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ABSTRACT

Intraoperative Thermal Imaging (ITI) is a novel neuroimaging technique that can potentially locate the
margins of primary and metastatic brain tumors. As a result, the additional real-time anatomical and
pathophysiological information may significantly contribute to an improved extent of tumor resection.
Our objectives in this article are i) to briefly discuss the current status of intraoperative imaging modalities
including ITI and ii) to present a case report that evaluates the usefulness of ITI in detection of brain tumor
and its margins. In this case report, ITI was used in a patient with a metastatic intracortical melanoma. The
thermal profile of the tumor and surrounding normal cerebral cortex were mapped with a ThermaCAM
P60 (TCP60) infrared camera by FLIR Systems. The data obtained by TCP60, intra-operatively, revealed a
clear demarcation of tumor with significant temperature differences, up to 3.3 °C, between the tumor core
(36.4 °C) and the surrounding normal tissue (33.1 °C). Ultrasound and pre-resection MR and CT confirmed
the position and size of the metastasis. The volume of the tumor was preoperatively calculated using the
CyberKnife™ software and postoperative volumetric measurement of the tumor residual was calculated
by the Gamma Knife™ software. Our result, along with previously published results of others, suggests
that thermal imaging could be used to provide a rapid, non-invasive, and real-time intra-operative

Multi-Modality Imaging imaging.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Despite considerable advances in diagnosis and treatment, the
survival rate of patients with malignant brain tumors has not
significantly improved. The mortality from malignant brain tumors
remains high, as the median survival rate is 12 to 18 months in
patients with glioblastoma and 41 months in patients with anaplastic
astrocytomas (Wen and Kesari, 2008; Stupp et al., 2006; Mitchell
et al., 2005; DeAngelis, 2001). Surgical resection followed by radio-
therapy and chemotherapy offers a survival benefit, particularly when
resection is complete (Sanai and Berger, 2008; Mitchell et al., 2005;
Nazzaro and Neuwelt, 1990; Mineo et al., 2002; Laws et al., 2003).
Despite all advances made in the field of brain imaging in the last
decades, brain shift, also known as post-imaging brain distortion,
often makes intraoperative delineation of the tumors difficult as its
preoperative imaging can no longer be fully relied on (Reinertsen
et al., 2007; Nabavi et al., 2001; Hill et al., 1998; Knauth et al., 1999).
Moreover, it is difficult to distinguish brain tumors from normal
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surrounding tissue if they exhibit infiltrative nature, which makes it
virtually impossible to achieve near total resection. Intraoperative
multi-modality imaging can be helpful in resolving these issues, and
thus in increasing the extent of resection. Therefore, there is a great
need for development and integration of new intra-operative brain
imaging/mapping technologies such as thermography. Many of these
technologies are currently available for research purposes and have
been shown to hold a great promise in assisting surgeons to achieve
near total resection through a more objective detection and up-to-
date delineation of the tumor margins.

Background

Brief history and current state of thermal imaging

Human body temperature distribution is influenced by many
complex factors; the heat exchange processes between skin tissues,
metabolic activity, vasculature, circadian rhythm, and the regulating of
the sympathetic and parasympathetic activity for maintaining home-
ostasis (Merla and Romani, 2006; Saxena and Willital, 2008). A
presence of disease often alter the homeostasis, hence thermobiolo-
gical diagnosis has been used as one of the important diagnostic
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measurements, as the first documented use of it can be found in the
writings of Hippocrates (circa 480 BC) (Jiang et al., 2005; Samaras and
Greenblatt, 1983).

Thermal, or infrared, energy is the part of electromagnetic
radiation that an observer perceives as heat. Infrared thermography
allows us to visualize temperature distribution of the human body and
has been used in medical practice since the 1950s. The earliest modern
thermography was used to screen breast tumor, although due to the
drawback of less-sensitivity and low resolution, it is now mainly used
as an alternative method to detect breast tumor mass (Barrett et al.,
1980; Head et al., 2000). Effort has been made by many researchers to
improve accuracy of tumor detection by increasing resolutions of
cameras, formulating better algorithm, and producing more sophis-
ticated instruments (Mital and Scott, 2007; Gonzalez, 2007; Arora
et al.,, 2008).

