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Abstract

Background There have been no studies to systematically evaluate the two display (3D vs. 2D) systems regarding

both laparoscopic and thoracoscopic surgeries in clinical settings; thus, we conducted one to evaluate the safety and

efficacy of different visualization systems (two-dimensional and three-dimensional) during endoscopic surgery

(laparoscopy or thoracoscopy) in clinical settings.

Methods A comprehensive search of online databases was performed. Perioperative outcomes were synthesized.

Cumulative meta-analysis was performed to evaluate the temporal trend of pooled outcomes. Specific subgroups

(laparoscopy vs. thoracoscopy, prospective vs. retrospective study, malignant vs. benign diseases) were examined.

Meta-regression was conducted to explore the source of heterogeneity.

Results Twenty-three articles were considered in this analysis, of which 7 were thoracoscopic and 16 were

laparoscopic surgeries. A total of 2930 patients were recorded, of which 1367 underwent 3D video-assisted surgery

and 1563 underwent 2D display. Overall, significantly shorter operating time (SMD -0.69; p =\0.001), less blood

loss (SMD -0.26; p = 0.028) and shorter hospital stays (SMD -0.16; p = 0.016) were found in the 3D display

group. Meanwhile, the perioperative morbidity (OR 0.92; p = 0.487), retrieved lymph nodes (SMD 0.09; p = 0.081),

drainage duration (SMD -0.15; p = 0.105) and drainage volume (SMD 0.00; p = 0.994) were similar between the

two groups. Comparison of the overall outcomes in each subset showed consistency in all groups.

Conclusions This up-to-date meta-analysis reveals that the 3D display system is superior to the 2D system in clinical

settings with significantly shorter operating time, less blood loss and shorter hospital stay. These findings suggest

that, in laparoscopic or thoracoscopic surgeries, 3D endoscopic system is preferable when condition permits. Future

efforts should be made on decreasing the side effects of 3D display and increasing its cost-effectiveness.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00268-018-4681-z) contains supple-
mentary material, which is available to authorized users.

& Jianxing He

drjianxing.he@gmail.com

1 Department of Thoracic Surgery, The First Affiliated

Hospital of Guangzhou Medical University,

Guangzhou 510120, China

2 Nanshan School, Guangzhou Medical University,

Guangzhou 511436, China

3 The Sixth Affiliated Hospital, School of Basic Medical

Sciences, Functional Experiment Center, Guangzhou Medical

University, Guangzhou 511436, China

4 State Key Laboratory of Respiratory Diseases,

Guangzhou 510120, China

5 National Clinical Research Center for Respiratory Center for

Respiratory Disease, Guangzhou 510120, China

123

World J Surg (2018) 42:3658–3668

https://doi.org/10.1007/s00268-018-4681-z

https://doi.org/10.1007/s00268-018-4681-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-018-4681-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-018-4681-z&amp;domain=pdf
https://doi.org/10.1007/s00268-018-4681-z


Introduction

In an attempt to explore more minimally invasive operation

methods, the video-assisted endoscopic approach, includ-

ing both laparoscopic and thoracoscopic surgeries, has

been rapidly developed and widely adopted. Using con-

ventional two-dimensional (2D) displays, endoscopic sur-

geons rely on indirect visual cues in the form of relative

and expected motion, shadows, textures and relative color

differences to extract indirect three-dimensional (3D)

information, which leads to the loss of depth perception

and consequently a more cognitive workload for surgeons

[1]. The employment of stereoscopic 3D displays is the

apparent solution to overcome these technical obstacles

and improve endoscopic skills compared with conventional

2D systems, for both experienced and non-experienced

endoscopic surgeons [2].

Even though 3D displays have not yet replaced 2D

displays due, in part, to the conflicting evidence in the

literature addressing the benefit of 3D displays and their

perceptual challenges, [3, 4] several systematic reviews

have evaluated 2D and 3D displays applied with

laparoscopy in simulated settings. These reviews

observed shorter operative times, higher early continence

rates, lower error rates and a shorter learning curve for

novices, but still drawing obscure conclusions [5, 6].

Furthermore, the majority of these comparative studies

were conducted based only on laparoscopic surgery and

in simulated settings; hitherto, no study has systemati-

cally evaluated the two display systems regarding both

laparoscopic and thoracoscopic surgeries with clinical

cases.

