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Objective: To evaluate the comparative safefylaparoscopic and open colectoanross
surgeons varying in experience with laparoscopy

Data sour ces: NationalMedicare dat§2008-10) for beneficiaries undergoing laparoscopic or

open colectomy.

Study Design:“Using instrumental variable methodsatdresselection biaswe evaluated
outcomesoflaparoscopic and open colectomy. Our instrument was the regional use of
laparoscopy in the year prior to a patient’s operatida.then evaluated outcomes stratifigd

surgeons’ annual volume of laparoscopic colectomy.

Principal findings. Laparoscopic colectomy was associated with lower mortalityq@R

95%CI 0.70-0.78) and fewer complications than open surgery (OR 0.82, 95% CI 0.79-0.85).
Increasing.surgeon volume was associated with better outcomes for both prodadutes
relationshipwas stronger for laparoscopy. The comparative safety depended on surgeon volume.
High volume'surgeons had 40% lower mortality (OR 0.60, 95%CI 0.55-0.65) and 3@% few
comgications (OR 0.70, 95%CI 0.67-74) with laparoscopy. Conversely, low volume surgeons
had 7% higher mortality (OR 1.07, 95%CI 1.02-1.13) and 18% more complications (OR 1.18,
95%CIl 1.121.24) with laparoscopy.

Conclusions®This population-based study denstrates that the comparative safety of
laparoscopie-and open colectomy is influenced by surgeon volume. Laparoscopic colectomy

only safer foipatients whose surgeons hasficient experience.

K eywor ds,.comparativesafety colectomyjnstrumental variables
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I ntroduction

Laparoscopy is increasingly applied to common surgical procedures such aswplecto
Numeroussrandomizedinical trials and large observational studies demonstrate fewer
complications:and shorter hospital stays when compared to traditional open op£2atdans
Bagshaweet,al. 201Zleshman et al. 2007Gervaz et al. 20XWeeks et al. 2002) The evidence
favoring laparoscopy, coupled with increasing recognition of its benefits by patrehts
referring physicians, has amplified pressure on surgeons to provide this minmaaliwve
approach.(Thaler et al. 2003) Many surgeons in practice are not formally t@ipeddrm these
procedures‘orhave had limited experience siesglencyAmerican Society of et al. 20060
et al. 2012Nenetheless, the perceived benefits of laparoscopic colectomy encourage its
diffusion into general practice, which has increased fie-over the past decadgemp and
Finlayson 2008Rea et al. 2011)

However, it is unclear whether new laparoscopic procedures such as colectomy retain
their benefits'when impmented across diverse practice settiRgsdomized clinical trials (i.e.
efficacy trials),in surgery are often conducted at centersthlnighest volume surgeons and
may not reflect treatmewiutcomes amongst providers who differ in their proficiency performing
the procedure. Althouglmére is a welknown relationship between volume and outcome for
high-risk surgeries, including colectomtg implications for comparative effectiveness research
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have not been explored.(Birkmeyer et al. 2@€8ks, Osborne, and Birkmeyer 2QKiran et al.
2010a Kiran et al. 2010b)f therelationship between volume and outcomes is stronger for new,
moretechnicallycomplex procedurdgke laparoscopic colectomgurrentinformationregarding

the benefits of laparoscopy may not represent the outcomes achieved by lowerstoiysoas.

In this conéxt, we conducted a population-based study usatignal Medicarelata for
patients‘undergoing laparoscopicopen colectomyWe employedan instrumental variable
approach t@ddress selectidmasfrom unmeasured patient characteristics and illness severity
common to administrative datasets.(Tan et al. 2Bizh et al. 2011)Y o asses®r heterogeneity
across providers, we stratifigatientsby their surgeors annualprocedure volumef the
benefits of'aparoscopic colectomserenot related to surgeon volume, we would expect to see

no differencein the benefits of laparoscoppetween high- and low-volume providers.

