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Abstract

Background—Conversion from minimally invasive to open colorectal surgery remains common
and costly. Robotic colorectal surgery is associated with lower rates of conversion than
laparoscopy, but institutions and payers remain concerned about equipment and implementation
costs. Recognizing that reimbursement reform and bundled payments expand perspectives on cost
to include the entire surgical episode, we evaluated the role of minimally invasive conversion in
total payments.

Methods—This is an observational study from a linked data registry including clinical data from
the Michigan Surgical Quality Collaborative and payment data from the Michigan Value
Collaborative between July 2012 and April 2015. We evaluated colorectal resections initiated with
open and minimally invasive approaches, and compared reported risk-adjusted and price-
standardized 30-day episode payments and their components.

Results—We identified 1061 open, 1604 laparoscopic, and 275 robotic colorectal resections.
Adjusted episode payments were significantly higher for open operations than for minimally
invasive procedures completed without conversion ($19,489 vs. $15,518, p<0.001). The
conversion rate was significantly higher with laparoscopic than robotic operations (15.1 vs. 7.6%,
p<0.001). Adjusted episode payments for minimally invasive operations converted to open were
significantly higher than for those completed by minimally invasive approaches ($18,098 vs.
$15,518, p<0.001). Payments for operations completed robotically were greater than those
completed laparoscopically ($16,949 vs. $15,250, £<0.001), but the difference was substantially
decreased when conversion to open cases was included ($16,939 vs. $15,699, o= 0.041).
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Conclusion—Episode payments for open colorectal surgery exceed both laparoscopic and
robotic minimally invasive options. Conversion to open surgery significantly increases the
payments associated with minimally invasive colorectal surgery. Because conversion rates in
robotic colorectal operations are half of those in laparoscopy, the excess expenditures attributable
to robotics are attenuated by consideration of the cost of conversions.
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Methods

The growth of minimally invasive colorectal surgery was accompanied by concern about the
costs of instrumentation. Over time, numerous studies demonstrated significant cost savings
attributable to laparoscopic colectomy when compared to the traditional open approach that
served to alleviate some of these concerns [1-5]. As the uptake of robotic colorectal
operations has increased significantly since 2008, the even greater institutional costs of
robotics have precluded wider implementation of this minimally invasive platform in some
hospitals [6-11].

However, previous analyses of cost considerations around operative options in colorectal
surgery have been limited in two key ways. First, because most studies use administrative
procedure codes to classify operations, minimally invasive surgery (MIS) that is converted to
open has been misclassified as open, which imparts bias against the open approach [11-14].
Converted operations have longer hospital length of stay and incur more frequent
complications when compared to cases that are not converted [15-17]. We have previously
observed significantly lower rates of conversion with robotic colorectal operations when
compared with the laparoscopic approach, suggesting that administrative-based
classifications may not account for cost differences attributable to conversion [18, 19].
Second, most economic studies have evaluated only inpatient in-hospital costs or charges,
which do not accurately represent the realized costs of care from the perspective of the payer
and society, who are interested in total payments for entire episodes around surgery [11, 12,
14].

Recognizing that the consideration of converted operations may alter the cost comparison
between operative approaches to colorectal resections and that the open approach to
colorectal surgery is still the most common option utilized, we sought to evaluate overall
episode payments for open, laparoscopic, and robotic colorectal surgery. We used a unique,
population-based, linked database from two statewide registries, one with rich clinical data,
including the occurrence of conversions, and one with detailed price-standardized payments
for all services in the surgical episode.

