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ABSTRACT 

Brain tumors are a significant health issue and pose 

a major challenge in neurosurgery. Advances in 

surgical techniques have enabled neurosurgeons to 

improve patient outcomes and minimize the risks 

associated with traditional open surgery. This article 

will review the latest developments in minimally 

invasive surgical techniques and neuronavigation 

technology for the treatment of brain tumors. 
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1 INTRODUCTION 

Brain tumors are a significant health issue and pose a major challenge in neurosurgery. 

Advances in surgical techniques have enabled neurosurgeons to improve patient outcomes and 

minimize the risks associated with traditional open surgery. This article will review the latest 

developments in minimally invasive surgical techniques and neuronavigation technology for the 

treatment of brain tumors. The first section will provide an overview of minimally invasive surgical 

techniques, including their advantages and the types of techniques available. The second section will 

examine the clinical outcomes of minimally invasive brain tumor surgery and how they compare to 

traditional open surgery. Finally, the article will discuss potential complications associated with 

minimally invasive brain tumor surgery. By examining the latest research in this field, this article aims 

to provide a comprehensive overview of advances in surgical treatment of brain tumors. 

 

2 OVERVIEW OF MINIMALLY INVASIVE SURGICAL TECHNIQUES 

2.1 WHAT ARE THE ADVANTAGES OF MINIMALLY INVASIVE SURGICAL TECHNIQUES? 

Minimally invasive surgical techniques (MIS) have become increasingly popular due to their 

potential to reduce morbidity related to the approach [1]. These techniques involve making smaller 

incisions than traditional open approaches, in addition to avoiding the disadvantages of more 

traditional techniques [2]. MIS techniques provide excellent visualization and access to the hernia and 

spinal cord [2], while maintaining traditional surgical principles for spinal trauma treatment [3]. 

Moreover, the use of MIS techniques and tools is known to reduce surgical morbidity related to the 

approach [3]. The benefits of MIS techniques include early recovery and cosmetic preservation [1], 

reduced perioperative pain, shorter hospitalization, reduced blood loss, and shorter mobilization time 

[3], all of which can lead to better outcomes [1]. The thoracoscopic approach is particularly 

advantageous [2], as it is the most solid of all minimally invasive access approaches. Additionally, 

MIS techniques can improve surgical workflow, patient safety, and efficiency, and have been further 

facilitated by significant advances and the implementation of intraoperative imaging and navigation 

technologies [1]. Proper knowledge and experience with diaphragm treatment techniques, specific or 

adaptable endoscopic spinal implants, general and specific endoscopic spine instruments for 

performing discectomies and corpectomies, and appropriate training and experience in endoscope 

operation are required to use MIS techniques [3]. For anterior surgeries, endoscopic approaches have 

become the basis of MIS procedures, and MIS techniques can minimize trauma during surgery, 

especially at the thoracolumbar junction [3]. 
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2.2 WHAT TYPES OF MINIMALLY INVASIVE TECHNIQUES HAVE BEEN DEVELOPED FOR 

BRAIN TUMOR SURGERY? 

Minimally invasive surgery (MIS) is a technique that has revolutionized the surgical treatment 

of various diseases [2][4][5][6][7][3][8][9]. MIS is a form of surgery that uses specialized instruments 

and techniques to access the target organ without making large incisions. MIS offers the advantage of 

reducing the risk of complications, early recovery, and cosmetic preservation [2]. MIS techniques 

require appropriate training and experience in endoscope operation [4]. There are numerous MIS 

techniques for open and closed procedures [7]. Recently, hybrid approaches to minimally invasive 

surgery have been developed, combining open and closed techniques [9]. These hybrid techniques are 

typically used for complex cases that require a combination of open and closed techniques [9]. MIS 

techniques can also be used in patients with spinal tumors who would otherwise be unable to tolerate 

extensive invasive surgical approaches [1]. In addition, MIS techniques have been developed to 

perform myomectomy for the treatment of uterine fibroids [10]. The goal of these techniques is to 

reduce surgical morbidity related to the approach and preserve the aesthetic outcome of the surgery 

[3][10]. Thus, MIS provides a safe and effective method of surgery for many conditions, with minimal 

risk of complications and satisfactory cosmetic outcomes [7]. The surgeon must be aware of the 

advantages and limitations of the selected surgery [6] to ensure successful outcomes. 

 

2.3 HOW HAS NEURONAVIGATION TECHNOLOGY AIDED IN THE DEVELOPMENT OF 

MINIMALLY INVASIVE SURGICAL TECHNIQUES? 

Neuronavigation technology has helped promote the development of minimally invasive 

surgical techniques and has been particularly effective in the field of thoracic disc herniation (TDH) 

[2]. A systematic literature review revealed that MIS treatment for hallux valgus is effective [4] and 

that the characteristics of adhesive materials supporting MIS techniques and operative approaches 

should be taken into consideration [5]. The review also suggested that the surgeon should be aware of 

the advantages and limitations of the selected surgery, as the literature on MIS approaches for spinal 

deformity in adults is still limited [6]. In addition, the introduction of minimally invasive surgical 

techniques has been found beneficial for the treatment of pancreatic diseases [7]. MIS techniques in 

trauma are used to reduce surgical morbidity related to the approach [3], and the tactile sensation in 

MIS and minimally invasive robotic surgery (MIRS) has been studied in depth [8]. Hybrid approaches 

to video-assisted thoracic surgery (VATS) are also being explored [9], and MIS techniques have been 

considered beneficial in patients with spinal tumors [1]. Finally, the aim of this review was to describe 

the latest minimally invasive techniques for myomectomy and hysterectomy [10], to reduce the risk of 

complications associated with traditional methods. 
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3 CLINICAL RESULTS OF MINIMALLY INVASIVE BRAIN TUMOR SURGERY 

3.1 WHAT ARE THE CLINICAL RESULTS OF MINIMALLY INVASIVE BRAIN TUMOR 

SURGERY? 