M ethods
Data Sourcerand Study Population

We used national data from the 100% Medicare Provider Analysis and Review
(MEDPAR).files for the years 2008 thru 2010. The Centers for Medicare & Medicaid Services
(CMS) maintains this database using claims submitted by hospitals where Medicare beneficiaries
receive care. Patiedata included age, sex, race, comorbidities (including principal and
secondary.diagnosis codes), procedural codes, 30edaylicationsand mortality, and
informatiopsregarding length of hospital stay. We selected patients undergoing celdiores
using International Classification of Disease, Ninth Revision, Clinical Modification (9&IM)
codes' Wé excluded patients with incomplete diatzhe Medicare file§<1% overall) We used
the American Hospital Association (AHA) Annual Survey Databasesigrapatients to
Hospital Referral Regions (HRR) using the Medicare provakntification number for the

hospital inwhich they underwent operation that is common to both datasets.

Outcomes

145.73, 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, 48.53
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Our primary outcomes of interest were the incidence of 30-day complications and
mortality. Complications were identified by IGBCM codes’ These complicatissrepresent a
subset of ICD-9 codes with the highest sensitivity and specificity as has beruglse
describedlezzoni et al. 19940verall complication rates were consistent with previously

published werk using similar patient populatioBdi(noria et al. 2008

Satistical Analysis

Wetirst'sought to evaluate the independent influendapdroscopic colectomgn the
incidence'ofpostoperative complicatior@d mortality using mulievel mixedeffects logistic
regressionsmedels. For all models, we adjusted for patient characteristics including age, race,
principal diagnosis, and 29 Elixhauser comorbid diseases. This method has been previously
tested and valated for riskadjustment whensing administrative daf&lixhauser et al. 1998
Southern, Quan, and Ghali 2004k also accounted for differences in case mix using
categorical dummy variables for right, leéfansverseandtotal colectomyWe alsoaccounted
for clusteringrof outcomes within hospitals using a variable that uniquely i@sredich hospital.
This was perfarmed for all analyses, including the 1V models discussed Meevaluated
each model's discriminatorfynction by cstatistic and assessed calibration across deciles of risk
using thedesmerLemeshow test. Because the robustness of our models may be influenced by
differences iroperative indication, we performed sensitivity analyses for each model using

patients undergoing operations for cancer and benign indications separately.

We next employed an instrumental variable analysiedaceselection biasiot
addressed by our multivariate analysis.(Newhouse and McClellan W89Bypothesize tt
patients selected for laparoscopic operations are more commonly predispbséter outcomes
based on clinical characteristigsnaller tumors or more favorable anatorioy example). This

would inflate the relative safety of laparoscopy over open surljetyumental variable methods

2 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, 583, and hemorrhage(998.1).
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are a powerful econometric technique thatlcalance both measured and unmeasured patient
characteristicbetween two comparison groupgs) instrumental variablenustbe highly
correlated with the exposure (laparoscopic vs. open approacipttagsociated with the
outcomes_excephrough its relationship to the exposuttee(instrumental variabis
exogenous)Qur instrumental variable was the regional use of the laparoscopic approlaeh
prior year.For this anajsis, we calculated the proportion of colon resections performed
laparoscopically for each HRR in the year prior to a given patient’s operationngtnisnent
should nedirectly influencepatient outcomes in the following year. HRR’s are large enough
that patients are not concentrating in certain HRR’s for laparoscopic ope(#tensstrument is
exogenous). Exogeneity in this regard is generally not testable by analytic maatigely,

some patientsrare more likely to receive laparoscopic colectomy simply because they were
treated within aregion performing a high proportion of these procedures. Our analgsists.c
for this and explicitly compares laparoscopic to operaoiny in the marginal patient (i.e.
patient whe would be considered a candidate for e@tpproach To evaluate our instrumental
variablewefirsticonfirmedits relationshipto our exposure, theceipt of laparoscopic colectomy
(F statistic= 240indicating a “strong” instrument Note that the firsstage regression also
controls for,HRR fixed effects, meaning that the instrument is strong eeercaifitrolling for
HRR-levelsfactors. Identification relies on withHHRR variation in practice paties over time.

