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Abstract

Laser interstitial thermal therapy (LITT) has recently emerged as a new treatment modality for
cancer pain management that targets the cingulum (pain center in the brain), and has shown
promise over radio-frequency (RF) based ablation which is reported to provide temporary relief.
One of the major advantages enjoyed by LITT is its compatibility with magnetic resonance
imaging (MRI), allowing for high resolution in vivo imaging to be used in LITT procedures. Since
laser ablation for pain management is currently exploratory and is only performed at a few centers
worldwide, its short-, and long-term effects on the cingulum are currently unknown. Traditionally
treatment effects are evaluated by monitoring changes in volume of the ablation zone post-
treatment. However, this is sub-optimal since it involves evaluating a single global parameter
(volume) to detect changes pre-, and post-MRI. Additionally, the qualitative observations of
LITT-related changes on multi-parametric MR1 (MP-MRI) do not specifically address
differentiation between the appearance of treatment related changes (edema, necrosis) from
recurrence of the disease (pain recurrence). In this work, we explore the utility of computer
extracted texture descriptors on MP-MRI to capture early treatment related changes on a per-voxel
basis by extracting quantitative relationships that may allow for an in-depth understanding of
tissue response to LITT on MR, subtle changes that may not be appreciable on original MR
intensities. The second objective of this work is to investigate the efficacy of different MRI
protocols in accurately capturing treatment related changes within and outside the ablation zone
post-LITT. A retrospective cohort of studies comprising pre- and 24-hour post-LITT 3 Tesla T1-
weighted (T1w), T2w, T2-GRE, and T2-FLAIR acquisitions was considered. Our scheme
involved (1) inter-protocol as well as inter-acquisition affine registration of pre- and post-LITT
MR, (2) quantitation of MRI parameters by correcting for intensity drift in order to examine
tissue-specific response, and (3) quantification of MRI maps via texture and intensity features to
evaluate changes in MR markers pre- and post-LITT. A total of 78 texture features comprising of
non-steerable and steerable gradient and second order statistical features were extracted from pre-
and post-LITT MP-MRI on a per-voxel basis. Quantitative, voxel-wise comparison of the changes
in MRI texture features between pre-, and post-LITT MRI indicate that (a) steerable and non-
steerable gradient texture features were highly sensitive as well as specific in predicting subtle
micro-architectural changes within and around the ablation zone pre- and post-LITT, (b) FLAIR
was identified as the most sensitive MRI protocol in identifying early treatment changes yielding a
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normalized percentage change of 360% within the ablation zone relative to its pre-LITT value, and
(c) GRE was identified as the most sensitive MRI protocol in quantifying changes outside the
ablation zone post-LITT. Our preliminary results thus indicate great potential for non-invasive
computerized MRI features in determining localized micro-architectural focal treatment related
changes post-LITT.

Keywords

laser interstitial thermal therapy; cancer pain; focal treatment; treatment change; registration;
multi-parametric MRI; monitoring; treatment evaluation

1. INTRODUCTION

Nine million people suffer from cancer pain every year with estimated 30% of cancer
patients dying with it in the absence of adequate treatment and management.! Neuroablative
procedures targeting different pain centers have been investigated by neurosurgeons to
alleviate the suffering of patients with intractable cancer pain. One such recently
investigated procedure is MRI-guided laser interstitial thermal therapy (LITT)? that targets
the cingulum (pain center in the brain), and may offer measurable advantages for cancer
pain management over existing ad-hoc treatment options, such as radio-frequency ablation3
which only provides temporary pain relief. One of the major advantages enjoyed by LITT is
its compatibility with MRI, allowing for high resolution in vivo imaging to be used in LITT
procedures. MRI is also capable of monitoring temperature change in the tissue, which
enables real-time monitoring of LITT. Further, multi-parametric MRI (MP-MRI) offers the
ability to precisely ablate the cingulum via MRI guidance to avoid damage to critical
neighboring structures.2 Although LITT is highly promising for pain management, very
little is known about specific early treatment changes caused due to thermal ablation or
indeed the accuracy of this procedure in targeting the cingulum and the impact to
surrounding tissues.*