Although thermoimaging has been used extensively and is well
established in aerospace, military and industry, its use in the
medical setting is still under investigation, with the exception of
breast tumor screening. Thermoimaging has potentially broad
applications in practical and experimental medicine, as many
clinicians and scientists have recently published exciting new
reports covering a wide range of medical specialties. Among the
examples are the use of thermal imaging for the monitoring and
assessment of renal ischemia (Gorbach et al., 2003, 2008), surface
blood flow and local thermodynamics during surgery in patients
with moyamoya disease (Nakagawa et al., 2008) and viability of
gastric tube during esophagectomy (Nishikawa et al., 2006).
Thermography is also used in determining the location of sensory
motor cortex during surgery by measuring cortical surface tempera-
ture after median nerve stimulation. A slight temperature increase
after the stimulation of thalamic cortical tract was elicited by
metabolic activity and heating the sensory cortex following neuronal
activity (Ueda et al.,, 1997).

Functional mapping using thermoencephaloscopy (TES) was
documented in 1990 by Shevelev and coworkers in which changes
on IR radiation were measured through intact skull of rats. TES has
been utilized for many years to detect areas of hyperthermia in
functional imaging and brain mapping and to study associative
learning, movement, and sleep (Gorbach, 1993; Shevelev, 1992,
1998). This method was non-invasive and had a reasonable spatial
and temporal resolution. The pitfalls of this method were a failure to
separate cerebral blood flow (CBF) and metabolic events as well as
limited resolution of imaging instruments (Shevelev, 1992, 1998;
Shevelev et al., 1993).

In 2008,Saxena and Willital (2008) reported on the use of infrared
thermography in pediatric cases. 483 examinations on 285 patients
showed that thermoimaging could recognize abnormal temperature
distributions on skin surface caused by hemangiomas, vascular
malformations, varicoceles, extremity thrombosis, abscess, sternal
wound infections, gangrene, and other symptoms/disorders. The
authors concluded from the collection of 10 years of data that
thermoimaging is proven to be a very valuable, quick, cost-efficient,
and non-invasive way to identify or to verify clinical states and
therefore used as an effective diagnostic parameter in the pediatric
age group.

Current state of intraoperative diagnostics for brain tumor other than ITI

The loss of cerebrospinal fluid, tumor resection, edema, and
placing surgical apparatus during surgery can often contribute to the
“brain shift” phenomenon, causing significant inconsistencies with
preoperative imaging. However, recent advances in intraoperative
biomedical imaging such as CT and MRI scans have greatly improved
our effort to identify tumors and delineate their margins. One such
technological advance is the use of intraoperative Magnetic Resonance
Imaging (iMRI) in the operating room, which was first introduced by

Dr. Peter Black and his colleagues (Schulder and Carmel, 2003; Black
et al, 1997). At present, this technology offers surgeons the best
intraoperative image guidance during brain tumor resection as it
provides various surgically relevant parameters such as location of the
tumor and its borders, as well as functional, metabolic and vascular
parameters at the highest resolution (Mittal and Black, 2006;
Fahlbusch and Samii, 2007). The use of iMRI can detect brain shift,
which greatly maximizes tumor resections and helps avoid harmful
resection of normal tissues and critical structures (Frangioni, 2008;
Tempany and McNeil, 2001). However, its use creates challenges for
surgeons and operating room (OR) staff, such as the size of the
equipment to be placed in the OR, maintaining sterility and MR-
compatible surgical instruments. In an attempt to overcome some of
these challenges, Black et al. (1997) constructed a specialized OR.
Others integrated MRI suites in the OR that can be transformed into
sterile surgical areas or designed a compact, portable MRI (Hall et al.,
2000; Hadani et al,, 2001; Schulder et al., 2001; Hall and Truwit,
2008). Nevertheless, the cost of the iMRI remains high and using the
procedure can prolong the operating time as each scan takes about
20 min (Fahlbusch and Samii, 2007). Therefore, it is imperative to
explore faster and more cost-efficient non-invasive alternatives to
iMRI.

