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Abstract

Objective: To quantify the extent to which payments for laparoscopic and open colectomy are
influenced by a surgeon’s experience with laparoscopy.

Background: Numerous studies suggest that healthcare costs for laparoscopic colectomy are
lower than open surgery. None have assessed the importance of surgeon experience on the relative
financial benefits of laparoscopy.

Methods: We conducted a study of 182,852 national Medicare beneficiaries undergoing
laparoscopic or open colectomy between 2010 and 2012. Using instrumental variable methods to
account for selection bias, we compared Medicare payments for laparoscopic and open colectomy.
We stratified our analysis by surgeons’ annual experience with laparoscopic colectomy to
determine the influence of provider experience on payments.

Results: In the fully adjusted analysis, average episode payments per patient were $2640 [95%
confidence interval (CI) —$4091 to —$1189] lower with the laparoscopic approach versus open.
Surgeons in the highest quartile of laparoscopic experience demonstrated an average payment
savings of $5456 per patient (Cl —$7918 to —$2994) in their laparoscopic versus open cases.
Among surgeons in the lowest quartile of laparoscopic experience, there was, however, no
difference between laparoscopic and open cases (difference: $954, 95% Cl -$731 to $2639).
Differences in payments were explained by differences in complications rates. Both groups had
similar rates of complications for open procedures (least experience, 21%, most experience, 21%;
P =0.45), but differed significantly on rates of complications for laparoscopic cases (least
experience, 28%, most experience, 15%; £< 0.01).

Conclusions: This population-based study demonstrates that differences in payments between
laparoscopic and open colectomy are influenced by surgeon experience. The laparoscopic
approach does not reduce payments for patients whose surgeons have limited experience with the
procedure.
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There is a considerable amount of research suggesting that laparoscopic operations have
lower costs compared to traditional open surgery. Several studies focusing on colectomy, and
other major abdominal operations, demonstrate a 20% to 50% reduction in costs with the
laparoscopic versus open approach.1=> Lower costs are attributable to shorter lengths of stay
and lower complication rates.5:” These studies contribute to perceptions that laparoscopic
surgery is always less expensive, despite concerns about technology and equipment costs.
There are growing efforts to reduce the costs of surgical hospitalizations, including
numerous policies that use financial penalties to motivate change (eg, bundled payments or
accountable care organizations).8-10

It is unclear whether all surgeons, particularly those with limited laparoscopic experience,
attain the full financial benefits of the minimally invasive approach. In other domains, such
as patient safety or readmissions, the importance of surgeon experience or proficiency has
received significant attention.11-14 Few studies have assessed the direct relationship between
surgeon experience and the absolute or relative costs of laparoscopic and traditional open
surgery. This information is important because the use of minimally invasive technologies
may represent 1 leverage point through which surgeons can augment current practices to
reduce the costs of care.

To address this question, we conducted a population-based study of Medicare beneficiaries
undergoing laparoscopic or open colectomy. We used instrumental variable methods to
account for selection bias between patients undergoing each approach. After grouping
surgeons by their annual experience with laparoscopic colectomy, we assessed the
differences in Medicare payments between laparoscopic versus open surgery. We then
evaluated payments for complications, readmissions, and postacute care to determine the
mechanisms of payment differences between approaches for surgeons with differing levels
of experience.

METHODS

Data Source and Study Population

We used national data from the 100% Medicare Provider Analysis and Review (MEDPAR)
files for the years 2010 to 2012. The Centers for Medicare & Medicaid Services maintains
this database from claims submitted by hospitals where Medicare beneficiaries receive care.
We collected data on age, demographic information, and comorbidities. We linked patient
records to other Medicare files containing claims relevant to the surgical episode of care.
These data included durable medical equipment, home health, long-stay hospitalizations,
outpatient, and skilled nursing facility claims. We selected patients undergoing colon
resection using International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) codes (45.73, 17.33, 17.32, 45.75, 45.76, 17.35, 17.36, 45.74,
17.34, 45.82, 45.83, 45.81, 48.50, 48.51, 48.52, and 48.53). We excluded patients younger
than 65 or older than 99 years of age. We further excluded patients not continuously enrolled
in Medicare Part A and B at the time of operation.
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Our primary outcome was price-standardized and risk-adjusted total episode payments.
Payments, in contrast to charges or cost-to-charge ratios, reflect actual Medicare spending
for surgical care. We extracted payment information for all service types for the index
hospitalization and for all payments made by Medicare in the year after surgery. Payments
were grouped into categories to identify mechanisms of savings associated with the use of
laparoscopy. Categories included index hospitalization, physician, readmission, and
postacute care payments. Postacute care payments include payments made by Medicare to
skilled nursing or subacute rehabilitation facilities. Because geographic variation in
spending can augment financial estimates, we price-standardized all payment amounts using
methods that have been previously described and validated.1>

