
Vol.:(0123456789)1 3

Hernia (2021) 25:1565–1572 
https://doi.org/10.1007/s10029-021-02501-w

ORIGINAL ARTICLE

Robotic versus laparoscopic ventral hernia repair: a systematic review 
and meta‑analysis of randomised controlled trials and propensity 
score matched studies

Ramkumar Mohan1 · Marcus Yeow1 · Joel Yat Seng Wong1  · Nicholas Syn1 · Sujith Wijerathne2,3 · 
Davide Lomanto2,4

Received: 26 July 2021 / Accepted: 3 September 2021 / Published online: 23 September 2021 
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2021

Abstract
Purpose There has not been a consensus on the superiority of a surgical approach for minimally invasive ventral hernia 
repair. This systematic review and meta-analysis (SRMA) aims to compare clinical, and patient-reported outcomes of robotic-
assisted ventral hernia repair (rVHR) to traditional endo-laparoscopic ventral hernia repair (lapVHR).
Methods We searched PubMed, EMBASE, Cochrane and Scopus from inception to 16th March 2021. We selected ran-
domised controlled trials and propensity score matched studies comparing rVHR to lapVHR. A meta-analysis was done 
for the outcomes of operative time, length of hospital stay, open conversion, recurrence, surgical site occurrence and cost.
Results A total of 5 studies (3732 patients) were included in the qualitative and quantitative synthesis. Significantly shorter 
operative times were reported with the lapVHR as compared to rVHR (weighted mean difference (WMD): 62.52, 95% CI: 
50.84–74.19). There was also significantly less rates of open conversion with rVHR as compared to lapVHR (WMD: 0.22, 
95% CI: 0.09–0.54). No significant differences in patient-reported outcomes that was discernible from the two papers that 
reported them.
Conclusion Overall, rVHR is comparable to lapVHR with longer operative times but less open conversion. It is, therefore, 
important to have proper patient selection to maximise the utility of rVHR.
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Introduction

In recent years, the use of robotic-assisted laparoscopic 
approach has pervaded multiple specialties in surgery. 
Similarly, in the realm of General Surgery, there has been a 

likewise increase in the use of robotic assisted approaches 
in place of traditional endo-laparoscopic procedures [1]. 
However, it is debatable if the evidence in support of this 
rapid adoption of robotic assisted procedures is sufficient 
[2]. Across general surgical laparoscopic procedures, though 
robotic surgery seems to provide more precise techniques 
with added intraoperative access and tactile sensation, its 
increased operative times, costs and operator favorability 
are significant issues to contend with [3].

Within the realm of ventral hernia repair (VHR), tra-
ditional endo-laparoscopic approach with intra-peritoneal 
onlay mesh placement has been widely accepted as the 
minimally invasive standard of care for such VHR due to 
their reduced length of stay, reduced blood loss, periopera-
tive outcomes such as wound site infections and physical 
function of patient, as compared to open mesh repair [4, 5]. 
Conversely, some studies have found the traditional endo-
laparoscopic approach to be associated with increased early 
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post-operative pain, recurrence and patient dissatisfaction 
[6, 7].

Therefore, proponents of robotic approach to VHR 
(rVHR) instead of the traditional endo-laparoscopic intra-
peritoneal mesh placement (lapVHR), quote further reduc-
tion in length of stay and reduced post-operative pain, with 
similar rates of complications and readmissions [8], as 
reasons to adopt rVHR in place of the previously favoured 
lapVHR. On the contrary, the issues associated with robotic-
assisted laparoscopic approach discussed previously cause 
hesitancy in adoption of rVHR. In our regional context, 
cost associated with such rVHR approaches further deters 
its uptake. In light of the above, this SRMA aims to compare 
the outcomes of the endo-laparoscopic approach versus the 
robotic approach in VHR.

Materials and methods

The present study was based on a prespecified protocol reg-
istered with PROSPERO International Prospective Register 
of Systematic Reviews (CRD42021240586) and was con-
ducted in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.

