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Introduction: Robotic surgery has been increasingly used in fashioning various surgical

anastomoses. Our aim was to collect and analyze outcomes related to anastomoses performed

using a robotic approach and compare them with those done using laparoscopic or open

approaches through meta-analysis.

Methods: A systematic review was conducted for articles comparing robotic with laparo-

scopic and/or open operations (colectomy, low anterior resection, gastrectomy, Roux-en-Y

gastric bypass (RYGB), pancreaticoduodenectomy, radical cystectomy, pyeloplasty, radical

prostatectomy, renal transplant) published up to June 2019 searching Medline, Scopus,

Google Scholar, Clinical Trials and the Cochrane Central Register of Controlled Trials.

Studies containing information about outcomes related to hand-sewn anastomoses were

included for meta-analysis. Studies with stapled anastomoses or without relevant information

about the anastomotic technique were excluded. We also excluded studies in which the

anastomoses were performed extracorporeally in laparoscopic or robotic operations.

Results: We included 83 studies referring to the aforementioned operations (4 randomized

controlled and 79 non-randomized, 10 prospective and 69 retrospective) apart from colectomy

and low anterior resection. Anastomoses done using robotic instruments provided similar results to

those done using laparoscopic or open approach in regards to anastomotic leak or stricture.

However, there were lower rates of stenosis in robotic than in laparoscopic RYGB (p=0.01) and

in robotic than in open radical prostatectomy (p<0.00001).Moreover, all anastomoses neededmore

time to be performed using the robotic rather than the open approach in renal transplant (p≤0.001).

Conclusion: Robotic anastomoses provide equal outcomes with laparoscopic and open ones

in most operations, with a few notable exceptions.
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Introduction
The introduction of laparoscopic techniques is considered to be one of the most

prominent changes in surgical practice in the last decade of the twentieth century.1

Since the first laparoscopic cholecystectomy in 1987, minimally invasive approaches

have become the mainstay of most abdominal surgical procedures. The benefits of

minimally invasive surgery are well established and include reduced analgesic require-

ments, reduced wound-related complications, shorter length of hospital stay, and faster

return to normal daily activities.2

Laparoscopic surgery, however, has its technical limitations. As described by Ruurda

et al, open procedures offer the surgeon unlimited flexibility in his/her body, arm, and
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hand positions. A surgeon’s actions can be controlled by visual

and haptic feedback. In laparoscopic surgery, however, natural

dexterity is compromised by the restricted degree of motion in

laparoscopic instruments.1 Hand-eye coordination is reduced

by the need to move an instrument in the opposite direction

from the desired target on the monitor. Furthermore, depth

perception is compromised by the two-dimensional image,

and the need to rely on an assistant to operate the camera

takes away the surgeon’s control over the field of view.2

Most importantly, the length of rigid laparoscopic instruments

results in the ready transmission and exaggeration of tiny

movements from the surgeon, making delicate procedures,

particularly fine anastomoses difficult.3 As a result, although

the majority of abdominal general surgical operations can be

performed laparoscopically, techniques for more complex sur-

gery are less easily reproducible and left in the hands of only

a limited number of experts.1 Open approaches for complex

operations, where delicate and accurate anastomoses with

minimal risk of complication are of critical importance, have

hence remained the gold standard over the last 60 years.4

The introduction of the da Vinci® Surgical System

(Intuitive Surgical Inc., Sunnyvale, CA,US) in 2000, however,

has allowed some of the technical limitations of laparoscopic

surgery to be overcome. One of the main advantages is that of

enhanced dexterity (increased degrees of freedom of move-

ment) in the instruments and filtering of tremor, which enables

the surgeon to operate in a similarmanner to open surgery, thus

enabling fine microsurgery and microanastomoses to be

performed.1 Other advantages include a three-dimensional

view of the operative field, which allows for better depth

perception, the ability of the surgeon to control of the view of

the operative field, and an ergonomically designedworkstation

where the surgeon assumes a comfortable sitting position.2

Since its introduction almost 20 years ago, robotic

surgery has been successfully applied to key colorectal,

gastric, pancreatic, urological and transplantation proce-

dures where anastomoses form a critical part of the opera-

tion. The aim of this study was to review the current

literature surrounding robotic surgery in the abdomen,

with particular reference to a comparison between roboti-

cally fashioned anastomoses and similar anastomoses per-

formed via a laparoscopic and/or open approach.

