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Abstract
Background  There are limited studies that compare the cost and outcome of robotic-assisted surgery to open and laparo-
scopic surgery for colon cancer treatment. We aimed to compare the three surgical modalities for colon cancer treatment.
Methods  We performed a cohort study using the population-based Nationwide Inpatient Sample database. Patients with 
a primary diagnosis of colon cancer who underwent robotic, laparoscopic, or open surgeries between 2008 and 2014 were 
eligible for enrollment. We compared in-hospital mortality, complications, length of hospital stay, and cost for patients under-
going one of these three procedures using a multivariate adjusted logistic regression analysis and propensity score matching.
Results  Of the 531,536 patients undergoing surgical treatment for colon cancer during the study period, 348,645 (65.6%) 
patients underwent open surgeries, 174,748 (32.9%) underwent laparoscopic surgeries, and 8143 (1.5%) underwent robotic 
surgeries. In-hospital mortality, length of hospital stay, wound complications, general medical complications, general surgi-
cal complications, and costs of the three surgical treatment modalities. Compared to those undergoing laparoscopic surgery, 
patients undergoing open surgery had a higher mortality rate (OR 2.98, 95% CI 2.61–3.40), more general medical complica-
tions (OR 1.77, 95% CI 1.67–1.87), a longer length of hospital stay (6.60 vs. 4.36 days), and higher total cost ($18,541 vs. 
$14,487) in the propensity score matched cohort. Mortality rate and general medical complications were equivalent in the 
laparoscopic and robotic surgery groups, but the median cost was lower in the laparoscopic group ($14641 vs. $16,628 USD).
Conclusions  Laparoscopic colon cancer surgery was associated with a favourable short-term outcome and lower cost com-
pared with open surgery. Robot-assisted surgery had comparable outcomes but higher cost as compared to laparoscopic 
surgery.

Keywords  Colon cancer · Open surgery · Laparoscopic surgery · Robotic-assisted surgery · Comparative effectiveness 
research · Cost analysis

and Other Interventional Techniques 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0046​4-019-06672​-7) contains 
supplementary material, which is available to authorized users.

 *	 Chien‑Chang Lee 
	 cclee100@gmail.com

1	 Department of General Surgery, Chi Mei Medical Center, 
Liouying, Tainan, Taiwan, Republic of China

2	 Department of Electrical Engineering, Southern 
Taiwan University of Science and Technology, Tainan, 
Taiwan, Republic of China

3	 Department of Epidemiology, Harvard T.H. Chan School 
of Public Health, Boston, MA, USA

4	 Department of Surgery, Vancouver General Hospital, 
Vancouver, BC, Canada

5	 Department of Emergency Medicine, National Taiwan 
University Hospital, Taipei, Taiwan, Republic of China

6	 Department of Radiation Oncology, Wan-Fang Hospital, 
Taipei, Taiwan, Republic of China

7	 School of Health, McTimoney College of Chiropractic, BPP 
University, Abingdon, Oxfordshire, UK

8	 Health Data Science Research Group, National Taiwan 
University Hospital, No. 7, Chung‑Shan South Road, 
Taipei 100, Taiwan, Republic of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-019-06672-7&domain=pdf
https://doi.org/10.1007/s00464-019-06672-7


3758	 Surgical Endoscopy (2019) 33:3757–3765

1 3

In recent years, there has been a trend towards minimally 
invasive surgical (MIS) techniques. Included in this trend 
has been the widespread acceptance of laparoscopy as an 
alternative to the open approach in colon surgery. Further-
more, robot-assisted procedures have been gradually adopted 
in a variety of surgical fields [1]. The increasing acceptance 
of MIS has sparked wide interest in the outcomes of such 
procedures relative to their traditional counterparts [2]. The 
minimally invasive techniques offer numerous, including 
better cosmesis [3], shorter postoperative hospitalization, 
faster recovery, and reduced morbidity [4, 5].

The first report on laparoscopic colon cancer surgery was 
published in 1991, but this procedure was used by very few 
groups [6]. Since the introduction of specific ICD-9 proce-
dure codes for laparoscopic and robotic surgery in 2008, 
subsequent studies have shown that the true utilization of 
laparoscopy in colon surgery was underestimated before the 
introduction of such codes [2]. This is likely to be the case 
for robotic surgery as well.

However, most of the literature on MIS comes from aca-
demic medical centers with limited sample sizes and may 
not reflect a population-wide outcome of minimally inva-
sive surgery for colon cancer. We, therefore, proposed to use 
a nation-wide database to compare the outcomes of open, 
laparoscopic and robotic procedures.

