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Abstract

OBJECTIVES: A thymic epithelial tumour is the most common primary tumour in the anterior mediastinum of adults. A few retrospective
studies compared the short-term outcomes between robotic-assisted thymectomy (RAT) and video-assisted thymectomy (VAT). So, it is
necessary to conduct a meta-analysis to further compare these 2 surgical techniques.

METHODS: EMBASE, Medline and Web of Science were used. Thesaurus terms and medical subject headings were used in Medline and
EMBASE, respectively. The Newcastle-Ottawa scale was used for grading because the included studies were all case-control studies.

RESULTS: Nine studies were included in the meta-analysis with a total of 723 patients, including 315 patients in the RAT group and 408
patients in the VAT group. The meta-analysis [odds ratio (OR) 0.24, 95% confidence interval (CI) 0.06–0.94; P = 0.041], indicating that RAT
yielded a significantly lower rate of conversion compared with VAT. Duration of drainage with RAT was significantly less than that with
VAT (weighted mean difference = -1.10; 95% CI -1.98 to -0.22; P = 0.014). The pooled analysis (weighted mean difference = -103.6; 95% CI
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-199.21 to -7.98; P = 0.034) suggested that patients in the RAT group had less drainage than those in the VAT group. The recurrence rates in
both groups were comparable (OR 0.19, 95% CI 0.03–1.20; P = 0.078).

CONCLUSIONS: RAT has advantages over VAT in terms of short-term outcomes such as shorter duration of drainage, less total drainage
and a lower rate of conversion. The recurrence rate was comparable between the 2 techniques. Therefore, RAT could be considered as an
alternative treatment for diseases of the thymus.
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ABBREVIATIONS

3D 3-Dimensional
CI Confidence interval
MG Myasthenia gravis
OR Odds ratio
RAT Robotic-assisted thymectomy
VAT Video-assisted thymectomy
WMD Weighted mean difference

INTRODUCTION

The thymic epithelial tumour is the most common primary
tumour in the anterior mediastinum of adults [1]. Thymomas are
located mainly in the anterior mediastinum, originate in the
thymus tissue and comprise 20–30% of mediastinal masses in
adults [2]. A total of 10–30% of patients with myasthenia gravis
(MG) suffer from thymoma and thymic neoplasia. MG was found
in 50% of patients with thymomas [3]. Thymectomy is an effective
treatment option for thymoma and for long-term remission of
MG. To treat MG and anterior mediastinal tumours, thymectomy
is a conventional surgical technique. It can be accomplished with
various approaches, including a median sternotomy [4]. However,
many less invasive surgical procedures are now possible.
Minimally invasive surgery is used for the diagnosis, staging and
treatment of mediastinal masses. Specifically, researchers have sug-
gested that stage I and II thymomas can be resected using a mini-
mally invasive technique such as video-assisted thymectomy (VAT)
[5]. Compared with open thymectomy, minimally invasive surgical
techniques have been associated with lower operative blood loss,
shorter length of stay in the intensive care unit and in the hospital
and decreased postoperative pain. However, VAT is limited by the
decreased freedom of movement of the operators and by its 2-di-
mensional view, which may make elaborate dissections difficult.
Furthermore, the high technical complexity of the VAT procedure
can result in a complicated learning curve [6]. A relatively new kind of
minimally invasive technique was applied in thoracic surgery called
the robotic da Vinci Surgical System [7, 8]. It is also used in urological
and rectal surgery. Compared with VAT, robotic-assisted thymectomy
(RAT) provides 3-dimensional (3D) visualization and free articulation
of the tips of the robotic arms and offers advantages when operating
in narrow spaces such as the pelvis or the mediastinum [9]. In clinical
practice, we found that the superior poles and upper border of the
thymus and the lymph nodes can be removed more completely us-
ing the robotic technique [10]. Moreover, it can dissect thymic epithe-
lial tumours more elaborately compared with the thoracoscopic
technique. Therefore, it can better maintain membrane integrity.

However, whether RAT has advantages over VAT remains con-
troversial. There are no clinical trials comparing the short-term
outcomes between RAT and VAT. A few retrospective studies

compared these 2 techniques. So, it is necessary to conduct a
meta-analysis to further compare the short-term outcomes after
RAT and VAT. In this meta-analysis, we included 9 studies and
compared 10 clinical outcomes between RAT and VAT.