Search strategy

An electrotonic systematic literature search was conducted 
on major databases including PubMed, Embase, Cochrane 
and Scopus from inception to 16th March 2021 with the 
assistance of a medical librarian with input from study 
investigators. A combination of Medical Subject Head-
ings (MeSH) terms and non-MeSH terms using Boolean 
operators were used in PubMed: (("Robotics"[Mesh]) OR 
(Robotic[Title/Abstract] OR Robotics[Title/Abstract] OR 
Robot[Title/Abstract] OR Robots[Title/Abstract])) AND 
(("Hernia, Ventral"[Mesh]) OR (ventral hernia[Title/
Abstract] OR ventral hernias[Title/Abstract] OR inci-
sional hernia[Title/Abstract] OR incisional hernias[Title/
Abstract] OR umbilical hernia[Title/Abstract] OR umbilical 
hernias[Title/Abstract] OR abdominal wall[Title/Abstract] 
OR herniorrhaphy[Title/Abstract])). The full electronic 
search strategy can be found as a supplementary file. Gray 
literature search was done by reviewing the bibliography of 
included studies and related review articles.

Eligibility criteria

We included randomised controlled trials (RCTs) and pro-
pensity score matched (PSM) studies comparing the out-
comes of robotic versus endo-laparoscopic ventral hernia 

repair. No restrictions were made on language or date of 
publication. We included meeting abstracts if there were 
sufficient results to analyse to limit publication bias. We 
excluded animal studies, case series and case reports.

Study selection

All studies were imported into EndNote X9 and dupli-
cate studies were removed electronically then manually 
searched. Two reviewers independently (M.Y., J.W.) 
screened and assessed the studies for potential inclusion 
by their titles and abstracts. Disagreements were resolved 
by consensus, or by appeal to a senior author (D.L.).

Risk of bias assessment

Risk-of-bias was assessed using the Cochrane risk-of-bias 
tool for RCTs and Newcastle–Ottawa Scale (NOS) tool for 
non-randomized studies. The Cochrane risk-of-bias tool 
evaluates seven key domains in RCTs: random sequence 
generation; allocation concealment; masking of partici-
pants and personnel; blinding of outcome assessment; 
incomplete outcome data; selective outcome reporting; 
and other sources of bias. For nonrandomized studies, 
we used the NOS instrument which compromises of three 
domains: selection, comparability, outcome. Studies with 
7–9 points were considered to be at low risk of bias, stud-
ies with 4–6 points were considered to be at moderate risk 
of bias and studies with 0–3 points were considered to be 
at high risk of bias.

Data extraction and outcomes of interest

Two reviewers (M.Y., J.W.) independently extracted the 
data from the studies of study population (mean age, sex, 
mean body mass index (BMI), type of ventral hernia, mean 
hernia width, follow-up), interventions and outcomes of 
interest which include clinical outcomes [operative time, 
length of hospital stay, open conversion, recurrence, surgi-
cal site occurrence (SSO)], patient-reported outcomes and 
cost. SSO includes surgical site infection, seroma, wound 
dehiscence and enterocutaneous fistula. Cost is defined 
by cost incurred by the initial operation as well as cost 
during entire stay and those of complications arising from 
the initial operation were included. It is unclear from the 
three papers that reported open conversion rates if rVHR 
cases were converted to lapVHR before open conversion 
or directly to open conversion. Any disagreements were 
resolved by consensus, or by appeal to a senior author 
(D.L.). Any unclear or missing results were clarified with 
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the first and/or senior authors of the respective studies via 
email.