Materials and methods

Data sources

This study was conducted using the Nationwide Inpatient 
Sample (NIS) between 2008 and 2014. The NIS was com-
piled and distributed by the Healthcare Cost and Utilization 
Project (HCUP), which was sponsored by the Agency for 
Healthcare Research and Quality [4]. The NIS is the larg-
est all-payer inpatient database in the US and samples from 
approximately 8 million acute hospital stays from more than 
1000 hospitals in 42 states per year. Before 2012, the NIS 
comprised all inpatient discharges by randomly sampling 
20% of hospitals in the US. To improve national estimates, 
the NIS was redesigned in 2012, and has since systemati-
cally sampled 20% of discharges from all HCUP-participat-
ing hospitals.

Definitions and variables

Patients were considered to have colon cancer if they had 
a primary diagnosis of Clinical Classifications Software 
(CCS) code 14. CCS is a tool developed by the Agency for 
Healthcare Research and Quality (AHRQ) for clustering 
patient diagnoses and procedures into a manageable num-
ber of clinically meaningful categories. Patients with colon 

cancer were identified as having a surgical procedure by the 
above diagnosis codes plus any ICD-9 CM procedure codes 
for open (45.71–76 and 45.79, and 45.82–83), laparoscopic 
(17.31–36 and 17.39, and 45.81) or robotic (17.41–45 and 
17.49) surgeries.

Patient characteristics, information on elective versus 
emergent admission, pathologic staging, information about 
their hospital stay, and in-hospital outcomes were used as 
coded in the NIS. We followed the previously reported clas-
sification of pathologic staging: localized disease (AJCC 
Stage I, NIS 1.01, 2.01), locally advanced disease or symp-
toms (AJCC Stage II, NIS 2.02, 2.03, 2.04), regional nodal 
disease (AJCC Stage III, NIS 3.01), or metastatic disease 
(AJCC Stage IV, NIS 3.02) [7].

We calculated the Elixhauser comorbidity score as devel-
oped by Thompson et al. [8] The outcomes investigated in 
this study were in-hospital mortality, length of stay (LOS), 
in-hospital complications, and overall cost of hospitaliza-
tion. In-hospital complications were further categorized into 
wound, general medical, and general surgical complications. 
ICD9-CM codes were used to identify the different hospi-
tal complications (Appendix 1 in Supplementary material). 
Wound complications included wound disruption or hema-
toma formation. General medical complications referred 
to acute cardiovascular adverse events, lung atelectasis, or 
gastrointestinal bleeding. General surgical complications 
included paralytic ileus, peritonitis and retroperitoneal infec-
tion, hemoperitoneum, or postoperative infection. Cost was 
estimated by multiplying hospital charges with the cost-to-
charge ratios for a given year. Both the hospital charges and 
the cost-to-charge ratio were provided by the HCUP.

Statistical analysis

Survey data were analyzed using the recommendations 
from AHRQ. We obtained descriptive statistics using 
survey-specific statements. To obtain national estimates 
for, we used the trend weights for years prior to 2012. 
For 2012–2014, the regular discharge weight (DISCWT) 
was used [5]. Table 1 compares the characteristics and 
outcomes of colon cancer patients across three types of 
surgery. Characteristics and unadjusted outcomes for the 
study population were reported using percentages for cat-
egorical variables and medians together with interquartile 
ranges for continuous variables. Given that there were dif-
ferences in the clinical characteristics of patients receiving 
different surgical treatment, we used the 1:1 propensity 
score (PS) matching method to adjust for their baseline 
differences. In this study, PS was defined as the condi-
tional probability of receiving the surgical treatment of 
interest compared to a reference surgical treatment for the 
index episode of colon cancer. Two sets of PS (open vs. 
laparoscopic, and laparoscopic vs. robotic) were created 
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from a logistic regression model that included 48 poten-
tial predictors (Appendix 2 in Supplementary material). 
The balance of each covariate across the two comparison 
groups was checked using standardized differences before 
and after matching. For dichotomous outcome variables 
such as mortality and complications, PS was entered into 
the outcome regression model for adjustment of potential 
confounders. For continuous outcomes such as LOS or 
costs, we performed two analyses. First, we dichotomized 
continuous outcome variables into the following groups: 
greater than the 75th percentile or less than this. We then 
calculated the odds ratios (ORs) by a logistic regression 
model adjusting for PS. Second, we used PS matching and 
made a direct comparison of the median value of the out-
come variables in the matched cohort. PS matching was 
performed by a greedy matching algorithm without any 
trimming. All analyses and plots were conducted using 
SAS 9.3 for Windows (SAS Institute Inc., Cary, NC, USA).