Postoperative complications were also identified using ICD-9-CM codes using predefined
categories including pulmonary failure (518.81, 518.4, 518.5, 518.8), pneumonia (481,
482.0-482.9, 483, 484,485,507.0), myocardial infarction (410.00-410.91), deep venous
thrombosis/pulmonary embolism (415.1, 451.11, 451.19, 451.2, 451.81, 453.8), renal failure
(584), surgical site infection (958.3, 998.3, 998.5, 998.59, 998.51), gastrointestinal bleeding
(530.82, 531.00-531.21, 531.40, 531.41, 531.60, 531.61, 532.00-532.21, 532.40, 532.41,
532.60, 532.61, 533.00-533.21, 533.40, 533.41, 533.60, 533.61, 534.00-534.21, 534.40,
534.41, 534.60, 534.61, 535.01, 535.11, 535.21, 535.31, 535.41, 535.51, 535.61, 578.9), and
hemorrhage (998.1).These complications represent a subset of ICD-9 codes with the highest
sensitivity and specificity as has been previously described.1® For certain analyses we
grouped complications as medical or surgical. Medical complications included pulmonary
failure, pneumonia, myocardial infarction, deep venous thrombosis/pulmonary embolism,
and renal failure. Surgical complications were surgical site infection (superficial, deep, and
organ space), hemorrhage, and any reoperation. Finally, we determined discharge
destinations using discharge codes contained in the Medicare Provider Analysis and Review
file. Of particular interest were patients discharged to rehabilitation, skilled nursing, or
another inpatient facility.

Statistical Analysis

Baseline patient characteristics were compared after stratifying about the median regional
use of laparoscopy (23%). We further stratified patients by the annual experience of their
surgeon with laparoscopic colectomy. All comparisons were made by calculating
standardized differences for both continuous and dichotomous variables. These methods
have been previously described.1” An absolute standardized difference (ASD) of more than
10 is indicative of significant differences between comparison groups. We used analysis of
variance, Mann-Whitney U, and ftests where appropriate to evaluate differences in
characteristics.

Our primary objective was to evaluate the independent effect of laparoscopy on Medicare
payments. For all models with payments as outcomes, we adjusted for differences in patient
iliness using Hierarchical Condition Categories (HCC).18-20 These categories are assembled
from data on patient’s age and medical comorbidities. They were designed and validated by
Centers for Medicare & Medicaid Services for risk adjustment of Medicare payments and
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are considered more accurate comorbidity counts when the outcome of interest is financial
data.1® For models adjusting for complications, readmission, or post-acute care services we
used standard Elixhauser comorbidities.? We further adjusted for year-to-year differences in
payment using categorical dummy variables. We also accounted for regional differences in
payments not otherwise accounted for by price standardization using categorical dummy
variables for each hospital referral region (HRR) as a fixed effect.

We used instrumental variable methods to address selection bias not accounted for by
conventional multivariable analysis.22 This is necessary because we hypothesize that
patients selected for laparoscopic operations will trend toward having lower payments and
better outcomes because patients may have more favorable anatomy or are healthier in
general. This would incorrectly inflate the financial benefits of laparoscopy over open
surgery. Instrumental variable methods are an econometric technique used to balance
measured and unmeasured differences in characteristics between 2 or more comparison
groups. Instrumental variables must correlate with the exposure (laparoscopy), but cannot be
associated with the outcome (Medicare payments) except through the relationship to the
exposure. This latter criterion is referred to as exogeneity. Our instrumental variable was the
regional use of the laparoscopic approach. We calculated the proportion of colon resections
performed laparoscopically for each HRR. To ensure that the instrument was exogenous, we
excluded the hospital in which the patient received their operation.

The interpretation of instrumental variable results is unique. These estimates apply to the
marginal patient. This is an individual who would be considered a candidate for either
operation. Instrumental variable estimates do not apply to patients who are clearly a
candidate for 1 approach or the other. These analyses capitalize on the nature variation with
which laparoscopy is performed across HRRs to pseudorandomize patients and balance both
known and unknown characteristics.