METHODS

Retrieval strategy

We used EMBASE (OVID, 1995 to 1 December 2020), Medline
(PubMed, 1995 to 1 December 2020) and Web of Science (1995
to 1 December 2020). Thesaurus terms and medical subject head-
ing (MeSH) were used in Medline and EMBASE, respectively. The
keywords were identified and determined in the 2 databases
(Medline and EMBASE) according to the PICO (population, inter-
vention, control and outcomes) format: ((‘thymus’ OR ‘thymoma’
OR ‘thymectomy’) AND (‘video’ OR ‘video-assisted’ OR ‘video assis-
ted’ OR ‘thoracoscopic’ OR ‘thoracoscopy’ OR ‘minimally invasive’
OR ‘VATS’) AND (‘robot’ OR ‘robotic’ OR ‘robot-assisted’ OR ‘robot
assisted’ OR ‘da Vinci’ OR ‘daVinci’)). We used MeSH and free
words as keywords. The PICO format was adopted to establish
specific selection criteria, in which P referred to patients undergo-
ing minimally invasive thymectomy, I referred to minimally inva-
sive RAT, C referred to minimally invasive VAT and O included
intraoperative estimated blood loss (ml), surgical time (min), con-
version to open surgery, total amount of drainage (ml), duration of
drainage (days), duration of hospital stay, postoperative complica-
tions, pneumonia, phrenic nerve paralysis and recurrence. No lan-
guage restriction and no filters were applied. Studies meeting the
following criteria were included: (i) the patients in the study had
minimally invasive thymectomy; (ii) sufficient data were provided
to estimate the odds ratio (OR) and the weighted mean difference
(WMD) and their 95% confidence interval (CI); (iii) only the new-
est, largest or most informative articles were included if there were
multiple articles based on similar populations. The exclusion crite-
ria were as follows: (i) animal experiments or in vitro studies; (ii)
case reports, meta-analyses, reviews, editorials or expert opinion.

Screening process, data extraction and quality
assessment

Two authors (W.-J.W. and F.-Y.Z.) independently screened articles
and extracted data from the included studies. To avoid bias, dis-
crepancies were resolved by a third author (X.Q.). The
Newcastle-Ottawa scale [11] was used for grading because the in-
cluded studies were all case-control studies. The Newcastle-
Ottawa scale comprises 3 factors: patient selection, comparability
of the study groups and assessment of outcome. A score of 0–9
(allocated as stars) was assigned to each study, and a high-quality
study was defined as a study with quality scores >_7.
Two reviewers assessed the risk of bias independently (W.-J.W.
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and F.-Y.Z.). A third reviewer (X.Q.) arbitrated unresolved
disagreements.

Statistical analyses

Data were extracted and managed using EndNote X9 (Clarivate
Analytics, Philadelphia, PA, USA) to delete duplicate references.

The effects of various dichotomous and continuous outcomes
were evaluated using Stata 15.1 (StataCorp LP, College Station,
TX, USA). Forest plots were generated to characterize the effects
of outcome data for the studies. The WMD with the 95% CI was
adopted to express continuous outcome variables if all studies
were included with the same unit and magnitude; otherwise,
standard mean difference was used. Dichotomous outcomes
were assessed by the OR with the 95% CI [12]. In studies that only

reported medians and ranges, the mean and standard deviation
were assessed, using the means of the method provided by Hozo
et al. [13]. Heterogeneity was assessed using the v2 test and I2

test. If heterogeneity was significant (I2 < 50% or P > 0.05), the
fixed-effect model was used as the pooling method; otherwise, a
random-effects model was adopted. Publication bias was evalu-
ated by the funnel plot with Egger’s weighted regression method
and Begg’s rank correlation method [14]. If the P-value was <0.05,
the difference was considered statistically significant.