Aside from iMRI, there are reports of intraoperative imaging
utilizing computer tomography and ultrasound, in an attempt to
improve maximum brain tumor resection. For instance, Nakao et al.
(2003) used a mobile CT which is readily available in an operating
room to acquire intraoperative images during tumor resection.
Intra-operative 3D ultrasound is another emerging alternative
intraoperative modality that scientists and clinicians are exploring.
Intraoperative 3D ultrasound (3D-iUS) is proven to be excellent in
capturing images of metastasis, meningeoma and angioma over
those in malignant glioma and can detect brain shifting (range: 2-
25 mm) (Lindner et al, 2006; Unsgaard et al, 2006). Recently,
Rasmussen et al. (2007) reported neuronavigation utilizing intrao-
perative 3D ultrasound that integrate preoperative structural and
functional MR data as well as diffusion tensor imaging data to
correct brain shift in twelve patients. They demonstrated that
automatic brain shift correction using the method was feasible, and
were able to optimize surgical planning successfully. Both CT and
ultrasound imaging modalities allow surgeons to obtain several
updates during surgery and thus are able to minimize the problem
associated with brain shift during an operation. However, the
resolution of CT and ultrasound imaging is still inferior to iMRI and
their ability to delineate tumor border remains unsatisfactory
(Fahlbusch and Samii, 2007).

Current state of intraoperative thermal imaging in brain tumors

Although not as common as intraoperative MRI, there are
several experimental models and case reports utilizing thermal
imaging in brain tumor detection. In both animal and human
models, primary brain tumors of glial origins consistently have
lower temperature than the surrounding normal tissue (Gorbach
et al., 2004; Ecker et al., 2002; Papaioannou et al., 2002; Konerding
et al., 1998), which is consistent with the earlier study using human
model by Koga et al. (1987). Papaioannou et al. (2002) reported a
C6 glioma mouse model with 0.3-0.7 °C temperature difference.
The temperature was lower at the center of the tumor, with the
difference growing larger as the tumor growth progresses. In
patients, Gorbach et al. (2004) showed that brain tumors of glial
origin generally have 0.5-2.0 °C difference (lower) compared to
normal surrounding tissue. Similar cases were reported by Ecker et
al. (2002), where 11 out of 14 primary tumors were hypothermic.
Both Papaiannou and Gorbach also reported delayed recovery of
temperature in tumors after irrigation of the tumor surface with
cold saline (Papaioannou et al., 2002; Gorbach et al, 2004).
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Fig. 1. (A) Axial CT scan view of both lesions. (B) Sagittal CT scan view of the bigger lesion that was operated on. (C) Coronal CT scan view of the brain tumor. (D) Coronal MRI +

contrast (gadolinium) view of the bigger lesion that was operated on.

Additionally, blood flow can be delineated by IR thermography
(Watson et al,, 2002) and was appearing to be lower in primary
brain tumors than in normal tissue (McCulloch, 1984).

Major factors that can contribute to hypothermia are reported
as following:

a) Low density in tumor microvessels (Gorbach et al., 2004;
Ecker et al., 2002);

b) Edema in the surrounding tissues due to the growth of the
tumor, which increases the volume of white matter (Gorbach
et al., 2004; Ecker et al., 2002);

¢) Lower metabolism in the cortex overlying intracranial tumors is
due to “Disconnection Effect” caused by edema (Gorbach et al.,
2004; Ecker et al., 2002);

d) Tumor necrosis, which is typically caused by significant
reduction of tumor vasculature or metabolic activity.

All these factors may cause reduction in Cerebral Blood Flow (CBF),
metabolic activity or both. This, in turn, lowers the temperature in
brain tumors. However, great levels of biological diversity in the tumor
may contribute to fluctuation of temperature throughout tumors. A
tumor with a mixture of higher and lower temperatures has been
documented (Gorbach et al., 2004).

The purpose of this case study is to evaluate the thermal profile of a
metastatic melanoma tumor in respect to its surrounding tissue in a
76-year-old Caucasian female patient. Additionally, it seeks to further
investigate the usefulness of thermal imaging as an additional

A

intraoperative modality and compare the gathered data with what is
already reported in the literature.

Case report
History and presentation

We are reporting a 76-year-old Caucasian female patient who was
presented with a long history of melanoma. She came to our clinic to
treat her metastatic brain tumor. The patient was followed for
melanoma for the past several years. CT and MRI with and without
contrast were performed on the patient, which identified two lesions
in the left posterior frontal and anterior parietal regions, consistent
with malignant melanoma metastasis (Figs. 1 and 2). Surgical
resection of the larger of the two lesions was recommended. The
large lesion was causing a mass effect, had actually grown despite
Gamma Knife radiosurgery and thus had to be surgically removed. A
second, smaller lesion in a more eloquent area was treated with
Gamma Knife.