Methods
Search Strategy
A systematic review and meta-analysis were conducted

in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA)

guidelines.5 We systematically searched the following data-

bases for articles published up to June 2019: Medline,

Scopus, Google Scholar, Clinical Trials and Cochrane

Central Register of Controlled Trials. We used the following

search terms: “robotic”, “robotic-assisted”, “robot-assisted”,

“colectomy”, “low anterior resection”, “anterior resection”,

“rectal resection”, “gastrectomy”, “gastric bypass”, “pan-

creaticoduodenectomy”, “Whipple”, “cystectomy”, “ileal

conduit”, “neobladder”, “pyeloplasty”, “prostatectomy”,

“renal transplant”, “kidney transplant”, combined with the

Boolean operators AND, OR.

Inclusion and Exclusion Criteria
We included only original articles written in English that

compared robotic with laparoscopic and/or open proce-

dures regarding the aforementioned types of operations,

included data about anastomotic leak, anastomotic stric-

ture and/or anastomotic time and the anastomoses were

hand-sewn. We excluded reviews, case reports, congress

abstracts, animal studies, original articles referring only to

robotic operations without comparing them with either

laparoscopic or open ones and original articles comparing

robotic with laparoscopic and/or open operations, but

without having data about anastomotic leak, anastomotic

stricture and/or anastomotic time or without the anasto-

moses being hand-sewn or with the anastomoses per-

formed extracorporeally in laparoscopic or robotic cases,

and articles written in languages other than English.

Review and Analysis
We extracted data about patients’ number, gender and age,

type of operation, approach (robotic, laparoscopic or

open), anastomotic technique, anastomotic leak, anastomo-

tic stricture and anastomotic time.

Statistical Analysis
Meta-analysis was performed using Review Manager

Version 5.3. Dichotomous variables were assessed using

risk ratio (RR), whereas continuous variables were assessed

using mean difference. The random-effects model was cho-

sen due to the heterogeneity among the included studies.

Comparisons between dichotomous or continuous variables

were made with the inverse variance method. Statistical

heterogeneity was assessed with the Higgin’s I2 statistic.

Ninety-five percent confidence intervals (CI) were noted for

all results. Results were considered statistically significant if

p-value was less than 0.05.
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Results
Search Results
The initial database search yielded 510 studies comparing

robotic with laparoscopic and/or open operations in regards

to the aforementioned types of procedures. Out of the initial

510 articles, 261 were excluded due to data unavailability

about anastomotic leak, anastomotic stricture and/or anasto-

motic time. Out of the remaining 249 articles, 158 were

excluded due to anastomotic techniques involving stapling

devices or extracorporeally performed anastomoses in

laparoscopic or robotic cases. Finally, another 8 studies

were excluded due to overlapping cases, leaving 83 studies

to be included in our analysis (4 randomized controlled and

79 non-randomized, 10 prospective and 69 retrospective). In

particular, the distribution of included articles according to

the exact type of operation was the following: colectomy: 0,

low anterior resection: 0, gastrectomy: 4, Roux-en-Y gastric

bypass (RYGB): 5, pancreaticoduodenectomy: 16, radical

cystectomy: 1, pyeloplasty: 20, radical prostatectomy: 36,

renal transplant: 1. Figure 1 shows the study flowchart.

