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Abstract

Background The clinical benefits of minimally invasive
surgery (MIS) are proven, but overall financial benefits are
not fully explored. Our goal was to evaluate the financial
benefits of MIS from the payer’s perspective to demon-
strate the value of minimally invasive colorectal surgery.
Methods A Truven MarketScan® claim-based analysis
identified all 2013 elective, inpatient colectomies. Cases
were stratified into open or MIS approaches based on ICD-
9 procedure codes; then costs were assessed using a similar
distribution across diagnosis related groups (DRGs). Care
episodes were compared for average allowed costs, com-
plication, and readmission rates after adjusting costs for
demographics, comorbidities, and geographic region.
Results A total of 4615 colectomies were included—2054
(44.5 %) open and 2561 (55.5 %) MIS. Total allowed
episode costs were significantly lower MIS than open
($37,540 vs. $45,284, p < 0.001). During the inpatient
stay, open cases had significantly greater ICU utilization
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(3.9 % open vs. 2.0 % MIS, p < 0.001), higher overall
complications (52.8 % open vs. 32.3 % MIS, p < 0.001),
higher colorectal-specific complications (32.5 % open vs.
179 % MIS, p <0.001), longer LOS (6.39 open vs.
4.44 days MIS, p < 0.001), and higher index admission
costs ($39,585 open vs. $33,183 MIS, p < 0.001). Post-
discharge, open cases had significantly higher readmission
rates/100 cases (11.54 vs. 8.28; p = 0.0013), higher aver-
age readmission costs ($3055 vs. $2,514; p = 0.1858), and
greater 30-day healthcare costs than MIS ($5699 vs. $4357;
p = 0.0033). The net episode cost of care was $7744/pa-
tient greater for an open colectomy, even with similar DRG
distribution.

Conclusions In a commercially insured population, the
risk-adjusted allowed costs for MIS colectomy episodes
were significantly lower than open. The overall cost dif-
ference between MIS and open was almost $8000 per
patient. This highlights an opportunity for health plans and
employers to realize financial benefits by shifting from
open to MIS for colectomy. With increasing bundled
payment arrangements and accountable care sharing pro-
grams, the cost impact of shifting from open to MIS
introduces an opportunity for cost savings.

Keywords Minimally invasive colorectal surgery - Open
colorectal surgery - Healthcare outcomes - Financial
benefits - Cost shifting

From the introduction of laparoscopic colorectal surgery,
clinical benefits have been apparent [1-6]. The laparo-
scopic approach was initially more expensive, from the
additional operative time, operating room costs, and con-
sumable equipment costs [7, 8]. However, even early in the
adoption of MIS, cost offsets related to reductions in length
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of stay (LOS), intensive care unit (ICU) utilization, post-
operative complications, and less use of post-discharge
nursing facilities were obvious [2, 3, 9]. With increasing
experience, the intraoperative efficiency related to opera-
tive time and instrumentation improved significantly,
resulting in similar or superior total costs with laparoscopic
colectomy [9-15]. The combined societal benefits from the
lower indirect costs and improved early quality of life were
also recognized early in adoption of MIS [7, 16]. Despite
these data, the impending transition to bundled payment
schemes requires all stakeholders to ascertain the major
drivers of clinical and economic efficiency for both MIS
and open colectomy. A full assessment requires a risk-
adjusted comparison of the short-term outcomes from the
index hospitalization, including costs of readmissions,
emergency department visits, professional costs from
physician visits, and productivity [17].

With the rising costs of healthcare in the USA, there is
a need to use all available tools to reduce spending. In
2014, healthcare spending grew 5.3 % from the prior
year, to reach $3.0 trillion or $9523 per person, and
17.5 % of the nation’s Gross Domestic Product [18].
While the drivers of healthcare cost growth are complex
and multifactorial, there is an increasing emphasis on cost
reductions and improving quality, including complica-
tions, readmissions, and resource use [19-22]. Federally
proposed solutions, including bundled payments for
inpatient surgery, which combine provider reimburse-
ments into a single payment for the entire surgical epi-
sode [23], and merit-based incentive payments, which
adjusts physician payment based on factors, include
quality metrics and resource utilization [24, 25]. Rather
than focusing on outcome issues like readmission, it may
be advantageous to compare providers on the cost of care
at the population level, allowing providers the opportunity
to lower their process costs. This would allow patients
and payers to identify clinically and economically effi-
cient providers with greater confidence. Authors focused
on the concepts of warranty cost and inefficiency of care
have articulated this concept [13, 26]. Surgeons may be
able to preempt these impending process changes and
reduce their own costs and healthcare consumption by
increasing use of MIS for colectomy. With current
national utilization of laparoscopy estimated in only
~50 % of eligible cases, there is a great opportunity for
expanding MIS and reducing overall costs [27].