We conducted and reported this study in accordance 
with the strengthening the reporting of observational stud-
ies in epidemiology (STROBE) guidelines. Since the NIS 
database contains de-identified information regarding each 
hospitalization, the need for informed consent was waived. 
This study was approved by institutional review board of 
Chi Mei Medical Center.

Results

Baseline characteristics

Between 2008 and 2014, we identified 531,536 patients 
who fitted our inclusion criteria. The baseline characteris-
tics of patients in the three groups (open, laparoscopic and 
robotic) are shown in Table 1. The open surgical approach 
was the predominant surgical treatment modality (65.6%, 
348,645/531,536), followed by the laparoscopic approach 
(32.9%, 174,748/531,536) and the robot-assisted approach 
(1.5%, 8,143/531,536). In the open surgery group, 36.14% 
of patients were admitted emergently. On the contrary, 
most laparoscopic (76.96%) and robotic (78.14%) proce-
dures were performed electively. Furthermore, most lapa-
roscopic (72.30%) and robotic (70.56%) procedures were 
performed for localized lesions, and most patients received 
treatment in urban hospitals, especially those undergoing 
a robotic procedure (96.71%).

Table 1   Baseline characteristics 
of three different types of 
surgeries from 2008 to 2014

Characteristics Open
N = 348,645

Laparoscopic
N = 174,748

Robotic
N = 8143

Demographics
 Male sex, no. (%) 166,923 (47.91%) 83,978 (48.14%) 4119 (50.58%)
 Age (mean ± SE) 69.24 ± 0.08 67.95 ± 0.09 66.96 ± 0.53

Income
 Highest quartile, no. (%) 94,867 (27.76%) 36,252 (21.14%) 1727 (21.51%)
 Quartile 3, no. (%) 94,382 (27.62%) 42,808 (24.97%) 1908 (23.77%)
 Quartile 2, no. (%) 81,821 (23.94%) 45,185 (26.35%) 2079 (25.90%)
 Lowest quartile, no. (%) 70,618 (20.67%) 47,208 (27.53%) 2314 (28.82%)

Comorbidity
 Combined comorbidity score (mean ± SE) 3.55 ± 0.04 3.66 ± 0.05 4.17 ± 0.22

Type of admission
 Elective admission 222,650 (63.86%) 134,493 (76.96%) 6362 (78.14%)
 Emergent admission 125,995 (36.14%) 40,254 (23.04%) 1780 (21.86%)

Staging
 Localized: stage I 213,227 (61.16%) 126,345 (72.30%) 5746 (70.56%)
 Locally advanced: stage IIA, IIB, IIC 22,558 (6.47%) 8498 (4.86%) 450 (5.52%)
 Regional nodal disease: stage IIIA, IIIB, IIIC 50,226 (14.41%) 21,646 (12.39%) 899 (11.05%)
 Metastatic: stage IVA, IVB 62,634 (17.96%) 18,259 (10.45%) 1048 (12.87%)

Hospital characteristics
 Rural hospital, no. (%) 50,205 (14.48%) 13,388 (7.71%) 268 (3.29%)
 Urban, nonteaching hospital, no. (%) 139,659 (40.28%) 67,936 (39.10%) 2582 (31.75%)
 Urban, teaching hospital, no. (%) 156,897 (45.25%) 92,418 (53.19%) 5283 (64.96%)
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National estimates of outcomes and costs

Table 2 shows the crude estimates of in-hospital mortal-
ity, wound complications, general medical complications, 
general surgical complications, and costs of the three 
surgical treatment modalities. In general, patients under-
going open surgery had the worst in-hospital outcomes 
among the three surgical modalities. The outcomes of 
laparoscopic and robotic surgery were generally compa-
rable, except for in-hospital mortality, which was lower in 
the robotic surgery group (0.68% vs. 0.84%, p < 0.0005). 
Open surgery was associated with the highest total cost 
(median = $16,785 USD), followed by robotic surgery 
(median = $16,629) and, finally, laparoscopic surgery 
(median = $13,881) (p < 0.0001).