Gastrectomy
Four studies referring to gastrectomy were taken into

account for our analysis, including 689 adult patients in

total (451 men, 238 women). All studies included both

total and subtotal gastrectomies.6–9 There was one pro-

spective randomized study conducted in China comparing

robotic with laparoscopic gastrectomy. There were only

two cases of anastomotic leak in the laparoscopic group

(61 patients), while there were no cases of anastomotic

leak in the robotic group (102 patients) (p=0.139).7

The other three articles compared robotic with open

gastrectomy and these included two retrospective non-

randomized studies, one from Spain6 and one from Italy,8

and one prospective randomized study from China.9 There

was no significant difference in the rates of anastomotic

leak between the two treatment groups [robotic: 5/231

(2.2%), open: 13/295 (4.4%), RR: 0.6, 95% CI: 0.19 to

1.94, p=0.4; I2: 7%, p=0.34]6,8,9 (Figure 2). Data about

anastomotic stricture were available only in one study, in

which there was only one case of anastomotic stenosis in

the robotic group (20 patients), whereas there was no

similar case in the open group (19 patients) (p=1).6

Roux-En-Y Gastric Bypass
Five studies referring to RYGB were considered for our

analysis, which included 2155 adult patients in total (490

men, 1665 women).10–14 Out of these five studies, one was

a prospective randomized trial conducted in the USA

comparing robotic with laparoscopic RYGB,14 three were

retrospective non-randomized done in the USA comparing

again robotic with laparoscopic RYGB,10,11,13 and one was

a retrospective non-randomized Swiss study with three

treatment arms (robotic, laparoscopic, open).12

There was no statistically significant difference between

robotic and laparoscopic RYGB in regards to anastomotic

leak [robotic: 1/527 (0.2%), laparoscopic: 14/588 (2.4%),

RR: 0.22, 95% CI: 0.04 to 1.38, p=0.11; I2: 7%, p=0.34]10–14

(Figure 3). However, there was an advantage of the robotic

approach over the laparoscopic one in terms of anastomotic

stricture [robotic: 0/381 (0%), laparoscopic: 24/542 (4.4%),

RR: 0.07, 95% CI: 0.01 to 0.54, p=0.01; I2: 0%,

p=0.72]10,12–14 (Figure 4). The only study that compared

robotic with open procedures concluded that there is no

statistically significant difference between robotic and open

operations as far as anastomotic leak [robotic: 0/143 (0%),

open: 10/524 (1.9%), p=0.21] or stricture [robotic: 0/143

(0%), open: 6/524 (1.1%), p=0.23] are concerned.12

Pancreaticoduodenectomy
Sixteen studies referring to pancreaticoduodenectomy were

taken into account for our analysis, including 12,529 adult

510 studies comparing 
robotic with laparoscopic 
and/or open operations 

249 comparative studies 
with data about 
anastomotic outcomes 

91 comparative studies 
with data about outcomes 
of hand-sewn 
intracorporeal anastomoses 

83 studies included for 
meta-analysis 

261 excluded due to data 
unavailability about 
anastomotic leak, stricture 
and/or time 

158 excluded due to 
techniques involving 
stapling devices or 
extracorporeally performed 
anastomoses

8 studies excluded due to 
overlapping cases 

Figure 1 Study flowchart.
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patients in total (6627 men, 5902 women).15–30 All included

studies were retrospective non-randomized,15–19,21–30 apart

from one prospective non-randomized study from China.20

Nine articles were from the USA,15,16,18,19,24–26,29,30 five

from China,20,22,23,27,28 one from Italy17 and one from

South Korea.21 Three articles compared robotic with laparo-

scopic operations,23,25,27 12 articles compared robotic with

open procedures,15–22,24,26,28,30 and one article compared all

three options.29

No significant difference was noted between robotic and

laparoscopic pancreaticoduodenectomy in regards to pan-

creatic leak [robotic: 93/451 (20.6%), laparoscopic: 107/

560 (19.1%), RR: 1.08, 95% CI: 0.85 to 1.39, p=0.52; I2:

0%, p=0.72]23,25,27,29 (Figure 5) or bile leak [robotic: 4/47

(8.5%), laparoscopic: 7/45 (15.6%), RR: 0.54, 95% CI: 0.17

to 1.71, p=0.3; I2: 0%, p=0.94]23,27 (Figure 6). Similarly, no

significant difference was detected between robotic and open

pancreaticoduodenectomy in regards to pancreatic leak

[robotic: 176/1086 (16.2%), open: 1679/10,526 (16%), RR:

0.93, 95% CI: 0.7 to 1.24, p=0.64] [although there was

significant heterogeneity among studies (I2: 54%,

p=0.01)]15–22,24,26,28–30 (Figure 7), bile leak [robotic: 10/

227 (4.4%), open: 18/491 (3.7%), RR: 1.27, 95% CI: 0.58

to 2.78, p=0.55; I2: 7%, p=0.37]15,18–22 (Figure 8) or leak

from gastrointestinal anastomoses [robotic: 2/82 (2.4%),

open: 5/169 (3%), RR: 1, 95% CI: 0.22 to 4.57, p=1; I2:

0%, 0.53]15,20 (Figure 9). There were no available data

regarding anastomotic strictures.

