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THE DAWN OF ROBO-NANO NEUROSURGERY

Krešimir Rotim

Clinical Department of Neurosurgery, Sestre milosrdnice University Hospital Center, Zagreb, Croatia

Although it is one of the youngest fi elds of medi-
cine, neurosurgery seems to be around for centuries. 
According to archeological evidence, surgery on the 
skull is over 10,000 years old1. In the ancient Egypt, 
neurosurgery was performed 2000 years BC, as shown 
in the Edwin Smith Papyrus2.

In the 19th century, neurosurgery was associated 
with vast mortality. It was during the 20th century that 
neurosurgery has achieved important improvements to 
both technique and diagnosis.

Neurosurgery is the fi eld of medicine where ad-
vanced technology feels at home, adapting new tech-
niques and devices in an eff ort to increase the effi  cacy 
and safety of brain and spine surgery. Among these 
recent advances are surgical robotics and nanotech-
nology.

Th e use of a mechanical device, automated or with 
remote control, in order to manipulate the instruments 
directly in contact with the patient represents a rela-
tively new procedure3. Robotic technology has been 
incorporated into stereotactic and endoscopic proce-
dures and is used in robotized microscope, telepresence, 
and tumor resection1,2,4-6.

Technically, surgical robots can be divided into pas-
sive and active systems. A passive system is the one in 
which the surgeon provides physical energy to drive the 
surgical tool7. An active robotic system is the one in 
which the robot actively interacts with the patient, al-
lowing more complicated motions and the surgeon has 
the ability to supervise and intervene when necessary8.

Surgical robots can also be classifi ed according to 
how the surgeon interacts with them. Th ey are divided 
into supervisory-controlled system, telesurgical sys-
tem, and shared-control system.

Since Kwoh et al. attempted a robotic brain biopsy 
in the late 1980s, interest in this fi eld and its potential 

clinical ben efi ts has grown8. Neurosurgery has defi ned 
concepts of manual microsurgical techniques and 
these are already embedded eff ectively and successfully 
in standard practice. Th erefore, integration of surgical 
robotics represents an interesting dilemma. Although 
its theoretical advantages seem most suited to neuro-
surgical disease, the state of the art has not yet matched 
the theory9.

Several robotic solutions have been developed to 
address the specifi c challenges associated with inter-
ventions on the brain10,11. Th e NeuroMate robotic sur-
gical system was the fi rst Food and Drug Administra-
tion (FDA) approved robotic device for neurosurgery10. 
Th e Minerva neurosurgical robot followed. Both sys-
tems involve a passive robotic arm which moves in a 
preprogrammed direction to a specifi c site defi ned by 
integrated neuronavigation systems for stereotactic 
 biopsy or functional neurosurgical applications12.

Several robotic systems have been developed to ad-
dress the challenges encountered in spinal surgery. As 
with brain applications, these devices are enhanced 
signifi cantly by advances in intraoperative image guid-
ance. In general, research in this area has focused on 
accurate placement of spinal instrumentation, citing 
the theoretically increased accuracy that robotics of-
fers13. In radiosurgery, robotic solutions to spine mo-
tion with respiration have also been extremely useful14. 
As with intracranial radiosurgical applications, the 
most common robotic subtype in spinal stereotactic 
radiosurgery is the supervisory-controlled system. Th e 
Cyberknife relies on a predetermined plan which tar-
gets spinal pathology for focused beam radiotherapy. 
Using feedback mechanisms, this system can adjust its 
trajectory to correct for patient movement, most of 
which result from respiration. Th is use of robotics has 
also been expanded to intracranial use, given the pos-
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sibility of brain shift. A recent addition to the Cy-
berknife system is the RoboCouch Patient Positioning 
System (Accuracy), which uses similar technology to 
reposition the patient during the course of treatment.

In the promising fi eld of robotic neurosurgery, spe-
cial attention must be paid to the brain and spine sur-
gical anatomy. Integrations of new focused technolo-
gies can be adapted more easily into highly specialized 
operating environment. Th e robots most widely used 
in neurosurgery have been the products of this contex-
tual research concentrated on the central nervous sys-
tem-specifi c solutions. Attempts to adapt other instru-
mentation for neurosurgical use have proven to be less 
eff ective9.

Nanotechnology defi nes the science and engineer-
ing providing entirely new tools and capabilities, con-
cerned with the design, synthesis, characterization and 
application of materials and devices that have func-
tional organization in at least one dimension on the 
nanometer (one billionth of meter) capable to interact 
with cells and tissues at the molecular-subcellular level 
with a high degree of functional specifi city, involving 
innumerable aspects of technology, including neuro-
surgery too15.

Th e practical use of nanotechnology in the fi eld of 
neurosurgery could be by way of nano-manipulation, 
nano-imaging and nano-neuromodulation. Nano-ma-
nipulation refers to techniques designed to perform 
‘surgery’ on the nervous system. Nano-imaging refers 
to capabilities to view the nervous system at the cel-
lular or subcellular level. Nano-neuromodulation in-
cludes the possibility to control pain, in a fashion of 
‘biologic pumps’, used both in neuropathic and chron-
ic pains16.

Nanotechnology off ers a highly interdisciplinary 
area of research in conjunction with basic and clinical 
neuroscience advances: molecular biology, neurophysi-
ology and neuropathology of the nervous system15.

Neurosurgeons of the present and future must take 
an active function in shaping the plan and research to 
ensure maximal clinical relevance and patient benefi t, 
to provide or administer the adequate technology or 
medication to the site where it is needed in the central 
nervous system. I think nanoneurosurgery and nano-
bioelectronics (integration of nanotechnology, device, 
imaging, AI, supercomputing, genomics and cellular 
therapeutics) will change the entire fi eld of neurosur-
gery in the next 5-10 years.
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