With the aim of comprehensively evaluating 3D versus

2D display systems in clinical settings, we conducted a

systematic review and meta-analysis in both video-assisted

laparoscopic and thoracoscopic surgeries, including the

assessment of operating time, blood loss volume, drainage

duration, drainage volume, 30-day mortality, morbidity,

conversion rate to open, duration of hospitalization and the

number of lymph nodes retrieved.

Methods

Literature search and selection

A systematic and comprehensive literature search of online

databases PubMed, Web of Science, MEDLINE and

Cochrane Library was performed to identify observational

studies and RCTs performed before August 2017 that

simultaneously examined the comparative studies of 2D

and 3D display video-assisted surgery (laparoscopic or

thoracoscopic surgery).

Several search terms and related variants were used,

including 2D, 3D, 2-dimentional, 3-dimentional, stereo-

scopic, monoscopic, laparoscopy, thoracoscopy and sur-

gery. The references of identified papers, previous

published systematic reviews and meta-analyses were

inspected to identify studies not included by the initial

search.

We evaluated all searched results according to the

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) statement [7]. The selection

of original studies was based on the process of viewing

titles, abstracts and full papers. Inclusion criteria were as

follows: (1) studies including surgery operated with

laparoscopy or thoracoscopy; (2) comparative studies

examining 3D versus 2D displays; (3) RCTs or observa-

tional (cohort and case–control) studies if they were com-

parative in nature; (4) studies that reported at least one

outcome of interest. Non-comparative studies, review

articles, abstracts, case reports, editorials, expert opinions,

commentary articles, studies with simulated setting,

robotic-assisted surgery and letters were excluded.

Data extraction and quality assessment

Data were extracted independently by two investigators (H.

R. Liang and C. Z. Liu), and conflicts were adjudicated by

a third investigator (W. H. Liang). For the selected studies,

information on all available variables was extracted and

entered into a Microsoft Excel database. The following

outcomes were used to compare the two operative tech-

niques: (a) intraoperative parameters: operating time, blood

loss volume, conversion rate, lymph nodes retrieved;

(b) postoperative data: drainage duration, drainage volume,

duration of hospitalization, 30-day mortality and morbid-

ity; (c) population and study design details. We performed

subgroup analyses which were stratified by surgical pro-

cedures (laparoscopy vs. thoracoscopy), study designs

(prospective study vs. retrospective study) and disease type

(benign vs. malignant diseases). The Joanna Briggs Insti-

tute Prevalence Critical Appraisal Tool was used to assess

the quality of included studies [8]. Any disagreement was

resolved via discussion among the authors.

Statistical analysis

Odds ratio (OR) with 95% confidence intervals (95% CIs)

was calculated for categorical outcomes (morbidity).

Standardized mean difference (SMD) with 95% CI was

calculated for continuous outcomes (operating time, blood

loss volume, drainage duration, drainage volume, duration

of hospitalization and the number of lymph nodes

retrieved). We used Cochran’s Chi-square test and I2 to

examine the heterogeneity among effect estimates.
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Statistical heterogeneity among studies was defined as I2

statistic greater than 50% [9]. Fixed effects model was

preferred to random effects model when there was no

statistically significant heterogeneity and vice versa when

there was significant heterogeneity [10].

When necessary, mean and standard deviations were

estimated from the available median and confidence

interval or range [11]. Study bias was detected using the

methods of funnel plot, and Begg’s and Egger’s test [12]. A

sensitivity analysis was performed by excluding the studies

with the lowest-quality score. Cumulative meta-analyses

were performed according to published time order to assess

the stabilization of the effect sizes. Meta-regression was

conducted to explore the source of heterogeneity. Statisti-

cal significance was taken as two-sided p\ 0.05. The

analysis was performed with STATA 12.0 software (Stata

Corporation, College Station, TX, USA).

Results

Study selection and quality assessment

A total of 161 records were screened after exclusion of

duplicates up to July 31, 2017. Finally, 23 full-text articles

reporting safety and efficacy of 2D versus 3D video-as-

sisted surgery met the inclusion criteria and were consid-

ered in this analysis. Of the included articles 7 were of

thoracoscopic surgery [13–19] and 16 were of laparoscopic

surgery [20–35] (Fig. 1). There were three groups of out-

comes according to different diseases by Ji et al. [30], and

the three groups were regarded independently in following

analyses.

The contextual details and the results of the quality

assessment of each study are summarized in Table 1. The

studies were conducted in 7 different countries with the

period ranging from 2006 to 2017. Three RCTs, 4

prospective cohorts and 16 retrospective observational

studies were included. A total of 2930 patients were

recorded, of which 1367 underwent 3D video-assisted

surgery and 1563 underwent conventional 2D video-as-

sisted surgery. All studies achieved 7–10 stars in quality

assessment on a scale of 0–10. Table 2 shows the demo-

graphics of included studies.