Propensity score‑adjusted outcomes and costs

As patient characteristics may vary across different surgi-
cal modalities, we constructed two sets of propensity scor-
ing (open vs. laparoscopic and laparoscopic vs. robotic) to 
balance their baseline differences (Appendix 2 in Supple-
mentary material) for outcome comparison. We constructed 
standardized mean difference plots (Fig. 1), which demon-
strate a smaller difference in baseline covariates after pro-
pensity score matching.

Open versus laparoscopic surgery

After propensity score (PS) matching, we found that open 
surgery was associated with 2.98 higher odds of in-hospital 
mortality (OR 2.98, 95% CI 2.61–3.40), a 2% increase in 
risk of wound complications (OR 1.02, 95% CI 1.01–1.03), 
a 77% increase in risk of general medical complications (OR 
1.77, 95% CI 1.67–1.87), and a 41% increase in risk of gen-
eral surgical complications (OR 1.41, 95% CI 1.35–1.46) 
as compared to laparoscopic surgery. Open surgery was 
also associated with an increased risk of LOS greater than 

the 75th percentile (OR 2.81, 95% CI 2.71–2.90) and cost 
higher than the 75th percentile (OR 1.39, 95% CI 1.34–1.45) 
(Fig. 2A). Open surgery was also found to have a longer 
LOS (6.94 vs. 4.16 days) and a higher total cost ($18,541 
vs. $14,487) as compared to laparoscopic surgery (Table 3).

Laparoscopic versus robotic surgery

In the PS-matched analysis, postoperative complica-
tions were similar in the laparoscopic and robotic surgery 
groups. However, laparoscopic surgery was associated with 
1.08 higher odds of mortality as compared to robotic sur-
gery, although the confidence interval was wide and sta-
tistical significance was not achieved (OR 1.08, 95% CI 
0.59–1.99). Compared with robotic surgery, laparoscopic 
surgery was associated with a significant increased risk 
of LOS greater than the 75th percentile (OR 1.30, 95% CI 
1.16–1.46) (Fig. 2B). Robotic surgery was also associated 
with a 13.57% higher cost than laparoscopic surgery after 
PS matching ($16,628 vs. $ 14,641) (Table 3).

Discussion

Over the last decade, the laparoscopic approach has gained 
increasing acceptance and utilization for colon procedures 
[5, 9–11]. In addition, minimally invasive surgery has 
now expanded from pure laparoscopy to a robot-assisted 
approach. For any new operative technique to become an 
accepted alternative to traditional methods, it should be 
proven to be safe and cost-effective [12]. From our results, 
in comparison to laparoscopic surgeries, open surgeries 
were associated with a higher risk of mortality and numer-
ous postoperative complications. Our PS matching analysis 
also showed that traditional open surgeries were associated 
with longer hospital stays and higher direct medical costs as 
compared to laparoscopic surgery.

Table 2   Unadjusted outcome of three different surgeries from 2008 to 2014

Open
N = 348,645

Laparoscopic
N = 174,748

Robotic
N = 8143

P-value

Mortality, no. (%) 9890 (2.84%) 1471 (0.84%) 55 (0.68%) < 0.0001
Length of hospital stay, median (IQR), 

days
9.57 6.32 5.87 < 0.0001

Complications, no. (%)
 Wound complications, no. (%) 17,756 (5.09%) 6940 (3.97%) 229 (2.81%) < 0.0001
 General medical complications, no. (%) 39,412 (11.30%) 10,979 (6.28%) 503 (6.18%) < 0.0001
 General surgical complications, no. (%) 89,219 (25.59%) 28,915 (16.55%) 1222 (15.01%) < 0.0001

Total cost, median (IQR), USD $16,785 (11,517, 25,730) $13,881 (10,286, 19,796) $16,629 (12,636, 22,761) < 0.0001
Cost per day, median (IQR), USD $2176.39 (1713.24, 2837.38) $2719.90 (2093.53, 3618.90) $3560.76 (2641.12, 4940.90) < 0.0001



3761Surgical Endoscopy (2019) 33:3757–3765	

1 3

Previous studies have demonstrated that the adoption of 
laparoscopy for colon operations could yield a shortened 
LOS and adequate oncologic resection with no differences 
in postoperative complications or in-hospital mortality when 
compared with an open approach [13]. However, a meta-
analysis of 12 randomized controlled trials performed by 
Abraham et al. showed that the laparoscopic technique took 
30% longer to perform but was associated with less morbid-
ity, earlier return of bowel function or reduced analgesia 
requirements [14]. Our study has also shown favourable 
outcomes and lower cost associated with the laparoscopic 
technique as compared to conventional open approach. The 
shortened hospital stay reflects the earlier resumption of oral 
intake, faster recovery of bowel function and physical activ-
ity and fewer medical and surgical complications. Despite 
higher spending on operative instruments, the laparoscopic 
technique was found to be associated with significantly 
lower cost compared with the open approach due to shorter 
hospital stays and fewer complications.

