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Abstract: Technological advancement has benefited minimal invasive surgery substantially. In terms of

enhanced operative vision, three-dimensional (3D) laparoscopy provides binocular depth perception, which

was absent in the past with the conventional two-dimensional (2D) laparoscopy. There have been a number

of studies comparing the use of 2D and 3D laparoscopy over the years and they were reviewed in this article.

Essentially, 3D laparoscopy resulted in better performance time and lower error rates with specific tasks in

experimental settings, and this was seen in surgeons across different levels of experience. The advantage in

terms of operative and clinical outcome was equivocal, with some studies demonstrated faster operating time

and less blood loss while others showing similar results. Long-term results in this aspect are scarce. Despite

these, surgeons appeared to prefer 3D laparoscopy to the conventional 2D imaging system. Nevertheless,

there are still questions to be answered and the role of 3D laparoscopy can be better defined with evidence

from future studies.
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Introduction

Laparoscopy enabled the advent of minimally invasive
surgery, encompassing many advantages such as smaller
surgical wounds, less postoperative pain and shorter hospital
stays (1,2). However, it also has its unique limitations (3);
one of them being loss of depth perception and surgeons
need to acquire the psychomotor skills to work with
two-dimensional (2D) images. Three-dimensional (3D)
laparoscopy has been introduced to address this issue.

3D imaging techniques were available for many years,
but initial data had yet to demonstrate any advantages
of the 3D technology over the 2D version. This might
be attributed to the suboptimal image quality, poor
illumination and high equipment cost with earlier
prototypes (4). Recent technological breakthrough in
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stereoscopy has greatly enhanced the image quality. With
high-definition resolution being the new standard, results
from earlier trials are now obsolete. Yet, the benefits of 3D
laparoscopy remained controversial. To better define the
role of 3D laparoscopy, we reviewed the evidence behind
the application of 3D laparoscopy, as well as discussing the
limitations of the current technology. The following review
included experimental and clinical trials comparing 3D and
2D laparoscopy in abdominal, pelvic and gynaecological
surgery over the past 10 years.

Principles of 3D laparoscopy

Depth perception is the ability to estimate and interpret
the relative distances of different objects by our eyes. The
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Table 1 Summary of experimental studies comparing task performance of 2D and 3D laparoscopy within the last 5 years

Study Year 3D equipment Cohort size

Tasks

Results

Alaraimi 2014
etal. (10)

Sony camcorder 3D 50 novices

Honeck 2012 Einstein, Scholly 3D 20: 10 novices, 10

etal. (9) imaging system experienced

Lusch 2014 Karl Storz 3D 24: 10 novices, 7

etal. (11) experienced, 7 experts
Smith 2012  Not specified 20 novices

etal. (8)

Storz 2012  INFINITEC 30: 20 novices, 10
etal. (12) multiplex system experienced

Tanagho 2013  Viking 3DHD 33: 25 novices, 8

etal. (13) intermediate/experts

Usta 2015  Viking 3DHD 24: 8 novices, 8 minimally
etal. (14) experienced, 8 experienced

4 FLS tasks: peg transfer,
endoloop, extracorporeal
suturing, intracorporeal suturing

5 tasks: ring placement, ring
transfer, needle passage, suture
cutting, knot tying

6 tasks (2 FLS tasks): ring
transfer, ring threading, line cut,

suturing, knot tying, peg transfer

4 tasks: rope pass, paper cut,
needle capping, knot tying

5 tasks: shape positioning, shape
positioning on relief surface, loop

transfer, suturing, continuous
suture

3 FLS tasks: peg transfer, pattern

cutting, suturing/knot tying

6 reported tasks: needle transfer,

needle pass, bead transfer, left/
right hand suture, bead transfer

3D showed: no difference
on mean performance time;
errors

3D showed: no difference
on performance time; errors
in some tasks

3D showed: performance
time not reported for most
tasks; error in most tasks

3D showed: performance
time; errors, especially
more complex tasks

3D showed: performance
time; errors

3D showed: performance
time; errors

3D showed: performance
time in some tasks; errors
in some tasks

and drop

2D, two-dimensional; 3D, three-dimensional; FLS, fundamentals of laparoscopic skills.

