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Abstract: The extent of resection has been shown to influence the outcome of brain tumours. The concept of 
brain plasticity is to prevent damage to the eloquent areas while maximizing the extent of tumor resection. 
The present case report describes the usefulness of the near-infrared spectroscopy (NIRS) in evaluation of 
the possibility of functional preservation for surgeries in eloquent areas. We present a 46-year-old woman, 
who had previously undergone four sessions of internal decompression surgery for left frontal anaplastic 
ependymoma. She later underwent radical tumor resection surgery involving the superior and middle 
frontal gyri, anterior parietal gyrus, corpus callosum, coronal radiation and basal ganglia. Postoperatively, 
her right hemiparesis did not deteriorate and she could ambulate without much aid. Multichannel NIRS 
system revealed that hot spot location was in the right superior frontal gyrus and parietal lobe by the same 
task of right knee joint movement. We judged that her right brain motor function shifted to the contralateral 
hemisphere by the long course of her illness. It might be possible that if the NIRS was used earlier around 
the third or fourth perioperative period, with a reliable confirmation of migration of the right motor function 
to opposite side, the option of a more aggressive tumor resection may have been attempted. NIRS can be a 
useful and sensitive tool for predicting the location of eloquent areas and monitoring the extent of brain 
plasticity between surgeries. 

Keywords: glioma, brain plasticity monitoring, near-infrared spectroscopy

1  Introduction
In glioma resection at an eloquent area, the extent of tumor resection and postoperative functional status 
of the patient are the major determinants of outcome. Intraoperative electrophysiological monitoring and 
awake craniotomy have contributed significantly to safety of surgeries around the eloquent areas but 
sometimes may limit the tumor resection rate [1,2,10,13]. Brain plasticity is another concept that helps to 
reduce postoperative neurological deficits while maximizing the extent of tumor removal [3,11]. A reliable, 
non-invasive and sensitive tool for assessing brain plasticity may be very useful in predicting the proper 
timing for subsequent surgeries as well as in preoperative planning of the extent of tumor resection.  
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We imagine that NIRS may be a useful tool in monitoring of low grade tumours for plasticity. The aim of 
this paper is to highlight the usefulness of near-infrared spectroscopy (NIRS) in evaluating the possibility 
of functional preservation for surgeries in eloquent areas. 

2  Case report
The patient was a right handed 46-year-old woman, who had a history of multiple surgeries that spanned 
over three years for an intra-axial tumor. 

Initial symptom was gradually deteriorating right hand monoparesis of four months duration. Radiological 
examination showed a round heterogeneous mass located at the ventral side of precentral gyrus in the left 
frontal lobe (Figure 1, upper). Intraoperative motor evoked potential and somatosensory evoked potential 
mapping successfully indicated the central sulcus and precentral gyrus in the operative field. Internal 
decompression of the tumor was performed through minimum corticotomy to avoid damage of the eloquent 
areas of the brain. Histopathological diagnosis was anaplastic ependymoma and 80% of the enhanced lesion 
was removed (Figure 1, lower). Adjuvant conventional radiotherapy was added. She recovered motor function 
in the right upper extremity. Two years after the initial surgery, she presented with a progressively worsening 
right upper extremity (U/E) paresis, manual muscle testing (MMT) 3. Neuroimaging investigations confirmed 
tumor regrowth. A second surgery was scheduled. Prior to the second surgical treatment, functional magnetic 
resonance imaging (fMRI) and tractography confirmed the right motor function to be located in the left 
precentral gyrus and connected to pyramidal tract (Figure 2). Internal decompression was performed again 
with the aim of preserving and recovering her left U/E function. Histopathological diagnosis was as same 
as the initial surgery, but MIB-1 labeling index increased. After the second surgery, rapid local regrowth of 
the tumor was observed. Two further surgeries for internal tumour decompression and Ommaya reservoir 
placement for evacuation of fluid in the tumour removal cavity were necessary in one year. Temozolomide, 
procarbazine and interferon-beta were not effective for tumor control. 