We evaluated the instrumental variable in several ways. We confirmed its relationship to our
exposure, the receipt of laparoscopic colectomy (F statistic = 244). An F statistic of more
than 10 is suggestive of a strong instrument. We confirmed that the instrumental variable
approach was necessary using the Durbin-Wu-Hausman tests of endogeneity. These were
significant for all instrumental variable models. This indicates that standard multivariable

regression resulted in biased estimates when compared with the instrumental variable model.
22

We employed a 2-stage least squares method for our instrumental variable analysis. This
method has been validated in financial analyses with healthcare data.23 The first stage model
assessed the association between receipt of laparoscopic colectomy and the instrumental
variable. We adjusted for HCCs (or Elixhauser comorbidities depending on the outcome),
year of operation, and regional effects using HRRs. We used the linear prediction from this
model in the second stage multiple linear regression model. This value replaces the
categorical variable for laparoscopic or open surgery. The second stage model is used to
generate estimates of local average treatment effect for laparoscopic compared to open
colectomy. In this setting, the local average treatment effect is the coefficient () for the
covariate.
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Because we were interested in the influence of surgeons’ experience with laparoscopy, we
calculated each surgeon’s annual number of laparoscopic and open colectomy procedures
with Medicare beneficiaries. We identified surgeons by unique provider identification
numbers. We selected those on record as the primary operation using a method previously
described.24 We grouped surgeons in to quartiles groups based on their annual experience
with laparoscopic colectomy. For the analyses, we combined the middle quartiles to improve
generalizability and simplify reporting of the data. The quartiles therefore represent the
bottom 25% (1-3 cases), middle 50% (4-8 cases), and top 25% (9-55 cases) with respect to
annual experience of laparoscopic colectomy.

For all estimates, we used bootstrapping to generate confidence intervals (Cls) and the
corresponding ¢statistics. The #statistics were generated from normal-based Cls derived
from bootstrapping with 1000 replications, where draws were made at the hospital level to
deal with clustering at the hospital level. We then used marginal means to generate absolutes
estimates of Medicare payments based on surgical approach. Several sensitivity analyses
were performed in an identical manner, restricting the patient population by clinical
diagnosis, elective procedure status, or surgeon specialty.

All statistical analyses were performed using STATA statistical software version 14 (College
Station, TX). We employed a 2-sided approach at the 5% significance level for all
hypothesis testing. The present study was deemed exempt by the institutional review board
at the University of Michigan.

Patient Characteristics

We compared patient characteristics, unadjusted outcome rates, and unadjusted total episode
payments stratified by the median of our instrumental variable (Table 1). We report results
across quartiles of surgeon experience to confirm that the instrumental variable balanced
patient characteristics within each strata of surgeon experience. For patients treated by
surgeons with the bottom quartile (least experience), for example, the proportion surgeries
for cancer was similar above and below the median instrumental variable (44% vs 46%;
ASD = 4.4). Results were similar for patients treated by surgeons in the middle (46% vs
47%; ASD = 6.1) and top quartiles (47% vs 47%; ASD = 2.9). This trend persisted for all
measured patient characteristics, and thus confirming that the instrumental variable balanced
patient factors both overall and within the predefined groups of surgeons. The distribution of
diagnosis-related groups (DRGs) was evaluated in 2 ways. DRGs of 329, 330, and 331 were
distributed evenly across surgeons stratified by experience. Furthermore, the proportion of
DRGs was further balanced about the median IV within each stratification of experience.

Total Episode Payments by Surgeon Experience and Approach

Next, we compared fully adjusted total episode payments between laparoscopic and open
surgeries across each quartile of surgeon experience. Figure 1 shows that surgeon experience
modified the effect of laparoscopy on total episode payments. The use of laparoscopy did
not alter episode payments for surgeons with the least experience ($954, 95% CI —-$731 to
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$2639). For these surgeons, payments were higher after laparoscopic ($26,915) compared to
open surgery ($23,312, P< 0.01) as outlined in Table 2. For surgeons with the most
experience, however, laparoscopy was associated with a sizable and statistically significant
reduction in total episode payments (—$5456, 95% CI —-$7918 to —$2994). As a result,
average episode payments were lower for laparoscopic ($20476) compared to open surgery
($23793, P< 0.01) for these surgeons. Figure 1 demonstrates the stepwise reduction in
payments with the use of laparoscopy (vs open) that is independently associated with
surgeon experience.