The goal of the study was to evaluate the clinical and
financial benefits of MIS from the payer’s perspective to
demonstrate the overall value of minimally invasive col-
orectal surgery. Our hypothesis was the reduction in
complications and readmissions with MIS would result in
an overall benefit to the entire healthcare system.

Methods and materials

We performed a retrospective claim data analysis using the
2012 and 2013 Truven Healthcare MarketScan commercial
claim data. MarketScan contains the annual enrollment and
paid claims generated by approximately 50 million com-
mercially insured lives covered by the benefit plans of large
employers, health plans, and governmental and public
organizations nationwide. The study population was full-
time employees or dependents of full-time employees, not
in capitated and unknown plan types and with eligibility in
all months of 2012, and at least 1 month in 2013, as well as
pharmacy coverage during all months of eligibility.
Patients were included if between 18 and 64 years of age
with at least one 2013 claim for colectomy with discharge
dates between January 1, 2013 and November 30, 2013.
MIS and open colectomy cases were identified using
International Classification of Diseases Ninth Edition
(ICD-9) procedure codes in the primary position of the
claim (Table 1). Cases were excluded if the colectomy was
performed with robotic assistance, identified using ICD-9
add-on procedure codes 17.41-17.45 and 17.49 or Current
Procedural Terminology/Healthcare Common Procedure
Coding System (CPT) code S2900. To ensure, cases were
most directly comparable, where either surgery type (open
or MIS) could be an option, the following exclusions were
also made:

1. Inpatient cases that are not coded with Diagnosis
Related Group (DRG) codes 329, 330 or 331.

2. Metastatic cancer cases, which are typically not

considered eligible to shift to MIS. These cases were
identified based on the presence of metastatic ICD-9
diagnosis codes on the inpatient surgery colectomy
claims of patients with colorectal cancer or any of
these patients’ claims in the 6 months prior to and
1 month after the colectomy surgery (Table 2).

3. Emergent inpatient colectomy cases as we assume that

only a small portion of emergent open cases would be
eligible for shifting to MIS. We classified claims as
emergency (as opposed to elective) based on evidence
of an emergency room visit associated with admission
based on an ER professional claim on day of admission
or day prior to admission.

4. Cases coded as both MIS and open on the index

procedure claim (Table 1).

All claims associated with the inpatient colectomy stay
and 30 days following discharge were evaluated. The
claims were grouped into major service categories using
ICD-9 procedure codes, CPT codes, revenue codes, place
of service codes, and DRGs. Data fields evaluated include
the incidence, demographics, length of stay, 30-day
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Table 1 Codes used for colectomy identification

Purpose Open

MIS

ICD-9 procedure codes for
colectomy identification

CPT codes to identify cases
coded as both open and MIS

4571, 45.72, 45.73, 45.774, 45.75, 45.76, 45.79, 45.82, 45.83

44,140, 44,141, 44,143, 44,144, 44,145, 44,146, 44,150, 44,151,
44,155, 44,156, 44,157, 44,158, 44,160, 45,113, 45,121

17.31, 17.32, 17.33, 17.34, 17.35,
17.36, 17.39, 45.81

44,204, 44,205, 44,206, 44,207,
44,208, 44,210, 44,211, 44,212

ICD-9 procedure codes were required to be in the primary position of the claim

MIS minimally invasive surgery, CPT current procedural terminology, /CD-9 international classification of diseases ninth edition

Table 2 Codes used for cancer identification

Purpose ICD-9 diagnosis codes

Colorectal cancer identification

Metastatic cancer identification

153.0, 153.1, 153.2, 153.3, 153.4, 153.5, 153.6, 153.7, 153.8, 153.9, 154.0, 154.1, 154.8, 209.10, 209.13,
209.14, 209.15, 209.16, 230.3, 235.2