In our PS-matched analysis, laparoscopic and robotic 
surgeries were generally comparable in complication rates 
and LOS. Although there is a trend toward lower in-hos-
pital mortality for patients undergoing robotic surgery, the 

statistical significance was not achieved. Nevertheless, the 
only significant difference we could found from this analy-
sis is the higher cost associated with robotic surgery. These 
findings suggest that robotic surgery, when performed by 
surgeons with varying experience with robotic surgery, does 
not confer a clear advantage in colon cancer resection. Our 
findings corroborated the findings in a recent randomized 
control trial, comparing robotic-assisted to conventional 
laparoscopic surgery for risk of conversion to open lapa-
rotomy among patients undergoing resection for rectal can-
cer [15]. Since the trial was conducted among the patients 
with rectal resections, the conclusions from this trial may 
not be easily compared to our cohort investigating colon 
resections [15]. The study was conducted at 29 sites in 10 
countries and included patients with rectal cancer who were 
randomized to robotic-assisted (n = 237) or conventional 
(n = 234) laparoscopic rectal cancer resection. There were 
no statistically significant differences in the rates of conver-
sion to open laparotomy for robotic-assisted laparoscopic 
surgery compared with conventional laparoscopic surgery 
(8.1 percent vs. 12.2 percent, respectively), and there were 
no statistically significant differences in complication rates 
or quality of life at 6 months.

Fig. 1   The balance of each covariate across the two comparison groups was assessed for standardized differences before and after matching. A 
Open versus laparoscopic surgery and B laparoscopic versus robotic surgery
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A concern about robotic surgery is the cost, including 
the capital and ongoing maintenance charges [16]. Multi-
ple studies have shown that robot-assisted surgery is sig-
nificantly more expensive than conventional laparoscopic 
surgery, which was also confirmed in our analysis [17, 18]. 
Of note, we did not include the initial costs of laparoscopic 
and robotic equipment, as well as maintenance fees, in our 
calculations, which would underestimate the true costs of 
both surgeries. There is a reasonable reluctance of many 
hospitals to develop robot-assisted surgeries because of 
the higher equipment purchase price ($1 to 2.5 million per 
unit) as well as the costs of maintenance and disposable 

consumables compared to conventional laparoscopic surger-
ies [19]. In addition, robot-assisted surgery also results in a 
greater out-of-pocket expense for patients, which hinders its 
use in underinsured patient populations [17]. Barbash et al. 
compared 20 types of robotic surgeries from 2005 to 2010 
and found that the total cost increased approximately $1600 
on average [20]. They also estimated an annual increase of 
$1.5 billion nationally in healthcare expenditure if robotic 
surgery were to be implemented. Although some authors 
have advocated that lower complication rates and shorter 
hospital and intensive care unit stays with increased case 
volumes may offset the initial cost [19], our study, for the 

Fig. 2   Surgical outcome 
comparison between A open 
and laparoscopic surgery, and B 
laparoscopic and robot-assisted 
surgery. OR refers to the odds 
ratios that were adjusted by 
the propensity score. LCL and 
UCL refers to lower and upper 
confidence limits
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first time, showed that, using a US national database, the sig-
nificantly higher costs associated with the robotic technique 
may not be justified given the minimal differences in the 
complication profiles of the different techniques. Neverthe-
less, we found that the adjusted odds ratio for LOS greater 
than the 75th percentile was 1.30 for laparoscopic surgery 
compared with robotic surgery (95% CI 1.16–1.46). Thus, 
robotic surgery may be still proven a benefit in reducing risk 
of extended LOS.

Furthermore, the increased cost was often attributed to 
longer operative time, which may be related to surgeons’ 
learning curve for the new technology, as well as the 
increased time involved in docking and undocking of the 
robotic machine. However, longer operative times may trans-
late into more anesthetic complications. It has been dem-
onstrated that cardiac complications of colon surgery were 
increased by prolonged operative times and were associated 
with mortality rates of 20–40% [21]. However, as the robotic 
experience of surgeons increases and techniques improve, 
the operative time is expected to be reduced. The overhead 
expenses may decrease over time with more market competi-
tion and other emerging technologies.

