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Background: Since the development of robotic technology in the late 1980s, its use has been increasingly 
adopted in various abdominal surgeries. Improved dexterity, precision, stability and visual magnification 
of robotic operating systems have been touted as the rationale for their superiority over conventional 
laparoscopy. These enhanced robotic capabilities are especially relevant in complex hepatopancreatobiliary 
(HPB) surgeries. To date, Singapore has the largest series of robotic hepatectomy (RH) in the Southeast 
Asian region. However, no national database for robotic HPB procedures exists and none have studied the 
trends in its growth and application over the past decade. As such, this nationwide survey aims to evaluate 
the current status and the development of robotic HPB surgery in Singapore. 
Methods: A questionnaire was designed to investigate the nature and outcomes of robotic HPB surgeries 
performed in specialist units nationwide. Participating surgeons were granted access to the questionnaire 
electronically and were asked to respond appropriately based on their surgical experience between January 
2013 and February 2018. 
Results: A total of 112 robotic HPB surgeries were performed in participating institutions over a 5-year 
period. There were 47 RH, of which 21 (45%) were performed for hepatocellular carcinomas (HCC). 
Amongst the 46 robotic pancreatic procedures: 25 distal pancreatectomies, 18 pancreaticoduodenectomies, 
2 enucleations and 1 Puestow procedure were performed. Nineteen (17%) of robotic cases were biliary in 
nature. Rate for conversion to open surgery was 4.5 %. Overall major morbidity rate was 10.6%. There was 
no 90-day mortality reported.
Conclusions: There has been a gradual but steady increase in the number of robotic HPB surgeries 
performed in Singapore. Our national experience demonstrated that the robotic platform is a safe and 
feasible option that may be utilized with minimal morbidity for complex HPB surgeries. 
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Introduction

Since the introduction of laparoscopy the early 1900s, 
minimally invasive surgery (MIS) has revolutionized the 
practice of general surgery over the past century (1). Prior 
to Mouret’s first laparoscopic cholecystectomy in 1987, a 
generous Kocher’s or midline incision was common practice 
in the management of gallstone diseases (2). At present, MIS 
hepatopancreatobiliary (HPB) surgery has evolved to become 
standard of care amongst specialist units worldwide (3).  
Internat ional  expert  committees  have concluded 
laparoscopic liver resection to be safe and oncologically 
non-inferior to open hepatectomy while providing benefits 
of a MIS approach (4,5). While no randomized control 
trials (RCTs) exist, laparoscopic pancreatic surgery have 
also gained widespread acceptance in high volume tertiary 
centers where morbidity and survival outcomes seem to 
parallel its open counterparts (6,7). 

Despite the success of conventional laparoscopy,  
Nguyen et al. reported that only a minority of major 
hepatectomy are attempted via a laparoscopic approach with 
84% of all laparoscopic liver resections limited to wedge or 
lateral sectionectomies (8). In fact, though feasible and safe, 
laparoscopic distal pancreatectomies have been associated 
with a relatively high conversion rate of 38% even in high 
volume specialist units (7). While disappointing, these 
results were not surprising given the steep learning curve 
and inherent limitations of conventional laparoscopy—
restricted range of motion, physiological tremors, awkward 
surgeon ergonomics, poor visualization and depth 
perception (9). 

Robotic operating systems, crowned as the new frontier 
of MIS, seek to negate the disadvantages of its laparoscopic 
predecessor. The Da Vinci platform have since dominated 
the field of robotic surgery by providing intuitive and 
articulated robotic arms which allowed the performance 
of complex and technically demanding intra-abdominal 
surgeries (10). 

In Singapore, the first robotic assisted HPB surgery was 
performed in 2013 (11). Favorable early results prompted 
the rolling out of robotic programs nationwide. By 2015, all 
4 tertiary institutions have acquired the da Vinci operating 
platform and were actively engaging in robotic urological, 
colorectal, gynecological and HPB surgeries (11-14). With 
the widespread acceptance of the robotic approach, we 
aim to evaluate the trends in its early development and the 
safety and feasibility in major HPB surgeries. 