Given how new LITT technology is for treatment of chronic cancer pain, currently there
does not exist any work on evaluating effects of LITT on the cingulum for pain
management. However, in the context of evaluating LITT for other neurological applications
such as GBM and epilepsy, patients are monitored qualitatively via volumetric analysis on
T1-w MRI protocol.®> T1-w MRI allows for capture of volume of enhancement within
ablation focus post-treatment, acquired at regular time intervals (24-hours, 1-month, 3-
months, 6-months post-treatment) and comparing these changes with reference to pre-
treatment T1-w MRI to identify patients who may still be prone to treatment failure.®> The
volumetric analysis (known as MacDonald criterion®) however may be sub-optimal in
precisely localizing specific LITT related changes on MRI since it involves evaluating a
single parameter (volume) to detect changes pre-, and post-MRI. Additionally, the
qualitative observations of LITT-related changes on MP-MRI do not specifically address
differentiation between the appearance of treatment related changes (edema, necrosis) from
recurrence of the disease (pain recurrence) because of their similar appearance on MRI. The
availability of MP-MRI protocols acquired post-LITT provides us with a unique opportunity
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to evaluate and monitor localized per-voxel changes across different MRI protocols post-
LITT with respect to pre-LITT MRI, and identify MRI markers that correspond to early
treatment related changes (such as swelling, edema, and irreversible tissue damage). These
early changes are reported to occur as an effect of LITT but have not been studied in the
context of pain management.”8 A clear understanding of quantitative changes in MR
imaging markers corresponding to these treatment changes can serve as a surrogate of
treatment response for identification of patients with complete pain relief as against patients
with partial or no pain relief. A regular monitoring of MP-MRI markers may also provide us
with additional insights on subtle changes in imaging markers that occur within the first few
weeks due to the immediate effects of treatment and their role in predicting treatment
success. There is hence a significant need for a quantitative approach that allows for
evaluation and monitoring of voxel-level changes in imaging markers over time across MP-
MRI, and identify sensitive MRI markers that correspond to treatment changes post-LITT.4
Over the last two decades, texture descriptors have shown tremendous utility in quantifying
morphological information for computer aided analysis for a myriad of diseases and tumor
types.911 In this work, we explore the applicability of texture descriptors in evaluating early
treatment response of LITT towards addressing the following questions in the context of
pain-management:

1. Can texture descriptors with MP-MRI quantify early treatment related changes on
cingulum for cancer pain-management that may not be appreciable via McDonald
criteria or visual inspection of original MRI1?

2. Can we identify which MRI marker is more accurate in discerning early treatment
related changes within and outside the ablation zone post-LITT? Ideally, MP-MRI
parameter should demonstrate large change within the ablation zone and small
change within the normal region, as a result of treatment.

Towards addressing these objectives, we present a quantitative approach (Figure 1) for high-
resolution (per-voxel) evaluation of early treatment-related changes in vivo on MP-MRI, via
(a) accurate alignment of different MRI protocols pre- and post-LITT for a per-voxel
quantification across different protocols, (b) alignment of intensities via intensity
standardization to enable quantitative evaluation of MR parameters across pre- and post-
LITT acquisition, while ensuring tissue specific meaning to the parameters being compared,
and (c) identification of computer extracted texture descriptors that may better capture early
morphological, and micro-architectural changes post-LITT to quantify early treatment
related changes post-LITT.

The remainder of the paper is organized as follows. Section 2 discusses the previous work
and novel contributions. In Section 3, we provide methodological details of this work.
Experimental results are presented in Section 4. We provide concluding remarks in Section
5.

