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LETTERS

Can Trace-Weighted Images Be Used to Estimate Diffusional
Kurtosis Imaging—Derived Indices of Non-Gaussian Water
Diffusion in Head and Neck Cancer?

We read with great interest the appealing article by Tu et al,’
aimed at assessing the role of histogram-based descriptors
of the non-Gaussian diffusional kurtosis imaging (DKI) model®
in treatment-response prediction of nasopharyngeal carcinoma.
They found that histogram-based analysis of DKI-derived indices
of “kurtosis” and “diffusivity” may potentially predict the neoad-
juvant chemotherapy and short-term radiation therapy response
in locoregionally advanced nasopharyngeal carcinoma, therefore
possibly modifying the treatment regimen. Considering that DKI
is a quantitative diffusion MR imaging technique, we think it
would be of practical interest to discuss in greater detail the ap-
proach used to estimate kurtosis and diffusivity in this study and
in various DKI applications in general.

Tu et al' used only 3 orthogonal diffusion-weighting direc-
tions as is usual in extracranial DKI studies. While a rigorous
application of DKI would require the use of at least 15 diffusion-
weighting directions and 2 non-null b-values,” this simplification
(based on the assumption of a relatively low diffusion anisotropy
degree for tumor lesions) allows reducing the scan time, which is
a pivotal issue in numerous extracranial applications of diffusion
MR imaging. In this context, the estimation of kurtosis and dif-
fusivity as the average of directional kurtosis and diffusivity ob-
tained separately along the 3 orthogonal directions (namely K and
D) hence represents the best possible approximation® for rota-
tional invariant mean kurtosis (ie, the average of directional kur-
tosis along all spatial directions) and mean diffusivity, respec-
tively.> However, it is likely that Tu et al' estimated K and D by
fitting the DKI model to trace-weighted images (TWIs) (ie, the
geometric means of acquired diffusion-weighted images (DWIs),
along the 3 orthogonal diffusion-weighting directions), albeit not
explicitly reported.

This fact represents an important methodologic issue that
should be adequately discussed. Indeed, while the approach of
using TWIs has been widely adopted in many extracranial appli-
cations of DKI, it is mathematically as well as theoretically incor-
rect and yields no advantage in terms of acquisition time.”* No-
tably, a simulation study has shown that this approach can
potentially affect the estimation of K.” In particular, even for true K
values ~ 1 (as typically observed in human tissue) and a low dif-
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fusion anisotropy degree (<0.2), the percentage error in the K
estimation caused by the use of TWIs instead of single DWIs along
the 3 orthogonal directions can range up to more than 30%, re-
sulting in greater uncertainty introduced by DWIs noise for typ-
ical signal-to-noise ratio values. In addition, a recent in vivo study
has demonstrated that the fit of the DKI model to TWIs can in-
troduce bias and error in the estimation of K and D of head and
neck cancer, which can be non-negligible for single lesions.” The
median (95% confidence interval) errors in K and D were 5.1%
(0.8%, 32.6%) and 1.7% (—2.5%, 5.3%), respectively.

In conclusion, toward an optimization of methods in quanti-
tative DKI of the head and neck and extracranial regions in gen-
eral, the use of at least 15 diffusion-weighting directions and 2
non-null b-values would be conceptually recommendable.”
Nonetheless, the widespread and growing tendency to obtain K
and D by fitting the DKI model to TWIs should possibly be
avoided because it can affect the estimation of DKI-derived

indices.>*
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