Minimally invasive brain tumor surgery is an effective treatment option for benign brain 

tumors. The text mentions "multi-session stereotactic radiosurgery" as an effective treatment option 

for large benign brain tumors of 3cm [11]. The treatment is minimally invasive in nature, and patients 

generally tolerate it well [11]. More studies are needed to determine the optimal dose and fractionation 

schemes for such treatments with longer follow-up periods [11]. Additionally, the follow-up period 

should be long enough to evaluate benign lesions and late side effects resulting from high-fraction 

radiotherapy [11]. Finally, a higher rate of non-tumor-related mortality underscores the need to manage 

comorbid conditions to improve clinical outcomes [11]. However, the text does not provide any 

information about the clinical results of other minimally invasive surgeries for brain tumors [11]. 

 

3.2 HOW DOES MINIMALLY INVASIVE BRAIN TUMOR SURGERY COMPARE TO 

TRADITIONAL OPEN SURGERY? 

Moreover, it requires close coordination between surgeons and neurosurgeons to achieve 

optimal outcomes for patients [12]. Several clinical studies have shown that high rates of complete 

tumor resection can be achieved with minimally invasive surgery without compromising patient safety 

[13]. The slow adoption of minimally invasive techniques in the treatment of pancreatic tumors has 

been attributed to a lack of proper training and experience in endoscope operation [14]. Furthermore, 

the results of a study comparing minimally invasive surgery with open surgery found that minimally 

invasive surgery had lower rates of adverse events than open surgery [15]. In addition, a new minimally 

invasive robot-guided biopsy technique was developed and compared to standard trephination hole 

biopsy [16]. Furthermore, multi-session linear accelerator-based stereotactic radiosurgery for large 

benign brain tumors is a viable and minimally invasive treatment option [17]. Additionally, studies 

have revealed that serum interleukin-2 (SII) may be a potential non-invasive, readily accessible, and 

cost-effective biomarker for predicting clinical outcomes in renal cell carcinoma (RCC) patients [18]. 

Finally, the clinical results obtained in this study appear to support the Linear-Quadratic (LQ) model, 

which is still relevant in explaining the results of clinical studies on stereotactic radiosurgery and 

stereotactic radiotherapy [19]. Additionally, a minimally invasive surgical technique using acellular 

nerve allograft was developed to restore corneal sensitivity in patients with neurotrophic keratopathy 

[20]. 
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3.3 WHAT ARE THE POTENTIAL COMPLICATIONS ASSOCIATED WITH MINIMALLY 

INVASIVE BRAIN TUMOR SURGERY? 

The potential complications associated with minimally invasive brain tumor surgery can range 

from mild to severe. In one study, the complication rate was higher in minimally invasive surgery than 

in open surgery [15]. This may be the result of the slow adoption of these techniques [14], the 

complexity of the procedure itself, or the lack of experience of the surgeons [12]. Additionally, the use 

of a new minimally invasive robot-guided biopsy technique was compared to standard trephination 

hole biopsy [16]. The results showed that the minimally invasive technique had fewer complications 

and better outcomes [13]. Similarly, the use of stereotactic radiosurgery and stereotactic radiotherapy 

also reduced complications, with high rates of complete tumor resection [11]. It has also been 

suggested that the serum level of interleukin-2 could be a non-invasive biomarker to predict clinical 

outcomes of renal cell carcinoma (RCC) [18]. The results of the study appeared to support the Linear-

Quadratic (LQ) model [19], which is a reliable tool for predicting clinical outcomes of SRS and SRT. 

Finally, a minimally invasive technique was used to restore corneal sensitivity in patients with 

neurotrophic keratopathy [20]. This technique proved to be a viable option for brain tumor patients 

[17], as it was minimally invasive and provided better clinical outcomes than traditional techniques. 

Overall, minimally invasive brain tumor surgery can help reduce the risk of complications, but the 

surgeon must be aware of the advantages and limitations of the selected surgery [12]. 

 

4 CONCLUSION 

Surgical treatment of brain tumors has seen significant advances in recent years, particularly 

with the emergence of minimally invasive surgical techniques (MIS) and neuronavigation 

technologies. The use of MIS techniques has become increasingly popular due to their potential to 

reduce morbidity related to the approach while maintaining traditional surgical principles. These 

techniques involve smaller incisions and avoid the disadvantages of more traditional approaches, 

resulting in reduced perioperative pain, shorter hospitalization, and better outcomes. However, MIS 

techniques also require appropriate training and experience in endoscope operation, and potential 

complications can range from mild to severe. Hybrid approaches to minimally invasive surgery have 

been developed for complex cases that require a combination of open and closed techniques. In 

addition, the use of stereotactic radiosurgery and stereotactic radiotherapy has shown promise in 

reducing complications and achieving high rates of complete tumor resection. While the benefits of 

MIS techniques are clear, it is important for surgeons to be aware of the advantages and limitations of 

the selected surgery. Future research should continue to explore the effectiveness and potential 

limitations of these techniques, as well as the identification of non-invasive biomarkers for predicting 

clinical outcomes. Overall, advances in minimally invasive and neuronavigation techniques have 
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significantly improved the surgical treatment of brain tumors, and ongoing research in this field will 

undoubtedly lead to further improvements in patient outcomes. 
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