RESULTS

Figure 1 shows the literature research and selection protocol
used in this meta-analysis. A total of 756 studies were initially se-
lected from the 3 electronic databases. After removing 203 dupli-
cates, 553 studies were extracted for screening. Then, 537 studies
were removed after screening and reviewing titles and abstracts
that did not fulfil the inclusion criteria. The remaining studies
were eligible for further full-text screening: 7 of the articles did
not meet the inclusion criteria. Finally, after excluding duplicates
and studies that did not fulfil the inclusion criteria, 9 articles
(Ruckert et al. [15], Ye et al. [16], Yi et al. [17], Rowse et al. [18],
Suda et al. [19], Pfister et al. [20], Qian et al. [21], Şehitogullari
et al. [22], Li et al. [23]) were included. The articles encompassed a
total of 723 patients, including 315 patients in the RAT group and
408 patients in the VAT group. The basic characteristics of these
studies are summarized in Table 1. Among the studies included
in this meta-analysis, the studies reported by Ye et al. [17], Pfister
et al. [20] and Şehitogullari et al. [22] only included patients with
thymoma. Qian et al. [21] and Li et al. [23] both included thy-
moma and thymic carcinoma in their studies. However, the stud-
ies of Ruckert et al. [15], Jun et al. [17], Rowse et al. [18] and Suda
et al. [19] included thymoma, thymic carcinoma, thymic cyst and
other diseases of the thymus. Four studies were from Europe and
the others were from Asia. All studies reported operating time.
The majority of studies included intraoperative estimated blood
loss, total amount of drainage and postoperative complications.Figure 1: Flow chart.

Table 1: Characteristics of the included studies

Name Year Study
type

Data
source

Country Design Centre Randomization Matching Group Number Sex (M/F) Age Tumour
size (cm)

Ruckert 2011 RO OD Germany CS Single No No RAT 74 42/32 NA NA
VAT 79 56/23 NA NA

Ye 2013 RO OD China CS Single No No RAT 21 9 (42.9%)/12 (57.1%) 52.7 ± 7.8 29.1 ± 7.7
VAT 25 13 (52.0%)/12 (48.0%) 53.4 ± 5.4 30.4 ± 7.9

Yi 2014 RO OD China CS Single No No RAT 55 25/30 41.38 NA
VAT 60 NA 43.53 NA

Rowse 2015 RO OD Germany CS Single No No RAT 11 6/5 52.2 (23–74) 3.5
VAT 45 19/26 50.6 (23–87) 2.6

Suda 2016 RO OD Japan CS Single No No RAT 8 5/3 55.5 ± 9.9 4.1 ± 2.1
VAT 72 31/41 53.4 ± 14.8 3.2 ± 1.7

Pfister 2017 RO OD France CS Single No No RAT 14 4 (28.6%)/10 (71.4%) 64 (39–76) 18.5 (7–22)
VAT 8 3 (37.5%)/5 (62.5%) 42 (30–56) 12.2 (6–20)

Qian 2017 RO OD China CS Single No No RAT 51 21/30 48.8 ± 13.3 3.8 ± 1.1
VAT 35 19/16 50.3 ± 13.1 3.9 ± 1.1

Şehitogullari 2019 RO OD Turkey CS Single No No RAT 21 13/8 41.3 ± 7.1 25.8 ± 5.6
VAT 24 14/10 42.5 ± 7.5 27.3 ± 5.7

Li 2020 RO OD China CS Single No Yes RAT 60 30/30 53.7 ± 13.1 5.5 ± 2.4
VAT 60 30/30 51.2 ± 12.2 5.3 ± 2.9

CS: cohort study; F: female; M: male; NA: not available; OD: original data; RAT: robotic-assisted thoracotomy; RO: retrospective observational; VAT: video-assisted
thoracotomy.
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Figure 2: (A) Comparison of the surgical time between robotic-assisted thymectomy and video-assisted thymectomy. (B) Comparison of intraoperative blood loss be-
tween robotic-assisted thymectomy and video-assisted thymectomy. (C) Comparison of the conversion rate between robotic-assisted thymectomy and video-assisted
thymectomy. CI: confidence interval; OR: odds ratio; WMD: weighted mean difference.
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All studies were rated as high-quality research based on the
Newcastle-Ottawa scale. Table 1 and Supplementary Material,
Table S1 show the characteristics and methodological quality as-
sessment scores of the included studies.

