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INTRODUCTION

Endometrial cancer is the fourth most common cancer 

and the most common gynecological cancer in Singapore 

women [1]. The incidence of endometrial cancer has been 

steadily rising over the last three decades and it is likely to 

continue to do so due to demographic and socioeconomic 

factors such as rising rates of obesity and decreasing parity 

in Singapore [2,3]. Obesity and the fact that surgery is cura-

tive in most women with endometrial cancer has led to the 

gradual increase in the use of minimally invasive surgery 

(MIS) in the surgical management of endometrial cancer, 

with data to suggest that MIS should be the standard of 

care in endometrial cancer and especially in obese patients 
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Objective: In this exploratory study, we aim to present the effects of a shift in the standard of care from open to robotic 
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15809.05 in 2012 to SGD 12891.00 in 2017. Conversely, the total bill size of open surgery rose from an average of SGD 
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Conclusion: This pilot data suggests that with the increase in uptake of robotic surgery for endometrial cancer, there was 
significant decrease in total bill size for patients who underwent robotic surgery.
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[4-6]. Robotic surgical platforms were first approved for 

gynecological surgery by the Food and Drug Administra-

tion in 2005. Robotic surgical technology has allowed more 

surgeons to offer minimally invasive gynecological surgery, 

shifting surgical loads away from open to MIS. The rapid 

adoption of robotic surgery in gynecology is multifactorial, 

but the main driver is the introduction of technology that 

bridges the skills gap between open surgery and traditional 

laparoscopy [7-9]. The performance characteristics of the 

robotic platform allows for a smoother transition from open 

surgical expertise to MIS and changed the demographics of 

the surgical management of endometrial cancer [5,9].

The majority of patients who receive surgical care in Sin-

gapore do so within the public healthcare system. The pub-

lic healthcare system’s payor mechanism is based primarily 

on a portion of each individual’s private social security ac-

count set aside to cover healthcare costs, aptly named, Me-

disave. Employers pay into their employees’ accounts in the 

program which is managed by the Singapore government 

through the Central Provident Fund (CPF). Medisave cov-

ers up to 80% of the consolidated hospital bill for each sur-

gical care episode. Robotic and laparoscopic approaches in 

Singapore within the public health system are coded identi-

cally and so receive identical payor coverage. All public 

healthcare institutions that provide robotic surgical care 

have also adopted a “per case amortization” model where 

each case is charged a flat “facility fee” that is meant to re-

pay the capital cost of the equipment and the cost of the 

maintenance contract. This fee is included in the total hos-

pital bill.

To date, there has been no local data published on the ef-

fect of cost and hospital bill sizes on endometrial cancer care 

when the standard of care shifts directly from open to ro-

botic surgery. Singapore data suggests that the immediate 

postoperative outcomes are better with robotic surgery 

compared to open and achievable by laparoscopy-naive sur-

geons [9]. The most directly relevant study that examined 

the impact of cost in a public healthcare system when the 

standard of care shifted from open surgery to robotic sur-

gery for endometrial cancer was by Lau et al. [10]. The con-

clusion was that even accounting for amortization of the 

capital cost, robotic surgery was more cost effective than 

open surgery as a surgical care modality in endometrial can-

cer [10]. In this exploratory study, we present the effects of a 

shift in the standard of care from open to robotic surgery in 

endometrial cancer in the single largest series in Singapore 

and the effect of this shift on total hospital bill size.

MATERIALS AND METHODS

 We retrospectively collected de-identified data from 

January 2008 to December 2017, including all open and 

robotic surgeries performed for apparent early-stage en-

dometrial cancers in a tertiary oncology centre in Singa-

pore, by identifying them using surgical logs and surgical 

codes. All apparent advanced endometrial cancers such as 

those with obvious extrauterine involvement were exclud-

ed. A total of 571 cases were analyzed: 319 open surgeries 

and 252 robotic. Data collected was exported to SPSS, ver-

sion 25 (IBM Corp., Chicago, IL, USA), and consisted of the 

number of open and robotic cases done per annum, as well 

as the mean bill size incurred by the patients for both routes 

of surgery. Independent t-test analysis was done to deter-

mine if there are any statistical differences between the 

mean bill size for robotics and open surgery. For all P<0.05, 

P was considered statistically significant. Exemption of In-

stitutional Review Board review was obtained because it 

involved collection of existing data that was de-identified. 