196.0, 196.1, 196.2, 196.3, 196.5, 196.6, 196.8, 196.9, 197.0, 197.1, 197.2, 197.3, 197.4, 197.5, 197.6, 197.7,

197.8, 198.0, 198.1, 198.2, 198.3, 198.4, 198.5, 198.6, 198.7, 198.81, 198.82, 198.89

ICD-9 procedure codes were required to be in the primary position of the claim

MIS minimally invasive surgery, CPT current procedural terminology, /CD-9 international classification of diseases ninth edition

readmissions, service utilization, and average allowed cost
for open and MIS colectomy. Incidence was defined as the
frequency of colectomies, calculated as the number of
members with colectomies divided by the total number of
members in the study population. Complications during the
inpatient colectomy episode were identified as by a com-
plication ICD-9 code in any position of the claim.

Costs were defined as paid claims/reimbursement to the
healthcare system, including all facility and professional
payments incurred during the inpatient stay and within the
30 days after discharge. The 2013 commercial claim data
were reviewed for the difference in payer costs between
MIS and open colectomies. Readmissions and their cost
contribution within 30 days of the colectomy discharge
were considered. To adjust for readmission outlier costs,
we capped each 30 day readmission allowed amount at
$100,000. To compare the costs between open and MIS
colectomies, adjustment was made for potential explana-
tory variables, including age, gender, comorbidities, pres-
ence of cancer, and US census region. To adjust for
regional reimbursement differences when comparing the
cost of open to MIS cases, a regional adjustment to the
contribution of costs from each region was made. The
adjustment was made for both the post-procedure 30 days
and the procedure costs. The adjustment was based on each
member’s place of residence by ten major regions: Pacific,
East South Central, West South Central, Mountain, New
England, South Atlantic, West North Central, East North
Central, Middle Atlantic, and Unidentified (2 % of cases
were in this region). The MIS costs were adjusted to reflect
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the same contribution of cases per region. To adjust for
differences in contribution of cancer cases when comparing
the cost of open to MIS cases, the MIS cancer case con-
tribution was adjusted to reflect the same contribution as
the open cancer case contribution. We used a federally
certified risk adjustment methodology developed by the US
Department of Health and Human Services (HHS) to
account for differences in age, gender, and comorbidity
when comparing the cost of open and MIS colectomies.
The methodology uses a hierarchical condition category
(HCC) system to categorize diagnosis codes by severity for
calculating “metal-level” risk scores (i.e., platinum, gold,
silver, bronze, and catastrophic) [28]. The risk scores are
intended to predict cost in the subsequent year. Using 2012
MarketScan data, we identified the HHS—HCC gold metal-
level risk score for each individual using 12 months of
claims data prior to the colectomy admission date. The
gold metal level was chosen as it best reflects the average
risk score for a commercially insured population. Using
individual risk scores, we calculated the mean risk score
for each colectomy.

Linear regression was used to model the relationship
between post-procedure 30-day costs and the risk score for
each colectomy. The ratio between the open and MIS post-
procedure 30-day costs was calculated and then adjusted by
multiplying this ratio by the existing MIS costs, including
the adjustments for regional and cancer differences and
readmission outliers.

As the study population was derived from a de-identified
national database and did not involve human subjects, it



Surg Endosc (2017) 31:2846-2853

2849

was exempt from our institution’s Institutional Review
Board approval.

Results

There were a total of 4615 elective colectomies identified
that met the inclusion criteria in the 2013 index year, 2054
(44.5 %) open and 2561 (55.5 %) MIS. The open and MIS
cohorts were well matched in gender with just over 50 %
of both open and MIS cases performed on males
(p = 0.8653). Before risk adjustment, the mean age (49.9
open vs. 50.6 MIS, p = 0.0246), mean HHS-HCC gold
metal-level risk score (p < 0.001), proportion of patients
with cancer (27.2 % open vs. 28.9 % MIS, p = 0.0443),
and case distribution across the 10 geographic regions
(p < 0.001) were statistically significantly different across
the open and MIS cohorts. During the inpatient stay, the
open group had a significantly higher rate of ICU utiliza-
tion (3.9 % open vs. 2.0 % MIS, p < 0.001). The rates of
overall complications per colectomy inpatient claim
(52.8 % open vs. 32.3 % MIS, p < 0.001) and colorectal-
specific complications per colectomy inpatient claim
(32.5 % open vs. 17.9 % MIS, p < 0.001) were also sig-
nificantly higher in the open colectomy group. The
resulting LOS was significantly longer open compared to
the MIS group (6.39 vs. 4.44 days, p < 0.001). Complete
demographics and details from the inpatient episode are in
Table 3. The colorectal-specific complications are in
Table 4.

