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I	
  Introduction	
  78	
  
	
  79	
  
The objective of this 4-year study is to characterize the use and outcomes of competing therapies 80	
  
for treating localized prostate cancer. Moreover, this project will evaluate utilization trends, 81	
  
patterns of care, costs and outcomes of minimally invasive radical prostatectomy (MIRP), i.e. 82	
  
laparoscopic radical prostatectomy (LRP) and robotic assisted laparoscopic radical 83	
  
prostatectomy (RALP), compared to open radical prostatectomy (ORP), external beam 84	
  
radiotherapy (XRT), and brachytherapy (BRCY). The findings of this project will guide men 85	
  
with prostate cancer weighing treatment options, employers and policy makers implementing 86	
  
healthcare coverage, and providers seeking to deliver cost-effective, high quality care. This 87	
  
project will be the first national, population-based study to evaluate patterns of care and 88	
  
outcomes for treatments of localized prostate cancer in a wide range of health care settings. In 89	
  
particular, we will assess the impact of LRP, RALP, XRT, and BRCY provider volume on 90	
  
complications, HRQOL, and cancer control, for which data is currently unavailable.  91	
  

92	
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Overview 93	
  
 94	
  
We apologize for the delayed submission of the annual report, as work has been interrupted 95	
  
during the transference of the award from Brigham and Women’s Hospital to UCLA. The 96	
  
principal investigator stopped working at Brigham and Women’s on March 9, 2012, and was 97	
  
unaware of the need for an annual report until recently. The investigators start date at UCLA was 98	
  
April 13, 2012, and efforts are underway to transfer the remained of the award to complete the 99	
  
important and timely actively surveillance component.  100	
  
 101	
  
The report presents data and outcomes from 4 projects. The first 2 projects examine the 100% 102	
  
Medicare sample and the Nationwide Inpatient Sample to characterize minimally invasive and 103	
  
robotic-assisted radical prostatectomy as it compares to open radical prostatectomy. The third 104	
  
project examines patient, surgeon, and hospital factors associated with the rapid adoption of 105	
  
minimally invasive radical prostatectomy. Finally, the fourth project examines the use of the 106	
  
Certificate of Need mechanism to address costs of intensity-modulated radiation therapy.  107	
  
 108	
  
With the remainder of the award, the investigation will focus on characterizing the use of active 109	
  
surveillance and outcomes of active surveillance. 110	
  
 111	
  
Temporal National Trends of Minimally Invasive and Retropubic Radical Prostatectomy 112	
  
Outcomes from 2003-2007: Results from the 100% Medicare Sample 113	
  
 114	
  
Introduction 115	
  
 116	
  
While we previously have used SEER-Medicare data to compare minimally-invasive radical 117	
  
prostatectomy (MIRP) to conventional retropubic radical prostatectomy (RRP), SEER does not 118	
  
encompass the entire U.S., and utilization and outcomes in rural areas may not be captured and 119	
  
compared. Therefore with data from the Centers for Medicare and Medicaid Services, we used 120	
  
data from the 100% Medicare sample from 2003-2007, to assess temporal trends in the 121	
  
utilization and outcomes of MIRP and RRP. 122	
  
 123	
  
Methods 124	
  
 125	
  
Our study was approved by the Brigham and Women's Institutional Review Board; patient data 126	
  
were de-identified and the requirement for consent was waived.  Using the 100% sample of 127	
  
Medicare beneficiaries from the Centers for Medicare and Medicaid Services (CMS), we 128	
  
identified 85,992 men diagnosed with prostate cancer (ICD9 185.0) who underwent MIRP 129	
  
(n=21,459) and RRP (n=64,533) from 2003-2007.   130	
  
 131	
  
Surgical approach was determined from Current Procedural Terminology Coding System 4th 132	
  
edition, (CPT-4) codes: 55840, 55842, 55845 for RRP; and 55866 for MIRP.  Men not 133	
  
continuously enrolled in Medicare A and B and those simultaneously enrolled in health 134	
  
maintenance organizations were not included for analysis as their claims data may not be 135	
  
accurately captured by CMS.  Subjects were required to have Medicare coverage 365 days prior 136	
  
to surgery in order to capture comorbidities.   Men <65 years were excluded as disability is a 137	
  
requirement for Medicare enrollment at this age, and therefore these men are not representative 138	
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of the general population.  While 3,626 perineal radical prostatectomies (PRP) were identified, 139	
  
these were not included in outcomes analysis due to relatively low numbers (4% of total). A 140	
  
unique designation for robotic-assistance did not exist during the study period; therefore we were 141	
  
unable to distinguish pure laparoscopic from robot-assisted surgery, and both were categorized 142	
  
as MIRP.   Our final cohort consisted of 19,594 MIRP and 58,638 RRP. 143	
  
 144	
  
Dependent variables 145	
  
 146	
  
We captured outcomes of interest using International Classification of Disease, 9th edition (ICD-147	
  
9) and CPT-4 diagnosis and procedure codes.  Hospital length of stay (LOS) was defined as the 148	
  
interval between hospital admission to discharge.  Blood transfusions were characterized during 149	
  
the hospital stay. Perioperative complications were characterized within 30 days of surgery and 150	
  
included potentially life-threatening cardiac, respiratory, or vascular events; genitourinary 151	
  
complications; bleeding; miscellaneous surgical and medical complications; wound infection; 152	
  
and death.  Cystography utilization was identified within 6 weeks of surgery.  Late complications 153	
  
(anastamotic stricture, ureteral complications [i.e stricture or fistula], rectourethral fistula, 154	
  
lymphocele), were assessed from 31-365 days following surgery.  Men were excluded from 155	
  
analyses of late complications if they died within 30 days or did not have 365 days of 156	
  
postoperative follow-up.  Therefore, surgeries performed in 2007 were excluded from analysis of 157	
  
late complications. 158	
  
 159	
  
Independent Variables 160	
  
 161	
  
Age, comorbidities, and geographic region were obtained from the Medicare file. Comorbidities 162	
  
were characterized with the Hierachical Condition Category (HCC) risk-adjustment model based 163	
  
on diagnoses from inpatient and outpatient claims, with higher scores comprising men with 164	
  
higher-cost comorbidities according to CMS. 165	
  
 166	
  
Statistical Analysis 167	
  
 168	
  
Using the Mantel-Haensel test for trend over time, we examined change in patient characteristics 169	
  
and outcomes by surgical approach. Proportions were compared with Rao-Scott chi-square tests 170	
  
(adjusting for surgeon clustering), and logistic regression models were constructed to 171	
  
characterize factors associated with mortality and early and late complications.  The logistic 172	
  
regression coefficients were estimated via generalized estimating equations in order to adjust for 173	
  
surgeon clustering. We included covariates a priori that have been shown to be potential 174	
  
confounders for our outcomes of interest: age, comorbidities, geographic region, surgeon 175	
  
volume, surgical approach (MIRP vs. RRP), and year of surgery.  Surgeon volume was 176	
  
determined using unique physician identification numbers and aggregating the total number of 177	
  
procedures performed by each surgeon over the study period.  MIRP and RRP volumes were 178	
  
counted separately. Overall surgeon volume over the study period was 1-462 for MIRP and 1-179	
  
129 for RRP.  We did not recalculate surgeon volume each year, and instead analyzed surgeon 180	
  
volume in adjusted analysis as a continuous variable over the study period.  Year of surgery was 181	
  
included as a variable in adjusted analysis to further adjust for learning curve effect.  Analyses 182	
  
were performed using SAS 9.2 (SAS Institute, Cary, NC).  P-values were two-sided and 183	
  
considered statistically significant at ≤0.05. 184	
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 185	
  
Results 186	
  
 187	
  
Overall, Medicare radical prostatectomies (including PRP) increased from 17,250 procedures in 188	
  
2003 to 19,925 in 2007.  MIRP utilization increased from 4.9% in 2003 to 44.5% in 2007 while 189	
  