2. PREVIOUS WORK AND NOVEL CONTRIBUTIONS

Effects of cingulatomy via radio frequency (RF) treatment (state-of-the-art) on cingulum
have been studied in the context of pain-management and depression disorders.312 Yen et
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al.12 evaluated a total of 15 patients who were followed over time to identify signs of pain
recurrence or no relief in patients who underwent RF-guided cingulatomy for pain
management. Evaluation of patient’s response to treatment was performed at regular
intervals (1-week, 3-months, and 6-months, and 1-year post treatment). At the end point of
evaluation (last available follow up), nine patients had pain relief of more than 50%, six had
pain relief between 25 to 50%, and seven had pain improvement of less than 25%. Similarly
in Steele et al.,3 T2-weighted MRI was used to evaluate the best location and volume of the
lesions that are associated with a better clinical response for depression patients who
underwent RF-cingulatomy. The results suggested that patients when evaluated at 12-month
follow-up had a superior clinical response associated with more anterior lesions with small
volumes. The authors reported the best clinical response for patients with lesion volume of
1000 to 2000 cm?.

In the context of evaluating quantitative treatment changes post-treatment for other
neurological applications, a recent focus has been on quantitatively monitoring changes in
MP-MRI markers at different time-points post-treatment during follow-up with respect to
baseline (pre-treatment) MRI. Khayal et al.13 investigated changes in diffusion parameters at
pre-, mid-, and post-radiation therapy (RT) for post-surgical Glioblastoma multiforme
(GBM) patients to identify imaging markers that correspond to long-term patient survival.
The results suggested that the changes in mid- to post-RT were significantly different
between patients who progressed within 6-months versus those who were free of
progression for 6-months after initiation of therapy. Similarly Foltz et al.14 evaluated short-
term treatment response by evaluating changes in values of ADC and T2 relaxation every 2
weeks within respect to baseline-MRI, over the course of 8 weeks. The significant findings
of the work by Foltz et al. included, (a) identifying MRI marker changes that were better
correlated with TRC, and (b) identifying an optimal time-point since initiation of treatment,
when recurrent disease resurfaced.

Our group*15.16 has leveraged these qualitative characteristics within novel quantitative
schemes for pervoxel evaluation and MRI signature construction to differentiate between
possible radiation treatment outcomes (success, unsuccessful, recurrence). In our recent
work,17 a fiducial driven based registration scheme was presented to evaluate laser ablation
changes for GBM and epilepsy patients. Similarly, Viswanath et al.16.18 recently presented a
quantitative approach via texture descriptors in conjunction with MP-MRI to evaluate post-
LITT changes for prostate cancer. Texture descriptors were shown to outperform original
MR intensities in identifying changes within the ablation zone, pre and post-LITT. Litjens et
al.,19 similarly presented a quantitative approach to distinguishing benign confounding
treatment changes from residual prostate cancer on MRI following laser ablation.

In this work, we present the first results of utilizing careful co-registration and image
analytic tools to enable high-resolution (per-voxel) evaluation of treatment-related changes
in vivo in patients who have undergone LITT for pain-management, using MP-MRI
information. Additionally, we explore the relative importance and utility of different MRI
protocols in determining post-LITT effects. The novel contributions of this work include,
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« Application of quantitative image analysis to evaluate treatment-related changes in
vivo after LITT for chronic cancer pain management, using MP-MRI. The closest
work involved studying morphometric changes across MRI to measure regional
brain volumes before and after anterior cingulotomy.3

» ldentification of texture descriptors corresponding to early micro-architectural
morphological treatment related changes post-LITT, by quantification of relative
sensitivity and change observed in different MP-MRI protocols for evaluating
LITT-related treatment change in vivo.

e Our methodology is intended to provide a deeper understanding of imaging-related
changes due to LITT in vivo. These findings may later enable early image-guided
intervention in cases of unsuccessful or incomplete treatment, as determined by an
MRI-based signature of LITT-related changes.

3. METHODOLOGY

3.1 Notation

We define €5 = (C’ fgpre) as the pre-LITT MR scene, where #= {T1lw, T2w, GRE, FLAIR}
corresponds to the different MR protocols, and 5™ (¢) is the intensity value associated with
every voxel cina 3D grid C. %75"“ are the corresponding post-LITT MR scenes for every S,

p e {T2w, T1w, GRE, FLAIR} that have been aligned to ™. The region annotated as the
ablation zone is denoted A(C) while the normal, benign annotation is denoted N(C).

