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ABSTRACT

Background and Objectives: Despite the growth of min-
imally invasive surgery (MIS) in many specialties, open co-
lon surgery is still routinely performed. The purpose of this
study was to compare outcomes and costs between open
colon and minimally invasive colon resections.

Methods:We analyzed outcomes between January 1, 2016
and December31, 2018 using the Vizient® clinical database.
Demographics, hospital length of stay, readmissions, com-
plications, mortality, and costs were compared between
patients undergoing elective open and minimally invasive
colon resections. For bivariate analysis, Wilcoxon rank-sum
test was used for continuous variables and x 2 test was used
for categorical variables. Multiple Logistic and Quintile
regression were used for multivariable analyses.

Results: A total of 88,405 elective colon resections (open:
56,599; minimally invasive: 31,806) were reviewed. A sig-
nificantly larger proportion of patients undergoing mini-
mally invasive surgery were obese (body mass index >
30) compared to those undergoing open surgery (71.4%
vs. 59.6%; p< 0.0001). As compared to minimally inva-
sive colectomy, open colectomy patients had: a longer
median length of stay [median (range): 7 (4–13) days vs.
4 (3 – 6) days, p< 0.0001], higher 30-day readmission

rate [n = 8557 (15.1%) vs. 2815 (8.9%), p< 0.0001], higher
mortality [n = 2590 (4.4%) vs. 107 (0.34%), p< 0.0001],
and a higher total direct cost [median (range): $13,582
(9041–23,094) vs. $9013 (6748 – 12,649), p< 0.0001].
Multivariable models confirmed these findings.

Conclusion: Minimally invasive colon surgery has clear
benefits in terms of length of stay, readmission rate, mor-
tality and cost, and the routine use of open colon resec-
tion should be revaluated.

Key Words: Colorectal surgery, Open approach, Laparo-
scopic, Robotic, Minimally invasive surgery.

INTRODUCTION

With an estimated 2% annual increase in incidence of
colorectal cancer among patients aged less than 50 years
and the high prevalence of diverticular disease, the overall
volume of colon procedures has been rising.1,2 In the
early 1990s, laparoscopic colorectal surgery, despite its
longer operative time, was determined to be a safe alter-
native to open resection, and was associated with
decreased postoperative morbidity and shorter length of
hospital stay.3,4

In recent years, the widespread use of robotic surgery in
various surgical specialties has also led to the adoption of
robotic surgery in the field of colon surgery, with a four-
fold increase in robotic-assisted colorectal procedures wit-
nessed between 2009 and 2012.5,6

Current practice in colon surgery includes all three sur-
gical approaches (open, laparoscopic, and robotic).
Open approach is still believed to be the gold standard
in technically challenging cases when the procedure
cannot be performed safely with the laparoscopic or
robotic approach.

Evidence suggests that the initial cost of procuring
robotic equipment is a major hurdle for some hospitals.7
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Interestingly, there is paucity of data on whether this
high initial cost can be offset by the associated advan-
tages, such as reduced operative times, improvements in
readmission rates, and lower complication rates. Further,
in the elderly and obese populations (one-third of the
population in the U.S. is classified as obese) robotic
approach may have some benefits.8

Despite the increase in the performance of robotic surgery
and minimally invasive surgery (MIS) in general surgery,
much of colon surgery is still being performed as open
surgery in the U.S. The purpose of this study was to com-
pare outcomes and costs between open colon and mini-
mally invasive colon resections performed at major
academic medical centers in the U.S.

METHODOLOGY

Data was obtained from the Vizient® clinical database, a
comparative database with discharge and line-item data
from more than 350 member institutions, including 97%
of academic medical centers in the U.S. with 8.5 million
inpatient encounters per year. The data included patients
undergoing open or minimally invasive colon resections
between January 1, 2016 and December 31, 2018, data on
demographics (age, sex, and racial background), body
mass index (BMI), length of hospital stay (days), 30-day
readmission, complications, mortality, and total direct
costs incurred (USD) were retrieved.