After adjusting for age, comorbidities, incidence of
malignant cases, and geographic region, the average
allowed facility and professional surgical procedure costs
were significantly lower for MIS than open colectomies,
even given the equal distribution of patients across DRG’s
using our adjustment of cases. The MIS cohort also had
significantly lower total average costs for the inpatient
stay ($33,183 MIS vs. $39,585 open, p < 0.001), includ-
ing lower facility ($27,960 MIS vs. $33,945 open,
p < 0.001) and professional ($5223 MIS vs. $5639 open,
p = 0.0012) components for the episode of care. Post-
discharge, open cases had significantly higher readmission
rates (11.54 per 100 cases vs. 8.28 per 100 cases;
p = 0.0013), higher average readmission costs ($3055 vs.
$2514; p = 0.1858), and higher 30 day post-discharge
costs than MIS ($5699, vs. 4357; p = 0.0033). Overall,
the total allowed costs, including the inpatient episode
and all associated costs for 30 days post-discharge, were
significantly lower with MIS than open colectomy
($37,540 vs. $45,284, p < 0.001). The overall cost dif-
ference was $7744 per patient. Table 5 demonstrates full
details for the allowed costs.

Discussion

With the current healthcare crisis, there is a need for ways
to reduce healthcare costs and improve healthcare quality.
Laparoscopic colorectal surgery has evolved to be cost-
effective, from lower indirect costs during the surgical
episode offsetting the direct costs [7, 11-14]. However,
there may be additional financial benefits from the index
hospitalization and post-discharge healthcare costs with
minimally invasive colectomy. In this study, we sought to
evaluate the clinical and financial benefits of MIS from the
payer’s perspective to demonstrate the overall value of
minimally invasive colorectal surgery. We found the
overall rate of MIS for colectomy in eligible cases was only
55 % nationwide, indicating that further clinical and eco-
nomic efficiency may be possible by accessing providers
who have more fully adopted MIS. After adjusting groups
to ensure the open and MIS were comparable, there was a
reduction in ICU utilization, complications, length of stay,
and average total costs during the inpatient episode using
minimally invasive colectomy. Post-discharge, MIS cases
had lower readmission rates, lower readmission costs, and
lower 30 day post-discharge costs. Overall, MIS was
associated with lower total costs than open surgery,
including payer costs in a commercially insured working
age population.