RESULTS

There was a steady overall increase in the number of ro-

botic hysterectomies performed over the 10 years (Fig. 1). 

Fig. 1. Graph showing the trend in total annual number of open 
and robotic surgeries for endometrial cancer from January 2008 
to December 2017.
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The number increased from six robotic cases in 2008 

(13.6%) to 41 cases in 2017 (60.2%). On the other hand, 

the number of open cases performed for endometrial can-

cers decreased from 38 cases (86.4%) to 27 cases in 2017 

(39.7%). There was a significant increase in proportion of 

robotic cases between 2012 and 2017 (19%). From 2014 

to 2017, open surgery cases remain within the range of 27 

to 28 cases while robotics surgery cases increased from 18 

to 41 cases, nearly double the robotic cases in 2014. Table 

1 shows the number and proportions of open and robotic 

cases by year. 

The mean total bill size by year is shown in Table 1. The 

cost of robotics surgery dropped significantly from 2012 

(mean, S$15809.05; standard deviation [SD], S$1982.96) to 

2017 (mean, S$12891.00; SD, S$3190.38), with a mean dif-

ference of S$2918.05, t(68)=4.814, P<0.001. This drop is 

not observed in open surgery. The cost of open surgery in-

creased from 2012 (mean, S$13804.36; SD, S$6150.27) to 

2017 (mean, S$16243.43; SD, S$9982.65), with no statisti-

cal difference between the years t(73)=-1.311, P=0.194. The 

trend in mean total bill size is depicted in Fig. 2.

DISCUSSION

There is no published data on the cost of robotic surgery 

for the most common gynecological cancer in Singapore, 

endometrial cancer. Local data and experience are particu-

larly important as robotic surgery matures in Singapore and 

there is increasing interest in the issue of the value that 

each intervention adds to public healthcare. The cost to pa-

tients of robotic surgery has been one of the main concerns 

for healthcare institutions and systems. One area of imme-

diate concern is the significant initial investment involved in 

the acquisition of the robotic surgical platform, and the 

maintenance contract over the service lifetime of the sys-

tem. The cost of this initial investment and the service con-

tract are often amortized against each surgical case over 

Fig. 2. Graph showing the trend in annual mean total bill size (SGD) 
for open and robotic surgeries for endometrial cancer from January 
2008 to December 2017.

Table 1. Number of open and robotic surgeries for endometrial cancer and the annual mean total bill size from 2008 to 2017

Year
Open Robotic

No. of cases per annum Mean total bill size (SGD) No. of cases per annum Mean total bill size (SGD)

2008 38 (86.0) 11,223.73 6 (14.0) 10,360.74

2009 30 (65.0) 11,298.05 16 (35.0) 11,347.49

2010 30 (60.0) 14,902.57 20 (40.0) 13,444.39

2011 24 (44.0) 14,509.34 30 (56.0) 14,273.55

2012 48 (59.0) 13,804.36 33 (41.0)a) 15,809.05b)

2013 40 (62.0) 15,887.56 25 (38.0) 15,161.58

2014 27 (60.0) 16,357.85 18 (40.0) 14,838.06

2015 28 (52.0) 16,940.77 26 (48.0) 15,026.82

2016 27 (42.0) 17,299.80 37 (58.0) 13,289.19

2017 27 (40.0) 16,243.43 41 (60.0)a) 12,891.00b)

Total 319 14,672.50 252 13,966.55

Values are presented as number (%).
a)Statistically significant increase in proportion of robotic cases between 2012 and 2017; b)Statistically significant decrease in 
mean total bill size between 2012 and 2017. 
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the service lifetime of the system as a “facility fee”. This “up-

front fee” in addition to any consumables, instruments, and 

logistics that are involved in each surgical case usually result 

in a significantly higher hospital bill size, and has not 

changed over the duration of study. This form of cost re-

covery is commonly used in Singapore and throughout Asia. 