Methods 

Study design 

A questionnaire was designed and collected from all 
accredited participating HPB specialist surgeons in 
Singapore. Surgery related data was collected based on each 
surgeon’s experience from January 2013 to February 2018. 
These included: type of HPB surgery performed, intra-
operative blood loss, operation duration, rates of conversion 
as well as post-operative morbidity and mortality. 

Robotic surgery in Singapore 

Robotic HPB surgery was performed in 2 tertiary centers 
nationwide. 

Singapore General Hospital 
Robotic HPB procedures were performed using the Da 
Vinci-Si Surgical System (Intuitive Surgical, Sunnyvalle, 
CA, USA). All surgeries were performed by three principal 
surgeons in the HPB unit. 

Changi General Hospital 
Robotic HPB procedures were performed using the Da 
Vinci-Xi Surgical System (Intuitive Surgical). All surgeries 
were performed by two principal HPB surgeons. 

As our study represents the most updated results of 
all robotic HPB cases performed in Singapore, it may 
contain overlapping patient data that have been previously 
published (15-17).

Results 

A total of 112 robotic HPB procedures were performed 
in 2 specialist units over a 5-year and 2-month duration. 
Since its introduction, the number of patients undergoing 
robotic surgery has increased exponentially over the years 
(Figure 1). 

Robotic liver resection 

Forty-seven patients underwent robotic hepatectomies 
(RH) during the study duration. Anatomical liver resection 
was more commonly performed than non-anatomical 
wedge resection (63.8% vs. 36.2%). Majority of the 
cases (n=38, 80.9%) were minor RH (<3 liver segments);  
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9 (19.1%) patients underwent major RH (Table 1). Twenty-
one (44.7%) had tumors located at the posterosuperior 
segments. Eight (17%) RH patients underwent concomitant 
abdominal surgery, which included: 3 anterior resections for 
colorectal cancer with synchronous liver metastases, 3 hilar 
lymphadenectomies for gallbladder cancer, 1 right portal 
vein ligation prior to the second stage hepatectomy for 
bilobar colorectal liver metastases and 1 choledochectomy 
with hepaticojejunostomy (HJ) for cholangiocarcinoma. 

Thirty-six cases were found to have malignant tumor 
on final histology, of which 21 (45%) patients had 
hepatocellular carcinoma (HCC). 

Operative morbidity 
The median operative time was 366 (range, 75–885) minutes 
and the median blood loss was 300 (range, 20–4,500) mL. 
There were 3 conversions during RH: 1 (2.1%) open 
conversion was due to bleeding and the other 2 (4.2%) were 
converted to hand-assist due to poor port placement during 
our initial experience. The median length of hospital stay 
was 5 (range, 2–33) days. There were 3 (6.4%) patients with 
major morbidity (> Clavein-Dindo grade 2): 2 patients had 
infected intra-abdominal collections requiring percutaneous 
drainage; the third patient suffered an anastomotic leak after 
robotic anterior resection and left lateral sectionectomy was 
performed for synchronous colorectal liver metastases for 
which a laparotomy was performed. 

Robotic pancreas surgery 

A total of 46 robotic pancreatic resections were performed 
(Table 2). There were 4 (8.7%) conversions to open:  
3 were due to locally advanced tumors and one was due 
to bleeding. The median operative time was 525 (range,  
200–930) minutes. 

Pancreaticoduodenectomy (PD)
Of the 18 PDs, 5 were hybrid procedures where resection 
was performed robotically and reconstruction performed 
using a small upper midline incision. Three PDs had 
extended vascular resection and reconstruction to achieve 
R0 margins. One patient had concomitant robotic assisted 
right partial nephrectomy for a renal cell carcinoma—this 
was performed with the Da Vinci-Xi Surgical System. 