Surgical outcomes

The meta-analysis of the surgical outcomes is shown in Fig. 2A–
C. All 9 studies, which included 723 patients, reported the dura-
tion of the operation. Statistical heterogeneity was significant (v2

= 121.15, P < 0.001, I2 = 93.4%); therefore, a random effects model
was used for the meta-analysis, and there was no significant dif-
ference between the 2 groups (WMD = 14.22; 95% CI -4.72 to
33.16; P = 0.141). The funnel plot is shown in Fig. 3; no publica-
tion bias was identified using the Egger test (P = 0.330) and the
Begg test (P = 0.251). The amount of intraoperative estimated
blood loss was provided in 5 studies that included 313 patients.
Heterogeneity was obvious (v2 = 17.79, P = 0.001, I2 = 77.5%);
therefore, a random effects model was used. The pooled analysis
(WMD = -16.88, 95% CI -38.27 to 4.51; P = 0.122) suggested that
the amount of blood loss in the RAT group was less than that in
the VAT group, but the difference was not significant. The rate of
conversion to open surgery was reported in 3 studies that in-
cluded 319 patients, the statistical heterogeneity of which was
not significant (v2 = 1.71, P = 0.426, I2 = 0%); therefore, a fixed-ef-
fect model was chosen. The meta-analysis (OR 0.24, 95% CI 0.06–
0.94; P = 0.041) indicated that RAT yielded a significantly lower
rate of conversion than VAT. The R0 rate was reported in 2

Figure 4: (A) Comparison of the duration of drainage after robotic-assisted thymectomy and video-assisted thymectomy. (B) Comparison of the total amount of
drainage after robotic-assisted thymectomy and video-assisted thymectomy. CI: confidence interval; ID: identification; WMD: weighted mean difference.

Figure 3: The funnel plot of the comparison of the surgical time between ro-
botic-assisted thymectomy and video-assisted thymectomy. WMD: weighted
mean difference.
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studies conducted by Rowse et al. [18] and Pfister et al. [20]. In the
study by Rowse et al. [18], all patients with thymomas underwent
R0 resection with negative surgical margins. The results of the study
reported by Pfister et al. [20] showed that only 1 patient underwent
an R1 resection, and the others underwent an R0 resection.

Short-term outcomes

In the meta-analysis, duration of drainage was reported in 5
studies that included 412 patients. Heterogeneity was deemed to
be significant (v2 = 58.15, P < 0.001, I2 = 93.1%); therefore, a ran-
dom effects model was used. Duration of drainage in the RAT
group was significantly less than that in the VAT group (WMD =
-1.10; 95% CI -1.98 to -0.22; P = 0.014) (Fig. 4A). A total of 251
patients in 3 studies were evaluated to determine the total
amount of drainage. Significant heterogeneity was found in this
analysis (v2 = 88.18, P < 0.001, I2 = 97.7%); thus, the random-ef-
fect model was applied. The pooled analysis (WMD = -103.6;
95% CI -199.21 to -7.98; P = 0.034) suggested that patients in the
RAT group had less drainage than those in the VAT group
(Fig. 4B). The duration of the hospital stay was reported in 8 stud-
ies that included 570 patients. The heterogeneity was identified
(v2 = 65.75, P < 0.001, I2 = 89.4%). The random-effect model was
applied for pooled analysis. The results showed that there was no
significant difference between patients in the RAT and VAT
groups (WMD = -0.74; 95% CI -1.67 to 0.18; P = 0.114) (Fig. 5).
There was no publication bias assessed by the Egger test
(P = 0.597) and the Begg test (P = 1.000). Postoperative complica-
tions were reported in 8 studies that included 637 patients.
Heterogeneity was identified (v2 = 2.46, P = 0.930, I2 = 0.0%).
However, there was still no significant difference between the
RAT group and the VAT group (OR 1.29, 95% CI 0.64–2.57;
P = 0.476) (Fig. 6A). There was no publication bias assessed by the
Egger test (P = 0.745) and the Begg test (P = 0.536). The incidence
of pneumonia was reported in 3 studies that included 56 patients
in the RAT group and 57 patients in the VAT group.