Our.instrumental variablis not designetb reduce bias associated with surgeon factors
(e.g. a particular surgeon’s skill or techniquéjs Inot associated with a patigeteiving an
operation bysathigh-volume laparoscopic provider. Thus i doé meet strict criteria as an
instrumental variabléor this purposeéWe alsodid not observany significant association
between the regional use of laparoscopy and the likelihood of operation by a high volume
laparoscopic.provider. One explanation is that many providers within a hospital or healthh syst
offer laparoscopic colon surgery. IntuitiveBach surgeon will vary in his or hexperience and
application.efithis technology. Nonetheless, in order to account for the fact tleiaregi
differences'may also be associated witportant variatiorin overall surgeon skill, we included
categorical dummy variables for each HRR as a fedelct in both our first and second stage

models described below. The results did not differ when tmsables were excluded.
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Similarly, we included a dummy variable for the year of operation to account for asiiglpos
time trends. This did not influence the outcomes from any of our models.

We employed a 2tage residual inclusion (2SRI) method for our instrumental variable
analysis of pestoperativomplicationsand mortality(Terza, Basu, and Rathouz 2008¢
elected to use.a residual insion modebecauset has been shown to provide less biased
estimates‘from'nonlinear modé€lkerza, Bradford, and Dismuke 200Br firststagemodel
(logistic regressiopassessed the association between receipt of laparoscopic colectomy and our
instrumental variablewvhile dso adjusting for known patiegvel covariategdentical to those
usedin our,conventional logistic regression analyaisl including dummy variables for each
HRR. Fromrthis model, we predicted the raw residuals for each patdhe difference between
the modelpredicted probability of receiving laparoscopic colectomy and the actual treatment
received This Is our exogeneity test. The coefficient for the residuals was statistically significant
for both mertality (-0.45, z=-28.1, p<0.01) and morbidity (-.079, z=-17.9, p<0.aib).
indicates amyendogeneity problem addressed by our IV appiaese values were then used as
a covariatan our secondtage logistic regression model, whatsessethe association between
laparoscopic. colectomy and the incidence of postoperative complicatioratatity. In this
model wealsoadjusedfor patient age, race, diagnodiRR, and comorbidities in a manner
identical to our logistic regression modélé¢e generated average outcome rates for each
procedure using marginal means. Finally, from the second stage model, we report oddadatios
average treatment effects (ATE) for laparoscopy relative to open surgery for each
outcome.(Ghislandi, Torbica, and Boriani 20TBe average treatment effect was calculated
using the following method, where Xga binary variable for laproscopic (1) or open (0)
colectomy.Further, w(Xp, Xoi, Xy; 7) is the predicted logit probability for the ith sample member
for procedure X, X, is a vector of control variables, 1 is the logit estimate of the model
parametersThesecond stage estimates were obtained using the logit and logistic functions in
STATA version 13.1.
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n 1 {' - - . -
ATE = _ZIEUL(I.XD]-. X,:1) — u(0,X,;. Xu:r}}
1=

We_ used bootstrapping to generate confidence inteavalshe correspondirg
statistics The.zstatistics were generated from norsbaked confidence intervals derived from
bootstrapping with 1000 replications, where draws were made at the hospitéb ldeal with

clustering at the hospital level.

In grderito study the influence of surgeon volyume calculated eacturgeon’s annual
numberof [aparoscopi@nd open colectomy proceduiadMedicarebeneficiariesTo do this,
we first identified physicians using the unique provider identification number from the inpatient
file. We selected those providers listed as the primary operator using a riettias been
previously-described and validated.(Miller, Welch, and Welch 1996) We were uoatidatify
certain surgeons who were not compensated by Medicardiargitdup represented 318bour
patient population. Howevepatient characteristics and outcome rates werdiffetent
between these patients and those whose surgeon was identiffeltleengrouped patients into
quartilesbased on their surgeon’s annual volume of laparoscopic and open colsefmengtely
(i.e. there is a low volume laparoscopic group and a low volume open group of difbstint
surgeons)..\We.combined results for the middle two quartiles for reporting to improve

generalizability:

Using the 2SRI model described above, we calculatedages (predicted probabilities)
of complications and mortality for laparoscopic and open operations sepastatified by
quintiles ofssurgeonsinnual volume for each type of procedie then conducted our
evaluationsef.surgeon volume atie relative safetgf laparoscopic colectomy two ways
using thenstrumental variable model§he methods are identical to those described above for
our main effeets analysiBirst, we created an interaction term betwdencategorical dummy
variablefor procedureandstrata ofsurgeos’ procedure volume, using marginal means to
calculate outcome ratesghis interaction term in the low volume group, for example, would be

the category of low volume laparoscopic surgeons times the dichotomous variable for
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laparoscopy or open surgekye compared these results to an alternative approach in which we
restrictel themodel to only thospatiens representetdy annual procedural volume. We found

the results to be consistent between both methods.