There was no grade B postoperative pancreatic fistula 
(POPF) in the PD group. Five patients (27.8%) had major 
morbidity, which included 2 patients (11.1%) with grade 
C POPF requiring laparotomy. The 2 cases required 
completion pancreatectomy and ligation of pancreatic 
duct respectively. Two patients (11.1%) had delayed 
gastric emptying requiring nasojejunostomy tube (NJT) 
insertion for feeding, and 1 (5.6%) with bleeding at the 
gastrojejunostomy requiring gastroscopy evaluation and 
clipping of the bleeding site. There was no 30- or 90-day  
mortality, however, there was 1 (5.6%) in-hospital mortality 
from cardiorespiratory failure with bilateral pneumonia 
which occurred after 90 days post operatively from a patient 

Figure 1 Total number of robotic HPB procedures from 2013 to 
2017.
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Table 2 Types of robotic pancreatectomy

Type of pancreatectomy No. of patients (N=46)

Pancreaticoduodenectomy (PD) 18 (39.1%)

Distal pancreatectomy (DP) 25 (54.3%)

Spleen preserving 12 (1 Warshaw’s technique)

Splenectomy 13 (7 subtotal DP)

Enucleation 2 (4.3%)

Peustow procedure 1 (2.2%)

Table 1 Types of robotic liver resection

Type of resection No. of patients (N=47)

Major hepatectomy (>3 segments) 9 (19.1%)

Minor hepatectomy 21 (44.7%)

Left lateral sectionectomy 6  

Right posterior sectionectomy 8 

Right anterior sectionectomy 1 

Left medial sectionectomy 1 

Anatomical sectionectomy (others) 5 

Wedge resections 17 (36.2%)
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with grade C POPF. 

Distal pancreatectomy (DP) 
In the DP group (n=25), 12 (48%) patients had spleen-
preserving DP of which only one case was performed by 
Warshaw technique. The remaining 13 (52%) patients had 
DP with splenectomy, 7 (28%) of which had subtotal DP 
for tumors located at the body or neck of the pancreas. Four 
(16%) patients suffered major morbidity, all due to grade B 
POPF. There was no grade C POPF or 90-day mortality. 

Others
Robotic pancreatic enucleation was performed for 2 patients 
with pancreatic neuroendocrine tumor and 1 robotic 
Peustow procedure for chronic pancreatitis. One patient 
who underwent enucleation had a grade B POPF. 

Robotic biliary surgery 

Nineteen (17%) of the robotic cases were biliary in nature. 
The use of the robot for biliary surgery was reserved for 
complex cases. These included a triple bypass for locally 
advanced unresectable pancreatic cancer, cholecystectomy 
with common bile duct exploration, cholecystectomy for 
Mirizzi’s syndrome, resection of choledochal cyst with HJ 
anastomosis and radical cholecystectomy with segment 
4b and 5 liver resection for gall bladder carcinoma. Four 
patients who had biliary procedure had concomitant liver 
resections which were also included under the robotic liver 
resection. Robotic cholecystectomy was not performed for 
biliary colic due to gallstones. 

Discussion 

The initial development of robotic technology in surgery 
was driven by its potential military applications. The 
proposed master-slave platform enabled surgeons to 
remotely reproduce hand movements via laparoscopic 
ins t ruments  in t ra-corporea l ly  (10 ) .  Subsequent 
modifications led to the introduction of the Da Vinci 
platform which boost improved dexterity, precision, visual 
magnification, three-dimensional views as well as decreased 
tremors compared with conventional laparoscopic surgery 
(18,19). In 1997, the world’s first robotic surgery—‘tele-
surgical’ cholecystectomy was performed using the da Vinci 
system (20). To date, the application of robotics in surgery 
have been ubiquitous and include maxillofacial, cardiac, 
thoracic, urological, gynecologic, and in general surgery (21). 