RRP and PRP utilization decreased from 89.4% to 52.9% and 5.7% to 2.6%, respectively. Men 190	
  
undergoing MIRP vs. RRP were younger and had fewer comorbidities (both p<0.001).  There 191	
  
was significant geographic variation, with more MIRP performed in the Northeast and South and 192	
  
more RRP performed in the Midwest and West.   193	
  
  194	
  
Table 1 summarizes trends of MIRP complications from 2003-2007.  Although overall MIRP 195	
  
complications did not change, MIRP genitourinary complications, miscellaneous surgical 196	
  
complications, use of blood transfusions, and cystography decreased (all p<0.030).  Similarly, 197	
  
the occurrence of rectourethral fistulae decreased (p=0.017).   198	
  
 199	
  
Conversely, overall RRP complications increased from 27.4% to 32.0% (p<0.001, Table 2), with 200	
  
significant increases in all 30-day perioperative complications, including greater perioperative 201	
  
mortality (0.5 to 0.8%, p=0.009).  Similarly, use of cystography increased (p<0.001).  Among 202	
  
late complications, there were more ureteral complications, rectourethral fistulae, and 203	
  
lymphoceles (all p<0.026). However, there was a decrease in anastamotic strictures (p=0.002). 204	
  
 205	
  
Table 3 compares overall MIRP and RRP outcomes. MIRP vs. RRP was associated with fewer 206	
  
perioperative deaths (0.2 vs. 0.6%, p<0.001) and fewer overall perioperative complications (19.6 207	
  
vs. 29.8%, p<0.001).  Specifically, MIRP was associated with fewer cardiac (2.2 vs. 4.7%), 208	
  
genitourinary (4.8 vs. 6.9%), miscellaneous medical (8.8 vs. 12.6%), miscellaneous surgical (4.2 209	
  
vs. 6.0%), respiratory (4.1 vs. 9.4%), vascular (2.7 vs. 4.3%), and wound complications (1.8 vs. 210	
  
3.9%, all p<0.001).  MIRP was also associated with fewer blood transfusions, anastomotic 211	
  
strictures, and lymphoceles compared to RRP (all p<0.001).  However, MIRP was associated 212	
  
with greater postoperative cystography utilization (p<0.001).  Finally, men undergoing MIRP 213	
  
experienced shorter lengths of stay (2.0 vs. 4.2 days, p<0.001)  214	
  
 215	
  
Table 4 presents adjusted comparative outcomes. RRP was associated with almost 3-fold greater 216	
  
odds of perioperative death (OR 2.67, p<0.001) vs. MIRP.   Higher comorbidity score (OR 1.54, 217	
  
p<0.001) and older age (p<0.003) were also associated with greater mortality. RRP (OR 1.60, 218	
  
p<0.001), increasing comorbidity score (OR 1.67, p<0.001), and older age (p<0.001) were 219	
  
associated with increased odds for perioperative complications.   Only surgery in the South (OR 220	
  
0.78, p<0.001) vs. Northeast geographic region was associated with lower odds for perioperative 221	
  
complications.  Higher comorbidity score (OR 1.32, p<0.001), RRP vs. MIRP (OR 2.52, 222	
  
p<0.001), and age ≥75 (OR 1.16, p=0.003) were associated with greater odds for late 223	
  
complications. Conversely, higher surgeon volume (OR 0.99, p<0.001) was associated with 224	
  
fewer late complications. 225	
  
 226	
  
Significant Findings 227	
  
 228	
  
Our study has several important findings. First, MIRP utilization increased over the study period 229	
  
with a concomitant decrement in utilization of RRP.  In 2007, 44.5% of radical prostatectomies 230	
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among Medicare beneficiaries were performed using a minimally invasive approach.  This is 231	
  
likely influenced by the introduction of RALP in 2000.  232	
  
 233	
  
Second, the demographics of the study population represent a shift in the patterns of care for men 234	
  
with localized prostate cancer.  In our study, patients undergoing MIRP vs. RRP were younger 235	
  
and had fewer comorbidities. This may be due to increased direct-to-consumer marketing 236	
  
targeted towards younger and healthier patients, making these men more likely to seek MIRP 237	
  
while older men may undergo RRP.  238	
  
 239	
  
Third, in adjusted analyses, RRP was associated with greater odds of perioperative mortality 240	
  
compared to MIRP. Higher RRP mortality and complications may be secondary to increased 241	
  
blood loss, which has been associated with higher rates of cardiac, respiratory, and renal 242	
  
complications. Although mortality was rare in both MIRP and RRP cohorts, the reduction in 243	
  
mortality in men undergoing MIRP reveals a potentially significant benefit of the minimally 244	
  
invasive approach.  245	
  
  246	
  
Fourth, there were fewer MIRP vs. RRP complications, regardless of complication type. Further, 247	
  
most MIRP complications decreased or remained stable over the study period while the majority 248	
  
of RRP complications increased. These findings suggest improvement in MIRP outcomes with 249	
  
dissemination of surgical technique and experience.  RRP complications were more common 250	
  
even after adjusting for age, comorbidities and surgeon experience by surgical approach. 251	
  
Therefore, increasing RRP complications over time may be a reflection of patient selection 252	
  
uncharacterizable with our data. For instance, men with high body mass index or prior surgeries 253	
  
may have been more likely to undergo RRP vs. MIRP.   254	
  
 255	
  
Summary 256	
  
 257	
  
MIRP utilization has greatly increased, comprising 44.5% of Medicare radical prostatectomies in 258	
  
2007.  From 2003-2007, men undergoing MIRP vs. RRP experienced fewer perioperative and 259	
  
late complications.  While MIRP complications decreased over the study period, RRP 260	
  
complications increased, and RRP was associated with higher mortality. 261	
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Hospital volume, utilization, costs and outcomes of robotic-assisted laparoscopic radical 262	
  
prostatectomy  263	
  
 264	
  
Similar to prior population-based comparisons of MIRP to RRP, the prior study did not have the 265	
  
ability to distinguish robotic-assisted from laparoscopic radical prostatectomy. However, in the 266	
  
last quarter of 2008, a modifier for robotic use was introduced by the International Classification 267	
  
of Disease, 9th edition. Therefore we used the Nationwide Inpatient Sample to characterize 268	
  
utilization and outcomes of robotic-assisted laparoscopic radical prostatectomy. While use of 269	
  
SEER-Medicare would provide pathologic outcomes such as stage and grade and surgeon 270	
  
characteristics, such data will not be available until the end of 2012 for a comparable time frame 271	
  
of study, i.e. last quarter of 2008.  272	
  
 273	
  
Materials and Methods 274	
  
 275	
  
Data source 276	
  
Subjects were identified from the Healthcare Cost and Utilization Project (HCUP) Nationwide 277	
  
Inpatient Sample (NIS), sponsored by the Agency for Healthcare Research and Quality. NIS is a 278	
  
20% stratified probability sample that encompasses approximately 8 million acute hospital stays 279	
  
per year from over 1000 hospitals in 42 states. It is the largest all-payer inpatient care 280	
  
observational cohort in the U.S. and represents approximately 90% of all hospital discharges. 281	
  
 282	
  
Study cohort 283	
  
During the last quarter of 2008, there were 2,093,300 subjects within NIS. Using NIS discharge 284	
  
weights, these represent more than 9.8 million patients. We used the International Classification 285	
  
of Diseases, Ninth Edition (ICD-9) code 60.5 to identify radical prostatectomies. The ICD-9 286	
  
code for robotic-assistance (17.4x), initiated on October 1, 2008, was used to define the RALP 287	
  
cohort.  288	
  
 289	
  
Covariates 290	
  
For each procedure, we examined hospital and patient level characteristics that may be 291	
  
associated with outcomes. Hospital characteristics included U.S. census region, urban vs. rural 292	
  
location, teaching status, and bed size. Hospital RALP procedures were aggregated during the 293	
  
study period to stratify hospital volume into quartiles, whereby hospitals in each quartile 294	
  
performed ~25% of the cases in the sample. Patient-level characteristics included age, number of 295	
  
comorbidities based on the Elixhauser method,1 race, median income based on the hospital ZIP 296	
  
code, and primary payer. 297	
  
 298	
  
Outcomes 299	
  
ICD-9 diagnosis and procedure codes were used to identify blood transfusions and complications 300	
  
(cardiac, respiratory, genitourinary, vascular, wound, miscellaneous medical, and miscellaneous 301	
  
surgical). NIS-specific outcomes included death, hospital length of stay (LOS), discharge 302	
  
disposition (routine [home] vs. other [rehabilitation, skilled nursing facility, etc]), and total costs. 303	
  
Costs were derived from total charges billed by the hospital using the HCUP cost-to-charge ratio, 304	
  
which is a hospital level file that allows the conversion of charges to the amount that hospitals 305	
  
are reimbursed or actual costs.2 All-payer inpatient cost/charge ratios were used where available, 306	
  
else group averages were used.  307	
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 308	
  