Intraoperative parameters

All studies mentioned operating time, which was signifi-

cantly shorter in the 3D display group (SMD -0.69; 95%

CI -0.91 to -0.47; p =\0.001), with significant

Fig. 1 Flow diagram detailing

the search strategy and

identification of studies used in

meta-analysis
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heterogeneity (I2 = 86.3%, p =\ 0.001) (Fig. 2a). Less

blood loss was shown in 3D as well (SMD -0.26; 95% CI

-0.49 to -0.03; p = 0.028) (I2 = 87.2%, p =\ 0.001)

(Fig. 2b). In addition, using the fixed model (I2 = 46.2%,

p = 0.040), the number of retrieved lymph nodes seemed to

increase when applying 3D visualization compared with

the 2D system (SMD 0.09; 95% CI -0.01 to 0.18;

p = 0.081), though statistically insignificant (Fig. 2c).

Postoperative parameters

Meta-analysis demonstrated that the perioperative mor-

bidity was similar between patients who underwent 2D and

3D display procedures (OR 0.92; 95% CI 0.73–1.16;

p = 0.487), with no heterogeneity (I2 = 0%, p = 0.652)

(Fig. 3a). Hospital stay was significantly shorter in the 3D

group (SMD -0.16; 95% CI -0.29 to -0.03; p = 0.016),

but the heterogeneity was significant (I2 = 55.8%,

p = 0.002) (Fig. 3b).

Drainage duration and drainage volume

Nine studies provided information on drainage duration,

and six studies gave drainage volume data. Random model

was used in analysis. There were no significant statistics in

both drainage duration (SMD -0.15; 95% CI -0.32 to

0.03; p = 0.105) and drainage volume (SMD 0.00; 95% CI

-0.42 to 0.42; p = 0.994) regarding 3D versus 2D display

groups. And the heterogeneities were significant in the two

outcomes (I2 = 65.6, p = 0.003; I2 = 90.7, p =\ 0.001)

(Fig. 4a, b).

30-day mortality and conversion rate to open

The 30-day mortality was defined as death within 30 days

of the operation or any time after operation if the patient

did not leave the hospital alive in all included studies.

Conversion was defined as the use of a rib-spreading tho-

racotomy or laparotomy at any point after initiation of

thoracoscopic or laparoscopic surgery. Thirteen studies

Table 1 Characteristics of the included studies in the meta-analysis

First author Published year Region Study type Study period Quality score

Thoracoscopy

Jiao et al. 2017 Beijing, China Pro 2013–2015 8

Yang et al. 2016 Guangzhou, China Pro 2013–2014 10

Dong et al. 2016 Guangzhou, China Retro 2013–2014 10

Yang et al. 2015 Guangzhou, China Pro 2013–2014 10

Li et al. 2015 Shanghai, China Retro 2013–2014 9

Hou et al. 2015 Nanjing, China RCT 2013–2014 8

Bagan et al. 2015 Paris, France Pro 2013 7

Laparoscopy

Padin et al. 2017 Pontevedra, Spain Retro 2013–2016 10

Lu et al. 2017 Fujian, China RCT 2015 7

Kanaji et al. 2017 Hyogo, Japan Retro 2012–2016 10

Ji et al. 2017 Changchun, China Retro 2015–2017 10

Zeng et al. 2016 Guangzhou, China Retro 2014-2015 9

Velayutham et al. 2016 Paris, France Retro 2014 10

Tao et al. 2016 Wuhan, China Retro 2014–2015 9

Tang et al. 2016 Changsha, China Retro 2013–2014 9

Ruan et al. 2016 Shanghai, China RCT 2012–2014 8

Komatsuda et al. 2016 Tokyo, Japan Retro 2009–2014 9

Ji et al. 2016 Changchun, China Retro 2014–2015 9

Abou-Haidar et al. 2016 Quebec, Canada Retro 2006–2013 9

Bove et al. 2015 Rome, Italy Retro 2012–2013 10

Zou et al. 2014 Guangzhou, China Retro 2013 9

Xu et al. 2014 Beijing, China Retro 2013–2014 9

Aykan et al. 2014 Istanbul, Turkey Retro 2009–2012 9

pro prospective study, retro retrospective study, RCT random
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Table 2 Demographics of the included studies