There are three sets of images used in this study: pre-resection
CT, pre-resection MR and post-resection MR images. These MRI and
CT data sets of the patient were obtained at the imaging facilities of
the University of Southern California (USC) University Hospital. A
complete pre-resection CT image data set (176 slices, 512 x 512 pixel
matrix) with a 1.5 mm thickness and zero gap in the transverse
plane was acquired with a Philips MX 8000 IDT scanner (Philips
Medical System, Shelton, CT). The field of view was 300x 300 mm?.

Fig. 2. Pre-op volumetric measurement of both lesions based on the CT and Stealth MRI: the larger lesion had the volume of 44.6 cc while the smaller lesion volume was 4.3 cc.
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Fig. 3. A and B are demonstrating the intra-operative ultrasound of the larger lesion and
the real-time picture of the intra-cortical melanoma prior to the gross complete
resection.

The CT images were originally acquired for a CyberKnife™ (Accuray
Inc., Sunnyvale, California) radiosurgery procedure. The image data
set was transferred through the hospital network system to the
CyberKnife Treatment Planning System (version 3.2.0.2), where the
delineation and calculation of lesions were performed. Both pre-
and post-resection MRI acquisitions were done with a Philips
Gyroscan, 1.5 T MRI scanner (Philips Medical System, Shelton, CT).
The T1-weighted imaging sequences (256 x 256 pixel matrix) with a
1.5 mm thickness and zero gaps were acquired in transverse. The
field of view was 250x 250 mm?. The repetition time was 620 ms
with an echo time of 20 ms. Pre-resection MR images of 176 slices
were acquired without the head frame or fiducials. These images
were transferred through the hospital network system to the
CyberKnife Treatment Planning System, where the delineation and
calculation of lesions were performed. Post-resection MR images
were acquired for the Gamma Knife stereotactic radiosurgery. The
delineation and calculation of lesion volume were done with the
Leksell GammaPlan software system (LGP version 5.33, Elekta,
Norcross, GA).

Operative report

After placement of stealth localizing fiducials on the head, the
patient was first taken to the MR scanner where a Stealth MR was
obtained (Figs. 1D, 2B and C). The patient was then taken back to the
OR, where the fiducials were registered on the Stealth MRI and then
the point of optimal incision was determined using the Stealth

guidance. Ultrasound was used to verify the location of the tumor
with respect to the dural surface (Fig. 3A) as well as localize the
tumor prior to making a corticectomy in the middle of the exposed
cortical surface.

The FLIR Systems' TCP60 infrared thermal camera was used to
record the thermal profile of the surgical field prior to and
following tumor resection. TCP60 utilizes a fourth generation
320%240 uncooled micro-barometer Focal Plane Array (FPA)
detector, which provides high spatial resolution (7.5 to 13 pm)
with a thermal sensitivity of 0.06 °C at an ambient recording
temperature of 30 °C. Thermal images were recorded after the
initial exposure of the tumor (Figs. 4A and B) and after resection
(Figs. 6B and C). These images were visually compared to the pre-
and post-resection Stealth MRI (Fig. 2). The images were used for
reconstructuring the 3D volumetric measurement of the tumor. The
same images were used for the CT scan (Fig. 5B) to measure
operative volume of residual tumor/blood. Additionally, intraopera-
tive ultrasound was used (Fig. 3A) to determine accuracy of the tumor
margin data obtained from the camera.

The Stealth MRI was once again used to estimate the depth of the
lesion. Next, under microscopic guidance, the tumor was carefully
removed from the surrounding white matter. Tumor margins were
delineated using the ITI. We assessed and compared the margins
obtained based on MRI with the intraoperative ultrasound and light
microscopy. Once the entire resection bed was exposed, the tumor
resection cavity was irrigated and a single layer of Surgicel was placed
to stop any oozing. The intraoperative impression based on light

A

Fig. 4. (A) shows a pre-operative co-localization of brain tumor mass and margin using
intraoperative thermal imaging. View of the tumor before the attempt for gross total
resection. (B) A 3D pre-op Intraoperative Thermal Imaging of the tumor. Please pay
attention to the higher (white area, 36.4 °C) temperature recording versus normal
soundings (yellow, 33.1-5 °C, based on the blood flow).
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Fig. 5. (A) represents the tumor cavity right after resection and removal of the Surgicel.
Please note the blood at the floor of the tumor resection cavity. (B) A post resection
MR + contrast reveals high signal areas at the floor of tumor resection cavity, which
was confirmed in the radiology report as blood and residual microscopic tumor.

microscopy observation suggested that the tumor was completely
resected.