These data elements were defined by use of ICD-10 code
and are limited by the corresponding issues that come as
a result of utilizing billing data. As such, the specific mo-
dality of minimally invasive surgery (laparoscopic vs
robotics) could not be well defined. BMI and complica-
tions were also defined by code and as such patients with-
out assigned codes were excluded (BMI) or assumed not
to have complications. These are standard limitations of
relying on coded data and are well tolerated in the
industry.

All continuous variables were assessed for normality and
outliers using formal statistical, extreme observations, his-
tograms, and probability plots. Continuous variables were
summarized as mean (standard deviation) or median
(interquartile range [IQR]) as appropriate, while frequency
(percentage) was determined for categorical variables.

For bivariate analysis, Wilcoxon rank-sum test was used
for continuous variables, while x 2 test was used for cate-
gorical variables. Baseline and outcome measures, (length
of hospital stay, 30-day readmission rate, mortality rate,

and total direct costs) were compared between the open
and laparoscopic colon resection groups.

Multivariate logistic regression models were used to
determine the odds of mortality, 30-day readmissions in
open resection vs. minimally invasive resection, as well
as the odds of mortality by age, gender (male vs. female)
and race (White, Black, other Nonwhite) for all colon
resections.

All results were considered statistically significant at P <
.05 level of significance. All analyses were performed
using SAS version 90.4 (SAS Institute Inc., Cary, NC).

RESULTS

The total number of elective colon resections undertaken
between January 1, 2016 and December 31, 2018 were
88,405. Of these, 56,599 were open resections while
31,806 were minimally invasive. Patients undergoing
open resections were significantly older than those
undergoing minimally invasive resection (61.5 years vs.
60.8 years, P < .001), and there was a female preponder-
ance in both open and minimally invasive groups (52.8%
in open, and 51.2% in minimally invasive, P < .001 for all
comparisons). Compared to patients undergoing open
resection, a significantly higher proportion of patients
undergoing minimally invasive resections were obese
(defined as having a BMI> 30kg/m2); 71.4% vs. 59.6%, P <
.0001). Table 1 summarizes the demographic characteristics
of the study groups.

MIS was associated with superior outcomes compared to
open surgery. The median length of stay (LOS) was signifi-
cantly longer for open resection vs. MIS (7days vs. 4 days,
P < .0001). Similarly, 30-day readmission and mortality
rates were both significantly lower for the MIS group com-
pared to the open group (30-day readmission rates: 8.9%
vs. 15.1%, P < .0001), mortality rates: 0.34% vs. 4.4%, P <
.0001) Open resection was associated with a significantly
higher median total direct cost vs. MIS resections ($13,582
vs. $9,013, P < .0001). Table 2 summarizes the bivariate
comparison of outcomes between the two study groups.

On multivariate analysis, open resection patients had 13
times greater odds of mortality at discharge than MIS sur-
gery patients (odds ratio [OR] 13.7, P < .0001). Race and
sex were predictors of mortality; Nonwhite patients had
significantly higher odds of mortality in comparison with
White patients (OR 1.44 for Black patients, 1.43 for other
Nonwhite races, P < .0001 for both comparisons) while
OR for mortality among females was 0.65, P < .0001.
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Table 3 summarizes the results of logistic regression anal-
ysis for mortality.

Adjusted for all other factors, open colon surgery was
associated with a significantly higher odds of readmission
vs. MIS (OR 1.82, P < .0001). Age, gender, and race were
also independently associated with 30-day readmission.
Table 4 summarizes the multivariate regression analysis
results for 30-day readmission.

After adjusting for all other factors, Table 5 shows the
median LOS was 3.4 days higher for patients who had
open colon surgery compared to MIS. Age, sex, and race
were independently associated with LOS, while Table 6
shows the median cost was $4,520 higher for patients
who had open colon surgery compared to MIS. For ev-
ery 10-year increase in age, median cost increased by
$177. Female patients had $1,082 lower median cost
than male patients. Compared to White patients, Black

and Nonwhite patients had higher cost ($1,474 and
$731, respectively).