This work is a novel addition to the current literature as
no prior study has evaluated the potential cost savings from
the payer’s perspective across open and MIS cases that
could feasibly be performed through a minimally invasive
approach, including the allowable costs for the anchor and
post-anchor periods. The data also support earlier assess-
ments of MIS versus open colectomy suggesting a shift of
more patients with both a lower frequency of complica-
tions, as well as a lower cost to manage those complica-
tions [29]. In our analysis, we found the anchor average
cost difference between open and MIS was $6402-$5986
for facility fees and $416 for professional fees. The 30 day
post-anchor average allowed cost difference was $1342,
and total average allowed episode cost difference was
$7744, all in favor of MIS. This overall cost difference of
$7744 per patient could result in significant overall benefit
to the healthcare system by increasing use of MIS for
colectomy. While not evaluating the same endpoints, our
findings concur with a recent study looking at health care
utilization, including office, outpatient, emergency depart-
ment visits, and inpatient services 90 and 365 days after the
index colectomy procedure [17]. The authors reported a
cost savings with laparoscopic colectomy for the inpatient
episode of $7405 ($24,196 laparoscopic vs. $31,601 open)
and 90 days post-discharge of $4096 ($4176 laparoscopic
vs. $8272 open). With the growing emphasis on reducing
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f’{‘)z;b:zlgctl;ii?rtl; pcélsaractenstlcs Open MIS » value
Cases 2054 2561
Case distribution 44.5 % 55.5 %
Incidence 0.012 % 0.015 %
Age
Mean 49.9 50.6 0.0246*
Median 52.0 52.0
Range 18-64 18-64
Distribution
18-24 34 % 2.7 % <0.001**
25-34 6.7 % 42 %
3544 14.8 % 14.6 %
45-54 36.3 % 389 %
55-64 389 % 39.6 %
Average risk score 7.34 3.21 <0.001%*
Gender distribution
Male 50.6 % 50.8 % 0.8653%*
Female 49.4 % 49.2 %
Cases with an ICU stay 39 % 2.0 % <0.001%%*
Average length of stay (days) 6.39 4.44 <0.001*
Total complications per inpatient claim 52.8 % 323 % <0.001*
Colorectal-specific complications per inpatient claim 32.5 % 17.9 % <0.001*
Regional distribution (census region)
Pacific 123 % 13.8 % <0.001**
East South Central 10.0 % 7.8 %
West South Central 8.4 % 8.9 %
Mountain 6.2 % 5.6 %
New England 6.4 % 6.1 %
South Atlantic 20.2 % 212 %
West North Central 59 % 59 %
East North Central 19.7 % 18.3 %
Middle Atlantic 94 % 10.9 %
Unidentified 1.4 % 1.5 %
Cancer distribution
Yes 272 % 28.9 % 0.0443%*
No 72.8 % 71.1 %
MIS minimally invasive surgery
* T test, ** y test
Table 4 Colorectal-specific complications ICD-9 diagnosis and procedure codes
Code type Code
ICD-9 diagnosis codes 998.59, 998.6, 557.0, 557.9, 560.1, 560.2, 560.81, 560.89, 560.9, 567.2, 567.21, 567.22, 567.23, 567.29,
567.31, 567.38, 567.39, 567.8, 567.81, 567.82, 567.89, 567.9, 568.81
ICD-9 procedure codes 44.5, 46.41, 46.93
healthcare costs, there is a compelling argument for To reduce healthcare utilization, there is a drive toward
increasing use of laparoscopy for colectomy even in the  quality improvement, as all parties suffer financial conse-
limited literature. quences from poor quality health care, with payers hit the
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Table 5 Comparison of MIS Open MIS adjusted® Difference p value

and open average allowed costs.

Source: Authors’ analysis of Total average allowed episode costs® $45284  $37,540 $7744 <0.001

2012-2013 Truven MarketScan

database using methodology Anchor average cost $39,585 $33,183 $6402 <0.001

described Facility $33,945 $27,960 $5986 <0.001
Professional $5639 $5223 $416 0.0012
30 day post-anchor average allowed cost $5699 $4357 $1342 0.0033
Readmissions per 100 anchor cases 11.54 8.28 3.26 0.0013
Readmission average allowed cost/case” $3055 $2514 $542 0.1858

MIS Minimally invasive surgery

? Total allowed episode cost includes all claims for the initiating “anchor” surgery case and the 30 days

after anchor discharge

b Readmission average allowed cost/case reflects the cost of all readmissions spread across all cases—not

the average cost of a readmission

¢ MIS average cost calculation for each cohort assumes the same regional and cancer contribution as open
cases and MIS average cost reflects an adjustment for the difference in 2012 HHS-HCC gold risk score

between open and MIS patients

hardest [30]. Colectomy is a prime target for quality
improvement as the procedure accounts for a dispropor-
tionate share of the morbidity, mortality, and excess hos-
pital days in surgery [31]. An important, direct relationship
between complications, readmissions, costs, and episode
payments in colorectal surgery has previously been
demonstrated [13, 22, 32, 33]. In order to improve surgical
quality, reductions in costs and improvement in these
quality outcomes must occur [33]. In our study, we found
significantly lower rates of complications-colectomy
specific and overall, readmissions, and readmission costs
with MIS compared to open colectomy. Subsequent total
allowed costs were significantly lower with MIS than open
colectomy. Based on this data, increasing utilization of
minimally invasive colectomy is a clear tool for increasing
quality and reducing costs. With impending penalties for
readmissions and complications, implementing this sur-
geon-controlled quality improvement is increasingly
important [34]. The implications of this work are to
determine how to shift the remaining 45 % of colectomy
patients from open to laparoscopic techniques, in order to
realize the potential clinical and quality benefits.