Results
Analysis of the technical report

In this study, we hypothesized that temperature gradients, arising
possibly due to variations in metabolic pathways or vasculature in
patients with intracortical melanoma, could be detected by ITIL To
further investigate the validity of our hypothesis, we used the TCP60
(FLIR systems) intra-operatively and in parallel with CT, MR,
Ultrasound, CyberKnife and Gamma Knife. Fig. 2 shows a pre-
resection volumetric measurement of both brain tumor lesions
based on the CT and MRI (larger lesion: 44.6 cc; smaller lesion:
4.3 cc), calculated using Stealth MRI and CyberKnife.

Figs. 3A and B show the intraoperative ultrasound of the brain
tumor and the real-time picture of the intracortical melanoma prior to
the gross complete resection. The ultrasound and the gross picture of
the melanoma revealed a highly vascularized intracortical mass with
semi-distinctive margins.

Fig. 4 shows a pre-resection co-localization of brain tumor mass
and margin using ITI (A), which also demonstrates a view of the tumor
before the gross total resection. The tumor is clearly demarcated by a
higher temperature (36.4 °C) in respect to the surrounding normal
tissue (33.1-5 °C). There were three other hyperthermia areas on the

pia mater facing the camera. These hyperthermic areas were initially
thought to be background noise. However, after background noise
elimination, we continued to observe such hyperthermic areas from
the pia away from the blood vessels. Fig. 4B represents a pre-resection
ITI of the tumor (3D plot), which demonstrates a higher (white area,
36.4 °C) temperature recording versus normal surroundings (yellow,
33.1-5 °C, based on the blood flow). Graph 1 shows a pre-resection
thermal fingerprint of the tumor and its margin in respect to the
retractors (landmark). The highest temperature recorded in this graph
is 36.4 °C-33.5 °C versus 33.1-33.5 °C for normal cortical recording. It
is important to note that in the OR, the surface of the brain is usually
cooler by about 4 °C than the normal physiological temperature
(37 °C), because the OR room temperature is much lower (at around
19 to 20 °C) than body core temperature. Thus, cooler OR temperature
will have an impact on the ITI recording before the brain is exposed
surgically.

Figs. 5A and B represent the tumor cavity immediately after gross
resection and removal of the Surgicel. The blood at the floor of the
tumor resection cavity is noticeable.

A post-resection MR + contrast reveals high signal areas at the
floor of tumor resection cavity, which could be either residual blood
or microscopic tumor or both. Fig. 6A shows a 3-dimensional CT-
based Gamma Knife reconstruction of the two lesions, which was
done post-resection. The figure shows a volumetric estimate of the
enhanced area, 7.3 cc residual, which is thought to be blood and/or
tumor. We thus estimate that 83.6% of the brain tumor was removed
by near total resection and 16.4% of residuals could be visualized
using thermal imaging, which could not be seen with the intrao-
perative microscope.

As it was mentioned earlier, the second lesion was treated with a
Gamma Knife radiosurgery. Fig. 6B represents a post-resection
thermal imaging of the tumor resection cavity, which demonstrates
near total resection of the metastasis with some enhancement at the
floor of the tumor cavity.

Fig. 6C shows a 2D thermal profile of the tumor. Black edges of the
profile are representing the areas in which IR was blocked due to a
presence of water or body fluid (i.e. blood). Post-resection thermal
profile of the tumor resection cavity indicated that there may be an
existence of residual tumor (Graph 2).

Discussion I: technology

Heat emission in the infrared (IR) range is a known physical
property of all objects including the biological tissues, which correlates
with the temperature of the matter (Wein's Law). Electromagnetic
waves in the IR range (3-5 pm for mid wavelength IR and 8-14 for long
wavelength IR) easily travel through the atmosphere at the speed of
light and can be detected as a photons or quanta of energy (Shevelev et
al., 1998). These physical properties make it easy to detect the thermal
or IR emission of an object, in this case a biological specimen or tissue,
from a distance using a sensitive lens (Shevelev et al., 1998). However,
IR waves are absorbed by fluid and glass. Thus, the surgical field must
be dried before application of ITIL.