3.2 Inter and intra-protocol registration of pre- and post-LITT MRI

A 3D affine transformation with 12 degrees of freedom, encoding rotation, translation,
shear, and scale, is implemented via the 3D Slicer software 4.1. (http://www.slicer.org/) to

accurately align post-LITT MRI with reference to the pre-LITT T1w MRI volume, €™

T1 '’
which yielded a registered 3D volume, ‘é’gOSt, for every S, f € {Tlw, T2w, GRE, FLAIR}.
During registration, the 3D volume is appropriately resampled and interpolated, in order to
account for varying voxel sizes and resolutions between different protocols. Note that all
MP-MRI acquisitions are aligned to the pre-treatment frame of reference CZ’* to enable
quantitative comparisons (Figure 1(b)).

3.3 Correction of MR parameter drift

When the image intensity distributions for <’ (red) and %P{’L"jiﬁ (black) were plotted
together (Figure 1(c)), it was clear they were not in alignment, implying the presence of

intensity drift (or non-standardness)2° between the pre- and post-LITT acquisitions. A
similar trend was observed when plotting the distributions for €2, € <’2'* and
corresponding post-imaging, implying the presence of drift in intensity values between pre-

and post acquisitions.
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The Nyul and Udupa algorithm?! was implemented to automatically identify corresponding
landmarks on each of the histograms, and non-linearly map them to one other. The mapping
was calculated as a piece-wise linear transform between corresponding intensity ranges on
the histograms of the two acquisitions. As a result of intensity standardization, the
histograms were aligned (Figures 1(c)) and the MR parameters could be directly compared.

After segmentation of the lesion ROl on €77, 5™ and ‘efé’m, pe{T1, T2, GRE, FLAIR}
are quantitated by correcting for intensity drift between acquisitions.2% Correcting for this
artifact hence enables quantitative comparison of the changes in MR parameters between

pre- and post-LITT acquisitions, while ensuring tissue specific meaning to the parameters
being compared (Figure 1(c)).

3.4 Texture feature extraction of MP-MRI

A total of 78 texture features'! were extracted from each of ¢/}, %émtﬁ € {Tiw, T2w,
GRE, FLAIR} on a per-voxel basis. These features are obtained by (1) calculating responses
to various filter operators, and (2) computing gray level intensity co-occurrence statistics, as
follows,

1. 1. Non-steerable gradient features: A set of 17 non-steerable gradient features were
obtained via convolution with Sobel and Kirsch edge filters and first-order spatial

derivative operators from each of 3", %’é’m. These operators allow for detection
of the strength of horizontal, vertical, and diagonal edges within the image using
linear kernels.22

2. Seerable gradient features: Gabor operators comprise the steerable class of
gradient calculations which attempt to match localized frequency characteristics.23
A Gabor filter can be defined as the modulation of a complex sinusoid by a
Gaussian function and is controlled by scale (1) and orientation (6) parameters. 48

Gabor features were extracted from each of 5™, and %’m, via convolution with
distinct Gabor operators obtained by varying each of the associated parameters.

3. Second order statistical features: Second order statistical features have been
proposed by Haralick?4 and have found wide application in computing features
with perceptual meaning for computerized detection systems.1! These features are
based on quantifying the spatial gray-level co-occurrence within local
neighborhoods around each pixel in an image, stored in the form of matrices. 13

Haralick features were calculated from each of %", and %’gm, based on statistics
derived from the corresponding co-occurrence matrices.

The reader is directed to [11] for a more detailed description of the individual texture
features.

Feature extraction results in feature scenes L%'ﬁ: (C, [ ';1;,) where fc’;’ 5 (c)is the feature

value at location ¢ € C when feature operator ¢ is applied to scene %[; r € {pre, post}, p €
{T1w, T2w, GRE, FLAIR}. For ease of notation, the raw intensity values for every g were
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included in this set of feature scenes, i.e. there are a total of 79 feature scenes corresponding

to each of €, 41", p {T1w, T2w, GRE, FLAIR}.