All statistical analyses were performed using STASEatistical software version 13
(College Station, Texas). Wenployed a 2sided approach at the 5% significance level for all
hypothesis'testing. This study was deemed exempt by the Institutional ReviehaB tae

University"of'Michigan.

Results

Patients‘were similar in age, race, and comorbid disease bwidemstratified by
operative approach. Howevéere weresignificant differences iprimarydiagnosis and
procedure priority (elective or emergent) between patients undergoing lapaccsudppen
colectomy..(Table 1) Wenstratifiedby theinstrumental variabldjoweverall patient
characteristiemcluding operative indicationprocedure priorityand theprobability of adverse
events were well balance@able 1)This effect persisted when comparing patient characteristics
betweenthese hospitals performing the most (top quartile) and least (bottoie)quart

laparoscopy.

We first assessetié comparativeffectiveness of laparoscopiersus opecolectomy
using conyentional multivaable logistic regressioompared to open surgeryewbserved
thatlaparoseepic colectomy was associated Vather complication rate3.5% v. 33.%; OR
0.55, 95% CI 0.53 to 0.56; p<0)0dnd mortality 4.3% v. 9.46; OR 0.38, 95% CI 0.35 to 0.40
p<0.01). (T'able 2)n theinstrumental variablanalysisthe comparative safety of laparoscopy
was attenuated, likely reflecting thbility of this method to account fanmeasured patient
characteristics.In this analysis, #pscopic colectomwasalsoassociated witlower
complicationrate$27.6% v. 30.%; OR 0.82, 95% CI 0.79 to 0.85; p<0.01) and mortality 6.9
v. 8.26; OR0:75, 95% CI1 0.70 to 0.78; p<0.01) in patients considered candidates for either
operation.The average treatment effect of laparoscopy decreased complications gn#.9%

mortality by 2.3%. Sensitivity analysés patients undergoing colectomy for cancer or benign
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diagnoseshowed similar estimateSlable 2)Our estimates did not change significantly when
including hospital characteristias the models.

Next, we evaluated the relationship between surgeon volume and outcomes for open and
laparoscopic.operations separately (i.e. the volume groupings are unique for eacthpproa
(Figure 1)For laparoscopy, median volume thresholds for low, medium, and high volume
surgeons were2 (IQR 1-3), 8 (IQR 4-12), and 34 (IQR 25ek}ectively For open surgery,
median volume thresholds for low, medium, and high volume surgeons were 2 (IQR 1-3), 7 (IQR
5-9), and 17 (IQR 13-20¥spectivelylncreasing surgeon volume was associated with better
outcomes forgboth open and laparoscopic colectomy. However, we observed a stronger volume
effect (i.e.'more difference between high and low volume surgeons) for lapamogampedures.

For example, the absolute difference in complication rates between high and low volume
surgeons was 9.6%or laparoscopic operations and odlp% for operoperations (p<0.01).
Surgeons‘included in the low volume laparoscopic group were evenly distributed aaross |

(27%), medium (44%), and high volume (29%) categories for open surgery.

We:thenexplored the relationship between surgeon volume and comparativ
effectiveness for laparoscopic colectorivije found laparoscopy to be safer than open operations
acrosgnost surgeon volume categoriétigh volume surgeons hddwer complication rates
(20.7% v.'28.%; OR 0.70, 95% CI 0.67 to 0.74; p<0)Gind mortality(5.1% v. 8.86; OR 060,

95% CI 0.5510,0.65; p<0.0with laparoscopy. (Figure 2A and 2Byverage treatment effects

for laparoscepy were greatest for these surgeons. (Table 3) In candidatdsefoopatration, the
incidence of complications decreased by 7.7% and mortality by 3.4% for high volume surgeons.
Medium volume, surgeons also Haette outcomes with laparoscopy, though the magnitude of

its benefit wagower. However,low volume surgeons hddgher complication rate80.3% v.