Unlike its colorectal and urological counterparts, the 
progression and adoption of minimally invasive techniques 
in major HPB surgery has been relatively slow (8). Despite 
international consensus and strong evidence proving 
the safety and oncological equivalence of laparoscopic 
to open hepatectomies (22-24), the use of laparoscopy 
in complex liver surgeries remains limited in view of 
inherent limitations of laparoscopic surgery (9). Since the 
first reported robotic-assisted liver resection in 2006 (25),  
the application of the robot in both minor and major 
hepatectomies have seen a tremendous increase with 537 
reported cases of RH performed between 2006 to 2014 (26).  
In Singapore, we found a similar increasing trend in the 
number of robotic liver surgery performed between 2013 
and 2017 (Figure 1). Supporters of the robotic system 
describe the wristed robotic arm with seven degrees of 
freedom similar to the human hand, providing a greater 
degree of dexterity and accuracy. Furthermore, magnified 
three-dimensional surgical views from the surgeon 
controlled robotic camera allowed for depth perception 
such that delicate tissue dissection and precise intra-
corporeal suturing may be performed (27). This is especially 
important in major hepatic surgery where adequate control 
of bleeding vessels in tight spaces is paramount to prevent 
conversion to an open surgical procedure (10). Tsung 
et al. further reported higher rates of successful purely 
minimally invasive approach with the robotic technique 
when compared with conventional laparoscopy for major 
hepatectomies (28). 

In a matched comparison study, the Taiwanese group 
found the robotic arm reproducing results of open surgery 
in its performance in complex major resections even in 
cirrhotic livers. No difference in intraoperative blood 
loss, postoperative complications, resection margins or 
survival outcomes was found (28). In fact, patients who 
underwent robotic surgery experienced less postoperative 
pain, earlier ambulation and a shortened hospital stay (29).  
Based on our national survey, a 6% conversion rate 
was seen in RH and median length of hospital stay was  
5 days. These results compare well with our international 
counterparts. Furthermore, 8 patients received concomitant 
abdominal surgery in addition to liver resection via the 
robotic platform, this would have been challenging with 
conventional laparoscopy. Therefore, we believe that the 
robot may indeed provide superior technical advantages 
over its laparoscopic counterpart that may allow for complex 
surgical procedures to be performed more efficiently. 

Pancreatic surgery has been touted as one of the most 
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complex intra-abdominal procedure associated with 
significant rates of morbidity and mortality (30-32). 
Pancreaticoduodenectomy, first performed successfully for 
periampullary cancer by William Steward Halsted in 1898, 
poses the greatest challenge when attempted via a minimally 
invasive approach (32). While laparoscopic PD has been 
proven safe and feasible (33), it is the robotic approach that 
has shown lower conversion rates with majority completed 
via a purely MIS fashion (34,35). Advantages were replicated 
in robotic DP where higher rate of splenic preservation, 
reduced rate of conversion and length of hospital stay were 
reported (36). While our national experience with robotic 
pancreatic surgery is limited, we have managed to complete 
80.4% of our cases via a purely MIS approach. Morbidity 
was often a result of POPF though the rate appeared to be 
similar with our open experience. 

Robotic surgery, however, is not without its limitations. 
Prohibitive cost is a significant barrier to its implementation 
in centers worldwide. When coupled with longer operating 
room time, the costs of purchase and maintenance, 
economic burden of the robotic approach further increases. 
Without strong level 1 evidence proving significant 
advantages of the robot over laparoscopy, universal adoption 
remains a challenge. However, as surgeons nationwide 
gain further experience with the intuitive robotic platform, 
its stability and ease in usage will eventually translate to 
improved patient safety and lowered morbidity rates. As 
such, the long-term benefits of this promising technology 
should not be underestimated. 

Conclusions 

There has been a gradual but steady increase in the number 
of robotic HPB surgeries performed in Singapore. Our 
national early experience demonstrated that the robotic 
platform is a safe and feasible option that may be utilized with 
minimal morbidity especially for complex HPB surgeries. 
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