Episode Payment Components by Surgeon Experience and Approach

To better understand the source of payment differences, we assessed each component of the
total Medicare payment (Table 2). For surgeons with the least experience, the use of
laparoscopy (vs open) was associated with higher payments for the index hospitalization
($1851, 95% CI $803-$2899). In contrast, the use of laparoscopy (vs open) was associated
with lower index hospitalization payments for surgeons with the most experience (-$2559,
95% CI -$4972 to —$147).

Surgeon experience had a variable effect on the relationship between laparoscopy and
payments for physician services. Payments for physician services were higher for
laparoscopic surgery (vs open) for surgeons with the least experience ($759, 95% CI $415 to
$1102). The use of laparoscopy did not significantly change payments for physician services
for surgeons with the most experience (-$356, 95% CI -$612-$27).

Although no difference was seen in readmission payments comparing laparoscopic versus
open cases across all 3 levels of experience, payments for postacute care were significantly
lower for surgeons with the most experience (-$1975, 95% CI —$3241 to -$710).
Stratifying surgeons by total colectomy volume did not show similar results. In general, total
volume attenuated the relative effect of laparoscopic versus open surgery on total episode
payments.

Complications, Readmissions, and Discharges

We evaluated the incidence of postoperative events to further delineate why payments were
different between laparoscopic and open surgery and across quartiles of surgeon experience.
Although surgeons with the least and most experience with laparoscopy had similar rates of
complications for their open procedures (least experience: 21%, most experience: 21%; P=
0.45), a clear stepwise decrease in complications was observed for laparoscopic cases (least
experience: 28%, medium experience: 18%, most experience: 15%; £< 0.01). Similar
patterns were seen for rates of readmission and discharge to another inpatient facility (Figs.
2A-C).

Comparing Payments for Complications

Finally, we sought to characterize the extent to which Medicare payments for postoperative
complications are influenced by surgeon experience (Table 3). The independent increase in
Medicare payments related to the occurrence of any complication was similar between
surgeons with the most ($15,461) and least ($15,166, 2= 0.26) experience following
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laparoscopic surgery. Results were similar for open surgery, in which payment increases
were not statistically different between quartiles of surgeons. Taken together, the financial
savings from an experienced laparoscopic surgeon is the result of fewer complications, not
the payments made per complication.

DISCUSSION

In this population-based study, surgeons’ experience with laparoscopy was associated with
significant differences in both absolute and relative Medicare payments between
laparoscopic and open colectomy. Although laparoscopic surgery was, on average, less
expensive than open surgery, surgeons with the least laparoscopic experience actually had
higher payments with the minimally invasive approach. This difference was driven by higher
complication rates and greater utilization of postacute care services (eg, skilled nursing
facilities) among less experienced surgeons.

Previous comparative cost studies of laparoscopic and open procedures using administrative
data are methodologically limited. For example, a large study of 60,000 cancer patients from
the National Inpatient Sample database found that laparoscopic surgery was associated with
a $2000 absolute reduction in charges compared to open surgery.?> The present study and
others like it benefit from the inclusion of many patients from different demographics and
regions. They are limited, however, by inaccurate cost measurements based on estimated
charges and an inability to adequately account for selection bias from unmeasured patient
characteristics. Although these are known and accepted limitations of large administrative
databases, they limit the generalizability and accuracy of the findings.18 The present study
was designed to specifically fill these 2 previous methodological shortcomings. By using
actual Medicate payments (rather than charges or costs derived from cost-to-charge ratios),
the estimates included herein reflect the real-life resources needed to provide this service to
beneficiaries. The instrumental variable methodology addresses selection bias to provide
more accurate estimates of the relationship between surgeon experience and healthcare
payments. Taken together, the present study gives more confidence and insight into cost
benefit of using laparoscopy for colectomy procedures.