human brain estimates the depth of the object based on
five major principles: stereopsis, parallax, depth of field,
environmental context, and tactile feedback. Parallax is the
difference in relative positions of objects as the observer
move and views the objects from different point of views,
in which monocular vision is sufficient. On the other hand,
stereopsis relies on the identification of disparities between
two eyes in binocular vision to allow the brain to compute
the relative depth of an object (4). When viewing a motion
picture on a monitor, as in the case of a laparoscopic
procedure with the conventional 2D laparoscopy, stereopsis
is lost and relative distance is perceived by analyzing visual
clues. 3D laparoscopy uses two cameras instead of one to
recapitulate the effect of human binocular vision: producing
two different views of the same object, which are then co-
displayed on the screen with oppositely polarized lights.
Eyeglasses containing oppositely arranged polarizing
filters on each side allow each eye to view differently in
accordance with the two cameras’ arrangement, permitting
depth perception by stereopsis. It is worthy of note that not
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everyone possess the ability to perceive depth by stereopsis,
and 3D laparoscopy would not have any additional effects in
these individuals.

Experimental trials on task performance

Studies evaluating the performance of various laparoscopic
tasks were predominantly based on experimental trials.
Currently, there is no consensus on the choice of tasks for
comparison. The majority of tasks in these studies were
from validated curriculum of basic laparoscopy training,
such as fundamentals of laparoscopic skills (FLS) and basic
laparoscopic urologic surgery (BLUS) (5-7). Examples
included peg transfer, rope pass, paper cut, needle capping
and knot tying. For outcome measurement, parameters
used for comparisons included average performance time
and error rate of individual tasks as well as the whole set of
exercise.

The results from these experimental trials were consistent
in demonstrating variable degrees of benefit in shortening
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performance time and reducing error rates in 3D
laparoscopy over 2D laparoscopy. Smith et a/. compared the
performance time of four laparoscopic tasks by 20 novices,
showing a significant improvement with 3D laparoscopy
(P<0.001), with an average of 35.8% difference (8). Honeck
et al. concluded operators benefited from 3D laparoscopy
regardless of experience level, with 89.6% error reduction
(1.34 vs. 0.14, P<0.0001) in the expert group and 71.6%
error reduction (2.57 vs. 0.73, P<0.0001) in the novice
group (9). While some of these benefits may potentially be
translated into better task performance in iz vivo setting
(see below), others have shown equivocal results (9,10).
Limitations of these studies included small sample size,
discrepancy in the classification of experience levels of the
subjects, heterogeneity in tasks used for comparison and
difference in test equipment (7able 1) (8-14).

Clinical trials on operative outcomes

In addition to the experimental trials, there were trials
comparing the clinical use of 3D and 2D laparoscopy. In
a single-surgeon cohort study by Bove et 4l., the operative
data of 3D and 2D laparoscopic radical prostatectomy in
86 patients with prostate cancer was compared (15). The
study showed that 3D laparoscopy significantly reduced the
mean total operating time (241 vs. 162 minutes, P=0.010),
the mean anastomosis time (32 vs. 24 minutes, P=0.030)
and the mean number of anastomosis stitches used (6.45
vs. 5.65, P=0.018). Curro et al. conducted a randomized
controlled trial on laparoscopic cholecystectomy, involving
both experienced and novice surgeons, and yielded mixed
results (16). A significantly shorter operating time was
observed in novice surgeons (60 vs. 48 minutes, P=0.02),
but not in experienced surgeons (40 vs. 38 minutes,
P=0.10). Table 2 summarized published clinical trials on
3D laparoscopy (15,16,19,20,22). Given the heterogeneity
of the study design and their mixed results, it is hard to
conclude that 3D laparoscopy is superior to 2D laparoscopy
in clinical use. More data are required to demonstrate
if 3D imaging system results in shorter operating time,
and whether such advantage is consistent across different
types of surgical procedures and with surgeons of different
experience levels.