Figure 3 Comparison between robotic and laparoscopic RYGB: anastomotic leak.

Figure 4 Comparison between robotic and laparoscopic RYGB: anastomotic stricture.

Figure 2 Comparison between robotic and open gastrectomy (anastomotic leak).
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Radical Cystectomy
Only one retrospective non-randomized study concerning

radical cystectomy was included in our analysis, which was

conducted in South Korea and compared robotic with open

radical cystectomy.31 It included 139 adult patients (116 men,

23 women). Out of the 139 cases, a neobladder with hand-

sewn urethroneovesical anastomosis was formed in 41. There

were 19 cases of open and 22 cases of robotic radical cystect-

omy. No postoperative anastomotic leak in the open group [0/

19 (0%)], but there were three cases of postoperative anasto-

motic leak in the robotic group [3/22 (13.6%)]. However, this

difference was not significant when we compared the two

groups with Fisher’s exact test (p=0.235). There was no avail-

able information about anastomotic strictures.31

Pyeloplasty
Twenty studies referring to pyeloplasty were considered for

our analysis, which included 1158 patients in total.32–51 Ten

Figure 6 Comparison between robotic and laparoscopic pancreaticoduodenectomy: bile leak.

Figure 7 Comparison between robotic and open pancreaticoduodenectomy: pancreatic leak.

Figure 5 Comparison between robotic and laparoscopic pancreaticoduodenectomy: pancreatic leak.
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articles referred to paediatric patients,32,33,38,43,45–49,51 five

articles referred to adult patients34,35,37,42,44 and five articles

referred to both paediatric and adult patients.36,39–41,50 Gender

distribution was mentioned in 17 articles,32–34,36,37,40–51

which included 625 male and 432 female patients in total.

All included studies were retrospective non-

randomized,32–41,43–51 with the exception of one, which was

prospective non-randomized.42 Eleven studies were from the

USA,32,33,35,36,38,42,44,45,47,50,51 one from Italy,37 one from

Switzerland,48 one from Israel,43 one from Turkey,34 two

from India,39,41 two from China40,49 and one from South

Korea.46 Fourteen articles compared robotic with laparoscopic

operations,35–45,48–50 four articles compared robotic with open

procedures,32,33,47,51 and two articles compared all three

options.34,46

There was no significant difference between robotic

and laparoscopic pyeloplasty concerning anastomotic

leak [robotic: 13/388 (3.4%), laparoscopic: 9/291

(3.1%), RR: 1.03 95% CI: 0.46 to 2.32, p=0.95; I2: 0%,

p=0.93]34–38,40–46,48–50 (Figure 10) or anastomotic stric-

ture/failure [robotic: 4/403 (1%), laparoscopic: 10/309

(3.2%), RR: 0.53, 95% CI: 0.2 to 1.44, p=0.21; I2: 0%,

p=0.99]34–37,39–46,48–50 (Figure 11). Similarly, no signifi-

cant difference was detected between robotic and open

pyeloplasty regarding anastomotic leak [robotic: 1/100

(1%), open: 7/278 (2.5%), RR: 0.94, 95% CI: 0.18 to

4.85, p=0.94; I2: 10%, p=0.33]32–34,46,51 (Figure 12) or

anastomotic stricture/failure [robotic: 3/133 (2.2%), open:

8/311 (2.6%), RR: 1, 95% CI: 0.32 to 3.09, p=0.99; I2: 0%,

p=0.97]32–34,46,47,51 (Figure 13).

Radical Prostatectomy
Thirty-six studies referring to radical prostatectomy were taken

into account for our analysis, including 40,313 adult male

patients in total.52–87 Twenty-seven studies were retrospective

non-randomized,52–57,60,62,63,65–70,72,73,75,76,78,79,81–84,86,87 eight

studies were prospective non-randomized58,59,61,64,71,74,77,85 and

one study was prospective randomized.80 Twelve studies

were from the USA,52,56,58,64,66,67,69,70,74,75,79,87 one from the

UK,78 one from Germany,85 three from France,61,80,82 one

from Belgium,53 three from Italy,62,71,81 one from Norway,68

two from Sweden,57,86 one from Switzerland,59 three from

Australia,60,77,88 one from Canada,73 three from South

Korea,65,83,84 one from Taiwan,76 one from Thailand54 and

one from Venezuela,72 while one study was multinational.63

Thirteen articles compared robotic with laparoscopic

operations,53,54,63,65,67,68,71,76,79–81,84,87 19 articles compared

robotic with open procedures,52,55–59,61,62,66,69,72–75,77,82,85,86

and four articles compared all three options.60,70,78,83

Figure 9 Comparison between robotic and open pancreaticoduodenectomy: leak from gastrointestinal anastomoses.