Data sources

This study is an analysis of colorectal resection cases in a linked data registry that includes
clinical metrics and outcomes from the Michigan Surgical Quality Collaborative (MSQC,
http://www.msqc.org) and adjudicated complete claims payments from the Michigan Value
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Collaborative (MVC, http://michiganvalue.org). MSQC is a statewide multicenter
collaborative composed of 72 hospitals that maintains a protocol-driven and validated
clinical data registry. In the MSQC, trained nurse reviewers conduct detailed standardized
medical record abstraction. Operative approach data for colorectal operations include
identification of converted cases through detailed surveillance of the operative report
dictated by the surgeon. MV C is a statewide 75-hospital consortium whose claims-based
registry contains complete episode payment data for Blue Cross Blue Shield of Michigan
(BCBSM) Preferred Provider Organization patients and Medicare fee-for-service
beneficiaries over age 65. MVC payments are price-standardized, using algorithms
developed by researchers for the Dartmouth Atlas of Healthcare to account for intended
differences in payments to hospitals associated with, for example, regional wage variation,
graduate medical education, and disproportionate share of uncompensated care [20]. All
payments are presented in price-standardized, inflation-adjusted dollars according to the
2012 Medicare payment schedule.

For index hospitalizations, we included DRG and outlier payments, when present. We
included all hospital payments for readmissions initiated within 90 days of discharge after
the index procedure, even when hospital stays extended beyond that time window. To
conform with emerging bundled payment programs, we pro-rated payments to home health
care and rehabilitation hospitals to the 90-day window. Payments to skilled nursing facilities
were based on per diem payments in the 90-day period.

Study sample

For this study, MSQC clinical data were linked to MVC claims data by a patient-level,
deterministic match on facility 1D, admittance date, discharge date, year of birth, and gender.
Surgeon NPI was used to validate a successful linkage on over 95% of matched cases. Case
inclusion criteria were patients age =18 years undergoing elective colorectal resections that
were initiated with an open or a minimally invasive laparoscopic or robotic approach
between July 2012 and April 2015. We identified candidates for inclusion based on Current
Procedural Terminology (CPT) codes 44140, 44160, 44145, 44146, 45110, 45540, 45550,
44204, 44205, 44207, 44208, 45395, 45400, or 45402. Cases that converted to open were
determined through medical record abstraction by trained and certified abstractors.
Minimally invasive surgical approaches were categorized in Tables as “Completed” if there
was no conversion and “All” to include both completed and converted cases. We excluded
patients with American Society of Anesthesiologists’ (ASA) physical status classification of
5or 6.

Surgical approach

Surgical approach cohorts were defined to distinguish between initial intended approach and
completion of the operation. Cases for which the initial approach was open are classified as
‘Open.” The MSQC database has strict definitions for conversion, including an initial
attempt to perform the operation in a minimally invasive approach, followed by a change in
approach during the operation. The timing of conversion within the operation is not
recorded. Laparoscopic and robotic cases that converted to open were classified as ‘MIS-
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Converted’; while those that did not require conversion were classified as ‘MIS-Completed.’
The ‘“MIS-AlI’ group consisted of ‘MIS-Converted’ and ‘MIS-Completed’ combined.

Outcome and explanatory variables

Outcome variables of interest included risk-adjusted, price-standardized 30-day payments
for the overall episode, index hospitalization, post-discharge, readmission, and physician
services. Explanatory variables included demographics (age, sex, race), general health
factors (BMI, smoker, alcohol, functional status, ASA class), comorbidities (diabetes,
ventilator, hypertension, CHF, PVD, ascites, cancer, chronic steroid use, body weight loss,
and bleeding disorder), ostomy, and postoperative diagnosis.

Statistical analysis

Results

Unadjusted differences in patient characteristics, operative factors, and utilization were
compared for selected pairwise combinations of surgical approach using the Pearson’s
Chisquare test or the Fisher’s exact test.

Payment differences between surgical approaches were compared using adjusted means
estimated by generalized linear models. The full set of explanatory variables was modeled to
adjust for case mix. Clustering on provider was not modeled due to sample size limitations.
Payment data showed a positively skewed distribution and were log transformed before
modeling for unbiased estimation of adjustment means. Model estimates were obtained
using a likelihood-based approach in SAS PROC GLIMMIX. Statistical significance for
pairwise adjusted mean differences was reported using p values for 7tests. All statistical
analyses were performed using SAS software (SAS version 9.4; SAS Institute, Cary, NC).