26.3%; OR.1.18, 95% CI 1.12 to 1.24; p<0Q.ahd mortality(8.2% v. 7.7%; OR 1.07, 95% CI

1.02 to 1.13;p<0.0lwith laparoscopySimilarly, the average treatment effect of laparoscopy

indicated a'4% higher incidence of complications and 0.5% higher incidence of tyiortali

Discussion
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In this studywe evaluate thecomparative effectiveness of laparoscamd open
colectomy in theviedicarepopulation Because we use a national population inclusive of a
heterogeneous group of providerg werealsoable to explorehow the comparative
effectiveness othis intervertion is influenced by surgeon volume. We observed that among high
and mediumsvolume surgeons, laparoscopic colecteasassociated witlower complication
and mortalityrateswhen compared to opeurgicaltechniquesHowever among low volume
surgeons, the"use of laparoscopy aeisiallyassociated with a higher risk of complications and
mortality. Wealsoobserved a stronger relationship between volume and outcomes for
laparoscopic (vS. open) colectomy, the more technicallgplicatedporocedureWithin the
broader context of comparatiedfectiveness research, théselingsillustratewhy provider
proficiency'sheuld be an important consideratidren evaluating theomparative outcomesf

differentprocedures.

Numerousprior studies highlight the advantages of laparoscopic colectomy over
traditional opersurgery For example, severalell-designedtudiesobserved 30F0%reductions
in the incidence opostoperative complications and shogeeragehospitalizationsy 2 days.
(2004 Bagshaw et al. 201 Bilimoria et al. 2008Braga et al. 201Braga et al. 20QZFleshman
et al. 2007Gervaz et al. 201McKay et al. 2012Veldkamp et al. 20083Neeks et al. 2002)
Sugeons and other physicians have been critical of outcomes repottted@randomizeilials
of laparoscopic colectomyiting alack of generalizabilitySpecifically, these trials are often
conductedday*eenters with the hagtvolume surgeonsyhich mayoverestimatehe benefitsof
laparoscopykarge populationbasedstudies, which include both high and low volume
surgeonsareconducted with administrative data and pirene to selection bias from
unmeasured clinical informatigihawson et al. 2032 outhern et al. 200&tukel et al. 200)7In
the present study, wspecifically addresses both of these issues. We used national Medicare
data to study.a/diverse group of surgeons and emploggdmental variable methotts address
problems with selection bias.

There are also sevemakll-knownstudiessuggesting correlation betweenighe

surgeon volumes and better outcorfmdaparoscopicolectomy(Birkmeyer et al. 200ZFox et
al. 2012) When looking at individual surgeons’ volume, studies vathein estimation othe
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“learning curve” for proficiency in laparoscofriym 10 to 50colectomiegMaeda et al. 2010
Tekkis et al. 2005Waters et al. 2090This priorwork on the volumesutcome effect addressa
different questiorthan oursaskng whether outcomearedifferent between providers with

varying levels of experienci contrast, we evaluatedhether surgeon volume influences the
relativeoutcomef two different approaches to colectomy, laparoscopy vs. the traditional open
procedure, This study brings together two areas of inquiry that are often only considered i
isolatior—variations in proider proficiency and comparative effectiveness. Provider proficiency
(i.e., how well'a procedure is performed) is often assumed to be constant in coraparati
effectiveness studies. However,daiscussed above,eMoundthat the relative safety of

laparosceie vsyopercolectomy is entirely @endent on who is performing the operation.