Conventional laparoscopy has some limitations, which 
are mainly related to its two-dimensional view of the operat-
ing field, physiological tremor of the camera assistant and 
lack of ergonomic design of the instruments, which increases 
fatigue of the operative assistants [22]. Robotic surgery is 
advantageous in its three-dimensional image, lack of tremor, 
motion scaling, and improved dexterity and ambidextrous 
capability [1, 12]. In addition, its unique ability to increase 
articulation and rotation in a confined space provides ergo-
nomic benefits and eases extracorporeal suturing [1, 23]. 
Several reports have also highlighted that these robotic 
advantages are particularly essential for lower rectal lesions, 
[24, 25] in which conventional laparoscopic retraction and 
visualization are very challenging [26, 27].

MIS (laparoscopic and robot-assisted) use in colon can-
cer management is increasing yearly; however, our analysis 
showed that the open method remains the most common 
technique. Of the 531,536 patients included in our study, 
65.6% were open surgeries, 32.9% were laparoscopic surger-
ies, and only 1.53% were robot-assisted surgeries. Bardak-
cioglu et al. [10] noted a marked increase in the use of lapa-
roscopic colectomy after 2008. In addition, Gabriel et al. 
reported a tripling of robot-assisted procedures worldwide 
from 2007 to 2009 [20]. Furthermore, the number of Da 
Vinci surgical systems in US hospitals grew by 75%, from 
800 to 1400, during the same period [20]. The reasons for 
this observation are undoubtedly multifactorial. First, sev-
eral studies have shown promising short-term outcomes 
with robotic surgery that mimicked several advantages of 
laparoscopic over open colon surgery and potentially less 
immunosuppression [4, 28–32]. Second, the increasing use 
of MIS in colon cancer cases might be related to their dis-
ease characteristics, such as less technically complex and 
less steep learning curves compared to other diseases such 
as liver or pancreas resections [33]. Additionally, the learn-
ing curve for robot-assisted colon surgery is short [12, 34].

Limitations

There are several limitations of this study that need to be 
considered when interpreting the data. The NIS database 
lacks information on training, subspecialty and experience 
of surgeons, and annual volume of surgery of a specific hos-
pital or surgeon, which may influence the operative times 
and complication rates. All of these factors would affect the 
duration of hospital stay. Moreover, there is no information 
on re-hospitalization or long-term complications. The NIS 
database may also underestimate patient mortality or overes-
timate morbidity rates because the outcome was measured at 

Table 3   Comparison of cost and length of hospital stay for (1) open versus laparoscopic surgery and (2) laparoscopic versus robot-assisted sur-
gery after propensity score matching

Open
N = 164,234

Laparoscopic
N = 164,234

P value

Open versus laparoscopic surgery
 Total cost, median (IQR), USD $15,785 (11,021, 24,308) $13,683 (10,147, 19,555) < 0.0001
 Cost per day, median (IQR), USD $2196 (1732, 2850) $2657 (2058, 3516) < 0.0001
 Length of stay, median (IQR), days 6.60 (4.59, 10.36) 4.36 (3.05, 6.81) < 0.0001

Robot-assisted
N = 8023

Laparoscopic
N = 8017

Robot-assisted versus laparoscopic surgery
 Total cost, median (IQR), USD $16,628 (12,801, 22,585) $14,641 (10,911, 21,040) < 0.0001
 Cost per day, median (IQR), USD $3517 (2637, 4888) $2961 (2258, 3984) < 0.0001
 Length of stay, median (IQR), days 3.97 (2.76, 6.38) 4.02 (2.88, 6.26) 0.3103
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the time of discharge. Finally, NIS does not provide informa-
tion on conversion rates of MIS to open surgery. Conversion 
results in higher morbidity, and the conversion rate is a valu-
able index of surgical quality.

Conclusion

In conclusion, results of this study support the use of the 
laparoscopic technique in colon cancer surgery on the basis 
of fewer complications, lower in-patient mortality, shorter 
hospital stays, and lower direct costs as compared to open 
surgery. For robot-assisted surgery, our analysis, based on 
a limited number of patients, revealed that it may be a safe 
alternative to open surgery, but with a 46% increase in cost. 
Considering the limited number of patients receiving robot-
assisted surgery in this sample, further investigation into 
the comparative costs and the magnitude of the effects in a 
larger patient population is necessary.
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