First author Number of

patients

Mean age Sex (female) Diseases Surgery procedures 3D system

3D 2D Total 3D 2D 3D 2D

Thoracoscopy

Jiao et al. 76 89 165 64.76 64.02 48.68% 48.31% Lung cancer Lobectomy Einstein,

Germany

Yang et al. 142 136 278 ng ng 51.47% 61.15% Benign pulmonary diseases Lobectomy,

segmentectomy,

wedge resection

Karl Storoz,

Germany

Dong et al. 178 182 360 61.1 60.6 38.76% 41.76% Lung cancer Lobectomy,

bilobectomy

Karl Storoz,

Germany

Yang et al. 150 150 300 ng ng 42.67% 41.33% Lung cancer Lobectomy Karl Storoz,

Germany

Li et al. 45 48 93 63.8 65.1 35.60% 29.20% Benign esophageal

diseases, esophageal

cancer

Esophagectomy NG

Hou et al. 78 76 154 55.7 55.1 47.44% 42.11% Esophageal cancer Esophagectomy Karl Storoz,

Germany

Bagan et al. 9 9 18 70 64.1 22.22% 22.22% Lung cancer Lobectomy Karl Storoz,

Germany

Laparoscopy

Padin et al. 104 208 312 45.07 43.18 75.00% 76.50% Obesity Sleeve gastrectomy,

gastric bypass

Olympus

Corporation,

Japan

Lu et al. 109 112 221 59.43 58.22 35.80% 27.70% Gastric cancer Total gastrectomy,

partial gastrectomy

NG

Kanaji et al. 15 15 30 68 65 26.67% 46.67% Gastric cancer Total gastrectomy Olympus

Corporation,

Japan

Ji et al.a 48 45 93 56 58 33.30% 44.40% Gastric cancer Total gastrectomy Olympus or

Storz

27 18 45 66 69 29.60% 38.90% Rectum cancer Rectectomy Olympus or

Storz

37 39 76 62 68 10.80% 30.80% Right-sided colon cancer Colectomy Olympus or

Storz

Zeng et al. 46 43 89 59 57 39.13% 34.88% Gallstone disease Cholecystectomy Karl Storoz,

Germany

Velayutham

et al.

20 40 60 NG NG 55.00% 40.00% Colorectal liver metastases,

hepatocellular carcinoma

Liver resection Olympus

Corporation,

Japan

Tao et al. 27 31 58 57 55 40.74% 35.48% Right-sided colon cancer Colectomy Viking 3D HD

system, USA

Tang et al. 18 24 42 63.3 64.2 16.67% 16.67% Bladder cancer Radical cystectomy Viking 3D HD

system, USA

Ruan et al. 45 45 90 60.4 58.7 46.67% 51.11% Renal cell carcinoma Partial nephrectomy Viking 3D HD

system, USA

Komatsuda

et al.

11 20 31 53 57.3 18.18% 10.00% Renal cell carcinoma Partial nephrectomy Olympus

Corporation,

Japan

Ji et al. 56 60 116 61.9 63.7 32.10% 33.30% Gastric cancer Radical gastrectomy Olympus

Corporation,

Japan

Abou-

Haidar

et al.

8 19 27 7 8 NG NG Ureteropelvic junction

obstruction

Pyeloplasty ConMed, NY,

USA
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Table 2 continued

First author Number of

patients

Mean age Sex (female) Diseases Surgery procedures 3D system

3D 2D Total 3D 2D 3D 2D

Bove et al. 43 43 86 63.9 60.1 0.00% 0.00% Prostate cancer Radical prostatectomy Viking 3D HD

system, USA

Zou et al. 30 30 60 43.3 44.4 66.70% 60.00% Thyroid nodule Thyroidectomy via a

breast approach

NG

Xu et al. 16 15 31 30 31 43.75% 53.30% Ureteropelvic junction

obstruction

Pyeloplasty Karl Storoz,

Germany

Aykan et al. 29 66 95 65 64.5 NG NG Prostate cancer Radical prostatectomy Viking 3D HD

system, USA

NG not given
aThere were three groups of outcomes according to different diseases by Ji et al., and the three groups were regarded independently in the

following analysis

Fig. 2 Forest plot of meta-analysis of main outcomes. a Forest plot of SMD of operating time. b Forest plot of SMD of blood loss. c Forest plot

of SMD of lymph nodes retrieved
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provided information on 30-day mortality, and 17 provided

the intraoperative conversion rate; however, the majority of

studies reported no cases of death or conversion. In total,

1/879 death occurred in the 3D display group, and 3/1013

deaths occurred in the 2D surgery group, while 14/1050

versus 18/1194 cases of conversion occurred in 3D and 2D

display groups, respectively.