There areseveral limitationgo this study Because we use Medicare data for this
analysis, our results may not be generalizable to all patldotgever, colon cancer more
common in.elderly populations and we would not expect the compasafety or effectiveness
of proceduresoidiffer significantly in an aged populatiofRurther, the use of administrative data
for observational studies is limited by unreliable coding of comorbidities and icatigrs. We
have addressed this in several ways. First, we used established methods for dettrenining
presence.ofomorbid conditions ankhcidence opostoperative complicationgith
administrative datéElixhauser et al. 1998ezzoni et al. 1994%election biass also a limitation
of studies'usin@dministrative data. Howevea successful instrumental varialdealysigas
explained in"our methods) laalces patieAevel covariates- bothmeasured and unmeasured
Some maylserbe concerned that dastrumental variable ia surrogate for hospital or surgeon
quality. Far example, patients living in areas where more laparoscopic procedures are performed
may receiyve care in better, more technologically advahosplitals We have addresgslthis by
showing that the instrument itself is mansiderablyassociated with postoperative outcomes.
Others have shown thedntrolling for provider characteristics is important in comparative
effectiveness'studigbat employinstrumental variablegsarabedian et al. 201#jowever, these
studies dohot.focus on procedural interventions where separating provider clsiiectesim
the interventiontself may be problematitt is possible that we have not addressed issues of
surgeon quality and technical skllata on surgeon training and practice experience is not
available for this national sample. Furthermore, measures of thisularidkely related to
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procedural volume. For example, a surgeon with special training in colorectalysimgermore
colon resections than a general surgeon with a more diverse practice. However, we have
addressed possible confounding from overall surgeon skill within a region by incorporgtihg H
dummy variables as fixeeffects in our IV regression models. Our evaluation of procedural
volume for_surgeonalsodoes not account for the possibility that surgeons’ climpcattices
includeother laparosqaic cases. However, thisformation wouldgenerallybias our results
towards'the null hypothesthat providewolumedoes not influence the relative effectiveness of
laparoscopicvs. open colectomy. Finally, our volume calculalikely underestimate how

many colectomies surgeons perform annually since we studied only Medicare patients. As a
result,these thresholdshould not be used for establishing minimum safety standards for

laparoscopic colectomy.

This study haseveralimportantpradical implications. For patientseeking laparoscopic
colon resection, it isaferto have a higher volume surgeon. It is also important for patients to
consider whether their surgeon’s experience alignstiviitreatment he or she is
recommending. For surgeons, thaystcarefully examine their experienagth new, more
technicallyeomplexproceduresuch as laparoscopic colectortygfore incorporating them into
their practice.Presently, surgeomsayrely on didactics and short weekend “hanas-courses
taught with cadavers @am animal laboratories. These techniquesadren then applied to
practice without oversight or proctoring.(Committee 2aD&vis et al. 1999) Finallyfor
hospital leaderghese results should be considered within the context of surgeon credentialing.
New procedures and techniques maynesible to hospital credentialing committees because
they fall under a broad category of procedures for which a surgeon already has clinical
privileges.(Dent,1992pur study demonstrates that advancedtapcopic approaches to
existing operations requidifferent skill setsMany hospitals alreadgquire minimal vaime
standard for baratric surgery, but no suchlstandardexist for other procedure€gmmittee
2009)

This study also has broader implications for comparative effectivenessrekear

surgery and other procedur&srst, our results underscdrew unmeasured confoundirmmgn
cause us to overestimate the benefits of a new procafferebserved an attenuation of the
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benefits of laparoscopy in our instrumental variable analysis, highligiisiognportant design
featurein comparative effectiveness studm@sne to selection biaSecond, it is important to

consider the proficiency of thovider when assessing the comparative outcomes of procedures
Unlike medical treatments (e.g. pharmaceutjoalsere thentervention is generally
standardized.across providers, the relative benefits of surgical interventions are inherently linked
to the proficiency of the surgeon. We have shown that a heterogeneous group of providers will
appreciate'varying degrees of benefit fromeavnpresumably better, operative technique. In

other words; theamparative effectiveness afspecific therapgannot be divorced entirely from

considerations of who is performing the intervention.
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Table 1. Patient characteristics by type of procedure and theregional use of lapar oscopic colectomy.