The cost difference demonstrated here with MIS could
also increase value to physicians and payers with the
increasing use of bundled payments. Bundled payment—
the reimbursement to providers on the basis of expected
costs for an entire episode of care [35]—is a federally
funded initiative mandated by the Affordable Care Act to
transition Medicare away from fee-for-service payments
and toward a single payment for a total episode of care
[36]. Under bundled payment and shared saving

arrangements, hospitals and physicians split any surplus,
giving them a powerful incentive to improve quality,
patient outcomes, and reduce utilization. Thus, using MIS,
which results in lower total costs for payers, could lead to
greater profit for physicians and hospitals under these
alternative payment arrangements.

We recognize the limitations in this work. First, the data
set only considered commercially insured patients aged
18-64, so Medicare patients, who may be greater con-
sumers of health care, were not included. The MIS and
open groups were different in terms of age, comorbidity,
incidence of cancer, and geographic region. However,
stringent risk adjustment was used to ensure groups were
comparable, and exclusions were used to create two
cohorts where MIS would be feasible. Coding errors could
also be present in a large administrative data source. In this
large sample size, we would not expect these to make a
significant impact on our results or conclusions. Truven
MarketScan does not contain full clinical details, lab
results, or diagnostic information contained on medical
records, so clinical outcomes cannot be fully evaluated.
This limitation was managed by using claims data for
complications and readmissions.

In conclusion, we found minimally invasive colectomy
offered benefits for patients, payers, and providers. MIS
had lower healthcare utilization in terms of ICU stays,
facility, and professional fees. MIS also resulted in greater
quality than open colectomy, with lower complications,
lower readmissions, and shorter lengths of stay. In a
commercially insured population, the risk-adjusted allowed
costs for MIS colectomy episodes were significantly lower
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than open-an overall cost difference of almost $8000 per
patient. These data suggest that a system offering MIS
preferentially shifts the cost structure across the spectrum
of DRG’s, resulting in a lower cost for both the index
admission and a lower contribution of cost from readmis-
sion. This highlights an opportunity for health plans and
employers to realize financial benefits by shifting from
open to MIS for colectomy. It also offers an opportunity for
surgeons to reduce their costs through process improve-
ment with MIS, instead of relying on outcomes, which are
not always in out control. With increasing bundled pay-
ment arrangements and accountable care sharing programs,
the impact of shifting from open to MIS introduces an
opportunity for cost savings and quality improvement.
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Appendix

See Table 6.

Table 6 Colorectal-specific and nonspecific complications ICD-9
diagnosis and procedure codes

Code type Code

ICD-9 diagnosis
codes

V58.2, E873.0, E934.7, E876.0, 998.51, 338.18,
338.28, 998.30, 998.31, 998.32, 998.33, 998.2,
998.11, 599.0, 590.10, 590.11, 415.11, 415.19,
453.40, 590.11, 590.2, 590.80, 590.81, 4270,
427.1, 427.2, 427.31, 427.32, 427.41, 427.42,
427.5, 427.60, 427.61, 427.69, 427.81, 427.89,
427.9, 997.1, 428.1, 428.21, 428.23, 428.31,
428.33, 428.41, 428.43, 514, 518.4, 434.91,
997.02, 4350, 453.41, 453.42, 453.8, 453.9,
997.2, 997.71, 997.72, 997.79, 518.81, 518.82,
518.84, 799.1, 481, 485, 486, 997.3, 584.5,
584.6, 584.7, 584.8, 584.9, 586, 433.01, 433.11,
433.21, 433.31, 433.81, 433.91, 434.01, 434.11,
435.1, 435.2, 435.3, 435.8, 435.9, 437.1, 430,
431, 4320, 432.1, 432.9, 99,700, 997.01, 997.09,
997.4, 564.2, 564.3, 564.4, 998.59, 998.6, 557.0,
557.9, 560.1, 560.2, 560.81, 560.89, 560.9,
567.2, 567.21, 567.22, 567.23, 567.29, 567.31,
567.38, 567.39, 567.8, 567.81, 567.82, 567.89,
567.9, 568.81

ICD-9 procedure  99.02, 99.03, 99.04, 96.70, 96.71, 96.72, 44.5,
codes 46.41, 46.93

@ Springer

References

1. Jacobs M, Verdeja JC, Goldstein HS (1991) Minimally invasive
colon resection (laparoscopic colectomy). Surg Laparosc Endosc
1:144-150

2. Delaney CP, Kiran RP, Senagore AJ, Brady K, Fazio VW (2003)
Case-matched comparison of clinical and financial outcome after
laparoscopic or open colorectal surgery. Ann Surg 238:67-72