Statistical analysis

Risk ratios (RR) were used as a summary measure of effi-
cacy for dichotomous data and mean differences (MD) 
between groups were used for continuous variables. A 95% 
confidence interval was reported for both measures. If the 
study provided medians and ranges instead of means ± SD, 
the means ± SD were imputed, as described by Hozo et al. 
[9]. If the study provided medians and interquartile ranges 
instead of means ± SD, the means ± SD were imputed, as 
described by Wan et al. [10]. The random-effect model was 
used. Statistical heterogeneity was evaluated using the I2 sta-
tistic. I2 values of 0–25%, 25–50% and > 50% were consid-
ered to be low, moderate, substantial heterogeneity, respec-
tively. A p value < 0.05 was considered to be significant. The 
meta-analysis was performed using STATA 14.0.

Results

A total of 2058 records were initially identified through 
database searching. 6 studies met the eligibility criteria as 
discussed previously. Out of these studies, 1 propensity score 
matched study was excluded as the authors did not report 
any outcomes of interest [11]. 5 studies were finally included 
in the qualitative and quantitative synthesis (Fig. 1). Out of 
these five studies (3732 patients), 2775 patients had under-
gone lapVHR and 957 patients had undergone rVHR. Char-
acteristics of the patients included are found in Table 1.

Clinical outcomes

1. Operative time
  Operative time was reported in 3 studies (2287 

patients) [12–14]. We found that there was a signifi-
cant increase in operative time with the use of rVHR 
compared to lapVHR (WMD: 62.52, 95% CI 50.84–
74.19) (Fig. 2a). There was low level of heterogeneity 
(I-squared = 0.0%, p = 0.968).

2. Length of hospital stay

Fig. 1  PRISMA flow diagram
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  Length of hospital stay was reported in 4 studies (3517 
patients) [12–15]. We found a numerical trend towards 
shorter length of hospital stay for rVHR compared to 
lapVHR; however, this was not significant (WMD: 
− 0.32, 95% CI − 1.04 to 0.41) (Fig. 2d). There was 
significant heterogeneity (I-squared = 77.4%, p = 0.004).

3. Open conversion
  Rates of open conversion was reported by 3 studies 

(3442 patients) [12, 14, 15]. We found a significantly 
lower rate of open conversion with rVHR as compared 
to lapVHR (WMD: 0.22, 95% CI 0.09–0.54) (Fig. 2b). 
There was low-level heterogeneity (I-squared = 0.0%, 
p = 0.539).

4. Recurrence
  Hernia recurrence was reported in 2 papers stud-

ied (339 patients) [16, 17]. There was a numerical 
trend toward less recurrence in rVHR as compared to 
lapVHR which was not significant (WMD: 0.65, 95% CI 
0.21–1.99) (Fig. 2e). There was low-level heterogeneity 
(I-squared 0.0%, p = 0.800).

5. Surgical site occurrence
  All five studies reported surgical site occurrence 

(SSO) as an outcome (3732 patients) [13–17]. There was 
a numerical trend favoring rVHR compared to lapVHR; 
however, this was not significant (WMD: 0.73, 95% CI 
0.39–1.39) (Fig. 2c). There was low-level heterogeneity 
(I-squared 33.4%, p = 0.199).

Cost

Cost incurred was reported in 2 studies (2212 patients) [14, 
16]. Cost incurred in rVHR was numerically higher com-
pared to lapVHR; however, this was not significant (WMD: 
1396.75, 95% CI − 1733.65 to 4527.16) (Fig. 2f). There 
was significant heterogeneity (I-squared 76.7%, p = 0.038).

Patient‑reported outcomes

A meta-analysis could not be conducted for patient-reported 
outcomes as the studies report using different patient-
reported scales at varying timepoints. The two studies that 
reported patient-reported outcomes did not yield signifi-
cant differences between rVHR and lapVHR [12, 13, 16] 
(Table 2). Specifically, no significant differences were noted 
in terms of pain scoring metrics. Quality of life metrics that 
are specific to abdominal wall (AW-QOL) reported minor 
differences with lapVHR scoring higher than rVHR. It is 
important to note that no differences were noted by Olavar-
ria et al., in terms of VHR satisfaction as well as cosmetic 
satisfaction at the 1-year post-operative period.
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Quality assessment and risk of bias

Risk of bias assessment is presented in Supplementary 
Table 2. Of the non-randomized studies, two studies were of 
high quality [14, 15]. One of the non-randomized studies was 
deemed to be at high risk of bias [17]. As for the randomized 
studies, the RCT by Olavarria et al. [12] presented with low 
risk across all biases from the Cochrane Risk-of-Bias tool. 
Meanwhile the study by Petro et al. [13] had unclear risk in 
terms or selection and detection bias. There was also a high 
risk of reporting bias. The remaining categories were assessed 
to have low risk of bias.