Figure 1. Magnetic resonance imaging (MRI) before initial operation showing the round ringed enhanced lesion in the left 
motor area without massive perifocal edema (upper). Postoperative MRI showing that the small remnant tumor left at the 
parietal side of removal cavity (lower). 
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Figure 2. MRI before second operation. Tractography which was caliculated by volume one showing corticospinal tract located 
at parietal side of the lesion (upper). Functional MRI by moving foot joint showing that hot spot of lower left and lower right 
looks almost as a mirror image. 

Four months later, the tumor rapidly extended to the pyramidal tract, basal ganglia and corpus callosum 
four months after the fourth surgery (Figure 3, upper). She had mild motor aphasia and right hemiparesis: 
proximal U/E MMT 2, distal U/E MMT 4, lower extremity (L/E) MMT 2. Her Karnofsky performance state 
score was 70%. 

A fifth surgery was planned. A decision for radical tumor resection together with the surrounding 
structures was made. The patient and her family consented for postoperative right hemiplegia following 
surgery in order to improve her chance of survival. Fortunately, her right hemiparesis did not deteriorate 
after surgery and she could ambulate by herself with a cane, but motor aphasia slightly worsened (video is 
available). Several radiological investigations were checked after radical removal surgery. An MRI confirmed 
that the extent of resection extended to the superior and middle frontal gyri, anterior parietal gyrus, cingulate 
gyrus, corpus callosum, centrum semiovale, coronal radiation, basal ganglia and internal capsule (Figure 3, 
lower). The MRI tractography, of which the seeding point was placed at the cerebral peduncle, revealed that 
the pyramidal tract was not demonstrated at all; only fronto-pontine tract and temporo-pontine tract were 
demonstrated. Functional MRI by the task of right L/E movement (knee extension and flexion) revealed that 
the hot spot appeared in the left cerebellum and right motor area (Figure 4). However, several hot spots also 
appeared in the removal cavity suggesting artefact contamination caused by the rough L/E movement task. 

Multichannel NIRS system, OMM3000 (Shimadzu corporation, Kyoto, Japan ) was subsequently ordered 
and its finding revealed that hot spot location by the same task of right L/E appeared in the right superior 
frontal gyrus and parietal lobe (Figure 5). We speculated that her right motor function has gradually shifted 
to the contralateral hemisphere by her long illness course. 

She sustained her postoperative clinical status seven months after the fifth tumor removal surgery 
without tumor regrowth. 
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Figure 3. MRI before fifth operation revealing that the enhanced lesion invades to the basal ganglia, left lateral ventricle, sple-
nium, and internal capsule (upper). Postoperative MRI revealing that the enhanced lesion totally disappears.

Figure 4. MRI after fifth operation. Tractography in which the seeding point is placed at the cerebral peduncle, showing only 
fronto-pontine tract and temporo-pontine tract (upper). Functional MRI by the task of right knee extension and flexion showing 
the hot spot not only in the left cerebellum and right motor area but also in removal cavity. 
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Figure 5. Near-infrared spectroscopy after fifth operation. The left figure showing in the rest state and the right figure showing 
hot spot by the task of right knee extension and flexion in the right superior frontal gyrus and parietal lobe.

3  Discussion
In patients like the index case, glioma should be resected as much as possible since the extent of tumor 
resection has been demonstrated to directly influence the postoperative disease progression free interval 
and length of patient survival [12]. Intraoperative electrophysiological monitoring, especially using 
motor evoked potential (MEP) or the awake craniotomy are known to play essential role in protecting 
the patient’s neurologic condition during surgery but have their limitations [1,5,9,10,13]. Intraoperative 
electrophysiological monitoring may not necessarily be superior in prevention of surgery related 
neurological deficit if relied solely on and the warning sign produced by monitoring may not be reliable 
enough for a decision on whether to abort the procedure or not [2,5].