This should be taken into account when considering the ac-

tual cost of robotic surgery against those of other minimally 

invasive surgical modalities. Other factors that need to con-

sidered when addressing the issue of cost are overall surgi-

cal load, proportion of the total surgical load that is per-

formed open, potential savings by converting the open load 

to MIS, and what modality can most efficiently deliver this 

conversion from open to MIS. Lau et al. [10] showed that in 

a public healthcare payor system with a significant endome-

trial cancer load, converting from open to robotic repre-

sented savings mainly because of shorter hospital stays, 

and fewer complicated readmissions, which resulted in low-

er bill sizes as compared to their historical cohort, in which 

majority of their patients had open surgery. Our pilot data 

suggests that findings by Lau et al. [10] may be applicable to 

programs in Singapore as well, and that the total cost of 

providing surgical care for endometrial cancer is lower with 

robotic surgery as compared to open surgery.

When considering the larger picture of societal costs, 

Barnett et al. [11] demonstrated that robotic surgery is less 

“costly” than open surgery. The depreciation cost of the ro-

bot system did not affect the patient’s bill size during the 

period of study.

With the introduction of robotic surgery in our centre in 

2008, the groundwork was set for a pilot program to offer 

day-surgery hysterectomy. Few patients were discharged 

on the same day after robotic surgery then. However, since 

2016, the default pathway for patients who have had a hys-

terectomy for endometrial cancer is for discharge on the 

same day of surgery. This has been shown to be a safe, ef-

fective, and feasible care model for our patients, as an inter-

nal audit on day surgery cases performed from March 

2016 to December 2016 led to no operative complications, 

and no re-admissions (n=14).

In this study, we demonstrated the effect of increased 

surgical efficiency and the economies of scale on the pa-

tient’s total hospital bill size. As surgeons and surgical teams 

leverage robotic surgical technology to allow for greater 

daily throughput in the period described from 2012 to 

2017, the fixed cost of providing surgical care was increas-

ingly offset by increased revenue, shorter hospital stays for 

a larger proportion of patients receiving surgical care, and a 

lower overall usage of inpatient resources.

Ultimately, the goal of adopting robotic surgery is to re-

duce the proportion of open surgeries, and not to convert 

laparoscopic procedures into robotic procedures. While 

conventional laparoscopy is apparently associated with 

lower costs as compared to both open and robotic surgery 

for endometrial cancer [11] the more important question 

remains as to which modality will “move the needle” to-

wards MIS more efficiently. In gynecological cancer, the in-

troduction of robotic surgery “moved the needle” from 

open to MIS in much more significant way than when lapa-

roscopy was introduced. Moore’s Law is often summarized 

as the doubling of computing power halves the cost of tech-

nology, this together with the ability of robotic surgical plat-

forms to bridge the gap between open surgery and tradi-

tional laparoscopy translates into an increasingly more 

efficient model to equip more surgeons to deliver minimally 

invasive surgical care.

Since the goal of this study is to only analyze and consider 

the total bill size of the patient, the limitation is the lack of 

breakdown of the bill: hospital stay, cost incurred for oper-

ating room and equipment, and post-operative complica-

tions. Longitudinal data including re-admission data and 

costs is also unavailable. Future research including such de-

tail and health economics studies can shed more light on 

the overall cost difference between the two routes of sur-

gery. Additionally, there is no comparison with laparoscopic 

route of surgery for endometrial cancer. This is not within 

the scope of this study as the aim is to demonstrate how 

patients’ bill sizes change in an institution which lacks lapa-

roscopically trained gynae-oncologist, but are still providing 

patients with minimally-invasive cancer surgery through 

the bridging from open to robotic surgeries.

This pilot data suggests that with the increase in uptake 

of robotic surgery for endometrial cancer, there was signifi-

cant decrease in total bill size for patients who underwent 

robotic surgery. Increase use of the robotic surgical plat-

form, improved efficiency and shorter hospital stay with 

robotic surgery will likely continue to direct bill sizes down-

ward.
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