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Background: Advances in digital imaging including evolving of 3-dimensional (3D) exoscope has allowed its use as an alternative to microscopes in neurosurgery. The exoscope can concede wide space around the operating table and patient. Here, we show a three-surgeon–six-hand operative approach using a 4K-3D exoscope. Practical advantages and disadvantages of this approach are discussed.

Clinical Presentation: A 58-year-old male was refered with a 60 mm diameter meningioma in the right frontal convexity. The tumor removal was done by an operator and two assistants with a scrub nurse while viewing images displayed on a 55-inch monitor with integrated 4K and 3D visualization technology retrieved by KINEVO®. Meaningful communication between the operator and two assistants allowed for simultaneous, and precise surgical procedures. Gross total removal was achieved without damaging the brain.

Conclusion: The ocular-free, openness of 4K-3D exoscope allows for a three-surgeon–six-handed operation, which leads to simultaneous surgical maneuvers by multiple hands, shorter operative time, flexible/intermittent brain retraction made by two assistants, and educational benefits owing to the surgical procedure being visually shared.
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INTRODUCTION

The incorporation of visual enhancement technology has transformed the field of neurosurgery to the next generation. The operating microscope (OM) has become the gold standard in neurosurgery (1, 2). However, the OM has some limitations in operative mobility, accessibility and expense. Additionally, the operational view of the OM is limited by the patients position, which can, in cases, leading to an uncomfortable position for the operator and assistant, resulting in intraoperative fatigue. To ameliorate these problems, the 3-dimensional (3D) extracorporeal telescope (exoscope) was created (3, 4). Owing to advances in digital imaging, the 3D exoscope has been increasingly used as an alternative to microscopes in surgery. The 4K-3D exoscope ideally presents the operative environment illustrated broadly in a 3D landscape. The exoscope is suspended above the surgical field. A 4K monitor is displayed in front of the surgeon, and the operation is performed while watching the monitor and wearing 3D glasses. A surgeon's position is not limited to the microscope' oculars, while freedom in movements during surgery, a higher comfort rate, a lower fatigue after longer procedures have been reported in using a 4K-3D exoscope (5, 6).

The exoscope system can be used for brain tumor, skull base surgery, aneurysm clipping and vascular microanastomosis, both cervical and lumbar complex spine surgery (7). In the last decade, several types of approaches using exoscopes have been developed and adapted to various neurosurgical procedures (8–11).

Similarly, endonasal endoscopic approach has evolved to enable skull base surgery through minimal access ports using pre-existing air spaces. Endoscopy provides excellent magnification, high-definition images and a panoramic view (12). Four-handed technique provides further panoramic views and greater surgical freedom with minimal invasion, and results in fewer complications compared to the two-handed technique (13).

The exoscope has a focal length of 220–650 mm (10, 14, 15). The exoscope will allow for wide space around the operating table and patient. This is especially useful in procedures of surgical assistants with multiple equipment (e.g., navigation devices or ultrasound). The purpose of this study is to show the three-surgeon–six-hand operative approach using a 4K-3D exoscope. The practical advantages and disadvantages of this approach are discussed.



CASE PRESENTATION


Equipment, Operating Room Setup, and Patient Positioning

KINEVO® (Carl Zeiss Meditec AG, Oberkochen, Germany) was used, which contains 4K-3D displays, light filters for 5-aminolevulinic acid and indocyanine video-angiography, pneumatic arms, adjustable operative settings, multiscreen output, longer focus distance and a greater magnification power (10, 14, 15). The operator takes position in front of the patients head with two assistants on both sides. A scrub nurse stands on the operator's dominant hand side between the operator and each assistant.

The KINEVO® camera was placed above the patients head at a high position allowing for open visualization of the monitor. A high-definition view of the surgical field was projected onto a 3D high-resolution 55-inch monitor, which was placed across the room toward the patient's leg side. An operator and two assistants operated with the scrub nurse viewing images (with 3D glasses) of the surgical field on the monitor. We used a neuronavigation system (BrainLab, Munich, Germany) to visualize the tumor and anatomical landmarks. Infrared tracking camera with extended detection and navigation monitor were placed behind, and next to the 55-inch monitor, respectively. The reference star was positioned around the neck caudally from the second assistant (Figures 1A,B).