Brain plasticity is already known and described extensively. Typically, plasticity is associated with slow 
growing primary brain tumors [7,11]. Recently, studies also revealed similar activity of brain reorganization 
even in more advanced primary brain tumors, although the extent of this reorganization may be less 
developed and may not give enough time for much clinical benefit in terms of a more aggressive tumor 
resection [3,11]. 

By extension, preoperative determination of plasticity will at least be complementary if not superior 
to intraoperative neurophysiological monitoring, in safeguarding the eloquent areas from resection during 
surgery. In this regard, a preoperative prediction of brain plasticity may be a better guide as to the extent of 
safety of tumor resection. 

NIRS and fMRI have almost the same capacity to predict brain plasticity. However, a limitation of fMRI 
is that it becomes less useful in patients with recurrent tumors due to the alteration in vascular patterns and 
MR artifacts from the previous surgeries[6]. NIRS utilizes the difference in cerebral blood oxygenated-Hb 
or deoxygenated-Hb level in its analysis. The major advantage of NIRS is that it can reliably record and 
localize movements across many joints in the body for its analysis unlike the fMRI that is not very sensitive 
at detecting movements outside the fingers [8]. NIRS, therefore, may be very useful in overcoming the 
limitation of fMRI related to poor sensitivity and reliability in registering movements in other joints of the 
extremities. Furthermore, NIRS does not require head fixation since its recording is not usually affected by 
artefacts related to minor head movements unlike fMRI. The major limitation of NIRS is that currently it 
cannot be used intraoperatively and its monitoring is limited to the convexity cortex only. 
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In the present patient, many hot spots were recorded following fMRI investigation including in the 
cerebellum, probably influenced by simultaneous head and joint movements. This questioned the reliability 
of the FMRI result. In this scenario, NIRS may be a very dependable choice for a more reliable opinion. 
NIRS, therefore, may reliably provide advanced warning of the potential intraoperative risks to the eloquent 
areas as well as helping in planning surgical approach and the extent of resection. If hot spot is identified 
reliably at a remote area compared with anatomical area of a lesion following NIRS or fMRI investigation, 
the lesion may be resected safely without further neurological deficits. It must, however, be highlighted 
that this may not still perfectly guarantee postoperative preservation of patient’s function. Therefore, the 
eventual confirmation of brain plasticity relies primarily on postoperative functional status.

 It is necessary to study the critical functional reorganization before planned surgery in the eloquent 
areas. In the present case, the NIRS was only used after the fifth surgery. However, it is possible that if 
the NIRS was used earlier around the third or fourth perioperative period, with a reliable confirmation of 
migration of the right motor function to opposite side, the option of a more aggressive tumor removal may 
have been attempted at that time. 

Further clinical studies are required for better understanding of the clinical relevance of NIRS 
investigation in the pre-operative monitoring for areas of eloquence and the concept of brain plasticity.

4  Conclusion
NIRS can be a very useful and sensitive tool for predicting the location of eloquent areas and monitoring 
brain plasticity between surgeries. Further clinical studies are recommended in order to expand the clinical 
usefulness of NIRS.

Disclosure: The NIRS examination for glioma patient had been approved by the Ethical Committee of 
Shinshu University School of Medicine (No 2264), and informed consent was obtained from the patient and 
her family. The authors have no personal financial or institutional interests in any of the drugs, materials, 
or devices discussed in the article. Authors who are members of The Japan Neurosurgical Society (JNS) have 
registered online self-reported COI Disclosure Statement Forms through the website for JNS members. 