Technologically, TCP60 can capture the infrared emission spec-
trum of a relatively large clinically relevant field at once. A Windows-
based software tool allowed real-time analysis and display of the
captured infrared emissions and their corresponding temperatures.
The spatial resolution of the camera is 7.5-13 um. The thermal
sensitivity of the camera is 0.06 °C, which is a significant improve-
ment over other intraoperative visible microscopy imaging. However,
thermal imaging is a surface recording of the heat profile of an object
with low penetration. Thus, the use of ITI requires clear exposure of
the lesion. The surface temperature data set is an additional
intraoperative tool for analysis of the surgical field that can delineate
neoplasms and their margins. This is especially valuable because of
the limitations of current neuroimaging techniques such as CT and
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Pre-Resection View of Tumor cavity

I

v =

AWMWAE ?“I.:“t;"l Wmya
WMIATA' -

]

e

el TN I FFTS T IS

By aw
WIAW FiBwa

- AV WA A

B sy X
PP TA Roiniaia

i

-
-
: Mg TAVEIAY
Qe SV ATV 3
..‘“"I'l'l!.a\.
kY {
) AV,

\u'A\\“"“‘! L)
| e

m32-32.1
M32.8-32.9 @329-33 0O33-331

M 36-36.1

W32.1-32.2 O032.2-32.3 O032.3-32.4 W324-32.5 032.5-32.6 B32.6-32.7 O032.7-32.8
033.1-33.2 @33.2-33.3 E33.3-33.4 @33.4-33.5 M335-336
033.6-33.7 O033.7-33.8 033.8-33.9 O0339-34 0O34-341
H34.4-34.5 034.5-34.6 034.6-34.7 034.7-34.8 034.8-349 @34.9-35 [@35-35.1
W352-35.3 @35.3-354 W35.4-355 WM355-356 M356-357 @35.7-35.8 M358-359 W359-36
[036.1-36.2 @36.2-36.3 036.3-36.4

034.1-34.2 034.2-343 0343-34 4
035.1-35.2

Graph 1. A pre-resection fine thermal fingerprint of the tumor and its margin. Please note that the cortical recording of 33.1-5 °C was used as a control in this case.

MRI. One of such limitation is that when contrast is used in CT, the
volume of tumor may be greater than what the contrast indicates
(Burger et al., 1988; Kelly et al., 1987). Moreover, the area of contrast
enhancement may be a more of an assessment of abnormal blood
brain barrier (BBB) than of tumor margin (Burger et al., 1988; Nazzaro
and Neuwelt, 1990). Tumor can also extend past areas of hypodensity
on CT (Nazzaro and Neuwelt, 1990; Burger et al., 1988). In MRI, true
tumor margins can extend beyond the area of abnormal signal (Kelly
et al., 1987). Differentiation between tumor and surrounding edema is
difficult (Holland et al., 1985). Like CT, a contrast enhanced MRI is also
subject to variances in BBB permeability at the margins of tumor.
Additionally the resolution of 1.5 T MRI, the most common MRI
technology currently used, is only 256x256 pixels versus
340 x 240 pixels for ITL

Although recent advancements in MRI and CT scan technology
offers higher resolution and precision of brain images (Shi et al., 1993),
determination of pre- and post-resection volumes of tumors using
MRI are of limited intraoperative value. These imaging modalities are
still non-dynamic with respect to intraoperative changes of brain
topography and tumor dimensions due to intraoperative debulking
and manipulations. While the bulk of the tumor can be removed by
gross visual inspection, an accurate visual assessment of some tumor
margins is extremely difficult. Moreover, the use of pathological
specimens to confirm tumor margins could be time consuming, since
the biopsy needs to be taken point-by-point and staining takes long
time on numerous biopsies. Thus, there is a great need for
development of new multimodality intraoperative optical imaging

technologies that could assess the margin as well as biological nature
of the tumors.