3.5 Quantifying imaging changes due to LITT

For each of ﬁfjﬁ, oe{l, ..., 79}, ke {pre post}, 5 € {Tlw, T2w, GRE, FLAIR}, the
range of values was normalized to have a mean of 0 and a mean absolute deviation of 1.
This ensured that the different parameter values were in a comparable range of values when
quantifying differences between pre- and post-LITT MP-MRI.

Calculation of difference statistics was limited to voxels within the annotated regions A(C)
and N(C). Due to the focal nature of LITT, it may be expected that regions within A(C) will
show large differences between pre- and post-LITT MP-MRI parameters i.e. significant
change due to treatment, while regions denoted by N(C) show little to no change due to
treatment.

The L; norm difference between a given pre- and post-LITT MP-MRI feature value can be
calculated as

e o0st
Sp50=f25(c) = fh% (o), @
for every voxel c € C (after normalization).

Difference scenes can be visualized within the ROI (ablation zone) by utilizing a colormap,
such that blue corresponds to small difference values and red corresponds to areas of high
differences. Therefore, regions annotated as A(C) should be highlighted by red in the
difference scene colormap, which would correspond to large changes within the ablation
zone due to successful ablation of the lesion focus. Along similar lines, regions annotated as
N(C) should be highlighted in blue in the difference scene colormap, corresponding to little
to no change in a region not targeted by focal laser ablation (Figure 1(e)).

The normalized percentage change each of %%t with respect to the corresponding #7 5, ¢
e {1,...,79}, p< {Tiw, T2w, GRE, FLAIR} was calculated as,

9,8 (c)

A
pA ,=MEDIAN _, _ —25°20
@8 S C) 0]

5 (py,8) =(p£,ﬁ)2 - (pﬁg)z- @3)

pﬁyﬁ and pfxﬁ quantify the change in MP-MRI parameter ¢ within the annotated regions
N(C) and A(C), and are implicitly normalized between 0 and 1, where 1 corresponds to a
large difference and 0 corresponds to no difference (between the pre- and post-LITT MRI

feature). In an ideal scenario, we would expect that pﬁﬁ will be close to or greater than 1,
corresponding to a large change in the MP-MRI feature ¢ within the successfully ablated

Proc SPIE. Author manuscript; available in PMC 2014 July 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tiwari et al. Page 8

region (this would be considered a highly sensitive response). Similarly, pﬁﬁ should ideally
be close to 0, corresponding to no change in the MP-MRI feature ¢ within the normal region
that should largely remain unaffected by focal ablation (implying a highly specific response).

3.6 Identifying the most sensitive and specific texture descriptor in capturing treatment
related changes post-LITT

Each MP-MRI feature was then ranked based on maximizing pﬁﬁ while minimizing pﬁﬁ, 1)
e{1, ..., 79}, pe {T1iw, T2w, GRE, FLAIR}, via the scoring function

S (o) =(rs) — (PN5)" @

A high value for p,, g) will correspond to a feature that is highly sensitive (i.e. pfﬁ close to

1) as well as highly specific (i.e. pﬁﬁ close to 0).

4. EXPERIMENTAL DESIGN AND RESULTS

4.1 Data Description

An FDA-cleared surgical laser ablation system (Visualase Thermal Therapy System;
Visualase, Inc., Houston, TX) was employed for the LITT procedure. Two chronic cancer
pain patients were monitored post-LITT at 24-hours via MP-MRI (T1-w, T2-w, GRE,
FLAIR) as a part of an ongoing study at University of Medicine and Dentistry, New Jersey
(UMDNJ), after initial 3-Tesla MP-MRI. The details of the surgical procedure have been
previously described.2® Briefly, the procedure is performed in the following manner. The
appropriate entry point and trajectory angle are identified using the Medtronics Stealth S7
(Medtronics, Inc., Minneapolis, MN) using merged MRI and CT images. A stab incision is
made at the entry site, followed by the creation of a burr hole using a handheld 3.2 mm twist
drill. The Visualase Thermal Therapy System (Visualase, Inc., Houston, TX) bone anchor is
placed using the alignment rod and precision aiming device, and then secured to the
calvarium. The laser catheter is introduced through the fixed bone anchor. The laser used in
the Visualase system is a 15-W, 980-nm diode laser, flexible diffusing tipped fiber optic,
and 17-gauge internally cooled catheter. The patient is transferred to the MRI suite for the
remainder of the procedure. In the MRI suite, the Visualase hardware system is connected to
the MRI scanner, which allows for real-time thermal monitoring. The delivery of a test dose
(typically, 3 W, 2030 seconds), gives confirmation of laser placement. Safety margins are
planned using the Visualase software such that the surrounding tissues temperatures do not
surpass the predetermined limit (508C) and the center of the lesion does not exceed 908C (to
avoid steam). In addition, the software allows for target temperature placement in multiple
orthogonal planes if necessary based on the lesion location. Laser treatment is then started at
the appropriate dose and duration to achieve maximal lesion destruction. During the ablation
procedure, the software imports thermal imaging information every 5 seconds, allowing
real-time analysis of the ablation process. There were no partial treatments in this series.
Most patients were discharged within 2436 hours in the absence of complications or other
general medical conditions.
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4.2 Experiment 1: Evaluating MRI markers in quantifying early LITT-related changes within
and outside ablation zone