Discussion

Analysis of RCTs and PSM studies that compared the use of 
robotic assisted laparoscopic approach to traditional endo-
laparoscopic approach in the context of VHR yielded sig-
nificantly increased operative time but less open conversion 
for robotic assisted laparoscopic VHR groups.

The significant difference in operative time between the 
two approaches has been previously discussed in various 
large studies. A retrospective analysis by the Americas 
Hernia Society Quality Collaborative (AHSQC) reported 
that a significantly higher percentage of patients undergo-
ing robotic laparoscopic approach required more than 2 h 
operative time [8]. These findings were not limited to larger 

ventral hernias, as corroborated by Chen et al. [18], in their 
study targeting small-sized ventral hernias. Apart from ven-
tral hernias, such increased operative time were found in 
comparisons in the context of inguinal hernias [19]. This 
reflects what is likely to be increased operative time caused 
by the general implementation of robotic-assisted surgeries 
rather that delays that stem from the robotic practice spe-
cific to VHR. Suggested causes of such delays include time 
needed for docking and changing instruments on the robot. 
Otherwise, this could be due to the learning curve associated 
with the robotic practice [8]. On the contrary, a retrospec-
tive evaluation of 368 robotic-assisted cases by Gonzalez 
et al. [20] suggests that surgeons could effectively achieve 
comparable operative times to traditional endo-laparoscopic 
operative times. It must be noted that there are often techni-
cal differences with rVHR versus lapVHR such as sewing 
meshes in place rather than tacking them in place, as well as 
sewing the defect close in most rVHR procedures. However, 
further prospective studies that compare specific operative 
methods as well as assess for a discernible surgical learning 
curve are needed.

It is also noted that less conversion to open was noted in 
the robotic-assisted cohorts. Main causes of conversion have 
been noted to be large hernia size, poor surgical anatomy 
such as in the context of dense adhesions as well as intra 
operative complications such as bowel injury [20]. The 
robotic-assisted approach reduces the requirement for open 
conversion with superior direct visualization of suture planes 

Table 2  Patient-reported outcomes

IQR interquartile range, NRS-11 numerical rating scale, PACU  post-anesthesia care unit, PROMIS 3a patient-reported outcomes measurement 
information system, HerQLes hernia-specific quality of life, AW-QOL Abdominal Wall Quality Of Life, mAAS modified Activities Assessment 
Scale, VAS visual analog scale
a Olavarria 2020 had n = 65 in the robotic group and n = 59 in the laparoscopic group. In the 1-year follow-up study (Dhanani 2021), there was 
n = 60 in the robotic group and n = 53 in the laparoscopic group

Study Scale Baseline 
(Pre-opera-
tive)

PACU Post-
operative 
Day 1

Post-
operative 
Day 7

Post-Operative 
Day 30

Post-Operative 
1 Year

Petro 2020 NRS—11 Laparoscopic 1.5 (0–4) 6 (4–8) 5 (3–7) 3 (2–5) 2 (0–2) NR
Robotic 1 (0–3) 6 (5–8) 5 (3–6) 4 (2–5) 1 (0–2) NR

PROMIS 3a Laparoscopic 49 (40–49) NR NR NR 44 (38–48) NR
Robotic 44 (31–51) NR NR NR 46 (42–51) NR

HerQLes Laparoscopic 51 (37–73) NR NR NR 75 (41–81) NR
Robotic 55 (35–73) NR NR NR 67 (45–79) NR

