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Background:

Technological development has offered laparoscopic colorectal surgeons new video systems to improve
depth perception and perform difficult task in limited space.

The first of these newly developed systems is the three-dimensional (3D) video, similar to that used in
cinematography as well as for military applications. It was introduced back in the 90’s in surgery, but in the
early phase it suffered from several shortcomings, including low brightness/resolution and the need for
bulky/heavy glasses which made its use really uncomfortable for the surgeon [1, 2]. New developments have
allowed, since then, a significant improvement in comfort for the operating surgeon [3,4]. They have proved
to be particularly helpful in assisting surgeons in precise tasks such as suturing or knotting, when the spatial
perception is particularly important [4-6]. 3D laparoscopic systems have therefore re-gained in popularity
and their use has been diffused in most surgical units [7].

4K video systems are based on 2D ultra-high display technique and provide magnification of the surgical
field up to 30 times on very large screens. This is meant to improve surgical performance [8,9].

3D-4K represents a combination of characteristics of the two video systems and is now the third option
available in terms of new imaging technologies for laparoscopic surgery.

Aim:

The aim of this study was to assess the cognitive burden and motion sickness for surgeons during 3D, 3D-
4K or 2D-4K laparoscopic colorectal procedures and to report post-operative data with the different video
systems employed.

Methods:

Patients were assigned to either 3D, 3D-4K or 2D-4K video and two questionnaires (Simulator Sickness
Questionnaire-SSQ- and NASA Task Load Index -TLX) were used to collect data on cognitive burden and
motion sickness during elective laparoscopic colorectal resections (October 2020-August 2022) from two
operating surgeons. Short-term results of the operations performed with the three different video systems
were also analyzed.

Results: A total of 113 consecutive patients were included: 41 (36%) in the 3D Group (A), 46 (41%) in the
3D-4K Group and 26 (23%) in the 2D-4K Group (C). Weighted and adjusted regression models showed no
significant difference in cognitive load amongst the surgeons in the three groups of video systems when
using the NASA-TLX. An increased risk for slight/moderate general discomfort and eyestrain in the 3D-4K
group compared with 2D-4K group (OR= 3.5; p = 0.0057 and OR = 2.8; p = 0.0096, respectively) was
observed. Further, slight/moderate difficulty concentrating was lower in both 3D and 3D-4K groups
compared with 2D-4K group (OR=0.4; p = 0.0124 and OR =0.5; p = 0.0341, respectively), and higher in the



3D-4K group compared with 3D group (OR= 2.6; p = 0.0124). Patient population characteristics as well as
operative time, post-operative staging, complication rate and length of stay were similar in the three groups
of patients.

Conclusions: 3D and 3D-4K systems, when compared with 2D-4K video technology, have a higher risk for
slight/moderate general discomfort and eyestrain, but show lower difficulty concentrating. Short post-
operative outcomes do not differ, whichever imaging system is used.
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