Figure 2 shows the top two performing features, based on o) for T2-FLAIR. Note the
pronounced microarchitectural changes across the two texture descriptors (Figure 2(b),(c))
as compared to the original FLAIR image (Figure 2(a)). Table 2 summarizes the top three
texture descriptors for T1w, T2w, T2-GRE, and T2-FLAIR MRI ranked in descending
order, along with the percentage change between pre, post-LITT values within the ablation
zone. It can be observed that Gabor responses were primarily ranked highest within each of
the multi-parametric MRI feature sets, based on a scoring function that attempted to
maximize percentage change within the ablation zone while minimizing change within a
normal region (between pre- and post-LITT MRI features). More specifically, Gabor
features (at ©=1.96, A=11.31) were consistently identified as an important feature in
evaluating treatment response across each of the different MRI protocols. This implies the
presence of distinct micro-architectural orientation and gradient changes occurring
specifically within the ablation zone as a result of LITT, possibly due to the presence of
necrotic or ablated tissue in this region. However, normal regions show a markedly lower
change in these features, likely because they are unaffected by the focal nature of LITT.

4.3 Experiment 2: Relative importance of MRI protocols in quantifying LITT changes within
and outside ablation zone

Figures 3(a)-(d) show the barplot results of the top performing features in terms of
quantifying treatment related changes post-LITT for each of the different MR protocols,
T1lw, GRE, T2w, and FLAIR respectively. As apparent from Figure 3, T2-FLAIR
accentuated changes with a maximal normalized change (350%) within the ablation zone
(Table 2), followed by T2w with a maximal normalized change of 140% as compared to
pre-LITT imaging, followed by Tlw MRI and GRE. T2w and T2-FLAIR (suppresses
cerebrospinal fluid (CSF) to improve contrast) sequences are known to accentuate the
appearance of edema and assist in distinguishing edema from normal CSF.26 T2-GRE was
found to characterize a maximal normalized change of 79%, and T1w MRI was reported to
capture 75% change in texture descriptors post-LITT. This suggests that FLAIR and T2w
MRI may be able to better capture subtle early treatment related changes (such as edema and
swelling), as compared to T2-GRE and T1lw MRI.

It is interesting to note that GRE was identified to be sensitive in identifying treatment
related changes within the normal areas (outside the ablation zone). GRE accentuated a
change of 20% in the normal area outside the ablation zone, as compared to pre-LITT
imaging. GRE protocol is known to be sensitive to micro-hemorrhage (micro-bleeds) in the
brain,2” and we believe is possibly quantifying acute effect of LITT to normal areas
immediately after treatment. GRE was followed by T1w, T2-w and FLAIR MRI in
capturing treatment related changes outside the ablation zone post-LITT.