Previous work by our group supports the use of this analytic approach and showed that
surgeon experience is an important factor in the relative safety of laparoscopic versus open
colectomy.26

In that context, there is a complex relationship between surgeon experience, postoperative
complications, and healthcare payments. The present study confirmed prior work showing
that complications significantly increase total episode payments.2’ Medical complications,
such as pneumonia or prolonged ventilation, are more expensive than surgical complications
such as a wound infection. Surgeon experience, however, did not influence the extent to
which a complication increased total payments. In other words, the financially important
event was the occurrence of the complication and not variation in subsequent management.
Complications are similar in cost regardless of the index operation (laparoscopic vs open),
but on average laparoscopic surgery results in fewer complications overall.
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The present study underscores and clarifies the complex relationship between surgeon
experience, postoperative complications, and healthcare payments. It builds on prior
analyses of surgical cohorts that demonstrate an association of higher complications rates
with significantly increased total episode payments.2’-30 Moreover, it gives insight into the
mechanism by which these complication differences occur. Although the payment for
individual complications was similar across different surgeon experience levels, the rate of at
which complications occurred was lower among surgeons with higher laparoscopic
experience. In other words, the financially important event was the occurrence of the
complication and not variation in payments for subsequent management. Complications are
similar in cost regardless of the index operation (laparoscopic vs open), but on average
laparoscopic surgery results in fewer complications overall.

The present study should be interpreted within the context of its limitations. Our results may
not be generalizable to all patients because we use Medicare data that included only patients
older than 65 years. Colon surgery is nonetheless more common in this demographic and
Medicare patients consume more resources than younger and healthier populations. It is also
unlikely that technical aspects of the operations differ in younger patient populations. Our
study is designed to address the issue of selection bias that is a common limitation of
financial analysis using administrative data. We confirmed that this was a valid and
appropriate approach through rigorous testing of our instrumental variable. It is also possible
that our determination of surgical experience is a proxy for other factors related to the safety
and cost of colectomy. For example, low experience surgeons may only work in regions with
low socioeconomic status patients or in worse hospitals, thereby leading to higher Medicare
payments by association. We addressed this issue in 2 ways. First, our instrumental variable
balanced patient characteristics (both known and unknown) within strata of surgeon
experience. Second, we adjust for clustering of outcomes within hospitals and for regional
trends in surgical payments and safety at the level of the hospital referral region. It is also
possible that our results may be influenced by DRG distribution for the index
hospitalization. We confirmed that DRGs were evenly distributed across strata of experience.
In order to address the potential for “upcoding” from complications we stratified our
analysis by patients with and without complications. We also adjusted for HCCs, which are
intended to account for patient characteristics that result in higher DRG payments.
Nonetheless, our findings underscore the importance of postacute care and readmission on
payments, which would not be influenced by the index DRG. Finally, surgeon experience
likely reflects the more accurate determinate of outcomes, surgical skill. Although we are
unable to measure skill in an analysis of this scope, other work has shown that more
experience is associated with overall higher technical skill.3!

The present study has important implications for surgeons and clinical leaders in surgery.
Consistent with prior work on clinical outcomes, we have shown that surgeon experience
influences the benefits, in terms of health care expenditures, from minimally invasive
surgery. Like improvements in patient safety, the financial benefits of laparoscopy are only
realized when the surgeon has appropriate experience or proficiency. This finding is
important to surgical leaders for several reasons: First, this work supports the need for more
rigorous credentialing standards for individual surgeons. It highlights the need to improve
continuing education through more extensive proctoring or coaching to enhance surgical
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skills. This must be done in a careful manner by surgeons with sufficient firsthand
experience or access to experienced individuals for proctoring until proficiency can be
achieved. Second, the present study makes a business case for investing in the training and
re-training surgeons in practice. New procedures are continually introduced into practice and
surgeons need to take the time to learn them safely. Taking time to learn new procedures is
expensive. Increasing the number of surgeons at a given hospital who are, however,
proficient with complex laparoscopy has an important beneficial impact on the financial
bottom line for hospitals and health care payers.

CONCLUSIONS

In the present study, we found that surgeons’ experience with laparoscopy was associated
with significant differences in Medicare payments for laparoscopic and open colectomy.
Although laparoscopic surgery was, on average, less expensive than open surgery, surgeons
with the least experience with laparoscopy actually had higher costs with the minimally
invasive approach. This difference was driven by higher complication and readmission rates
and greater utilization of postacute care services (eg, skilled nursing facilities) among less
experienced surgeons.

Disclosure:

This work was support by R0O1AG039434 (J.B.D.), R0O1HS023597 (J.B.D.), and KO8BAG047252 (S.E.R.). The
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FIGURE 1.
Independent influence of laparoscopic (vs open) surgery on total episode payments stratified

by surgeon experience with laparoscopy.
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FIGURE 2.
A-C. Adjusted rates of complications, readmissions, and discharges to other facilities

derived from our instrumental variable models. Rates are reported across quartiles of
surgeon experience. Pvalues reflect the comparison of rates between top and bottom quartile
surgeons.
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