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Introduction
Neurological surgery has traditionally been associated with complex and 

invasive procedures. The mere mention of neurosurgery often conjures images 
of long, painstaking operations that involve opening the skull and delicate 
manipulation of brain tissue. However, advances in medical technology have 
led to the development of non-invasive techniques that are changing the 
landscape of neurological treatment. These methods, which minimize the need 
for physical incisions, offer significant benefits in terms of patient recovery, 
safety, and outcomes. The shift towards non-invasive neurological surgery 
represents a monumental leap in the field, creating new possibilities for 
treating conditions that were once considered inoperable or extremely risky [1]. 

Description
Non-invasive surgery refers to medical procedures that do not require 

cutting into the body or making any external incisions. In neurological surgery, 
this typically means treating conditions of the brain, spine, or nervous system 
without physically entering the affected area through traditional surgical means. 
Instead, non-invasive techniques leverage advanced technologies such as 
imaging, radiation, sound waves, and electromagnetic fields to diagnose, treat, 
and sometimes even remove tumors, abnormal tissue, or vascular lesions. 
The non-invasive nature of these techniques results in several advantages, 
including reduced risk of infection, shorter recovery times, and less trauma to 
surrounding healthy tissue. Furthermore, many of these procedures can be 
performed on an outpatient basis, which significantly reduces hospital stays 
and related costs. Focused ultrasound (FUS) is one of the most revolutionary 
non-invasive techniques used in modern neurological surgery. It involves using 
high-frequency sound waves to target and treat specific areas of the brain 
without the need for a surgical incision. FUS allows neurosurgeons to treat a 
variety of neurological conditions, including brain tumors, essential tremors, 
and Parkinson’s disease, with remarkable precision [2].

The procedure works by directing ultrasound waves at a specific target 
within the brain. These waves are concentrated on a small focal point, where 
they generate heat, destroying abnormal tissue. Since the sound waves can 
pass through the skull without causing any damage, FUS is considered a 
non-invasive approach to treating brain conditions that previously required 
open surgery. FUS has gained traction as an alternative to traditional brain 
surgery for certain conditions due to its minimally invasive nature and efficacy. 
For instance, it has been used in the treatment of essential tremors, where it 
offers patients a significant reduction in symptoms with a relatively low risk of 
complications. Gamma knife radiosurgery, despite its name, does not involve 
a surgical incision. Instead, it uses high doses of focused gamma radiation 
to treat brain tumors, vascular malformations, and other abnormalities within 
the brain. This technique allows neurosurgeons to precisely target tumors and 
other pathologies with minimal damage to surrounding healthy tissues. The 

procedure typically involves a patient being fitted with a frame that ensures 
accuracy and stability during the treatment. Multiple beams of radiation are 
directed at the tumor from different angles, converging on a precise point. The 
radiation dose is carefully calculated to destroy the abnormal cells without 
affecting the surrounding tissues [3].

A more advanced iteration of focused ultrasound, magnetic resonance-
guided focused ultrasound (MRgFUS) combines the capabilities of focused 
ultrasound with real-time imaging provided by MRI. This technique allows 
for precise targeting of brain tissue, offering enhanced accuracy and better 
monitoring throughout the procedure. MRgFUS is used to treat a variety of 
conditions, including tumors, essential tremors, and psychiatric disorders such 
as obsessive-compulsive disorder (OCD). The advantage of MRgFUS over 
traditional methods is the continuous feedback it provides to the surgeon, 
ensuring that the ultrasound waves are correctly focused on the targeted area 
and minimizing damage to surrounding healthy tissue. While not traditionally 
considered “non-invasive” in the strictest sense, endoscopic techniques can 
often be less invasive than open surgery, offering advantages in terms of 
recovery time and post-operative complications. Endoscopy involves the use of 
a thin, flexible tube (an endoscope) with a camera and light source to visualize 
and access the brain or spinal cord. Through small incisions, surgeons can 
navigate to the affected area and treat conditions such as hydrocephalus, brain 
tumors, or cerebrospinal fluid leaks [4].

An Laser interstitial thermal therapy (LITT) is a minimally invasive 
procedure used to treat brain tumors, epileptic foci, and other neurological 
conditions. In LITT, a laser fiber is inserted through a small incision or needle 
to the target tissue, where it delivers concentrated heat to destroy abnormal 
tissue. Though LITT is a minimally invasive procedure, it is still considered 
a step towards non-invasive neurosurgery because it can be performed with 
minimal disruption to the surrounding healthy tissue. It is particularly beneficial 
for treating tumors in areas of the brain that are difficult to reach with traditional 
surgical methods. Stereotactic radiosurgery (SRS) is a non-invasive procedure 
used to treat brain tumors, vascular malformations, and other neurological 
conditions. Like gamma knife radiosurgery, SRS uses high doses of radiation 
delivered to a precisely targeted area of the brain, destroying abnormal tissue. 
SRS is typically performed in a single session, making it a convenient and 
effective option for many patients [5]. 

Conclusion
Non-invasive techniques in neurological surgery represent a 

groundbreaking advancement in medical technology, offering patients less 
invasive, safer, and more efficient alternatives to traditional surgery. With 
methods like focused ultrasound, gamma knife radiosurgery, and MRgFUS, 
patients can now undergo procedures that once required extensive brain 
surgery with reduced risk and quicker recovery times. Despite the promise of 
these technologies, non-invasive approaches are not without their challenges. 
Limited applicability, high costs, and technical limitations must be addressed 
before these treatments can become widespread. However, the progress made 
thus far is remarkable, and the future of neurological surgery is undoubtedly 
heading toward a less invasive and more patient-friendly direction. As research 
continues and technology advances, the boundaries of what is possible with 
non-invasive surgery will continue to expand. With further innovation, these 
techniques have the potential to revolutionize the field of neurosurgery, offering 
a future where complex brain and spinal conditions can be treated more safely 
and effectively than ever before.
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