In terms of intraoperative blood loss, two studies
found statistically significant differences between 2D
and 3D laparoscopies (18,21). Lu et 4/. demonstrated
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in a randomized controlled trial that 3D laparoscopic
gastrectomy resulted in reduced blood loss compared to 2D
laparoscopic gastrectomy (78 vs. 58 mL, P=0.047) (21). This
was echoed by another retrospective study by Aykan et 4l.
which demonstrated less blood loss in 3D laparoscopic
radical prostatectomy (138 vs. 102 mL, P<0.001) (18).
However, similar finding was not seen in studies involving
other surgical procedures (17,23,24).

With regard to postoperative complication, hospital stay
and operative mortality, the current literature did not show
any difference between 2D and 3D laparoscopic procedures
(17,21,23). For example, Velayutham ez a/. compared 3D
and 2D laparoscopic hepatectomy and demonstrated similar
complication rates: bile leak (P>0.999), postoperative ascites
(P>0.999) and respiratory complications (P=0.544) (24). The
two groups were also comparable in terms of the severity
grading of complications, i.e., minor complications (Clavien
I to II complications) and major complication rates (Clavien
I1T to IV complications). There was no postoperative
mortality observed in both groups.

Regarding long-term outcomes, Aykan et a/. showed a
higher 3 months post-radical prostatectomy continence rate
in the 3D laparoscopy group (50% wvs. 25%, P=0.020) (18).
However, long-term results were generally limited and
remained a subject of future research.

Surgeons perspective

Several surveys suggested that surgeons subjectively
preferred 3D laparoscopy over 2D laparoscopy (13,25-28).
Tanagho et al. studied 33 subjects performing four
standardized laparoscopic tasks from the FLS skill set (13).
81.8% of the subjects found 3D laparoscopy improved their
performance, and 87.9% indicated that they preferred 3D
to 2D laparoscopy. Spille ez al. further evaluated preference
among different levels of experience (27). A total of 277
subjects from three subgroups (students, residents and
specialists) were required to perform four laparoscopic tasks
with both 3D and 2D laparoscopies and they were asked
to fill in a questionnaire afterwards. Overall, 68.8% of the
participants preferred 3D to 2D laparoscopy and this was
consistent within all three subgroups.

Kinoshita et a/. compared surgeon’s self-rated satisfaction
score and their choice of imaging system with certain tasks
in laparoscopic radical prostatectomy (19). The satisfaction
score was significantly higher in 3D laparoscopy (4.2 vs. 3.1,
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Table 2 Summary of clinical trials comparing task performance of 2D and 3D laparoscopy

Study Year Cohort size Procedure Findings
Abou-Haidar 2016 n=27 (3D: 8, 2D: 19) Pyeloplasty No significant difference in complication
etal. (17) rates
Aykan 2014 n=95 (3D: 29, 2D: 66) Radical prostatectomy 3D showed: blood loss; higher recovery of
etal. (18) continence at 3 months
Bove 2015 n=86 (3D: 43, 2D: 43) Radical prostatectomy 3D showed: operative time; anastomosis
etal. (15) time; mean number of anastomosis stitches
Currdo 2015 n=80 (3D: 40, 3D: 40) Cholecystectomy 3D showed: operative time for novice
etal. (16) surgeon; no difference in operative time for
experienced surgeon
Kinoshita 2014 n=122 (3D: 61, 2D: 61) Radical prostatectomy 3D showed: no difference in time of VUA;
etal. (19) number of sutures in VUA
Leon 2017 n=36 (3D: 19, 2D: 17) Hiatal hernia repair 3D showed: total operative time; no
etal. (20) difference in time to perform crura closure,
mesh positioning and Nissen fundoplication
Luetal (21) 2016 n=231 (3D: 109, 2D: 112) Gastrectomy (3D: 43 total 3D showed: blood loss; no significant
gastrectomy, 66 partial gastrectomy;  difference in postoperative complication
2D: 75 total gastrectomy, 47 partial rates
gastrectomy, P=0.331)
Ruan 2016 n=90 (3D: 45, 2D: 45) Partial nephrectomy 3D showed: no difference in operative time
etal. (22) and dissecting time; suturing time
Tao et al. (23) 2016 n=58 (3D: 27, 2D: 31) Right hemicolectomy No significant difference in blood loss and
complication rates
Velayutham 2016 n=60 (3D: 20, 2D: 40) Hepatectomy (3D: 5 major resections, No significant difference in blood loss,
et al. (24) 15 minor resections; 2D: 10 major complication rates; and severity of

resections, 30 minor resections)

complications

2D, two-dimensional; 3D, three-dimensional; VUA, vesicourethral anastomosis.