3. Delaney CP, Chang E, Senagore AJ, Broder M (2008) Clinical
outcomes and resource utilization associated with laparoscopic
and open colectomy using a large national database. Ann Surg
247:819-824

4. Senagore AlJ, Stulberg JJ, Byrnes J, Delaney CP (2009) A
national comparison of laparoscopic vs. open colectomy using the
National Surgical Quality Improvement Project data. Dis Colon
Rectum 52:183-186

5. Braga M, Frasson M, Zuliani W, Vignali A, Pecorelli N, Di Carlo
V (2010) Randomized clinical trial of laparoscopic versus open
left colonic resection. Br J Surg 97:1180-1186

6. Senagore AJ (2015) Adoption of Laparoscopic Colorectal Sur-
gery: it was quite a journey. Clin Colon Rectal Surg. 28:131-134

7. Dowson HM, Huang A, Soon Y, Gage H, Lovell DP, Rockall TA
(2007) Systematic review of the costs of laparoscopic colorectal
surgery. Dis Colon Rectum 50:908-919

8. Murray A, Lourenco T, de Verteuil R et al (2006) Clinical
effectiveness and cost-effectiveness of laparoscopic surgery for
colorectal cancer: systematic reviews and economic evaluation.
Health Technol Assess 10:1-141, iii—iv

9. Noblett SE, Horgan AF (2007) A prospective case-matched
comparison of clinical and financial outcomes of open versus
laparoscopic colorectal resection. Surg Endosc 21:404-408

10. Berto P, Lopatriello S, Aiello A et al (2012) Cost of laparoscopy
and laparotomy in the surgical treatment of colorectal cancer.
Surg Endosc 26:1444-1453

11. Kang CY, Chaudhry OO, Halabi WJ et al (2012) Outcomes of
laparoscopic colorectal surgery: data from the Nationwide Inpa-
tient Sample 2009. Am J Surg 204:952-957

12. Jordan J, Dowson H, Gage H, Jackson D, Rockall T (2014)
Laparoscopic versus open colorectal resection for cancer and
polyps: a cost-effectiveness study. Clinicoecon Outcomes Res
6:415-422

13. Asgeirsson T, Jrebi N, Feo L, Kerwel T, Luchtefeld M, Senagore
AJ (2014) Incremental cost of complications in colectomy: a
warranty guided approach to surgical quality improvement. Am J
Surg 207:422-426 (discussion 425-6)

14. Keller DS, Pedraza R, Flores-Gonzalez JR, LeFave JP, Mahmood
A, Haas EM (2015) The current status of emergent laparoscopic
colectomy: a population-based study of clinical and financial
outcomes. Surg Endosc 30:3321-3326

15. Aly OE, Quayyum Z (2012) Has laparoscopic colorectal surgery
become more cost-effective over time? Int J Colorectal Dis
27:855-860

16. Dowson HM, Ballard K, Gage H, Jackson D, Williams P, Rockall
TA (2013) Quality of life in the first 6 weeks following laparo-
scopic and open colorectal surgery. Value Health 16:367-372

17. Crawshaw BP, Chien HL, Augestad KM, Delaney CP (2015)
Effect of laparoscopic surgery on health care utilization and costs
in patients who undergo colectomy. JAMA Surg 150:410-415

18. CMS.gov. National Health Expenditure Data, Updated 12/3/
2015. https://www.cms.gov/research-statistics-data-and-systems/
statistics-trends-and-reports/nationalhealthexpenddata/national
healthaccountshistorical.html. Last accessed 20 Feb 2016

19. Kocher KE, Nallamothu BK, Birkmeyer JD, Dimick JB (2013)
Emergency department visits after surgery are common for


https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html

Surg Endosc (2017) 31:2846-2853

2853

20.

21.

22.

23.

24.

25.

26.

217.