Statistical Analysis 309	
  
Stratification, clustering, and survey weights were used in accordance with the NIS sampling 310	
  
design. Propensity scoring methods were used to adjust for factors that may confound outcomes, 311	
  
with the goal of balancing characteristics between groups. Due to the absence of RALP 312	
  
procedures in most rural centers, the hospital type variable was dichotomized into rural/urban 313	
  
non-teaching vs. urban teaching in the propensity model.  314	
  
 315	
  
There were no small or medium bed-size hospitals or hospitals in the Midwest within the highest 316	
  
volume quartile, thus bed-size and geography could not be included in the propensity model. 317	
  
Age, race, comorbidity, primary payer, income, and hospital type were included in the final 318	
  
propensity model. Due to small numbers of cases in subcategories, race was collapsed into white, 319	
  
non-white, and missing, and primary payer was collapsed into private, Medicare, and 320	
  
Medicaid/other in order adequately power propensity analyses, as well as to minimize 0< n<11, 321	
  
for which data suppression is required per NIS. All analyses were performed with SAS version 322	
  
9.2 (SAS Institute Inc, Cary, NC), and all tests were considered statistically significant at p≤.05.  323	
  
 324	
  
 325	
  
Results 326	
  
 327	
  
There were 2,348 RALP within the NIS, which represented 11,513 RALP after incorporating 328	
  
NIS survey weights. Low, medium, high and very high volume quartiles corresponded to 1-15, 329	
  
16-29, 30 to 54, and 55-166 RALP during the last quarter of 2008, respectively, and Figure 1 330	
  
shows the overall distribution of hospital RALP volume. 331	
  
 332	
  
Patient and hospital characteristics are shown in Table 5. Higher volume hospitals were more 333	
  
likely to perform RALP on men aged less <50 years (p<.01), who were white (p<.01) or earning 334	
  
higher incomes (p<.01). Higher volume hospitals were more likely to be large bed size facilities 335	
  
(p<.01).  336	
  
 337	
  
Unadjusted and adjusted outcomes are similar and therefore adjusted outcomes are presented 338	
  
(Table 6).  While there were no in-hospital RALP deaths, high and very high volume hospitals 339	
  
experienced fewer overall and miscellaneous medical complications (both p≤.01). Low volume 340	
  
hospitals had longer mean LOS (p<.01) and fewer routine home discharges (p<.01). Finally, 341	
  
higher RALP hospital volume was associated with lower costs (p<.01). For instance, the median 342	
  
RALP cost at very high volume hospitals was two thirds that of low volume hospitals, $8,623 vs. 343	
  
$12,754.  Mean costs for those with less than two-day LOS and no complications were $7,233, 344	
  
whereas costs for those with one or more complications were $10,267. For those with two or 345	
  
more days LOS, costs for those with and without complications were $9,240 vs. $17,245. 346	
  
 347	
  
 348	
  
Significant Findings 349	
  
 350	
  
To our knowledge, this is the first population-based study to evaluate volume relationships to 351	
  
utilization, patterns of care, and outcomes of RALP. For instance, prior studies of minimally 352	
  
invasive radical prostatectomy were unable to distinguish between RALP and pure laparoscopic 353	
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radical prostatectomy, and our study has several important findings. First, higher hospital volume 354	
  
was associated with fewer medical and overall complications and shorter LOS, and low volume 355	
  
hospitals had a lower likelihood of routine discharge.  356	
  
 357	
  
Second, higher RALP hospital volume was associated with lower costs. If selective referral of 358	
  
RALP from low to very high volume hospitals were implemented, this would result in an annual 359	
  
cost savings of $10,695,888. More stringent referral of patients from low, medium and high 360	
  
volume hospitals to very high volume hospitals would increase annual cost savings to 361	
  
$18,033,468. Costs differences are likely related to higher volume hospitals having fewer 362	
  
complications and shorter LOS than low volume hospitals. Our analyses found that the 363	
  
differences between costs based on the presence of complications were greater than those based 364	
  
on differing LOS.  365	
  
 366	
  
Third, whites and men with higher incomes were more likely to undergo RALP at high volume 367	
  
hospitals. This may be related to patient preferences affected by direct-to-consumer advertising 368	
  
or referral patterns consistent with studies demonstrating variations in patterns of care for non-369	
  
whites and those in lower socioeconomic groups, including lower utilization of high volume 370	
  
centers. This poses concern that not all may benefit from the improved clinical outcomes of more 371	
  
experienced RALP centers.  372	
  
 373	
  
Our study must be interpreted within the context of the study design. NIS is limited to the 374	
  
inpatient hospital setting, and we were unable to assess outpatient complications or earlier return 375	
  
to activities of daily living/work. Second, while we attempted to adjust for confounding, 16.0% 376	
  
had missing race data that were not equally distributed across quartiles. This may reflect 377	
  
differences in actual patient demographics, whereby non-white minority designations may not be 378	
  
specified, or may reflect systematic differences in race identification between low and high 379	
  
volume hospitals. Third, while we adjusted for hospital volume, we are unable to adjust for 380	
  
surgeon volume. Fourth, this study was limited to the first and only quarter of data was available 381	
  
for analyses, and thus the effects of the adoption of a new code are unknown. Finally, this is an 382	
  
observational study, and there may be unobserved factors that we were unable to adjust for.  383	
  
 384	
  
Summary 385	
  
 386	
  
Sociodemographic differences between patient populations of high vs. low volume hospitals 387	
  
exist. Our findings support the association between higher RALP volume and fewer inpatient 388	
  
complications and lower costs.  389	
  
 390	
  

391	
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Factors Associated with the Adoption of Minimally Invasive Radical Prostatectomy in the 392	
  
United States 393	
  
 394	
  
In spite of the lack of data demonstrating clear superiority of MIRP, rapid uptake of this new 395	
  
technology over the last few years. Increased MIRP utilization, and more specifically RALP 396	
  
utilization, is likely multi-factorial, and to date, the role of patient, surgeon and hospital 397	
  
characteristics in the rapid adoption of MIRP has not been explored.  Our goal was to assess the 398	
  
relative contribution of various patient, surgeon, and hospital factors in the utilization of MIRP 399	
  
vs. RRP.    400	
  
 401	
  
METHODS 402	
  
Data 403	
  
Our study was approved by the Brigham and Women’s Hospital Institutional Review Board; 404	
  
patient data were de-identified and the requirement for consent was waived.  We used linked data 405	
  
from the National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) 406	
  
program and the Centers for Medicare and Medicaid Services (CMS). SEER is comprised of 407	
  
population-based cancer registry data from 16 registries covering approximately 28% of the U.S. 408	
  
population with Medicare administrative data from the CMS.  409	
  
 410	
  
Study cohort 411	
  
Using International Classification of Disease, Clinical Modification, 9th edition (ICD-9-CM) 412	
  
code 185 we identified a cohort of 13,636 men aged 65 years and older diagnosed with prostate 413	
  
cancer from 2002 to 2007 that underwent radical prostatectomy from 2003 to 2009. Current 414	
  
Procedural Terminology, 4th edition (CPT-4) codes were used to identify men undergoing MIRP 415	
  
with or without robotic assistance (55866) vs. RRP (55840, 55842, 55845). We excluded 1,772 416	
  
men that were not continuously enrolled in Medicare Part A and B, and we also excluded 132 417	
  
patients with incomplete demographic information or tumor characteristics. The final cohort 418	
  
consisted of 11,732 men who underwent either MIRP or RRP during the study period. 419	
  
 420	
  
Independent Variables 421	
  
Age was obtained from the Medicare file. Comorbidity was assessed using inpatient, outpatient 422	
  
and carrier claims during the year before surgery.3 Race/ethnicity, census measurements of 423	
  
median household income, the proportion of individuals with at least a high school education, 424	
  
U.S. Census region, population density, and marital status were obtained from SEER.  425	
  
 426	
  
Dependent Variables 427	
  
Individual surgeons were identified using Unique Physician Identifier Numbers (UPIN) from the 428	
  
Medicare carrier file, while surgeon volume was determined by aggregating the total number of 429	
  
surgical procedures performed by each surgeon over the study period. Surgeon age, practice size 430	
  