0 being lowest, 6 being highest, P<0.001). Surgeons also
preferred 3D laparoscopy with certain tasks like moving
instruments to an intended position (4.4 vs. 3.1, P<0.001)
and adjusting the needle direction (4.5 vs. 2.7, P<0.001).
Headache, nausea and eye strain from 3D laparoscopy
have been reported (29-32), although these were not
consistently demonstrated across different studies and
subjects (13,14). Three studies reported increased adverse
reactions with 3D laparoscopy (25,30,33). In a randomized
prospective study by Usta et al., 24 participants were
required to perform 10 standardized tasks and asked to
report any adverse reactions experienced when using 3D
or 2D laparoscopy. There was no difference in visual
strain (P=0.087), headache (P=0.134) or facial discomfort
(P=0.090) (14). Gémez-Go6mez et al. measured the mental
workload using the NASA Task Load Index with five
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standardized tasks. Although 3D laparoscopy produced a
smaller mental workload, more adverse reactions such as
dizziness and headache were reported (33).

Limitations of 3D laparoscopy

As mentioned previously, 3D laparoscopy has the advantage
of allowing depth perception. However, a normal stereopsis
is a prerequisite for individuals to experience this effect. In
a study by Bloch er al., stereopsis-normal and stereopsis-
absent subjects were recruited to perform simulated fine
motor surgical tasks under 2D and 3D systems respectively.
Results showed that the two groups demonstrated
comparable performance with 2D laparoscopy, while the
stereopsis-absent group had poorer performance compared
to the stereopsis-normal group using 3D laparoscopy (34).
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An evaluation regarding stereopsis in surgeons by Biddle
et al. revealed that 74-83% of surgeons possessed high-
grade stereopsis while 2-14% had reduced stereopsis (35).
Another study by Fergo et al. found that 10% of the
evaluated surgeons did not have measurable stereopsis (36).
The implication of these two studies was that approximately
10% of surgeons would not be able to appreciate depth
perception despite 3D laparoscopy.

Limitations of the current literature

Experimental trials on simple task performance, albeit
their superior results with 3D laparoscopy, may not
necessarily reflect the complexity of real-life surgeries.
Some randomized control trials had limited sample sizes
with possible biases and type II errors, and this might partly
explain the mixed results aforementioned in this review. It
remained a possibility that 3D laparoscopy might benefit
certain types of surgical procedures but not others. Even
so, the main effect would be in terms of facilitating certain
tasks and reducing operating time. Operative outcome, and
ultimately patient care, however, is affected by a multitude
of factors, and the effect of a mere enhanced vision is
expected to be small. Studies have to possess a formidably
large sample in order to detect such effect. Even if such
advantage existed, cost-effectiveness is another issue, which
was hardly addressed. Nevertheless, the ‘upgrading’ of
minimally invasive surgery theatres with 3D laparoscopies
is expected to press on, in the hope that surgeons would
benefit from advancing technologies, despite limitations
with the current evidences.

Conclusions

The current technology of 3D laparoscopic imaging system
provided depth perception and spatial orientation, which
was absent in conventional 2D system. This revolutionized
laparoscopic surgery with enhanced operative vision and
studies have demonstrated enhanced results in experimental
settings with faster performance time and lower error
rates. However, evidence was still inconclusive on whether
this translates into better operative outcomes. Future
randomized control clinical trials on a larger scale with
more patient-related long-term outcomes will be of benefit.
But perhaps it is ultimately up to the decision of individual
surgeons and institutions whether binocular vision would
help with their work in a way that additional cost is justified.
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