Heterogeneity was deemed to be non-significant (v2 = 0.97,
P = 0.616, I2 = 0.0%). A significant difference could not be found
between the 2 groups (OR 1.34, 95% CI 0.25–7.27; P = 0.735)
(Fig. 6B). Five studies that included 356 patients reported data re-
garding the rate of phrenic nerve paralysis. Statistical heterogene-
ity was not significant (v2 =1.08, P = 0.898, I2 = 0.0%), so the fixed
effect-model was used, and no significant difference was found
between the 2 groups (OR 0.91, 95% CI 0.24–3.45; P = 0.893)
(Fig. 6C). Five studies reported the incidence of tumour recur-
rence. However, the incidence of tumour recurrence in the stud-
ies reported by Ye et al. [16], Yi et al. [17] and Qian et al. [21] was
0 in each group; these studies were excluded from the meta-
analysis. No heterogeneity was seen (v2 = 0.01, P = 0.996, I 2

=0.0%). The incidence of recurrence in the RAT group tended to
be less than that in the VAT group (OR 0.19, 95% CI 0.03–1.20;
P = 0.078) (Fig. 7). The recurrence rate was reported in 6 studies.
However, the incidence of tumour recurrence in the studies
reported by Ye et al. [16], Yi et al. [17] and Qian et al. [21] was 0 in
each group; these studies were excluded from the meta-analysis.

DISCUSSION

A thymic epithelial tumour is a rare epithelial neoplasm of the
thymus gland, and it is the most common tumour of the anterior
superior mediastinum, comprising 20–30% of mediastinal masses
in adults [2]. In the early 1990s, Roviaro first reported using a
video-assisted technique to resect thymomas. A comparison of
VAT and sternotomy for the treatment of MG indicates shown
that VAT is typically associated with reduced blood loss and a
shorter operative time and hospital stay, whereas VAT may also
yield a lower incidence of postoperative complications by reduc-
ing tissue damage, postoperative pain and the risk of infection
[24]. With the advantages of minimal invasiveness and rapid re-
covery, VAT has been adopted more often in recent years to treat
early-stage thymic epithelial tumours [25, 26].

Figure 5: Comparison of the duration of hospital stay after robotic-assisted thymectomy and video-assisted thymectomy. CI: confidence interval; ID: identification;
WMD: weighted mean difference.
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Figure 6: (A) Comparison of the rate of postoperative complications after robotic-assisted thymectomy and video-assisted thymectomy. (B) Comparison of the rate
of pneumonia after robotic-assisted thymectomy and video-assisted thymectomy. (C) Comparison of the rate of phrenic nerve paralysis after
robotic-assisted thymectomy and video-assisted thymectomy. CI: confidence interval; ID: identification; OR: odds ratio.
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Berman et al. [27] reported their first robotic-assisted surgery
of an anterior mediastinal mass with the Zeus robotic surgical
system, which lacked 3D technology. Since then, the role of ro-
botic-assisted surgery in the treatment of thymic epithelial
tumours has grown. When comparing RAT (the newest surgical
therapy for MG) and sternotomy for the treatment of MG, it has
been demonstrated that RAT has favourable outcomes in terms
of surgical complications and hospital stay [28]. Some surgeons
favour using an open upper sternal split or cervical approach for
large tumours or in those patients in whom the preoperative im-
aging appears to have invasive characteristics. In our clinical prac-
tice, upper sternal splits or cervical approaches could yield less
surgical damage and accelerate recovery of patients postopera-
tively compared with VAT. However, these 2 techniques are not
widely used. With the development of the latest robotic technol-
ogy, a robotic system offers 3D vision with multiarticulated arm
movement, which can reduce the surgeon’s tremor, enable better
visualization and provide meticulous dissection of the anterior me-
diastinal structures. Several studies demonstrated that RAT is supe-
rior to VAT in treating anterior mediastinal masses [29].

Ruckert et al. [15] was the first to compare RAT and VAT and
reported that the conversion rate with RAT and VAT was 1.4% (1/
74) and 1.3% (1/79), respectively. The overall postoperative com-
plication rate was 2.7% (2/74) and 2.5% (2/79) for RAT and VAT,
respectively. There was 1 bleed and 1 phrenic nerve resection
due to thymoma involvement in each group. Qian et al. [21]
reported shorter duration of postoperative pleural drainage (RAT:
2.9 ± 0.8 vs VAT: 3.8 ± 1.1, P < 0.001), less volume of pleural drain-
age (RAT: 352.2 ± 193.4 vs VAT: 613.9 ± 402.9; P < 0.001) and
shorter hospital stays in the RAT group compared with the VAT
group (RAT: 4.3 ± 1.1 vs VAT: 5.5 ± 1.2; P < 0.001). The study
reported by Şehitogullari et al. [22] demonstrated that the RAT
group had better surgical outcomes than the VAT group. The du-
ration of the operation (RAT: 75.7 ± 38.08 min vs VAT:
106.52 ± 26.68 min; P < 0.001), amount of total drainage from
chest tubes (RAT: 210.34 ± 20.22 ml vs VAT: 325.45 ± 25.38 ml;
P < 0.001), duration of postoperative pleural drainage (RAT:
3.10 ± 2.2 days vs VAT: 5.10 ± 3.21 days, P < 0.001) and duration of