Patients and procedures

We identified 2940 colorectal resections meeting inclusion criteria, including 1061 open,
1604 laparoscopic, and 275 robotic operations. Patient characteristics, care processes,
postoperative occurrences, and utilization with statistical significance for unadjusted
associations with surgical approach cohorts are detailed in Table 1. Cases in the ‘Open’
cohort were older, more frequently on Medicare, of black race, had poorer health status, had
more postoperative occurrences, and had more readmissions, Emergency Department (ED)
visits, and extended hospital length of stay (LOS) than were cases in the ‘“MIS-All’ cohort.
In the ‘MIS-Completed’ cohort, there were few statistically significant differences between
the laparoscopic and robotic cases. Among completed MIS operations, patients having
laparoscopic operations, as compared to robotic operations, were more likely to be white,
have an ASA class of 3—4, chronic steroid use, procedure duration <100 min, or
inflammatory bowel disease, but did not show statistically significant differences for
postoperative occurrences, readmissions, ED visits, extended hospital LOS, or reoperations.
Comparing laparoscopic versus robotic among all MIS operations showed that the
laparoscopic cases were more likely to have an ASA class of 3—4, chronic steroid use, and
an operative duration <100 min; they were less likely to have a postoperative diagnosis of
diverticular disease or fistula, but more likely to have inflammatory bowel disease. Finally,
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in this “MIS-AlI’ cohort, laparoscopic cases were more likely to have experienced an
extended LOS as compared to robotic cases.

Conversion to open surgery occurred in 15.1% of operations initiated with a laparoscopic
approach (243/1361), compared with 7.6% of those initiated robotically (21/254, p<0.001).
Converted operations, as compared to completed, were significantly more likely to result in
extended LOS (10.69%[28/264] vs. 3.4%[55/1560], p<0.001), readmission (12.9%][34/264]
vs. 7.2%[117/1615], p= 0.002), ED visit (11.0%[29/264] vs. 5.3%[86/1615], p<0.001), or
reoperation (8.3%[22/264] vs. 4.0%[65/1615], p= 0.003).

Operative approach and total episode payments

Figure 1 shows adjusted total episode payments by surgical approach. Compared with open
operations, those completed with MIS incurred significantly lower total payments ($15,518
vs. $19,489, p<0.001). Payments for converted operations were significantly greater than for
those completed with MIS ($18,098 vs. $15,518, p<0.001). Even including converted cases
among the MIS group, however, operations initiated with MIS still had significantly lower
average total episode spending when compared to open operations ($15,880 vs. $19,489,
p<0.001).

Within MIS, total episode payments for completed robotic operations were significantly
higher than completed laparoscopic operations ($16,949 vs. $15,250, p<0.001). When
accounting for converted operations, this difference was attenuated but remained statistically
significant ($16,939 vs. $15,699, p=0.041).

Episode payment components

Episode payment components are depicted in Tables 2, 3, and 4. Index hospitalization and
Post Discharge payments were significantly higher in the Open group when compared to
MIS-Completed operations (Index hospitalization $16,194 vs. $13,743, p<0.001; Post
Discharge $930 vs. $58, p<0.001) and MIS-All operations (Index Hospitalization $16,194
vs. 14,012, p<0.001, Post Discharge $930 vs. $101, p<0.001), while there was no significant
difference in readmission and professional payments between Open and both MIS-
Completed and MIS-All groups. Index hospitalization payments for Converted operations
were significantly higher than for the Completed group ($15,660 vs. 13,743, p<0.001). Index
hospitalization ($14,422 vs. $13,616, p= 0.41) and Professional payments ($471 vs. $382, p
= 0.007) were significantly higher for completed robotic operations when compared to
completed laparoscopic operations. Professional payments were significantly higher for all
robotic operations (completed and converted) when compared to all laparoscopic operations
($461 vs. $382, p=0.012).

Discussion

This analysis of linked regional clinical outcomes and claims registries revealed that episode
payments for open colorectal surgery are higher than for laparoscopic and robotic options
and that conversion to open surgery significantly increased third-party payments associated
with minimally invasive colon and rectal resections. This study replicated the finding from
our previous work and other studies demonstrating that conversion to open surgery incurs
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significantly worse clinical outcomes and that conversion rates are significantly lower for
operations initiated with a robotic approach than with a laparoscopic approach [18, 21-23].
Expanding on those observations, we found in this study that the difference in conversion
rates substantially changed the cost comparison between the two approaches. While robotic
operations completed without conversion incurred an average of $1699 more in services than
those completed by the laparoscopic approach, the difference in conversion eliminated 27%
of this payment difference between robotic and laparoscopic groups when converted cases
were included in an intention-to-treat model.