DISCUSSION

Colon surgical operations have increased in the past two
decades, with more than 10,000 colon surgeries performed
in the U.S. annually. The new U.S. Preventive Services Task
Force recommendations for colorectal cancer screening
starting at 45 years of age, and the increasing use of novel
less invasive modalities for colorectal cancer screening has
led to detection of a large volume of early-stage colorectal
malignancy. Besides operative interventions for colon can-
cer, surgery for benign colon pathology, particularly diver-
ticular disease of the colon, has also increased in the U.S.
More than 10,000 colon resections are performed annually
in the U.S., with an increased use of MIS for both emergent
and elective colon resections.

Table 2.
Bivariate Comparisons of Outcomes

Variable Open (n = 56,599) Laparoscopic (n = 31,806) p-Value

Length of Stay (days), Median (Interquartile range) 7 (4 – 13) 4 (3 – 6) <0.0001

30-day Re-admission, n (%) 8,557 (15.1) 2,815 (8.9) <0.0001

Mortality, n (%) 2,590 (4.4) 107 (0.34) <0.0001

Total Direct Cost ($), Median (Interquartile range) 13,582 (9,051 – 23,094) 9,013 (6,748 – 1,2649) <0.0001

Table 1.
Demographic Characteristics

Variable Open (n= 56,599) Laparoscopic (n = 31,806) Overall (n = 88,405) p-Value

Age (Year), Median (Interquartile range) 61.5 (50.6–70.8) 60.8 (50.8 – 70.3) 61.3 (50.7 – 70.6) <0.001

Sex, n (%) <0.0001

Male 26,723 (47.2) 15,517 (48.8) 42,240 (48.8)

Female 29,873 (52.8) 16,289 (51.2) 46,162 (52.2)

Race <0.0001

White 41,661 (73.6) 24,421 (76.8) 66,082 (74.7)

Black 8,231 (14.5) 3,419 (10.7) 11,650 (13.2)

Other Nonwhite 6,707 (11.9) 3,966 (12.5) 10,673 (12.1)

Obese status, n (%)* <0.0001

BMI � 30 (kg/m2) 9,914 (59.6) 4,867 (71.4) 14,781 (63.0)

BMI< 30 (kg/m2) 6,719 (40.4) 1,947 (28.6) 8,666 (37.0)

BMI, body mass index.
*BMI was missing for n = 64,958 patients. Obesity status was estimated using n = 16,663 in the Open group and n= 6,814 in the
Laparoscopic group.
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Jacobs et al. described the safety of minimally invasive
laparoscopic colon resections in 1991, including hemico-
lectomies, sigmoidectomies, low anterior resections, and
abdomino-perineal resections.9 MIS resections were
greeted with caution and doubt as colon resections were
regarded as major operations in comparison to MIS of the
gallbladder and appendix. Oncologic MIS colon resec-
tions were initially presumed to have high recurrence
rates at port sites, raising doubts about the efficacy of MIS

in oncologic resections. This led to a slow adoption of co-
lon MIS in the 1990s with only 8% of colon resections in
the U.S. performed by laparoscopy alone, and another 8%
performed with laparoscopic assistance. By 2000 new

Table 3.
Multiple Logistic Regression Model for Mortality

Factor
Odds Ratio (95%
Confidence Interval) p-Value

Procedure

Laparoscopic reference —

Open 13.7 (11.3 – 16.7) < 0.0001

Age (for each 10-year increase) 1.37 (1.33 – 1.41) < 0.0001

Sex

Male reference —

Female 0.65 (0.60 – 0.70) < 0.0001

Race

White reference —

Black 1.44 (1.29 – 1.60) < 0.0001

Other Nonwhite 1.43 (1.27 – 1.60) < 0.0001

*C-statistic-0.75.

Table 4.
Multiple Logistic Regression Model for Readmission

Factor
Odds Ratio (95%
Confidence Interval) p-Value

Procedure

Laparoscopic reference —

Open 1.82 (1.74 – 1.91) < 0.0001

Age (for each 10-year increase) 0.97 (0.96 – 0.98) < 0.0001

Sex

Male reference —

Female 0.95 (0.92 – 0.99) 0.022

Race

White reference —

Black 1.19 (1.12 – 1.26) < 0.0001

Other Nonwhite 0.99 (0.93 – 1.05) 0.672

*C-statistic-0.58.