Subgroup analysis and cumulative meta-analysis

Outcomes were separated into several subsets according to

surgical procedures (laparoscopy vs. thoracoscopy), study

designs (prospective vs. retrospective study) and disease

type (benign vs. malignant diseases). Comparing with the

overall outcomes in each subset, all groups showed con-

sistency (Online Supplementary 1). Cumulative meta-

analysis of each set of outcomes demonstrated that as more

studies were added, the CI narrowed and the effect size

became stable (Online Supplementary 2).

Assessment of side effects

Only one study [14] indicated though no surgeons reported

nausea or headaches, several circulating nurses who were

Fig. 3 Forest plot of meta-analysis in main outcomes. a Forest plot of OR of 30-day morbidity. b Forest plot of SMD of hospital stay

Fig. 4 Forest plot of meta-analysis in main outcomes. a Forest plot of SMD of drainage duration. b Forest plot of OR of drainage volume
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too close to the screen complained of dizziness and eye

fatigue during the beginning of the operation. This dis-

comfort generally disappeared after 5 min. Another three

studies [20, 25, 28] stated that none of the surgeons com-

plained of visual strains, dizziness or headache during or

after the 3D procedure. Others did not note.

Publication bias, sensitivity analysis and meta-

regression

Visual inspection of funnel plots suggested a symmetric

distribution of main studies (Online Supplementary 3).

Begg’s and Egger’s test confirmed there was no significant

publication bias (Online Supplementary 4). A sensitivity

analysis was performed by excluding the studies with the

lowest-quality score. This did not influence the results. We

have also conducted meta-regression with the covariates of

published year, study types, endoscopy types, disease

types, quality score and different regions. All these

covariates were statistically insignificant in regard to their

effect on heterogeneity.

Discussion

Endoscopy with 3D imaging has existed as an alternative to

conventional video-assisted surgery for over 20 years. The

camera system in modern 3D endoscopes consists of two

adjacent cameras, which simulates the stereopsis obtained

from the fusion of the slightly different views from the

binocular disparity of the two human eyes, known as

stereoscopy. To the best of our knowledge, this is the first

systematic review and meta-analysis to evaluate the safety

and efficacy of different endoscopic (laparoscopy or tho-

racoscopy) visualization systems (2D and 3D) in clinical

settings.

As described above, although not all the studies were

RCTs or prospective studies, the majority of the included

studies were of moderate to high quality. Twenty-three

comparative studies with 2930 patients underwent 2D or

3D display video-assisted laparoscopic or thoracoscopic

surgery. Our analysis reflects the latest surgical results.

Overall, significantly shorter operating time (SMD -0.69;

p =\0.001), less blood loss (SMD -0.26; p = 0.028) and

shorter hospital stay (SMD -0.16; p = 0.016) were found

in the 3D display group. Meanwhile, the perioperative

morbidity (OR 0.92; p = 0.487), the number of retrieved

lymph nodes (SMD 0.09; p = 0.081), drainage duration

(SMD -0.15; p = 0.105) and drainage volume (SMD 0.00;

p = 0.994) were similar between the two groups. In total,

1/879 death and 14/1050 conversions occurred in the 3D

display group, while 3/1013 deaths and 18/1194 conver-

sions occurred in the 2D surgery group. Compared with the

former systematic reviews [6, 36], our meta-analysis based

on clinical settings provided more concrete, updated and

comprehensive results, which indicated that 3D visualiza-

tion performed superior than 2D display system during

laparoscopic or thoracoscopic surgery.

Compared with the 2D endoscopic system, 3D endo-

scopy can provide three-dimensional vision that allows

simpler presentation of anatomical structures, and better

sense of depth to facilitate precise operation and shorten

the operation time. The high-definition 3D vision also

allows surgeons to quickly improve surgical skills and

shorten the learning curve in simulated settings [37]. There

is a significant improvement in the performance time of

each training task by novice surgeons or specialists when

working under 3D vision compared to 2D vision. Fur-

thermore, the 3D system-simulated training program

seemed to improve task efficiency, reduce the number of

errors and accelerate basic thoracoscopic and laparoscopic

skill acquisition, both for more experienced and new sur-

geons [5]. The current study could not assess the effects of

3D visualization on future performance, but we could

hypothesize that participants may further benefit from

learning endoscopic skills under the conditions of 3D

visualization.

