

The combination of flex-coil and
spine coil elements has been used
for DCE employing TWIST view-shar-
ing and CAIPIRINHA reconstruction
to produce high resolution images

(voxel size 2 mm isotropic x 44 slices,

CAIPIRINHA parameters: 2x2) with
2.5 s temporal resolution (TWIST
parameters: A = 33% B = 33%). An
example of TWIST/CAIPIRINHA DCE
with a generous superior/inferior

Head and Neck T2-weighted image
(4A) with co-registered RESOLVE
diffusion-weighted image (4B).
Restricted diffusion (high intensity)
can be observed in nodes, spinal
cord, tonsils and submandibular
glands with no apparent geomet-
rical distortion.

coverage to include both primary

site and local involved lymph nodes is
shown in figure 5. Isotropic voxels
allow for a good 3D delineation of a
biological target volume. In addition,
Dixon reconstruction of fat and water
images also provides information on
fat content within the imaged volume,
which might be important in the con-
text of tumor response to treatment.
Figure 6 shows T1-weighted water-
Dixon signal change after Gd injection
for a given representative slice con-
taining a primary tumour. Last frame
shows Ktrans map within the region
of interest.

* Work in progress. The product is still under

development and not commercially available
yet. Its future availability cannot be ensured.

Post-contrast water (5A) and fat (5B) Dixon images of patient with squamous
cell cancer of the head and neck. Isotropic voxels allow for a good assessment
of primary (P) and nodal (LN) tumour site (5C-E; coronal and sagittal image
reconstruction). DCE protocol: Flip angle 4/24 degrees, TR 7.2 ms, TE; 2.4 ms,
TE; 4.8 ms, 2 mm isotropic resolution in 44 slices, temporal resolution 2.5 s
(TWIST: A = 33%, B = 33%, CAIPI: 2 x 2).

KTrans : 0.20:36min-1

T1-weighted Dixon/water signal change after contrast agent injection, showing progressive enhancement and
washout of Head and Neck cancer lesion. Last frame shows Ktrans for a region of interest over a primary tumor site.
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Geometrically accurate anatomical
and functional imaging for RT plan-
ning of Head and Neck cancers were
acquired in the RT planning position
in standard clinical scanners; this
service was developed to meet

the clinical and research needs of
the users, using custom built coil
positioning devices and test objects.

The authors wish to thank D. Nickel,
R. Kroeker and P. Ravell (Siemens
Healthcare) for the provision of the
works-in-progress package WIP771
(VIBE with View Sharing TWIST).
The authors acknowledge the
support of CRUK and EPSRC to the
Cancer Imaging Centre at ICR and
RMH in association with MRC &
Department of Health C1060/
A10334, C1060/A16464 and NHS
funding to the NIHR Biomedicine
Research Centre and the Clinical
Research Facility in Imaging. This
work was also supported in part by
Cancer Research UK Programme
Grants C46/A10588 and C7224/
A13407. MOL is an NIHR Senior
Investigator.

Radiotherapy Planning where MR data is
the only imaging information is ongoing
research. The concepts and information
presented in this article are based on

research and are not commercially available.

Its future availability cannot be ensured.
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