Olavarria 2020, 
Dhanani 
 2021a

AW-QOL (mAAS) Laparoscopic 45 (12–63) NR NR NR 65 (36–86) NR
Robotic 48 (27–71) NR NR NR 52 (37–68) NR

Pain score (VAS) Laparoscopic 3.5 (0–6) NR NR NR 4.0 (0–6) NR
Robotic 3.0 (0–6) NR NR NR 4.0 (2–6) NR

VHR satisfaction Laparoscopic NR NR NR NR NR 10.0 (7.5–10.0)
Robotic NR NR NR NR NR 10.0 (8.0–10.0)

Cosmetic satisfac-
tion

Laparoscopic NR NR NR NR NR 10.0 (6.5–10.0)
Robotic NR NR NR NR NR 10.0 (5.0–10.0)
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as compared to traditional endo-laparoscopic counterparts, 
thereby allowing surgeons to navigate complicated anatomy. 
Furthermore, this visualization along with improved dexter-
ity conferred by wristed instrumentation is hypothesized to 
reduce intraoperative complications [21, 22].

The patient-reported outcomes from both RCTs showed 
that rVHR does not yield better QOL or pain scores post 
operatively. This is contrary to popular belief that rVHR is 
associated with reduced post-operative pain [6]. This post-
operative pain had previously been attributed to suturing 
without tacking of the mesh in rVHR, with tacking of the 
mesh being noted by authors such as Bansal et al. to increase 
post-operative pain [23]. Though, the findings seem to con-
tradict previous knowledge, it must be qualified that these 
studies were limited in their long-term follow-up results. 
With complications such as chronic pain prevalent in up to 
28% of patients undergoing VHR, it can only be assumed 
that longer term follow-up studies are required [24–26].

Similar to what is suggested by current literature on 
inguinal hernia repair [27, 28], we found numerically lower 
cost in endo-laparoscopic approach; however, there were no 
significant differences. This could be due to study by Song 
et al., which included patients with higher complication rates 
as well as longer hospital stay, all of which compounded 
the cost incurred in the endo-laparoscopic approach group. 
This could have negated higher immediate procedural costs 
incurred by rVHR group such as for robotic equipment.

Limitations and strengths

Data in the literature on endo-laparoscopic versus robotic 
ventral hernia repair only started to mature in the recent 
few years. A recently published network meta-analysis by 
Goettman et al. [29] compared open, endo-laparoscopic 
and robotic VHR instead. They found that recurrence was 
reduced in the robotic approach compared to the endo-lap-
aroscopic and open approach. It is important to note that 
they had a shorter follow-up time in the robotic group com-
pared to the other arms. In comparison, although our cur-
rent study included limited number of studies, we focused 
on high-quality studies comparing lapVHR versus rVHR 
with comparable follow-up time in both groups which will 
provide higher level clinical evidence. In addition to clinical 
outcomes, we also attempted to consider the patient-reported 
outcomes as well as cost. We would recommend more well-
conducted RCTs to further elucidate the safety of the various 
approaches.

Three of the five studies were specifically focused on 
mesh placement in the intra-peritoneal space with or with-
out closure of the hernia defect [12, 13, 17]. The last two 
papers did not specify the mesh location. This could possibly 

introduce some clinical heterogeneity into the patient cohort. 
This heterogeneity could, therefore, skew results if more 
complex robotic procedures are compared with standard 
laparoscopic procedures.

A further limitation would be the lack of discussion as to 
whether 2D or 3D lapVHR techniques were compared with. 
These could be further delineated and compared in further 
studies as well.

Conclusion

In conclusion, this SRMA demonstrates that rVHR is com-
parable to lapVHR, but careful patient selection is required 
in view of increased operative times. Meanwhile, previously 
held notions of increased cost incurred during rVHR as well 
as improved patient-reported outcomes after rVHR were not 
significant.
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