(solo, small group [≤2 urologists] or large group [> 2 urologists] practice), academic hospital 431	
  
affiliation, and government vs. non-government hospital affiliation were determined by linking 432	
  
physician UPIN numbers to the American Medical Association Masterfile.  A subject was 433	
  
deemed to have obtained a second opinion from a urologist if outpatient encounters with more 434	
  
than one urologist occurred between prostate cancer diagnosis and radical prostatectomy.  435	
  
Hospital characteristics (bed size, public vs. private ownership, National Cancer Institute [NCI] 436	
  
Comprehensive Cancer Center designation, and teaching status) were obtained by merging the 437	
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inpatient file with a hospital file created by the NCI. Hospital volume was assessed as the total 438	
  
number of radical prostatectomies (MIRP and RRP) performed over the study period.  439	
  
 440	
  
 441	
  
Statistical analysis 442	
  
Univariable differences between treatment modalities were assessed using chi-square tests.  443	
  
Multivariable logistic regression models to predict the use of MIRP were generated incorporating 444	
  
variables with a significant trend on univariate analysis (p<0.10), those with a substantive a 445	
  
priori likelihood of association (e.g. income, education) and core surgeon, hospital, and patient 446	
  
demographics.  Because of correlation between MIRP vs. RRP utilization within a particular 447	
  
surgeon practice and hospital, multi-level  (hierarchical) logistic regression mixed models 448	
  
(generalized linear mixed models) were used to determine surgeon, hospital, and patient-level 449	
  
contribution to observed variation in surgical approach. The multi-level model included fixed 450	
  
effects for patient characteristics and random surgeon and hospital effects, as well as fixed 451	
  
surgeon and hospital characteristics that could account for some of the variability in outcomes 452	
  
across surgeons and hospitals. For the multi-level model, we identified 1,726 primary surgeons 453	
  
who performed radical prostatectomies during the study period. We excluded cases from low 454	
  
volume surgeons and hospitals that performed less than 5 surgeries over the study period, leaving 455	
  
551 surgeons, 343 hospitals, and 8,442 men for mulitilevel analysis. In order to determine the 456	
  
explanatory power of patient, surgeon, and hospital level variables, the change in multi-level 457	
  
hierarchical logistic regression pseudo-R2 was examined.4  Time since obtaining a medical 458	
  
license was not included in the analysis as this was co-linear with surgeon age.  All analyses 459	
  
were performed with SAS version 9.2 (SAS Institute, Cary, NC, USA). 460	
  
 461	
  
Results 462	
  
Over the study period, 67.9% vs. 32.1% of men underwent RRP vs. MIRP, respectively.  The 463	
  
proportion of men undergoing MIRP increased during each year of the study period (p<0.001).  464	
  
Men undergoing MIRP were more likely to be white and Asian, while men undergoing RRP 465	
  
were more likely to be black and Hispanic (p<0.001).  Men undergoing MIRP were also more 466	
  
likely to be married, live in areas of higher education and income, and live in urban areas 467	
  
(p<0.02 for all).  Men undergoing MIRP were more likely to have localized stage cT1 disease, 468	
  
while men undergoing RRP were more likely to have extraprostatic (cT3/T4) disease (p<0.001).  469	
  
However, men undergoing MIRP were more likely to have poor or undifferentiated tumors 470	
  
compared with men undergoing RRP (p<0.001).  471	
  
 472	
  
In unadjusted analysis (Table 7), MIRP was more likely to be performed at teaching hospitals 473	
  
and in NCI-designated Comprehensive Cancer Centers (p<0.001). MIRP was less likely to be 474	
  
performed by surgeons within solo or small group practices and those primarily affiliated with 475	
  
medical schools (p<0.001).  MIRP was performed more commonly by younger surgeons and 476	
  
those in practice for less than 10 years (p<0.003 for both).   477	
  
 478	
  
Table 8 presents multi-level models demonstrating that patient, surgeon and hospital 479	
  
characteristics together accounted for 58.0% of the overall variability in the utilization of MIRP 480	
  
vs. RRP. Hospital-level characteristics contributed the most variability in the utilization of MIRP 481	
  
(28.5%), followed by patient- (25.3%) and surgeon-level (12.5%) characteristics.  Of the 482	
  
individual patient-level characteristics that determined variability in MIRP vs. RRP utilization, 483	
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tumor stage (11.7%), demographics (11.6%), and receiving a second opinion from another 484	
  
urologist (2.7%) were most common. The most common surgeon-level characteristics were 485	
  
employment status (9.1%) and case volume (4.6%).  Finally, the most common hospital–level 486	
  
contributors were case volume (16.8%) and bed size (4.4%).  487	
  
 488	
  
Multivariable analysis for predictors of MIRP vs. RRP utilization was performed.  Asian race 489	
  
was associated with increased use of MIRP (vs. white race: odds ratio [OR] 1.86, 95% 490	
  
confidence interval [CI] 1.27–2.72, p=0.001). Compared with men with a median income ≥ 491	
  
$60,000, men with a median income of < $35,000 (OR 0.62, 95% CI 0.41-0.93, p=0.021) and 492	
  
$35,000-44,999 (OR 0.69, 95% CI 0.51–0.95, p=0.021) were less likely to undergo MIRP.  Men 493	
  
with cT1 (OR 2.71, 95% CI 1.60–4.57, p<0.001) and cT2 (OR 2.2, 95% CI 1.29-3.75) vs. 494	
  
cT3/cT4 disease were more likely to undergo MIRP vs. RRP.  Obtaining a second opinion from 495	
  
another urologist prior to treatment was also associated with MIRP utilization (OR 3.41, 95% CI 496	
  
2.67-4.37, p<0.001).  For surgeon characteristics, surgeon volume (OR 1.022 for each surgical 497	
  
procedure performed, 95% CI 1.015-1.028, p<0.001), solo or 2 physician practices (OR 0.48, 498	
  
95% CI 0.27-0.86, p=0.013), and younger surgeon age (OR 2.68, 95% CI 1.69–4.24, p<0.001) 499	
  
was associated with increased MIRP utilization.  Finally, among hospital-level characteristics, 500	
  
only increasing bed size was associated with a greater likelihood of MIRP vs. RRP utilization 501	
  
(OR 1.001, 95% CI 1.001–1.002, p<0.001). 502	
  
 503	
  
DISCUSSION 504	
  
 505	
  
Our study has several important findings.  First, hospital and patient-level characteristics had the 506	
  
most influence on selection of surgical approach. Hospital radical prostatectomy volume was the 507	
  
greatest contributor to the use of MIRP, which may suggest that either centers with significant 508	
  
prostate volume were more likely to acquire and use robotic surgical systems or that the 509	
  
migration of radical prostatectomy approach from RRP to MIRP also resulted in clustering of 510	
  
MIRP among the initially limited number of hospitals with robotic systems. Surgeon-level 511	
  
characteristics also contributed to variability in the selection of MIRP vs. RRP, although to a 512	
  
lesser extent than hospital- or patient-level characteristics.  513	
  
 514	
  
Second, men receiving a second opinion from another urologist prior to intervention were more 515	
  
than three times more likely to undergo MIRP vs. RRP.  This may reflect increased reliance on 516	
  
direct-to-consumer-advertising among MIRP surgeons that disrupt traditional word-of-mouth 517	
  
referral patterns.  518	
  
 519	
  
Third, younger surgeons (under the age of 50 years) were 2.5 times more likely to utilize MIRP.  520	
  
Current urologic training exposes younger trainees to more minimally-invasive procedures, and 521	
  
therefore younger surgeons are likely more inclined to offer MIRP vs. RRP. Although the 522	
  
surgical learning curve for MIRP may be long, increased exposure to laparoscopy and robotics 523	
  
during residency training likely attenuates the learning curve effect and makes younger vs. older 524	
  
surgeons more comfortable with the procedure.  525	
  
 526	
  
Fourth, we identified demographic factors that contribute to MIRP vs. RRP utilization.  Asian 527	
  
men were more likely to undergo MIRP, while men with lower incomes were less likely to 528	
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undergo MIRP.  Further research is needed to explain the higher likelihood of MIRP in the Asian 529	
  
patient population.  530	
  
 531	
  
Finally, we found that men with lower stage tumors were nearly three times more likely to 532	
  
undergo MIRP while men with advanced tumors were more likely to undergo RRP. This may be 533	
  
associated with the belief that locally-advanced prostate cancer may be better served with open 534	
  
radical prostatectomy that allows for tactile sensation and palpation of the prostate gland. 535	
  