Table 5.
Quantile (Median) Regression Model for Length of Stay

Variable
*Estimate (95%
Confidence Interval) p-Value

Procedure

Laparoscopic reference —

Open 3.38 (3.32, 3.44) < 0.0001

Age (for each 10-year
increase)

0.166 (0.147, 0.186) < 0.0001

Sex

Male reference —

Female �0.452 (�0.518,
�0.386)

< 0.0001

Race

White reference —

Black 1.06 (0.94, 1.18) < 0.0001

Other Nonwhite 0.233 (0.153, 0.313) < 0.0001

*Regression coefficients were estimated via Quantile (Median)
regression.

Table 6.
Quantile Regression Model for Cost

Variable
*Estimate (95%
Confidence Interval) p-Value

Procedure

Laparoscopic reference —

Open 4,520 (4409, 4630) < 0.0001

Age (for each 10-year
increase)

177.4 (143.2, 211.7) < 0.0001

Sex

Male reference —

Female �1,081.6 (�1178.8, �984.5) < 0.0001

Race

White reference —

Black 1,474.4 (1265.0, 1683.8) < 0.0001

Other Nonwhite 731.1 (551.0, 911.2) < 0.0001

*Regression coefficients were estimated via Quantile (Median)
regression.
This model includes patients with >$0 cost (n = 86,347).
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evidence showed favorable outcomes in laparoscopic co-
lon resections in comparison to open colon resections
(OCR). The turn of the century was also characterized by
the advent data regarding the safe use of robotic colon
resections and single-incision laparoscopic colon resec-
tions.10-13 Those improved outcomes were in conjunction
with a steep reduction in colon MIS operative times (with-
out jeopardizing clinical outcomes) after almost 40 colon
MIS, highlighting a reasonable learning curve.

Short-Term Outcomes

Studies initially showed modestly improved short-term
outcomes when comparing MIS to OCR. One of the most
important outcomes, hospital LOS, is significantly lower
in patients undergoing colon MIS due to multiple fac-
tors;14 Reduced postoperative complications, including
the most common reported complication after colon sur-
gery, postoperative ileus is curtailed not only due to the
application of enhanced recovery programs but also due
to the reduced pain and ability of patients to ambulate
earlier in MIS. Earlier tolerance of oral intake was also
noted in colon MIS.15 Postoperative morbidity including
infectious (wound infections, abdominal abscesses, re-
spiratory and urinary tract infections, bacteremia) and
noninfectious (arrhythmias, ileus, bleeding, intestinal
obstruction, deep venous thrombosis) complications
were lower in colon MIS along with a lower short term
mortality rate, mirroring the results of our study.16

Oncologic Outcomes

In regard to long term survival and disease-free period for
oncologic colon resections, the initial hypothesis that
inadequate margins and incomplete resection margins
along with trocar site tumor recurrence had a great impact
on the delay of adoption of colon MIS, along with a clini-
cal trial in 2000 concluding inferiority of colon MIS to
OCR in oncologic pathologies.17 Similar results were not
reproducible. Most clinical trials performed afterwards,
showed noninferiority of colon MIS to OCR.18 The use of
wound protectors and slow desufflation with intracorpo-
real trocars have helped reduce the aforementioned recur-
rence rates. In recent trials and metanalysis, 3- and 5-year
progression free survival were similar between groups.
Recurrence rates, whether local, at wound site or distant
metastasis were similar between both colon MIS and
OCR. Overall cancer related mortality rates were also simi-
lar between groups. The most essential factor in disease-
free survival in most studies was not the surgical approach
used, but the surgeons experience with oncologic colon

resections and specialty, which showed a tendency
towards fewer local recurrences.19

Cost/Benefit

When comparing costs between colon MIS and OCR, it’s
essential to include the financial impact of complications,
morbidities, readmission rates and length of hospital stay
in the overall cost. Comparing the costs of either laparo-
scopic instruments or robotic instruments, consoles and
video towers, the cost of colon MIS will exceed that of the
OCR approach, as was initially published.20 If robotic and
laparoscopic equipment was added as capital cost that
would greatly reduce cost benefits of MIS. Initial operative
time also plays a role when comparing cost benefits of dif-
ferent approaches, keeping in mind that colon MIS was a
fairly new approach that started only two to three decades
ago.