Figure 8 Comparison between robotic and open pancreaticoduodenectomy: bile leak.
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Figure 10 Comparison between robotic and laparoscopic pyeloplasty: anastomotic leak.

Figure 11 Comparison between robotic and laparoscopic pyeloplasty: anastomotic stricture/failure.

Figure 12 Comparison between robotic and open pyeloplasty: anastomotic leak.
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There was no significant difference between robotic and

laparoscopic radical prostatectomy in terms of leak from the

vesicourethral anastomosis [robotic: 152/4601 (3.3%),

laparoscopic: 132/3913 (3.4%), RR: 0.92, 95% CI: 0.56 to

1.51, p=0.73] [although there was significant heterogeneity

among studies (I2: 57%, p=0.008)]53,60,65,67,68,70,76,78–81,84,87

(Figure 14) or anastomotic stricture/contracture [robotic:

60 4907 (1.2%), laparoscopic: 72/3669 (2%), RR:

0.67, 95% CI: 0.42 to 1.07, p=0.09; I2: 16%,

p=0.29]54,63,65,67,68,70,71,76,79,80,83,87 (Figure 15). When we

compared robotic with open radical prostatectomy, no sig-

nificant difference was found in regards to leak from the

vesicourethral anastomosis [robotic: 119/6097 (2%), open:

185/8323 (2.2%), RR: 0.76, 95% CI: 0.44 to 1.34,

p=0.35]52,56–61,64,70,72–75,77,78,82,86 (Figure 16), but there

were lower rates of anastomotic stricture/contracture in

robotic approach [robotic: 180/9626 (1.9%), open: 1125/

12,102 (9.3%), RR: 0.44, 95% CI: 0.32 to 0.62,

p<0.00001]55,56,58,61,62,66,69,70,72,73,75,77,83,85,86 (Figure 17).

However, we have to mention that there was significant

heterogeneity among the included studies for both compar-

isons between robotic and open procedures (anastomotic

leak: I2: 73%, p<0.00001, anastomotic stricture/contracture:

I2: 45%, p=0.03).

Renal Transplant
Only one retrospective non-randomized study concerning

renal transplant was included in our analysis, which was

conducted in Turkey and compared robotic with open

renal transplant.88 It included 80 adult patients (53 men,

27 women). All three anastomoses (arterial, venous, ure-

terovesical) were performed faster with the open than the

robotic approach. In particular, the mean (SD) anastomotic

times for arterial, venous and ureterovesical anastomoses

Figure 13 Comparison between robotic and open pyeloplasty: anastomotic stricture/failure.

Figure 14 Comparison between robotic and laparoscopic prostatectomy: anastomotic leak.
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were 18.45 min (5.73), 20.92 min (6.57) and 21.30 min

(4.73), respectively, in robotic cases, whereas they were

14.97 min (2.59), 16.02 min (2.3) and 14.95 min (1.56),

respectively, in open cases. All differences were statisti-

cally significant (p≤0.001). There was no available infor-

mation about anastomotic leaks/bleeding or strictures.88

Discussion
Since its introduction almost 20 years ago, robotic surgery

has been successfully applied to key colorectal, gastric,

pancreatic, urological and transplantation procedures

where anastomoses form a critical part of the operation.

Anastomoses are often time critical, in particular in trans-

plantation where minimising warm ischaemia of the organ

is critical to the graft function and outcome.89,90

Furthermore, anastomotic complications such as leak of

urine or intestinal contents result in significant morbidity

including the need for salvage surgery. The incidence of

strictures or stenoses is also of importance in the func-

tional outcome of an anastomosis and may necessitate

Figure 15 Comparison between robotic and laparoscopic prostatectomy: anastomotic stricture/contracture.