 536	
  
Our study must be interpreted in the context of the study design as the findings from this cross-537	
  
sectional study are observational and hypothesis-generating and do not imply causation.  First, 538	
  
our analyses were limited only to Medicare beneficiaries older than 65 years and therefore these 539	
  
results may not be applicable to younger men choosing between MIRP and RRP.  Next, our 540	
  
study period was during a time of rapid growth of MIRP and our multi-level model may not 541	
  
reflect the current importance of hospital, surgeon or patient attributes on the likelihood of 542	
  
undergoing a particular surgical approach as availability, use and acceptance of MIRP 543	
  
(especially with robotic-assistance) has increased.  In addition, we did not examine the potential 544	
  
impact on treatment choice from visits to other providers such as radiation oncologists and 545	
  
medical oncologists, who may influence patient choice regarding his surgical options.  Although 546	
  
we were able to determine whether consultations with more than one urologist took place in the 547	
  
form of second opinions, we are unable to delineate specific practice patterns regarding whether 548	
  
patients were referred or self-referred.  Finally, we cannot capture all clinical variables that may 549	
  
have influenced the choice of surgical approach, such as prior surgeries, body mass index, and 550	
  
personal factors that may contribute to selection bias.        551	
  
 552	
  
Conclusion 553	
  
The majority of the identifiable variability in use of MIRP vs. RRP appears to be attributable to 554	
  
hospital- and patient-level characteristics rather than surgeon characteristics.  Patient tumor and 555	
  
demographic characteristics as well as hospital radical prostatectomy case volume appear to 556	
  
contribute most to increased MIRP utilization.  Men receiving a second opinion are more than 557	
  
three times more likely to undergo MIRP vs. RRP, and this may reflect the shopping around 558	
  
secondary to internet browsing or direct-to-consumer-advertising influencing a patient’s 559	
  
treatment decision.  560	
  
	
  561	
  

	
  	
  562	
  
563	
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Certificate of Need Programs, IMRT Utilization and the Cost of Prostate Cancer Care 564	
  
 565	
  
Introduction 566	
  
 567	
  
Certificate of Need (CON) programs have long been the primary regulatory mechanism for 568	
  
curbing the rapid expansion of healthcare services and controlling healthcare costs.5 Mandated 569	
  
by the federal government during the late 1970s and early 1980s, CON programs require state 570	
  
approval prior to the establishment of new health facilities or investment in healthcare 571	
  
equipment. Despite an end to the federal mandate for CON programs more than two decades 572	
  
ago, a number of states continue to rely on CON programs to contain healthcare costs.  573	
  
 574	
  
In the last decade, intensity-modulated radiation therapy (IMRT) has rapidly emerged as the 575	
  
radiation modality of choice for men with prostate cancer, despite its significantly higher costs 576	
  
relative to other forms of therapy. With this in mind, we sought to evaluate the effectiveness of 577	
  
CON regulations on curtailing IMRT utilization and overall prostate cancer costs. Our objective 578	
  
was to compare utilization of IMRT and prostate cancer cost growth in regions with and without 579	
  
active CON programs. We hypothesized that greater adoption of IMRT and more rapid growth in 580	
  
the cost of prostate cancer care would be observed in regions without CON programs regulating 581	
  
IMRT. 582	
  
 583	
  
Methods 584	
  
 585	
  
We used Surveillance, Epidemiology, and End Results (SEER)-Medicare linked data for 586	
  
analyses. SEER is a cancer registry database comprising 16 geographic areas covering 587	
  
approximately 28% of the US population. The presence or absence of CON programs, date of 588	
  
initiation and duration were determined from the National Conference of State Legislatures and 589	
  
confirmed by contacting each state’s health department. SEER regions within states that required 590	
  
CON approval (CT, MI, IA) for radiation therapy or linear accelerators were designated “CON 591	
  
Yes” while regions within states without CON programs (CA, NM, UT) or states with CON 592	
  
programs that did not cover radiation therapy during the study period (WA, LA, NJ) were 593	
  
designated “CON No.” Three states (HI, GA, KY) had specific exemptions from the CON 594	
  
process, such as capital expenditure thresholds, population density requirements, or clauses 595	
  
regarding the demographics of patients served. These states were excluded from our analyses 596	
  
given their heterogeneity in IMRT CON requirements. 597	
  
 598	
  
We identified 155,107 men aged 65 years or older who were diagnosed with prostate cancer 599	
  
from 2002 to 2007 and followed through Medicare services through December 31, 2009. Of 600	
  
these, 107,340 men were enrolled in both Medicare Part A and Part B and not enrolled in a 601	
  
health maintenance organization during the study period. From this group, 69,630 received 602	
  
radiation therapy or radical prostatectomy as definitive therapy. Excluding men in CON 603	
  
Indeterminate areas yielded a study population of 61,332 patients. An additional 2,977 men were 604	
  
excluded due to incomplete demographic information. This yielded a study population of 58,355 605	
  
men, including 44,541 men in six regions that do not have CON programs covering radiation 606	
  
therapy (CON No) and 13,814 men in three regions with current Certificate of Need programs 607	
  
regulating radiation therapy (CON Yes). 608	
  
 609	
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Men undergoing IMRT, external beam radiotherapy, brachytherapy, and radical prostatectomy 610	
  
were identified using the corresponding Current Procedural Terminology 4th Edition (CPT-4) 611	
  
codes. Utilization of IMRT relative to other definitive therapies for prostate cancer is presented 612	
  
as a proportion.  613	
  
 614	
  
Prostate cancer healthcare costs (inpatient, outpatient, and physician services) were assessed in 615	
  
the year following prostate cancer diagnosis. To isolate costs associated with prostate cancer 616	
  
care, we subtracted baseline healthcare costs in the twelve months prior to prostate cancer 617	
  
diagnosis, allowing each subject to serve as his own control. Men who did not initiate treatment 618	
  
within six months following prostate cancer diagnosis, were not continuously enrolled in the 619	
  
twelve months prior to and following diagnosis, did not have Medicare as their primary health 620	
  
insurance, or had incomplete demographic information (n=20,886) were excluded from cost 621	
  
analyses. All costs were adjusted to 2010 dollars using the 2007 Annual Report of the Boards of 622	
  
Trustees of the Federal Hospital Insurance and Federal Supplementary Medical Insurance Trust 623	
  
Fund. 624	
  
 625	
  
Age, race, education, income, geographic region, and clinical tumor grade and stage were 626	
  
derived from SEER registries. Education was defined as the percentage of residents in a census 627	
  
tract attaining at least a high school education. Co-morbidity status was assessed using the 628	
  
Klabunde modification of the Charlson comorbidity index.3   629	
  
 630	
  
We compared baseline demographic and tumor characteristics between CON Yes and CON No 631	
  
groups using chi-square tests. A Mantel−Haenszel test was performed to compare IMRT 632	
  
utilization in CON Yes vs. CON No regions over time. Wilcoxon rank−sum test compared 633	
  
median prostate cancer healthcare cost. We used propensity score methods to adjust for 634	
  
differences in demographic and tumor characteristics in CON Yes vs CON No regions. 635	
  
Propensity score methods balance characteristics between groups using a single composite 636	
  
measure to control for observed confounding factors that may influence both group assignment 637	
  
and outcome. The propensity score adjustment was performed using a logistic regression model 638	
  
that calculated the propensity (probability) of being in a CON Yes vs No region based on all 639	
  
covariates described above. Each subject’s data was weighted based on the inverse propensity of 640	
  
being in one of the two regions. Covariate balance was assessed after the propensity score 641	
  
adjustment was performed. Due to the relatively smaller number of patients treated in 2009, we 642	
  
combined data from 2008-2009 in our analyses. The threshold for statistical significance was set 643	
  
at α=.05. All analyses were performed using SAS 9.2 (SAS Institute Inc, Cary, NC, USA). 644	
  
 645	
  
Results 646	
  
 647	
  
CON No regions had a greater proportion of men with well differentiated tumors, clinical stage 648	
  
T1 cancer, age 65-59 at diagnosis, and Hispanic and Asian race. More men in CON No regions 649	
  
lived in areas with <75% high school education rates, >$60,000 median income, and high 650	
  
population density. Propensity score methods adjusted for these differences. While the utilization 651	
  
of IMRT, as a proportion of all definitive treatments for localized prostate cancer (i.e., radical 652	
  
prostatectomy, external beam radiotherapy, and brachytherapy) increased dramatically during the 653	
  
study period in both CON Yes (2.3% of all treatments in 2002, 46.4% in 2008-2009) and CON 654	
  