Discussion II: feasibility of thermal imaging as an intraoperative tool

Brain metastasis is much more common than primary brain
tumors as an estimated 20 to 40% of cancer patients will eventually
develop metastatic brain tumors. Metastatic brain tumor has an
incidence of more than 100,000 cases per year in the United States
alone (ABTA Facts and Statistics, 2008; Nathoo et al., 2004; Tan and
Black, 2003). Metastatic melanoma in the brain accounts approxi-
mately 5 to 10% of all metastasis to the brain and the third most
common metastasis to the brain after lung and breast cancers (Nathoo
et al., 2004). Melanomas in the brain are known to induce intracranial
hemorrhage and often invade vasculature (Byrne et al., 1983).
Previous published data indicated that metastatic brain tumors,
including intracortical melanoma, exhibited hyperthermic profiles
(Gorbach et al., 2004; Ecker et al., 2002). Interestingly, thermography
has been used to investigate melanoma and consistently reported that
it was hyperthermic. The first experimentation on cutaneous
malignant melanoma was conducted in 1964 and revealed a
hyperthermic profile with respect to surrounding normal tissue (Di
Carlo, 1995). Subsequent studies revealed similar findings. These
studies have established that thermography is a reliable detection and
prognostic (Michel et al., 1985) tool in cutaneous melanoma diagnosis.
In addition to the dermatological application of TES, corneal and
ocular malignant melanomas have also been detected using IR
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Fig. 6. (A) represents 3D CT based Gamma Knife reconstruction of the two lesions, post-resection, which accurately estimates the volumetric measurement of the enhanced area,
7.3 cc residuals (blood/tumor). The second lesion was treated with Gamma Knife. (B) is a post-resection thermal imaging of the tumor resection cavity, which demonstrates near
total resection of the metastasis. (C) represents a 3D thermal profile of the tumor after resection. Note the black edges of the profile as they represent areas, which IR was blocked due

to the presence of water or body fluid (blood).

thermography. Like cutaneous melanomas and the tumor in this case
report, these tumors displayed a hyperthermic profile with respect to
the surrounding normal tissue (Wittig et al., 2002).

In this case study, we have confirmed the observation by Gorbach
et al. (2004) that metastatic brain tumors are generally hyperthermic.
The radiology report in this case has also confirmed the existence of
post-resection tumor residual as well as blood in the brain tumor
resection cavity.

Neural activity, local metabolism, blood flow, and thermal
conductivity are significant factors that contribute to the thermal
profile of a tissue (Michel et al., 1985). Our results concur with
previous efforts to characterize the thermal profile of malignant
melanoma in other locations of the body. Whether this hyperthermic
profile is inherent to malignant melanomas regardless of location
remains to be seen. These studies may further assist in demarcating
the margins of brain tumors with increased confidence and accuracy
so that tumors can eventually be resected at their margins with
extreme precision even in metastasis. This technology could make the
process more objective and provide surgeons with additional tools to
achieve complete resection, which is proven to have a positive impact
on the survival of patient with intracranial mass (Sanai and Berger,
2008; McGirt et al., 2009).

Our study, as well as the literature, suggests that thermal
imaging can provide the neurosurgeons with additional information
to demarcate tumors and possibly some residual tumors (Gorbach

et al.,, 2004). In addition, ITI can continuously monitor pathological
vascular condition and assess function of adjacent tissues during
surgery. ITI is cost-efficient, non-invasive, and can be used in
patients whose conditions do not allow us to use intraoperative-MRI
(such as having implants, etc.) and thus is potentially very versatile,
useful intraoperative tool. Current software programs or algorithms,
however, cannot detect tumor margins clearly and automatically to
allow surgeons to use ITI as a definitive tool to delineate tumor
borders. The limitations of this technology include: 1) lack of
software that could auto-delineate the tumor margin, 2) higher
resolution camera than what we used in this case report is needed for
the future studies and 3) less than 0.5 mm IR penetration depth.

Conclusions

Intraoperative IR imaging holds a great promise, as shown in this
paper as an alternative, non-invasive, and cost-efficient imaging
method to assist surgeons in identifying tumor location, and to
potentially detect vasculature and other acute abnormalities on the
spot during the surgery. Data derived from more extensive human
studies will allow us to better understand brain tumors and to
eventually use this technique at the time of surgery as an imaging aid
for the removal of brain tumors. Ultimately, with advancement in
camera, instruments, and analysis software programs, infrared
thermography could be part of a new generation of high-resolution
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Graph 2. Post-resection thermal profile of the tumor resection cavity, which reveals a presence of a residual mass. This could be either blood or tumor. The normal cortical
temperature recorded in this patient was 33.1-5 °C. In this case the highest temperature recorded at the floor of the tumor cavity was 34.1 °C. There is no thermal profile of metallic
retractors appearing on this graph. The radiology report in this case has also confirmed existence of post resection tumor residual as well as blood in the tumor resection cavity.

neurosurgical microscopes that can distinguish between normal and
neoplastic tissue with exceptional precision using other multimod-
ality biophotonic technologies.
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