5. CONCLUDING REMARKS

LITT holds tremendous potential as a minimally invasive treatment modality for pain
management. However, a more widespread adoption of this new, exciting technique would
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involve rigorous quantitative evaluation of its treatment related effects, which may be
reflected via the changes in MR imaging markers post-LITT. Towards this end, we
presented a novel approach via computer extracted texture descriptors to evaluate early
morphological changes post-LITT for chronic cancer pain patients. The motivation of this
work was to identify texture descriptors that can capture subtle micro-architectural changes
(caused due to fundamental changes induced by LITT) that may not be discernible on the
raw MR intensity images. We believe that a quantitative approach to evaluation of
treatment-related changes between pre- and post-LITT MP-MRI may also allow for the
building of a novel imaging-based prognostic indicators of patient treatment response. Our
framework leveraged registration and feature extraction tools to accurately quantify
treatment related changes on a per-voxel basis on different MRI protocols. Our preliminary
results based on 2 patient studies indicate that,

»  Computerized textural descriptors derived from multi-parametric MRI result in
distinctly more sensitive and specific responses, evaluated on a voxel-by-voxel
basis, within the ablation zone that were successfully ablated compared to normal
regions.

e Gabor features (specifically at orientation, ©=1.96, and wavelength, A=11.31) are
consistently identified as the highest ranked features for accurately quantifying
LITT-related changes across all MRI protocols. These texture descriptors visualize
responses across multiple scales, directions, and gradients, and are possibly
quantifying changes in micro-architectural glandular orientation specifically
occurring within the ablation zone, as a result of fundamental changes in tissue
architecture induced by LITT.

e FLAIR, T2-w MRI were identify to exaggerated early LITT-effects within ablation
zone, while GRE, T1-w MRI protocols exaggerated LITT-effects outside the
ablation zone.

Our approach is intended to form a precursor to building of a novel imaging-based predictor
of early focal treatment response to enable effective image-guided intervention for pain
management. However, in the absence of a larger cohort of data and long-term follow-up
MRI information, this work was limited to evaluating early treatment related changes
(edema, swelling) post-LITT. Given a larger cohort of data including more follow-up MRI
acquisition, the current framework is readily extensible to identify computerized MR
markers corresponding to a long-term patient’s response to therapy. Additionally, we plan to
examine computerized MRI descriptors on follow-up MRI corresponding to delayed
treatment related changes, such as thermal necrosis. Our scheme may also find application in
examining quantitative changes in non-invasive imaging markers as a function of time, to be
correlated against complete pain relief.
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Figure 1.
Overview of the methodology and overall workflow.
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Figure 2.
(a) original FLAIR image, (b), (c) show top two texture descriptors identified via S(o,, ).

Note the exaggerated response of texture descriptors around the ablation zone which is not
discernible on (a).
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Figure 3.
Top 10 features for every MRI protocol, ranked in descending order based on S(p,, ), 8 €

{T1w, T2w, GRE, FLAIR} i.e. showing a high change within the ablation regions and a low
change within normal regions.
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List of texture features employed in this work to evaluate early treatment response post-LITT.

Table 1

Modality

Feature set

Significance

T2-w, T1-w, FLAIR, GRE

Grey-level statistics

Gabor wavelet
transform

Haralick Texture

Features capturing summary statistics such as
mean, standard deviation and derivative features
of pixels values within a localized neighborhood.

Textural representation obtained via convolution
of an image within Gabor filter bank,

which comprised filters with different frequencies
and orientations.

Statistics of gray-level co-occurrence matrices
such as angular second moment, contrast and
difference entropy
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Top 3 texture descriptors listed for T2-FLAIR, T2w, T2-GRE, and T1w MRI protocols.

MRI protocol

texture descriptor

S(04,)(%)

FLAIR

Gabor, © =0.78, A=11.31
Gabor, © =0.39, A=22.62
Gabor, ©=1.96, A=11.31

354%
319%
307%

T2w

Gabor, ©=1.96, A=11.31
Haralick information

Gabor, © =2.35, A=8.2

141%
126%
110%

GRE

Gabor, © =0.78, A=11.31
Gabor, ©=1.96, A=11.31
Gabor, © =2.74, A=11.31

79%
66%
65%

T1

Gabor, ©=1.96, A=8.2
Gabor, © = 2.35, A=5.65
Gabor, © =0, A=22.62

75%
57%
55%
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