No (11.3% of all treatments in 2002, 41.7% in 2008-2009) regions, greater growth of IMRT 655	
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utilization was observed in CON Yes (slope = 0.403) vs. CON No (slope = 0.241) regions (p 656	
  
<0.001) in adjusted analyses. Prostate cancer healthcare costs decreased in both CON Yes 657	
  
($23,250 in 2002, $18,511 in 2008-2009) and CON No ($23,091 in 2002, $19,815 in 2008-2009) 658	
  
regions. In adjusted analyses (Table 10), the median cost decrease per year was similar in CON 659	
  
Yes ($908, 95% CI: $1294-$522) and CON No ($790, 95% CI: $958-$623) regions (p = 0.396). 660	
  
 661	
  
Comment 662	
  
 663	
  
Using a population-based approach, we observed a rapid expansion in the utilization of IMRT 664	
  
for prostate cancer, unchecked by CON programs. Furthermore, CON programs did not appear to 665	
  
influence the change in prostate cancer healthcare costs. This study represents the first analysis 666	
  
of the impact of CON programs on IMRT utilization and prostate cancer care costs. 667	
  
 668	
  
We found that CON programs were ineffective in limiting the utilization of IMRT for prostate 669	
  
cancer. Further, we observed that CON regulations have not had the intended effect in 670	
  
controlling prostate cancer healthcare expenditures.  671	
  
 672	
  
Summary 673	
  
 674	
  
Given the prevalence of prostate cancer, current controversy over its treatment and present 675	
  
emphasis on healthcare economics, we believe our study is particularly insightful and timely. 676	
  
Despite its increased cost and limited comparative effectiveness data, the proportion of IMRT 677	
  
utilization among all prostate cancer treatment modalities increased dramatically in all states in 678	
  
our sample. CON programs appeared ineffective in attenuating IMRT utilization and prostate 679	
  
cancer healthcare costs. 680	
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Challenges  681	
  
 682	
  
Challenges of our research are as follows. We are presently attempting to characterize the use of active 683	
  
surveillance versus watchful waiting. However, because SEER registries do not characterize active 684	
  
surveillance as a distinct treatment choice, we must rely on the absence of definitive treatment in men 685	
  
with low risk prostate cancer to define our active surveillance cohort. We will then characterize the use of 686	
  
PSA, biopsies and subsequent treatment and prostate cancer related costs.  687	
  

688	
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Key Research Accomplishments 689	
  
 690	
  

• Using the 100% Medicare sample, we demonstrate that there has been rapid adoption of 691	
  
MIRP, increasing to 44.5% of radical prostatectomies in 2007. Moreover, a direct 692	
  
comparison with open retropubic radical prostatectomy indicates that MIRP is associated 693	
  
with better peri-operative and late outcomes compared to RRP. While MIRP 694	
  
complications decreased over the study period, RRP complications increased, and RRP 695	
  
was associated with significantly higher mortality. 696	
  

• Using the Nationwide Inpatient Sample, we performed the first population-based study of 697	
  
the robotic-assisted radical prostatectomy volume outcomes effect. Higher robotic-698	
  
assisted radical prostatectomy hospital volume was associated with fewer medical and 699	
  
overall complications, shorter LOS, and lower costs. Selective referral of RALP from low 700	
  
to very high volume hospitals would result in an annual cost savings of $10,695,888. 701	
  
There may be significant racial disparity in terms of access to high volume RALP 702	
  
centers, as white vs. non-white men were more likely to undergo RALP at high volume 703	
  
centers.  704	
  

 705	
  
• In dissecting the rapid adoption of MIRP, hospital and patient-level characteristics had 706	
  

the most influence on selection of surgical approach. Hospital radical prostatectomy 707	
  
volume was the greatest contributor to the use of MIRP, which may suggest that either 708	
  
centers with significant prostate volume were more likely to acquire and use robotic 709	
  
surgical systems or that the migration of radical prostatectomy approach from RRP to 710	
  
MIRP also resulted in clustering of MIRP among the initially limited number of hospitals 711	
  
with robotic systems. Men receiving a second opinion from another urologist prior to 712	
  
intervention were more than three times more likely to undergo MIRP vs. RRP.  713	
  
Additionally, younger surgeons (under the age of 50 years) were 2.5 times more likely to 714	
  
utilize MIRP.  715	
  

 716	
  
• In assessing the effectiveness of Certificate of Need programs in deterring the rapid 717	
  

adoption of intensity modulated radiation therapy, we compared change in utilization and 718	
  
costs over time in regions with versus without Certificate of Need programs. We failed to 719	
  
identify a difference in  720	
  

 721	
  
 722	
  

723	
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Reportable Outcomes 724	
  

 725	
  

The Prostate Cancer Physician Training Award has resulted in publications in the following journals over 726	
  

the reporting period: 727	
  

European Journal of Urology 728	
  

Journal of Urology 729	
  

In addition, 2 abstracts were presented at the American Urologic Association in 2012. 730	
  

731	
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Conclusions 732	
  

We continue to characterize the most recent and popular treatment options for prostate cancer, minimally 733	
  
invasive/robotic-assisted radical prostatectomy and intensity modulated radiation therapy. We 734	
  
demonstrate that despite the relatively recent adoption of minimally invasive radical prostatectomy, there 735	
  
are definite advantages in terms of fewer complications compared to open retropubic radical 736	
  
prostatectomy. Moreover, we characterize cost savings and better outcomes that result from performing 737	
  
robotic-assisted radical prostatectomy at high volume hospitals. In addition, we identify factors associated 738	
  
with the transition from open to robotic-assisted radical prostatectomy, such as high radical prostatectomy 739	
  
hospital volume, younger surgeon age, seeking a second opinion and race. Finally, we examine the effect 740	
  
of a regulatory mechanism such as the Certificate of Need programs, which appear to be ineffective in 741	
  
terms of reigning in utilization and costs of this newer, more expensive form of radiotherapy for prostate 742	
  
cancer. 743	
  
 744	
  

745	
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Abstract

Background: Although the use of minimally invasive radical prostatectomy (MIRP) has
increased, there are few comprehensive population-based studies assessing temporal
trends and outcomes relative to retropubic radical prostatectomy (RRP).
Objective: Assess temporal trends in the utilization and outcomes of MIRP and RRP
among US Medicare beneficiaries from 2003 to 2007.
Design, setting, and participants: A population-based retrospective study of 19 594
MIRP and 58 638 RRP procedures was performed from 2003 to 2007 from the 100%
Medicare sample, composed of almost all US men �65 yr of age.
Intervention: MIRP and RRP.
Measurements: We measured 30-d outcomes (cardiac, respiratory, vascular, genitouri-
nary, miscellaneous medical, miscellaneous surgical, wound complications, blood trans-
fusions, and death), cystography utilization within 6 wk of surgery, and late complications
(anastomotic stricture, ureteral complications, rectourethral fistulae, lymphocele, and
corrective incontinence surgery).
Results and limitations: From 2003 to 2007, MIRP increased from 4.9% to 44.5% of
radical prostatectomies while RRP decreased from 89.4% to 52.9%. MIRP versus RRP
subjects were younger ( p < 0.001) and had fewer comorbidities ( p < 0.001). Decreased
MIRP genitourinary complications (6.2–4.1%; p = 0.002), miscellaneous surgical com-
plications (4.7–3.7%; p = 0.030), transfusions (3.5–2.2%; p = 0.005), and postoperative
cystography utilization (40.3–34.1%; p < 0.001) were observed over time. Conversely,
overall RRP perioperative complications increased (27.4–32.0%; p < 0.001), including an
increase in perioperative mortality (0.5–0.8%, p = 0.009). Late RRP complications in-
creased, with the exception of fewer anastomotic strictures (10.2–8.8%; p = 0.002). In
adjusted analyses, RRP versus MIRP was associated with increased 30-d mortality (odds
ratio [OR]: 2.67; 95% confidence interval [CI], 1.55–4.59; p < 0.001) and more perioper-
ative (OR: 1.60; 95% CI, 1.45–1.76; p < 0.001) and late complications (OR: 2.52; 95% CI,
2.20–2.89; p < 0.001). Limitations include the inability to distinguish MIRP with versus
without robotic assistance and also the lack of pathologic information.
Conclusions: From 2003 to 2007, there were fewer MIRP transfusions, genitourinary
complications, and miscellaneous surgical complications, whereas most RRP periopera-
tive and late complications increased. RRP versus MIRP was associated with more
postoperative mortality and complications.
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1. Introduction

The use of minimally invasive radical prostatectomy (MIRP)

surged in the United States after US Food and Drug

Administration approval of the robotic platform in 2000.

