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ABSTRACT
Lesion localization has been an important aspect of neurosurgery and has advanced significantly with technological evolution. The journey started from 
the localization of lesion based on clinical findings to the current era where neuronavigation and virtual reality are being used for the purpose. However, 
the financial implications of these advanced equipments have made them inaccessible for patients in the majority of low- and middle-income countries. 
The authors describe techniques to use software, which are cost effective and can be used effectively for the localization of a lesion of the brain.
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INTRODUCTION
Lesion localization in neurosurgery is an important 
aspect of successful treatments. Clinical finding based 
neurosurgical localization of lesions has been replaced 
by gradually advancing technological advancements, 
which include imaging studies, a variety of stereotactic or 
localization frames, neuronavigation, robotics integrated 
with neuronavigation, and most recently augmented and 
virtual reality techniques.[1-7] Unfortunately, technological 
advancements have gradually made neurosurgical services 
costlier, and access for patients of low-  and middle-income 
countries (LMICs) is a genuine concern mainly because of 
financial implications.

The authors describe a technique to use a software application 
on a laptop or desktop computer for easy localization of 
lesions in the brain during neurosurgery.

TECHNIQUE
A digital file of contrast-enhanced (CE) magnetic resonance 
imaging (MRI) of the brain in the Digital Imaging and 
Communications in Medicine (DICOM) format is used 
for the technique. Authors use RadiAnt DICOM viewer, 
version 2020.2.3 (Medixant, Poznań, Poland) on a laptop or 
desktop [Figure 1]. Detailed technique to use it is described 

in our earlier report.[8] Three-dimensional (3D) images can 
be seen using clicking the “3D” icon of the window of the 
RadiAnt DICOM viewer [Figure  1]. An MRI sequence is 
selected in which the image is seen most clearly and usually, 
it is an CE sequence if the lesion is contrast enhancing. 
A  T2  3D fluid-attenuated inversion recovery (FLAIR) 
sequence usually shows the lesion even if it does not show on 
the CE sequence. It is important to get these two sequences in 
3D form (continuous or zero gap). For localization purposes 
during surgery, 3D T2 FLAIR sequences are used whereas 
the CE sequence shows vessels (arteries and veins) over the 
brain surface and contrast-enhancing lesions.

Three dimensions of multiplanar reformation (MPR) (MPR 
icon on top of the window) [Figure  1] images are used to 
corroborate the image in the plane, which corresponds 
best to the brain surface with lesion or lesion underlying it 
[Figures 2a]. The extent of the lesion over the brain surface is 
identified by shifting the three axes. The extent of the lesion 
should be marked over the volume rendering technique 
(VRT) image of the brain surface, taking reference to the 3D 
MPR images [Figures 2b and c]. The T2 3D FLAIR sequence 
VRT images reveal brain surface sulci and gyri and the lesion 
also by changing the window setting [Figures  3a and  b]. 
Merely by changing the window setting (using “Adjust 
image window” icon on top of the window) of the FLAIR 
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VRT images, one can mark the skin incision over the scalp 
as per the region of the head [Figure 3c]. Once the brain is 
exposed in the operation room (after raising the scalp flap, 
craniotomy, and dural opening), a VRT image with a lesion 
marked on it should be used as a guide, which resembles 
surface cuts of FLAIR images [Figure  4a] and exactly 
matches with the morphological appearance of gyri and sulci 
[Figures  4b and c]. One can use it for accessing the lesion 
over the surface or under the cortical surface.[8]

The T2 3D FLAIR sequences can be used for patients above 
8–10 years only to see brain gyri and sulci. Below eight years, 
due to density and molecular structure, brain gyri and sulci 
are not visible. However, 3D VRT images of CE images do 
show CE lesions and arteries and veins.