Medicare patients, suggesting opportunities to improve care.
Health Aff (Millwood) 32:1600-1607

Birkmeyer JD, Gust C, Baser O, Dimick JB, Sutherland JM,
Skinner JS (2010) Medicare payments for common inpatient
procedures: implications for episode-based payment bundling.
Health Serv Res 45:1783-1795

Keller DS, Chien HL, Hashemi L, Senagore AJ, Delaney CP
(2014) The HARM score: a novel, easy measure to evaluate
quality and outcomes in colorectal surgery. Ann Surg
259:1119-1125

Krell RW, Girotti ME, Fritze D, Campbell DA, Hendren S (2013)
Hospital readmissions after colectomy: a population-based study.
J Am Coll Surg 217:1070-1079

Miller DC, Gust C, Dimick JB, Birkmeyer N, Skinner J, Birk-
meyer JD (2011) Large variations in Medicare payments for
surgery highlight savings potential from bundled payment pro-
grams. Health Aff (Millwood). 30:2107-2115

CMS.gov. The Merit-Based Incentive Payment System (MIPS) &
Alternative Payment Models (APMs): Delivery System Reform,
Medicare Payment Reform, & the MACRA. https://www.cms.
gov/Medicare/Quality-Initiatives-Patient- Assessment-Instruments/
Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-
and-APMs.html. Last accessed 20 Feb 2016

Surgeons. ACo. Frequently Asked Questions about MIPS. https://
www.facs.org/advocacy/federal/medicare/faq. Last accessed 20
Feb 2016

Fry DE, Pine M, Jones BL, Meimban RJ (2011) The impact of
ineffective and inefficient care on the excess costs of elective
surgical procedures. J Am Coll Surg 212:779-786
Moghadamyeghaneh Z, Carmichael JC, Mills S, Pigazzi A,
Nguyen NT, Stamos MJ (2015) Variations in laparoscopic
colectomy utilization in the United States. Dis Colon Rectum
58:950-956

28.

29.

30.

31.

32.

33.

34.

35.

36.

CMS.gov. https://www.cms.gov/Medicare/Health-Plans/Evalua
tion of the CMS-HCC Risk Adjustment Model. https://www.cms.
gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Down
loads/Evaluation_Risk_Adj_Model_2011.pdf. Last Accessed 21
Feb 2016

Senagore AJ, Brannigan A, Kiran RP, Brady K, Delaney CP
(2005) Diagnosis-related group assignment in laparoscopic and
open colectomy: financial implications for payer and provider.
Dis Colon Rectum 48:1016-1020

Dimick JB, Weeks WB, Karia RJ, Das S, Campbell DAJ (2006)
Who pays for poor surgical quality? Building a business case for
quality improvement. J Am Coll Surg 202:933-937

Schilling PL, Dimick JB, Birkmeyer JD (2008) Prioritizing
quality improvement in general surgery. J Am Coll Surg
207:698-704

Lawson EH, Hall BL, Louie R, Zingmond DS, Ko CY (2014)
Identification of modifiable factors for reducing readmission after
colectomy: a national analysis. Surgery 155:754-766
Birkmeyer JD, Gust C, Dimick JB, Birkmeyer NJ, Skinner JS
(2012) Hospital quality and the cost of inpatient surgery in the
United States. Ann Surg 255:1-5

Centers for Medicare and Medicaid Services. Physician quality
reporting system. http://www.cms.gov/Medicare/Quality-Initia
tives-Patient-Assessment-Instruments/PQRS/index.html ?redirect=/
PQRSY/. Last Accessed Dec 2014

Cromwell J, Dayhoff DA, Thoumaian AH (1997) Cost savings
and physician responses to global bundled payments for Medicare
heart bypass surgery. Health Care Financ Rev 19:41-57

Tsai TC, Joynt KE, Wild RC, Orav EJ, Jha AK (2015) Medicare’s
Bundled Payment initiative: most hospitals are focused on a few
high-volume conditions. Health Aff (Millwood) 34:371-380

@ Springer


https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.facs.org/advocacy/federal/medicare/faq
https://www.facs.org/advocacy/federal/medicare/faq
https://www.cms.gov/Medicare/Health-Plans/Evaluation
https://www.cms.gov/Medicare/Health-Plans/Evaluation
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/Evaluation_Risk_Adj_Model_2011.pdf
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/Evaluation_Risk_Adj_Model_2011.pdf
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/Evaluation_Risk_Adj_Model_2011.pdf
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/PQRS/index.html%3fredirect%3d/PQRS/
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/PQRS/index.html%3fredirect%3d/PQRS/
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/PQRS/index.html%3fredirect%3d/PQRS/

	A new perspective on the value of minimally invasive colorectal surgery---payer, provider, and patient benefits
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods and materials
	Results
	Discussion
	Acknowledgments
	Appendix
	References