Initial single-surgeon series at academic centers demon-

strated that MIRP was at least as effective as retropubic

radical prostatectomy (RRP) [1,2]. However, comparative

effectiveness studies of surgical outcomes and complica-

tions of MIRP versus RRP remain sparse. Most published

MIRP outcomes originate from high-volume referral centers

and may not be generalizable to community settings.

Population-based studies comparing MIRP and RRP

have shown comparable perioperative outcomes, although

MIRP was associated with more erectile dysfunction and

incontinence diagnoses [3]. Additionally, another study

showed that MIRP was associated with greater risk for

salvage therapy and anastomotic stricture, although these

risks diminished with increasing surgeon experience [4],

mirroring improvement in RRP outcomes during the 1990s

[5]. However, previous studies used 5% and 20% samples of

Medicare beneficiaries, and some regions within the

United States were not characterized [6,7]. Although

recent population-based data have noted fewer MIRP

inpatient complications from 2001 to 2007, physician and

outpatient data were unavailable and RRP outcomes were

not characterized and compared [8]. Using data from the

100% Medicare sample from 2003 to 2007, we assessed

temporal trends in the utilization and outcomes of MIRP

and RRP.

2. Materials and methods

2.1. Study cohort

Our study was approved by the Brigham and Women’s Hospital

institutional review board; patient data were deidentified, and the

requirement for consent was waived. Using the 100% sample of Medicare

beneficiaries from the Centers for Medicare and Medicaid Services

(CMS), we identified 85 992 men diagnosed with prostate cancer

(International Classification of Disease, 9th revision [ICD-9] 185.0) who

underwent MIRP (n = 21 459) and RRP (n = 64 533) from 2003 to 2007.

Medicare is the major health care plan sponsored by the US government

covering 97% of US citizens �65 yr of age [9]. Radical prostatectomy for

men �65 yr of age comprises approximately 32% of all US radical

prostatectomies [10].

Surgical approach was determined from the Current Procedural

Terminology coding system, 4th edition (CPT-4) codes: 55840, 55842,

and 55845 for RRP, and 55866 for MIRP. Men not continuously enrolled

in Medicare A and B and those simultaneously enrolled in health

maintenance organizations were not included for analysis because their

claims data may not be accurately captured by CMS. Subjects were

required to have Medicare coverage 365 d prior to surgery to capture

comorbidities. Men < 65 yr of age were excluded because disability is a

requirement for Medicare enrollment at this age, and therefore these

men are not representative of the general population. Although 3626

perineal radical prostatectomies (PRPs) were identified, these were not

included in outcomes analysis due to relatively low numbers (4% of

total). However, trends in PRP outcomes compared with MIRP and RRP

were previously addressed in a similar cohort [11]. A unique designation

for robotic assistance did not exist during the study period; therefore, we
were unable to distinguish pure laparoscopic from robot-assisted

surgery, and both were categorized as MIRP. Our final cohort consisted

of 19 594 MIRP and 58 638 RRP.

2.2. Dependent variables

We captured outcomes of interest using ICD-9 and CPT-4 diagnosis and

procedure codes [12]. Hospital length of stay (LOS) was defined as the

interval between hospital admission and discharge. Blood transfusions

were characterized during the hospital stay. Perioperative complications

were characterized within 30 d of surgery and included potentially life-

threatening cardiac, respiratory, or vascular events; genitourinary (GU)

complications; bleeding; miscellaneous surgical and medical complica-

tions; wound infection; and death. Cystography utilization was identified

within 6 wk of surgery. Late complications (anastomotic stricture, ureteral

complications [ie, stricture or fistula], rectourethral fistula, lymphocele)

were assessed from 31 to 365 d following surgery. Men were excluded

from analyses of late complications if they died within 30 d or did not have

365 d of postoperative follow-up. Therefore, surgeries performed in 2007

were excluded from the analysis of late complications.

2.3. Independent variables

Age, comorbidities, and geographic region were obtained from the

Medicare file. Comorbidities were characterized with the Hierarchical

Condition Category (HCC) risk-adjustment model based on diagnoses

from inpatient and outpatient claims [13], with higher scores

representing higher cost comorbidities according to CMS.

2.4. Statistical analysis

Using the Mantel-Haenszel test for trend over time [14], we examined

change in patient characteristics and outcomes by surgical approach.

Proportions were compared with Rao-Scott chi-square tests (adjusting

for surgeon clustering), and logistic regression models were constructed

to characterize factors associated with mortality and early and late

complications. The logistic regression coefficients were estimated via

generalized estimating equations to adjust for surgeon clustering. We

included covariates a priori that have been shown to be potential

confounders for our outcomes of interest: age, comorbidities, geographic

region, surgeon volume, surgical approach (MIRP vs RRP), and year of

surgery. Surgeon volume was determined using unique physician

identification numbers and aggregating the total number of procedures

performed by each surgeon over the study period. MIRP and RRP

volumes were counted separately. Overall Medicare surgeon volume

range over the study period was 1–462 for MIRP and 1–129 for RRP. We

did not recalculate surgeon volume each year and instead analyzed

surgeon volume in adjusted analysis as a continuous variable over the

study period. Year of surgery was included as a variable in adjusted

analysis to adjust for learning curve effect. Analyses were performed

using SAS v.9.2 (SAS Institute, Cary, NC, USA). The p values were two

sided and considered statistically significant at �0.05.
3. Results

Overall, Medicare radical prostatectomies (including PRP)

increased from 17 250 procedures in 2003 to 19 925 in 2007.

MIRP use increased from 4.9% in 2003 to 44.5% in 2007; RRP

and PRP use decreased from 89.4% to 52.9% and 5.7% to 2.6%,

respectively (Fig. 1). Table 1 shows the demographic data for

men undergoing MIRP and RRP. Men undergoing MIRP versus

RRP were younger and had fewer comorbidities (both
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Fig. 1 – Utilization of retropubic radical prostatectomy (RRP), minimally invasive radical prostatectomy (MIRP), and perineal radical prostatectomy (PRP)
for Medicare beneficiaries from 2003 to 2007.
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p < 0.001). There was significant geographic variation, with

more MIRP performed in the Northeast and South.

Table 2 summarizes trends of MIRP complications from

2003 to 2007. Although overall MIRP complications did not

change, MIRP GU complications, miscellaneous surgical

complications, use of blood transfusions, and cystography

decreased (all p < 0.030). Similarly, the occurrence of

rectourethral fistulae decreased ( p = 0.017).

Conversely, overall RRP complications increased from

27.4% to 32.0% ( p < 0.001; Table 3), with significant

increases in all 30-d perioperative complications, including

greater perioperative mortality (0.5–0.8%; p = 0.009). Use of
Table 1 – Demographics of minimally invasive and retropubic
radical prostatectomy patient populations

MIRP RRP p value

n = 19 594 n = 58 638

Age, yr (%)

65–69 12 399 (63.3) 33 949 (57.9) <0.001

70–74 5909 (30.2) 17 912 (30.5)

�75 1286 (6.6) 6777 (11.6)

Region, n (%)

Northeast 2840 (14.5) 7372 (12.6) 0.027

Midwest 5449 (27.8) 16 877 (28.8)

South 7363 (37.6) 21 372 (36.4)

West 3941 (20.1) 12 687 (21.6)

Other* 1 (0.0) 330 (0.6)

HCC comorbidity score, n (%)

1 10 827 (55.3) 29 304 (49.9) <0.001

2 6296 (32.1) 18 941 (32.3)

3 1607 (8.2) 5762 (9.8)

4 517 (2.6) 2239 (3.8)

5 347 (1.7) 2392 (4.1)

MIRP = minimally invasive radical prostatectomy; RRP = retropubic radical

prostatectomy; HCC = Hierarchical Condition Category.
* Unincorporated US territories: Puerto Rico, Guam, US Virgin Islands,

Northern Mariana Islands, and American Samoa.
cystography also increased ( p < 0.001). Among late compli-

cations, there were more ureteral complications, rectoure-

thral fistulae, and lymphoceles (all p < 0.026). However,

there was a decrease in anastomotic strictures ( p = 0.002).

Table 4 compares overall MIRP and RRP outcomes.