It has been previously observed that conversion increases postoperative length of stay, opioid
requirements, and in-hospital complications, as well as adverse events after discharge [16,
24-27]. In this study, we expand on these observations, and found that conversion
significantly increased expenditures for the entire surgical episode, attributable mainly to
payments for the index hospitalization. Furthermore, this study shows that even after
accounting for the costs and consequences of conversion, minimally invasive laparoscopic or
robotic operations incur lower payments than open procedures. The payment differences
between minimally invasive and open cases are most evident in the index hospitalization and
post-discharge care. The differences between the laparoscopic and robotic payments are seen
primarily in the index hospitalization and in professional billing. Recognizing that robotic
surgery most often substitutes for open surgery, rather than substituting robotics for
laparoscopy, the comparisons of payments between each MIS approach and open surgery are
most important for clinical decision-makers.

The population-based, validated hospital registries that provide the data are the strength of
this study and resolve a key shortcoming of previous investigations. In administrative data,
as well as most other surgical registries, converted cases are pooled with open operations,
significantly biasing comparisons in favor of minimally invasive approaches. The protocol-
driven MSQC database stratifies laparoscopic and robotic cases in an intention-to-treat
manner thereby allowing reliable identification of converted cases that are inaccurately
considered open cases in other studies that rely on administrative databases. [11, 12, 14]
This enabled insights in the role of conversion in the cost considerations around colorectal
resections.

Further, the adjusted claims-based MV C database allows evaluation of real-time total
episode payments rather than merely costs or charges associated with in-hospital care. Most
cost studies to date have centered only on direct hospital costs associated with conducting
the operative intervention [1, 10-13]. This study evaluates conversion and surgical approach
from the payer and society perspective recognizing the total realized cost of surgical care
both in and out of the hospital. The consideration of the costs of conversion adds more
detailed understanding to these claims-based comparisons, because converted-to-open cases
result in higher costs than unconverted cases due to the utilization of more instruments,
longer operative times, the associated longer hospital length of stay, and higher complication
rates for converted cases [11, 15-17]. Administrative datasets and most other clinical
registries have not clearly defined converted operations, and thus, conversions are typically
coded with open procedural CPT codes, potentially biasing results against open operations.
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We found that, on average, converted cases incurred nearly 17% increased expenditures in
the 30-day episode around surgery.

Just as there is currently attention to the cost of robotics, the cost of laparoscopic colorectal
surgery was a national concern early in the evolution of this modality [28-31]. With time,
laparoscopy became cost effective for those conquering the learning curve, because of
favorable outcomes with respect to hospital length of stay, postoperative pain management,
surgical site infections, and long-term morbidities including incisional hernias [1-4]. With
the implementation of federal reimbursement reform and bundled payment initiatives based
on quality metrics, patients and payers will be incentivized to identify surgical options that
provide the most clinical value with respect to clinical outcomes and cost.

Other studies have similarly addressed clinical value in the context of quality outcomes and
cost. In a claims-based analysis of 4615 colectomies, Keller et al. found that the net episode
cost of care that included post-discharge and readmission costs was significantly higher for
open colectomy when compared to the laparoscopic approach. Although they utilized a
different claims database, these authors similarly concluded that health plans and employers
would garner financial benefits by transitioning from open to minimally invasive colectomy
[32]. In an ACSNSQIP study, Hollis et al., matched laparoscopic and robotic colorectal
cases 1:1 with open cases and found that the median hospital costs were similar between
laparoscopic and open approaches, and between robotic and open surgery. These authors
also determined that minimally invasive options compare favorably to the open approach.
Their study differs from ours in that it is a cost comparison from an institutional viewpoint
rather than the payer perspective [14].