References
[1]	 Deras P, Moulinié G, Maldonado IL, Moritz-Gasser S, Duffau H, Bertram L: Intermittent general anesthesia with controlled 

ventilation for asleep-awake-asleep brain surgery: a prospective series of 140 gliomas in eloquent areas. Neurosurgery 
71:764-771, 2012

[2]	 Duffau H: The reliability of asleep-awake-asleep protocol for intraoperative functional mapping and cognitive monitoring 
in glioma surgery. Acta Neurochir 155:1803-4, 2013

[3]	 Duffau H: The huge plastic potential of adult brain and the role of connectomics: New insights provided by serial 
mappings in glioma surgery. Cortex 58:325-37, 2014

[4]	 Friston KJ, Williams S, Howard R, Frackowiak RS, Turner R: Movement-related effects in fMRI time-series Magn Reson Med 
35:346-355, 1996

[5]	 Fujiki M, Furukawa Y, Kamida T, Anan M, Inoue R, Abe T, et al: Intraoperative corticomuscular motor evoked potentials for 
evaluation of motor function: a comparison with corticospinal D and I waves J Neurosurg 104:85–92, 2006

[6]	 Fujiwara N, Sakatani K, Katayama Y, Murata Y, Hoshino T, Fukaya C, et al: Evoked-cerebral blood oxygenation changes in 
false-negative activations in BOLD contrast functional MRI of patients with brain tumors. Neuroimage 21:1464-1471, 2004

[7]	 Hayashi Y, Nakada M, Kinoshita M, Hamada J: Functional reorganization in the patient with progressing glioma of the pure 
primary motor cortex: A case report with special reference to the topographic central sulcus defined by somatosensory-
evoked potential World Neurosurg 82:536 e1-4, 2014

[8]	 Huppert TJ, Diamond SG, Franceschini MA, Boas DA: HomER: a review of time-series analysis methods for near-infrared 
spectroscopy of the brain Appl Opt 48: 280-298, 2009 

[9]	 Kato H, Izumiyama M, Koizumi H, Takahashi A, Itoyama Y: Near-infrared spectroscopic topography as a tool to monitor 
motor reorganization after hemiparetic stroke: a comparison with functional MRI. Stroke 33:2032-2036, 2002

[10]	 Maesawa S, Fujii M, Nakahara N, Watanabe T, Wakabayashi T, Yoshida J: Intraoperative Tractography and Motor Evoked 
Potential (MEP) Monitoring in Surgery for Gliomas Around the Corticospinal Tract World Neurosurg 74: 153-161, 2010



� NIRS and localization of eloquent part of brain   7

[11]	 Robeles SG, Gatiqnol P, Lehéricy S, Duffau H: Long-term brain plasticity allowing a multistage surgical approach to World 
Health Organization Grade II gliomas in eloquent areas Report of 2 cases. J Neurosurgery 109:615-624, 2008

[12]	 Shinohara C, Muragaki Y, Maruyama T, Shimizu S, Tanaka M, Kubota Y,et al: Long-term Prognostic Assessment of 185 
Newly Diagnosed Gliomas—Grade III Glioma Showed Prognosis Comparable to That of Grade II Glioma Jpn J Clin Oncol 38: 
730-733, 2008

[13]	 Taylor MD, Bernstein M. Awake craniotomy with brain mapping as the routine surgical approach to treating patients with 
supratentorial intraaxial tumors: a prospective trial of 200 cases. J Neurosurg. 90:35-41, 1999

http://jjco.oxfordjournals.org/search?author1=Chie+Shinohara&sortspec=date&submit=Submit
http://jjco.oxfordjournals.org/search?author1=Yoshihiro+Muragaki&sortspec=date&submit=Submit
http://jjco.oxfordjournals.org/search?author1=Takashi+Maruyama&sortspec=date&submit=Submit
http://jjco.oxfordjournals.org/search?author1=Satoru+Shimizu&sortspec=date&submit=Submit
http://jjco.oxfordjournals.org/search?author1=Masahiko+Tanaka&sortspec=date&submit=Submit
http://jjco.oxfordjournals.org/search?author1=Yuichi+Kubota&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/10413153