Type of procedure

Regional use of

laparoscopy
L apar oscopic Open <25% > 25%
(n=68,39%4) (n=189,353) (n=128,492) (n=129,255)
Age, yr
Mean (SD) 73.9 (9.0) 74.3 (10.3) 74.1 (10.0) 74.3 (9.9)
Median (IQR) 74 (6880) 75 (6882) 74 (6781) 75 (6882)
Race, n (%)
White 59, 321 (86.7) 162,161 (85.6) 111,976 (87.1) 109,506 (84.8)
Black 6,031 (8.8) 19,145 (10.1)* 12,312 (9.6) 12, 864 (9.9)
Other 3,042 (4.5) 8,047 (4.3) 4,204 (3.3) 6885 (5.3%)
Comorbid conditions, #
Mean (SD) 2.0 (1.3) 2.1(1.3) 2.0 (1.3) 2.1(1.3)
Median (IQR) 2 (1-3) 2 (1-3) 2(1-3) 2 (1-3)
Specific comorbidities, n (%)
Congestive heart failure 4,253 (6.2) 17,636 (9.3)* 11,507 (9.0) 10,382 (8.0)
Pulmonary circulatory 1,072 (1.5) 4,007 (2.1)* 2,579 (2.0) 2,500 (1.9)

disease

Diabetes mellitus

Diabetes with complications

Liver disease
Renalfailure
Metastatic cancer
Obesity
Depression

Operativeindication, n (%)

12,106 (17.7) 26,144 (13.7)*

1,148 (12.9) 2,787 (12.0)
837 (1.2) 2,177 (L.1)*
3,378 (4.9) 12,827 (6.7)*
7,340 (10.7) 28,112 (14.8)*
4,087 (5.9) 7,974 (4.2)
3,345 (4.8) 6,886 (3.6)

19,391 (15.1) 18,859 (14.6)

1,930 (1.5) 2,005 (1.5)
1,450 (1.1) 1,564 (1.2)
8,107 (6.3) 8,098 (6.2)
17,864 (13.6) 17,588 (13.9)
6,018 (4.7) 6,043 (4.7)
5,148 (4.0) 5,083 (3.9)
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Malignancy 50,377 (73.7) 93,523 (49.4)*
12,183 (17.8) 58,766 (31.0)*
872 (1.3) 6,667 (3.5)*

Vascular insufficiency 1,056 (1.5) 18,072(9.5)*

Obstruction/hernia/volvulus 16,536 (24.1) 54,952 (29.0)*

Diverticular disease/fistula

Inflammatory bowel disease

Presentation, n (%)

71,243 (55.4)
35,657 (27.7)
3,749 (7.8)
10,032 (2.9)
35,315 (27.4)

72,657 (56.2)
35,292 (27.3)
3,790 (7.0)
9,096 (2.9)
36,173 (27.9)

Elective 53,387 (78.1) 84,089 (44.4)

Preoper ative probability, %

67,762 (52.7)

69, 714 (53.9)

33.5*
10.0*

Complications 25.2
Mortality 6.2

314
9.0

31.2
9.0

* Denotes significant differences between treatment groups (p<0.05).

! Instrumental variable the proportion of colectomies performed laparoscopically within each hospital

referral region.
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Table 2. Comparison of outcomes following lapar oscopic ver sus open colectomy using
logistic regression and instrumental variable methods. Averagetreatment effectsare

reported for=the second stage 2SRI mode.

Odds of adverse outcome associated with Average Treatment

laparoscopic versus open approach (95% CI) Effect (ATE)" zstatistic
Logistic regression analysis Instrumental variable analysis
All operations
Complications 0.55 (0.530.56) 0.82 (0.790.89H -0.17 -14.8
Mortality 0.38 (0.350.40) 0.75 (0.760.78 -0.22 -20.9
Cancer operations
Complications 0.69 (0.670.72) 0.89 (0.860.93 -0.13 -20.3
Mortality 0.53 (0.490.58) 0.83 (0.800.85) -0.18 -18.3
Benign
operations
Complications 0.44 (0.430.49) 0.77 (0.750.79 -0.23 -30.7
Mortality 0.27 (0.240.29) 0.70 (0.680.72) -0.26 -36.4

23

!Averagestreatment effect indicates the relative decrease (or increase) in the incidengalioftions or mortality ascriloeto laparoscopy

compared*with open surgery.

2 All above are significant to p<0.08-statistics computed from bootstrapped standard errors.
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Table 3. Comparison of outcomesfor lapar oscopic and open operations stratified by surgeon volume.