[image: Figure 1]
FIGURE 1. Equipment, operating room setup, and patient positioning. (A) Illustration of a three-surgeon–six-hand operation using a 4K-3D exoscope is shown. (B) Actual setup in the operation room. Arrows means viewpoint of each staff.




Surgical Procedures

A 58-year-old male presented with a headache. CT demonstrated a 60 mm diameter meningioma in the right frontal convexity. Tumor removal was performed via frontal craniotomy (Figure 2). A three-surgeon–six-hand operative technique was used with a 4K-3D exoscope, as described above (Figure 3). Furthermore, a two-surgeon-three-handed and a two (three)-surgeon-four-handed method was flexibly used (Figure 3).


[image: Figure 2]
FIGURE 2. Case presentation. Preoperative (A) and postoperative (B) gadolinium-enhanced T1-weighted imagings are shown.



[image: Figure 3]
FIGURE 3. The combination of the experienced operator and assistants. A two-surgeon-three-hand (A), a two (three)-surgeon-four-hand (B) and a three-surgeon-six-hand operations (C) is illustrated on the left panels. Intraoperative images are shown on the right panels.


During the operation, the operator mainly used bipolar forceps and CUSA® Clarity (Integra LifeSciences Corporation, NJ, USA). The first and second assistants used micro scissors and suction, or brain retractor and suction. The combination of the experienced operator and two assistants allowed for seamless processing of dissection between the brain and tumor, without exchanging tools from one hand to another. Continuous brain retraction was unnecessary. Gross total removal was achieved without damaging the brain (Simpson's grade I). Postoperative CT scan displayed complete removal of the tumor.




DISCUSSION

In the present study, the three-surgeon–six-hand operation was perfomed using a 4K-3D exoscope, showing some practical advantages. Exoscope has a focal length of 220–650 mm, resulting in wider working space. The camera head of the exoscope does not interfere with the assistants' access to the surgical field during simultaneous surgical procedures. It was not necessary to devise the patient's position, the operators' position, and the arrangement of other surgical equipment. Meaningful communication between the operator and two surgical assistants allowed for seamless procedures, leading to shorter operative time (Table 1).


Table 1. Advantages and disadvantages of the three-surgeon–six-hand operation using a 4K-3D exoscope.

[image: Table 1]

Brain retraction is important to secure surgical space during brain surgery. Surgery without continuous tumor and brain retractors could be performed because two assistants versatilely pulled the tumor or brain to the operator's desired direction. The combination of the experienced operator and assistants lead to seamless, efficient and faster dissection procedures (Table 1). With the flexible and intermittent retraction, the brain damage was morphologically minimal with a retraction force (16–18).

Typically, the use of external monitors and glasses can give the audience such as students and residents the same high-resolution view as the surgeon, leading to educational advantages (14). The three-surgeon–six-hand operation also includes special educational benefits of two assistants in addition to all individuals present in the operating room owing to the visually and dynamically shared surgical procedures. Furthermore, the operator may be attuned to surrounding trainees, leading to valuable teaching opportunities (Table 1).

An important disadvantage of this approach is the slight difficulty in assisting the operator from both sides for the two assistants, and a relatively distant position of the scrub nurse (Table 1). This disadvantage can be reduced by the efficient equipment, operating room setup, and patient positioning. Two assistants may feel intraoperative fatigue looking at the same direction having the 55-inch monitor placed on the caudal side of the patients. However, this is still better than an OM, because the assistant has to look into the other eyepiece of the OM in an uncomfortable position dictated by the primary operator.

The 4K-3D exoscope can allow wide space around the operating table and patient. We can perform the three-surgeon–six-hand operative approach. Further experience is needed to achieve more comfortable maneuverability of surgical instruments during the procedure.



CONCLUSIONS

A three-surgeon–six-hand operation using a 4K-3D exoscope overcomes some limitations in operative mobility, accessibility and educational aspects in the OM. This approach will be further adapted for the use in various neurosurgical diseases.
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Advantage

1. Meaningful communication
between the operator and two
surgical assistants allows for
seamless procedures, leading to
shorter operative time.

2. No continuous brain retraction
is needed.

3. Two assistants can obtain
educational benefits owing to the
visually and dynamically shared
surgical procedures.

Disadvantage

1. Two assistants may feel
intraoperative fatigue during
looking at the same monitor
placed on the caudal side of the
patients.
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