Figure 16 Comparison between robotic and open radical prostatectomy: anastomotic leak.
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intervention or even revision surgery.91 The integrity of

the anastomosis, therefore, may represent a crucial factor

when comparing the overall benefits of a robotic surgical

approach to laparoscopic or open alternatives.

In most comparisons, the robotic approach appears to

provide similar results with the laparoscopic and open

approaches in terms of anastomotic leak or stenosis. In

particular, when we compared robotically performed ana-

stomoses with laparoscopically performed anastomoses,

no significant differences were found concerning leak or

stricture after gastrectomy, leak after RYGB, pancreatic

leak or bile leak after pancreaticoduodenectomy, leak or

stricture/failure after pyeloplasty, and leak or stricture/con-

tracture after radical prostatectomy. On the other hand,

there were lower rates of anastomotic stricture after

RYGB with the robotic technique. As far as the compar-

ison of anastomoses performed with the robotic approach

with those performed with the open approach, no signifi-

cant differences were detected regarding leak or stricture

after RYGB, pancreatic leak, bile leak or gastrointestinal

leak after pancreaticoduodenectomy, leak or stricture/fail-

ure after pyeloplasty, leak after radical cystectomy, and

leak after radical prostatectomy. On the contrary, there

were lower rates of anastomotic stricture/contracture after

radical prostatectomy with the robotic technique.

Furthermore, it appears that all anastomoses (arterial,

venous, ureterovesical) in renal transplant are performed

more quickly via the open than the robotic approach. To

conclude, robotically performed anastomoses provide

similar results to those performed via laparoscopic or

open approach, with the exception of RYGB, where the

incidence of stenosis is less frequent in robotic than in

laparoscopic operations, radical prostatectomy, where ste-

nosis is less common in robotic than in open operations,

and renal transplant, where the duration of anastomoses is

longer in the robotic than the open approach.

It is important to note that the main focus of this analysis

was a comparison of the anastomotic technique employed in

these procedures, and the relevant anastomosis-related com-

plications, which are deemed to confer significant morbidity,

particularly in the early and mid-term post-operative period.

This represents one of the limitations of this review, as it does

not take into account oncological outcomes, incidence of

nerve damage, incision size or incidence of incision-related

complications, or ease of access, in particular for deep pelvic

surgery. These are all factors that would undoubtedly con-

tribute heavily when determining the overall benefit and/or

superiority of robotic approaches as compared to open or

laparoscopic approaches. For example, in robotic radical

prostatectomy, superior vision and more intricate operating,

facilitated by the robotic platform, has enabled improved

nerve-sparing techniques resulting in superior functional out-

comes, with no compromise in oncological outcomes.92 Our

review also excluded procedures where a significant part of

the operation is performed via a robotic approach, but not the

relevant anastomosis – for example, in low rectal surgery for

Figure 17 Comparison between robotic and open radical prostatectomy: anastomotic stricture/contracture.
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cancer. Current evidence suggests that the robotic approach

for rectal cancer is of particular benefit in difficult cases such

as patients with previous abdominal surgery and chemora-

diation therapy.93 Lower conversion rates to open surgery

have also been reported,94 as well as comparable,95 if not

superior oncological outcomes than laparoscopic

approaches, and significantly better autonomic functional

outcomes.96 Furthermore, when comparing the overall

advantages of robotic surgery to open or laparoscopic alter-

natives, cost-effectiveness is undoubtedly a key considera-

tion. However, in many cases, the increased costs associated

with a robotic system and its maintenance may well be offset

by a shorter length of hospital stay and lower complication

rates.97–100

In conclusion, this review shows equivalent outcomes of

robotically performed anastomoses with those performed via

laparoscopic or open approach, apart from the few aforemen-

tioned exceptions. This means that the other benefits of robotic

operations are not compromised by any deficit in anastomotic

outcomes. This is with particular reference to abdominal

operations where the anastomoses and its related complica-

tions are deemed to be a significant factor contributing to the

overall morbidity and outcome. The choice of robotic over

current gold-standard approaches for these operations, there-

fore, may lie with other demonstrable benefits such as superior

vision, better access to the pelvis, and superior functional or

oncological outcomes, as briefly discussed above.
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