Although more surgeons are trained to perform MIS, less
than half of the colon resections are performed using MIS
approach. Thus, the time to train and be competent with
the minimally invasive approach adds an additional cost,
but as surgical programs continue to train surgeons and
residents in the use of minimally invasive techniques, and
institutions continue to utilize laparoscopic and robotic
equipment, the cost of colon MIS will continue to drop.

Overall, adding complications, hospital LOS, discharge to
home versus a rehabilitation facility, along with current
reduced operative times in MIS, the overall cost benefit of
OCR will far exceed that of the colon MIS. Current studies
estimate cost savings between 500 and 8,000 USD
between colon MIS and OCR.21 With these improved cost
benefits, colon MIS would be beneficial to patients instead
of OCR.

Training/Learning Curve

The laparoscopic learning curve continues to steepen
with rapid learning of colon MIS. The use of minimally
invasive techniques in surgical training for most proce-
dures has led to an easier adoption of colon MIS, due to
prior experience with laparoscopic instrumentation.

Recent recommendations for the assessment of the MIS
learning curve suggested that it should not be limited to a
decrease in operative time and should also include the
conversion and complication rates. Multiple case series
and observational studies have shown that operative time
may or may not decrease after 50–90 colon MIS, owing to
the increased confidence of the surgeon and the
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application of minimally invasive techniques in high com-
plexity patients, but conversion from MIS and OCR tends
to decrease after 30–50 operations.22 Robotic surgery,
although limited to centers with access to robotic equip-
ment and consoles, has a faster learning trend with profi-
ciency levels approached after 25–30 cases. Robotic
surgery has the advantage of 3-dimensional and ergo-
nomic controls, facilitating surgical intervention in highly
complex surgeries.23

Surgeons may also benefit from professionally reviewed
recorded operative procedures to further enhance their
technique, improve outcomes and reduce operative
time.

THE FUTURE OF COLON MIS

Improved outcomes, decreased morbidity and mortal-
ity, and cost savings when performing colon MIS are all
factors that should drive surgeons to adopt the mini-
mally invasive approach as the gold standard for colon
resections. An incentive to help surgeons steer towards
MIS could be by changing the reimbursement rates for
laparoscopic and robotic colon resections, as a recent
study by Keller et al., showed lower reimbursements of
colon MIS in comparison to OCR. They suggested that a
10% –20% increase in reimbursements would result in
cost savings with colon MIS due to reduced hospital
LOS, complications, comorbidities, and would lead to
faster adoption of that approach.24

As laparoscopic and robotic procedures are performed in
academic centers, surgical residents will be more likely to
perform colon MIS, due to training in those approaches,
easier use of instruments, and faster learning curves once
they are surgeons.25,26

We hope that reinforcing the stark difference in outcomes,
cost benefit, morbidity, and mortality, will aid in that tran-
sition toward colon MIS.

STRENGTHS AND LIMITATIONS

This is one of the largest retrospective studies compar-
ing outcomes of patients undergoing elective colon MIS
vs. OCR with 88,000 patients included. We compared
high impact outcomes including LOS, morbidity, mor-
tality, and total direct cost of admission including costs
of the procedure and extra costs encountered due to
complications and readmissions. In this study, we could
not subcategorize the colon MIS into laparoscopic,

hand-assisted, single port, and robotic to differentiate
and compare groups due to limitations of the data gath-
ered from the database. Our analysis did not match co-
lon MIS to open group in regard to baseline
comorbidities which can lead to higher complication
rates in either group.

CONCLUSION

Minimally invasive colon surgery has clear benefits in
terms of LOS, readmission rate, mortality, and cost. Open
colon surgery should not be considered the gold standard
approach for colon resections.
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