hospital stay (RAT: 4.16 ± 1.15 days vs VAT: 5.76 ± 1.27 days;
P < 0.001) in the RAT group were significantly less than those in
the VAT group. Only 1 study reported by Li et al. [23] explored
the survival data in patients undergoing RAT and VAT. The results
showed that there was no significant difference in progression-
free survival between the 2 groups (5-year progression-free sur-
vival rate: RAT: 81.5% vs VAT: 75.4%, respectively; log-rank
P = 0.095). Only the meta-analysis of Buentzel et al. [30] com-
pared RAT and VAT. However, it only included 5 studies and
compared 4 short-term outcomes including duration of the op-
eration, length of hospitalization, intraoperative blood loss and
postoperative complications, but none of these had significant
differences between the 2 groups. Therefore, it is necessary to
conduct an updated meta-analysis to further compare the short-
term outcomes after RAT and VAT.

The types of diseases of the thymus differed among the studies in-
cluded in this meta-analysis. As we all know, TNM (tumour-node-
metastasis) stage and histological classification are associated with re-
currence, overall survival and disease-free survival. However, the goal
of this study was to compare the short-term outcomes and the post-
operative recovery of patients treated with RAT and VAT for diseases
of thymus. Therefore, the characteristics of the patient populations
are comparable among the included studies.

The results of the meta-analysis showed that intraoperative blood
loss was less with the RAT compared with VAT procedure, and the
surgical time was longer with the RAT procedure than with the VAT
procedure. The rate of conversion to open surgery with RAT was sig-
nificantly less than that with VAT. The potential reason for the longer
surgical time with RAT could be that the surgeon requires more time
to prepare for the Da Vinci surgical system before the operation. Less
intraoperative blood loss and fewer conversions indicated that the
RAT yielded a more precise dissection and reduced the risk of sur-
gery. The pooled analysis showed that RAT yielded a significantly
shorter duration of drainage and a smaller amount of drainage.
These 2 short-term outcomes were associated with the accuracy of
the operation because the damage to the peripheric tissue such as
capillaries and pleura could prolong the duration and increase the
amount of drainage. Therefore, RAT could offer better manipulation

Figure 7: Comparison of the rate of recurrence after robotic-assisted thymectomy and video-assisted thymectomy. CI: confidence interval; ID: identification; OR:
odds ratio.
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and a clearer surgical view, which might reduce injury to the periphe-
ric tissue. Furthermore, RAT yielded a shorter hospital stay compared
with VAT, although the difference was not significant. There was no
heterogeneity among the remaining studies, and the results showed
that RAT yielded a lower rate of recurrence of thymoma compared
with VAT. In conclusion, RAT is superior to VAT in terms of short-
term clinical outcomes because it can provide 3D visualization and
free articulation of the tips of the robotic arms when the surgeon
operates in narrow spaces such as the mediastinum. Therefore, a sur-
geon using the robotic technique may dissect the thymoma more
elaborately and better maintain the membrane integrity compared
with the thoracoscopic technique.

Limitations

High heterogeneity could be found in some of the meta-analyses.
However, we did not apply sensitivity analysis because the num-
ber of included studies was <10; neither was a subgroup analysis
conducted. Meanwhile, all the included studies were retrospec-
tive, and no blinding method was used in these studies, resulting
in observer bias that could not be diminished. The variability of
the same data collected in the 9 studies makes one suspicious of
the conclusion. Therefore, more high-quality studies, especially
randomized controlled studies comparing RAT and VAT are ur-
gently warranted.

CONCLUSION

RAT has advantages over VAT in terms of short-term outcomes
such as shorter duration of drainage, less total drainage and
fewer conversions. The recurrence rate was comparable between
the 2 techniques. Therefore, RAT could be considered as an alter-
native treatment for diseases of the thymus.
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