In our pooled analysis, hospital stay was shorter in the

3D group, while morbidity was similar between the two

groups. As the matter of routine, hospitalization time pro-

longed with the increase in postoperative complications,

but our study seems not to support the statement. We

regard that it is type and severity of complications not total

incidence rate that count. Though postoperative morbidity

was similar between two groups, the spectrum of compli-

cations might be different. With 3D endoscopic display,

blood loss was significantly reduced compared with con-

ventional display; we have the reason to believe that 3D

endoscopy tends to be associated with more moderate

postoperative complication. Lu et al. [21] reported 3D

laparoscopic surgery seems associated with increased

overall complications than 2D (2D: 16.1%; 3D: 18.3%); on

the contrary, major complications appeared more in 2D

group (2D: 2.7%; 3D: 1.8%). Other studies also support the

point of view [20, 25]. In addition, discharge time is a

variate of great subjective of physicians; thus, 3D endo-

scopic surgery might offer more confidence to physicians

in decreasing the hospital duration. For these reasons, it is

no wired that 3D group has similar complication rate with

2D, but shorter hospital duration.

Though none of the surgeons complained of visual

strains, dizziness or headache during or after the 3D pro-

cedure of enrolled studies in our analysis, 3D vision during

endoscopy has previously been linked to side effects such

as dizziness, headaches, eyestrain, disorientation and

physical discomfort [38]. A systematic review reported 18
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trials measuring whether participants felt any side effects

when using 3D vision technology. In the results half of the

trials reported side effects. The most commonly investi-

gated were discomfort, dizziness, eye strain, nausea and

fatigue [36]. These side effects might decrease when using

new and more advanced 3D systems with improved image

quality, compared to the first generation of 3D systems

which offered the surgeons degraded viewing conditions

because of poor image resolution [39]. Furthermore, the

first generation of 3D systems used heavy and uncom-

fortable eyewear, while the newest 3D glasses are light and

comfortable to wear. The newly developed glasses-free

three-dimensional endoscopic system may be a potential

solution to overcome these side effects [40].

Aside from the conventional three-dimensional display

system, 2 other 3D displays have emerged in recent years.

3D robotic-assisted surgery has been proved a feasible and

safe alternative to conventional endoscopic surgery, with

less 30-day mortality and morbidity in both laparoscopic or

thoracoscopic surgeries [41, 42]. Furthermore, robotic-as-

sisted surgery has the advantage of advanced features such

as three-dimensional visualization, increased degree of

motion and rotational freedom, and small-wristed instru-

ments that facilitate complex movements in a rigid cavity

[42]. Another new technology, glasses-free 3D endoscopic

system, was developed recently and applied in video-as-

sisted thoracoscopic surgery [40], which effectively

reduced the operator’s sense of discomfort and poor

lighting; meanwhile, it effectively improved the operator’s

sense of space and reduced the time required for space

conversions. Although the currently used 3D system is

more expensive than the standard 2D system, the expense

of operating the 3D robotic system or the glasses-free 3D

display is even higher; thus, the conventional 3D endo-

scopic system may represent the optimum selection for

many centers.

In all, the current study showed that 3D display endo-

scopic surgery was associated with significantly shorter

operating time, less blood loss and shorter hospital stay

than 2D display, which probably contributed to better sense

of space and depth. Therefore, we believed that 3D endo-

scopic surgery should be considered a preferable option

when economic condition permits, especially for surgeries

with complex anatomical steps or with difficult procedures.

We acknowledge several limitations to our study. First,

not all of the included studies were prospective randomized

comparisons, which increase the risk of potential selection

and reporting bias. Second, heterogeneity among studies

still existed. We have conducted meta-regression of pub-

lished year, study types, endoscopy types, disease types,

quality score and different regions. All these covariates

were statistically insignificant in regard to their effect on

heterogeneity. The different levels of surgeons’ experience,

the shorter learning curve for the 3D display group and the

differing baseline characteristics of the two groups might

explain the heterogeneity. In addition, 15 out of 23 articles

were conducted in China, which can be another bias for the

article. Last, the data we used are based on the published

literature rather than the primary data as we were unable to

obtain unpublished data.

Conclusions

The meta-analysis of current evidence reveals that the 3D

display system is superior to the 2D system in clinical

settings with significantly shorter operating time, less blood

loss and shorter hospital stay. These findings suggest that,

in laparoscopic or thoracoscopic surgeries, 3D endoscopic

system is preferable when condition permits. Future efforts

should be made on decreasing the side effects of 3D dis-

play and increasing its cost-effectiveness.
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