Average treatment effectsare reported for the second stage 2SRI model.

Complications Mortality
Average Treatment Effett t-statisti¢ Average Treatment Effeéct  z-statistié
Surgeon Volume
High -0.28 -34.6 -0.034 -14.3
Medium -0.08 -10.2 -0.019 -9.6
Low 0.11 6.5 0.03 3.2

'Averageitreatment effect indicates the relative decrease (or increase) in the incidengaliohtions or mortality ascriloeto laparoscopy

compared with open surgery.

2 All above are significant to p<0.03-statistics computed from bootstrapped statiearors.
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Odds Ratio (95% CI)

2A. Complications Lower nisk with Higher risk with
laparoscopy laparoscopy
High —
Surgeon )i -
Volume caium
Low .
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
2B. Mortality
High ——
Surgeon
Aedi ——
Volume MMedium
Low =
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

Figure Legends
Figure 1.Shows isk-adjusted rates of complications andd&y mortality for patients following

open and laparoscopic operations. Outcomes are stratified by surgeons’ annual volacte for e
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procedure separately (i.e. outcomes following open operations stratified by surgeue fai

open operations).
Figure 2 (A and_B). Shows odds ratios éaichoutcome stratified by surgeon’s annual

experience. witllaparoscopic colectomyDdds ratios greater than 1.0 convey higher risk of
complicationg2A) or mortality (2B) with laparoscopy compared to open operations.
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Table 2. Comparison of outcomes following laparoscopic versus open colectomy using
logistic regréssion and instrumental variable methods. Average treatment effects are
reported for.the second stage 2SRI model.

Odds of adverse outcome associated with
laparoscopic versus open approach (95% CI)

Average Treatment o,
Effect (ATE)1 z-statistic

Logistic regression analysis Instrumental variable analysis

All operations

Complications 0.55 (0.53-0.56) 0.82 (0.79-0.85) -0.17 -14.8
Mortality 0.38 (0.35-0.40) 0.75 (0.70-0.78) -0.22 -20.9
Cancer operations
Complieations 0.69 (0.67-0.72) 0.89 (0.86-0.93) -0.13 -20.3
Mortality 0.53 (0.49-0.58) 0.83 (0.80-0.85) -0.18 -18.3
Benign
operations
Complications 0.44 (0.43-0.49) 0.77 (0.75-0.79) -0.23 -30.7
Mortality: 0.27 (0.24-0.29) 0.70 (0.68-0.72) -0.26 -36.4

1Average treatment effect indicates the relative decrease (or increase) in the incidence of complications or mortality ascribed to laparoscopy
compared withropen surgery.

% All above aressignificant to p<0.05. Z-statistics computed from bootstrapped standard errors.
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Table 3. Comparison of outcomes for laparoscopic and open operations stratified by surgeon volume.
Average treatment effects are reported for the second stage 2SRI model.

Complications Mortality
Average Treatment Effect’  t-statistic® Average Treatment Effect'  z-statistic®
Surgeon Volume
High -0.28 -34.6 -0.034 -14.3
Medium -0.08 -10.2 -0.019 -9.6
Low 0.11 6.5 0.03 32

1Average treatment effect indicates the relative decrease (or increase) in the incidence of complications or mortality ascribed to laparoscopy
compared Wwith open surgery.

? All aboverareignificant to p<0.05. Z-statistics computed from bootstrapped standard errors.

This article is protected by copyright. All rights reserved 29



;
]
:

=

Paticots (%)

Ll

m

| Laparoscapic ‘ Cipen Laparoscopic
Maoriality Complicutions

hesr_12482_f1.tiff

Author Manus

This article is protected by copyright. All rights reserved



Oadds Ratio (95% C1)

2A. Complications Lower nsk with Higher risk with
laparoscopy laparoscopy
High .
5
V“*r!;? Modiim ——
o - o
o — " X : E ] ¥ !
0.5 1. 03 8 i [0 1.1 I2 1.5
2B. N
High !
Medium —
Liva ——

5 0. 07 03 0.9 1.0 1.1 1.2 1.3
hesr_12482_f2.tiff

Author Manu8c

This article is protected by copyright. All rights reserved