DISCUSSION
Clinical findings based localization is insufficient and is based 
on surgeons’ clinical skills. Craniometric localizations are more 
reliable than clinical findings alone; however, technological 
advancements, despite their immense applications in 
localization, are gradually being forgotten and are used by very 
few. Various types of imaging studies, the use of bony landmarks 
along with imaging studies, are still being used in resource-
constrained settings. Neuronavigation, robotics, virtual, and 
augmented reality techniques, though very effective, are beyond 
the reach of the majority of patients of LMICs.[1-7,9,10]

A cost-effective online available software, which can be used 
on laptop or desktop computers, is accessible nowadays in 
any part of the world. High-quality MRI equipments too are 

nowadays available even in tier 2 cities and most of the LMICs. 
Using computer software is much easier for the current 
generation of young surgeons. The most of such softwares 
are quite user-friendly and need some practice for a few days 
only to be effectively used for surgical assistance. Authors have 
been using radiant DICOM software for the last many years 
for spine, craniovertebral junction, neurovascular, and neuro-
oncological surgeries.[8,11,12] Readers may also refer to the 
report, which describes the technique for using this software.[8]

Axial, sagittal, and coronal images do help us to understand 
the location of the lesion, but it becomes difficult to visualize 
a 3D morphology of the lesion by looking at uniplanar or 

Figure 1: RadiAnt DICOM viewer window where “3D sagittal T2 
fluid-attenuated inversion recovery” sequence is selected. Arrows 
show icons of “Adjust image window,” “3D volume rendering 
technique,” and “3D multiplanar reformation.”

Figure 2: 3D multiplanar reformation images of 3D fluid-attenuated 
inversion recovery magnetic resonance imaging sequences showing 
(a) hyper-intensity suggestive of focal cortical dysplasia in the right 
frontal lobe in which sagittal plane crossing through the center, 
(b)  posterior, and (c) anterior limits of the lesion where the axial 
plane is showing the surface pattern of the brain with sulci and gyri.
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MPR images. Morphological appearance of the brain in the 
surgical field along with the lesion placed in it can be the most 
effective way to help a surgeon, which cannot be done even 
by neuronavigation or stereotactic frames. Google Lens with 
AR and VR techniques will definitely grow further but that 
too uses imaging studies, which are being used for assessing 
the lesion, which again is not morphological appearance.[7,9,10]

A CE MRI brain is capable of adding information before 
surgery about vascular anatomy over the brain surface; 
however, one radiant DICOM does not show both brain 
surface (seen in 3D FLAIR sequence) and vessels (seen in 
3D CEMRI sequence) together in any sequence. One has to 
visualize vessels relationship on the sulci seen in the FLAIR 
VRT images. Once the brain surface is exposed, one can 
easily match the operative field appearance with the lesion 
marked by the VRT FLAIR images to guide the surgeon. 
Radiant DICOM software is for Windows only; however, 
a software application “HOROS” has more or less similar 
features and runs on Mac OS X.

Deep-seated contrast-enhancing lesions can be localized using 
this technique, which has been reported by the senior author.[11] 
This report focuses mainly on non-contrast enhancing lesions, 

especially over the cortical surface. The technique can be used 
for deeper lesions too using the 3D T2 FLAIR sequence where 
scalp incision, craniotomy, and entry point over the gyrus/
sulcus along with the trajectory can be decided. The VRT 
technique using computed tomography (CT) scan cannot 
be used to see the brain surface; however, its applications are 
useful for selected other aspects of neurosurgical planning.[8]

CONCLUSION
A cost-effective solution of software application for lesion 
localization in neurosurgery can be accessible to the majority of 
neurosurgeons of LMICs for their patients. It is an effective way 
to simulate a real brain-like surface with a lesion over it, which 
matches exactly the brain of the patients seen during surgery.

Ethical approval

Institutional Review Board approval is not required.

Declaration of patient consent

The authors certify that they have obtained all appropriate 
patient consent.

Figure 4: (a) Axial image of 3D multiplanar reformation fluid-attenuated inversion recovery (FLAIR) 
sequence of surface, (b) exposed brain over the area with lesion marked in a yellow circle, (c) where 
corresponding redline lesion area is marked similar to 3D volume rendering technique FLAIR image 
of the brain.
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Figure 3: 3D multiplanar reformation image where (a) axial plane showing a surface pattern of the 
brain with sulci and gyri, (b) 3D volume-rendering technique (VRT) localization of lesion (area 
marked in green) over similar appearing gyri and sulci of axial T2 fluid-attenuated inversion recovery, 
and (c) corresponding 3D VRT image of the scalp with a lesion (green area) projected on it.
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