Our study has several limitations, including the inherent biases of any retrospective database
review. Although we accounted for most recognized contributors to episode payment
variation using validated, audited clinical registries, we cannot exclude the possibility of
residual confounding due to unmeasured characteristics. The MSQC data source does not
account for selection bias with respect to which patients are chosen for laparoscopic or
robotic options. However, there is expected to be less confounding by indication when
comparing laparoscopic to robotic approaches than when comparing either minimally
invasive option to open, since the indications and contraindications for laparoscopic and
robotic options are similar. Rectal resections are typically associated with higher conversion
rates and cost than colectomies, and thus the higher use of robotics in pelvic colorectal
operations could bias the results against robotic, as compared with laparoscopic operations,
in ways that are not measured [18]. We adjusted for colon versus rectal resection in the
statistical model based on CPT codes in the MSQC database. However, the MVC database
includes specific clinical data, such as could be obtained from chart review, and thus a more
clinically specific subgroup analysis of rectal versus colon resections is not possible.

The databases in this study do not allow assessment of specific surgeons utilizing different
surgical approaches, possible variations in surgeon volumes with surgical approaches, and
other care processes that may affect outcomes and cost like Enhanced Recovery Pathways. A
recent MSQC study by our group showed varying degrees of low-volume and high-volume
surgeons within the collaborative for minimally invasive and open colorectal surgery options
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[33]. The MSQC data for this study are stratified, and though we do not know individual
surgeon volumes, it is unlikely that this study is biased by high-volume surgeons in one
group and low-volume surgeons in another group. Of the 75 MSQC hospitals, only four have
long established Enhanced Recovery Pathways and it is likely that perioperative protocols
that may impact patient care and outcomes are evenly distributed amongst open,
laparoscopic, and robotic groups.

While conversion to open is strictly defined in the MSQC database, there is no distinction
between early and late conversions, the latter of which may be associated with worse
outcomes [34]. Further, we chose to evaluate payments, rather than hospital expenses or
charges, in order to best represent the societal perspective of the cost of care. Still, this does
not account for other measures of cost, such as the direct expenses for patients. Because
complications and prolonged recovery incur significant personal financial burden on
patients, the reduced morbidity from fewer conversions in robotic surgery may impart
additional personal economic benefits to patients beyond what we measured in this study
[35].

The value considerations around open, laparoscopic, and robotic colorectal surgery are likely
dependent on surgeon skill sets, comfort levels, and perceived advantages [36]. Rather than
substituting for laparoscopy, robotics seems to have instead displaced open operations,
especially for some surgeons performing pelvic operations for rectal cancer, in which
laparoscopic penetration has reached only 10-20% [7-10, 14, 37, 38]. Recognizing that
open and converted operations incur substantially greater spending than minimally invasive
completed surgery, providers motivated to reduce total episode costs will continue to favor
approaches that maximize the likelihood of completing an operation with a minimally
invasive technique. From the hospital perspective, these considerations may depend on the
number of cases, the number of disciplines with different minimally invasive needs,
institutional surgeon complication rates, and how many expert laparoscopic surgeons are
already providers at the individual institution. From both a clinical and economic
perspective, the reduction in conversions to open surgery with robotics at those institutions
that have significant differences in minimally invasive conversion rates, may thus offer
benefit in carefully selected cases.

In conclusion, this study demonstrates substantially increased episode payments associated
with open and minimally invasive converted-to-open colorectal operations. Although we
observe greater payments associated with robotic operations, the reduction in rates of
conversion in robotic surgery offsets some of the increased expenditures. If experience with
robotic surgery continues to increase and allows a decrease in open surgery, it will be
important to continue to assess the relative outcomes and costs associated with surgical
techniques from an intention-to-treat perspective that accounts for the costs of conversion on
payers, providers, and patients.
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Adjusted episode payment with 95% confidence intervals for surgical approach cohorts as

Open, minimally invasive surgery (MIS) All, and MIS-Completed (A); MIS-All cohort by
conversion status (B); by MIS-Completed cohort by surgical approach (C); and by MIS-All
cohort by surgical approach (D)
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