MIRP versus RRP was associated with fewer perioperative

deaths (0.2 vs 0.6%; p < 0.001) and fewer overall perioper-

ative complications (19.6 vs 29.8%; p < 0.001). MIRP was

associated with fewer cardiac (2.2% vs 4.7%), GU (4.8% vs

6.9%), miscellaneous medical (8.8% vs 12.6%), miscellaneous

surgical (4.2% vs 6.0%), respiratory (4.1% vs 9.4%), vascular

(2.7% vs 4.3%), and wound complications (1.8% vs 3.9%; all

p < 0.001). Among GU complications, men undergoing RRP

were more likely to experience perioperative hydrone-

phrosis (1.4% vs 0.4%) with subsequent stent placement

and/or reimplantation as well as increased risk of pyelone-

phritis (0.36% vs 0%), whereas men undergoing MIRP were

more likely to experience ureteral and/or vesical fistula

(0.33% vs 0.06%). However, most of the GU complications in

both cohorts were recorded as ‘‘urinary complications not

otherwise specified,’’ a limitation in comparing specific

complications. MIRP was also associated with fewer blood

transfusions, anastomotic strictures, and lymphoceles

compared with RRP (all p < 0.001). However, MIRP was

associated with a greater use of postoperative cystography

( p < 0.001). Finally, men undergoing MIRP experienced

shorter lengths of stay (2.0 vs 4.2 d; p < 0.001).

Table 5 presents adjusted comparative outcomes. RRP

was associated with an almost threefold greater odds of

perioperative death (OR: 2.67; p < 0.001) versus MIRP.

Higher comorbidity score (OR: 1.54; p < 0.001) and older

age ( p < 0.003) were also associated with greater mortality.

RRP (OR: 1.60; p < 0.001), increasing comorbidity score (OR:

1.67; p < 0.001), and older age ( p < 0.001) were associated

with increased odds for perioperative complications. Only



Table 2 – Trends of minimally invasive radical prostatectomy complications from 2003 to 2007

2003 2004 2005 2006 2007 p value

n = 795 n = 1846 n = 3503 n = 5549 n = 7901

Length of stay, d, plus or minus standard deviation 2.4 � 0.2 2.1 � 0.1 2.0 � 0.1 2.0 � 0.1 1.9 � 0.1 0.402

Perioperative complications, % 21.5 21.3 19.8 19.7 18.8 0.244

Cardiac 2.0 2.4 2.2 2.2 2.2 0.963

Genitourinary 6.2 6.3 5.3 4.6 4.1 0.002

Miscellaneous medical 8.2 9.0 8.6 9.4 8.4 0.571

Miscellaneous surgical 4.7 5.4 4.3 4.3 3.7 0.030

Respiratory 5.2 4.3 4.1 4.3 3.9 0.556

Vascular 2.5 2.2 2.8 3.0 2.4 0.196

Wound 2.6 2.0 1.8 1.8 1.6 0.299

Death 0.0 0.1 0.2 0.2 0.1 0.827

Perioperative blood transfusion, % 3.5 2.7 3.5 2.4 2.2 0.005

Cystography utilization, % 40.3 42.9 39.6 35.7 34.1 <0.001

2003 2004 2005 2006 p value

n = 747 n = 1768 n = 3309 n = 5258

Late complications, %

Anastomotic stricture 4.1 3.6 3.0 2.6 0.066

Ureteral complications 0.3 0.3 0.5 0.6 0.254

Rectourethral fistula 0.7 0.7 0.2 0.2 0.017

Lymphocele 0.9 0.9 1.2 1.5 0.276

Surgical intervention for incontinence 0.0 0.2 0.2 0.4 0.412

Table 3 – Trends of retropubic radical prostatectomy complications from 2003 to 2007

2003 2004 2005 2006 2007 p value

n = 14 131 n = 13 093 n = 11 761 n = 10 255 n = 9398

Length of stay, d, plus or minus standard deviation 4.1 � 0.1 4.1 � 0.1 4.3 � 0.1 4.3 � 0.1 4.3 � 0.1 0.398

Perioperative complication, % 27.4 28.5 29.8 31.6 32.0 <0.001

Cardiac 4.1 4.8 4.6 5.0 5.3 <0.001

Genitourinary 5.4 5.9 7.2 8.0 9.2 <0.001

Miscellaneous medical 11.3 11.4 12.9 13.7 14.4 <0.001

Miscellaneous surgical 5.1 5.7 6.2 6.5 6.8 <0.001

Respiratory 8.6 8.9 9.5 10.3 10.4 <0.001

Vascular 4.0 4.3 4.1 4.8 4.5 0.002

Wound 3.2 3.7 4.2 4.6 4.3 <0.001

Death 0.5 0.7 0.5 0.7 0.8 0.009

Perioperative blood transfusion, % 16.6 17.4 17.1 17.4 18.3 0.059

Cystography utilization, % 10.6 10.6 10.8 11.6 11.8 0.001

2003 2004 2005 2006 p value

n = 12 835 n = 11 999 n = 10 671 n = 9531

Late complications, %

Anastomotic stricture 10.2 9.1 9.1 8.8 0.002

Ureteral complications 0.9 1.2 1.5 1.7 <0.001

Rectourethral fistula 0.2 0.4 0.3 0.4 0.026

Lymphocele 1.7 2.1 2.2 2.7 <0.001

Surgical intervention for incontinence 0.3 0.2 0.3 0.4 0.278
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surgery in the South (OR: 0.78; p < 0.001) versus the

Northeast was associated with lower odds for perioperative

complications. Higher comorbidity score (OR: 1.32;

p < 0.001), RRP versus MIRP (OR: 2.52; p < 0.001), and age

�75 yr (OR: 1.16; p = 0.003) were associated with greater

odds for late complications. Conversely, higher surgeon

volume (OR: 0.99; p < 0.001) was associated with fewer late

complications.

4. Discussion

The use of MIRP increased over the past decade with reports

of similar oncologic and functional outcomes compared
with RRP, combined with decreased blood loss and shorter

LOS [15]. MIRP, in particular robot-assisted laparoscopic

radical prostatectomy (RALP), was quickly embraced as

direct-to-consumer marketing led to patient demand for

robotic procedures despite lack of objective evidence

demonstrating superiority [2,16]. Studies reporting MIRP

outcomes were largely from high-volume academic set-

tings, whereas MIRP perioperative and long-term outcomes

in the community are largely unreported. A population-

based study design using a 100% sample of Medicare

beneficiaries captures temporal trends across health set-

tings without observer and reporting bias that may be

present in single-center reports; prior studies of Medicare



Table 4 – Comparison of overall complications of minimally invasive radical prostatectomy and retropubic radical prostatectomy from 2003
to 2007

MIRP RRP p value

n = 19 594 n = 58 638

Mean length of stay, d, plus or minus standard deviation n (%) 2.0 � 0.1 4.2 � 0.1 <0.001

Any perioperative complication 3836 (19.6) 17 369 (29.8) <0.001

Cardiac 431 (2.2) 2756 (4.7) <0.001

Genitourinary 933 (4.8) 4068 (6.9) <0.001

Miscellaneous medical 1721 (8.8) 7360 (12.6) <0.001

Miscellaneous surgical 816 (4.2) 3498 (6.0) <0.001

Respiratory 808 (4.1) 5535 (9.4) <0.001

Vascular 520 (2.7) 2529 (4.3) <0.001

Wound 349 (1.8) 2294 (3.9) <0.001

Death 30 (0.2) 367 (0.6) <0.001

Perioperative blood transfusion 502 (2.6) 10 135 (17.3) <0.001

Cystography utilization 7194 (36.7) 6468 (11.0) <0.001

MIRP RRP p value

n = 11 108 n = 45 277

Late complications

Anastomotic stricture 333 (3.0) 4225 (9.3) <0.001

Ureteral complications 58 (0.5) 610 (1.3) <0.001

Rectourethral fistula 39 (0.4) 159 (0.4) 0.999

Lymphocele 146 (1.3) 1003 (2.2) <0.001

Surgical intervention for incontinence 30 (0.3) 132 (0.3) 0.734

MIRP = minimally invasive radical prostatectomy; RRP = retropubic radical prostatectomy.

Table 5 – Multivariate model for perioperative mortality, perioperative complications, and late complications

Perioperative mortality Perioperative complications Late complications*

Variable Odds ratio (95% CI) p value Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Highest quintile HCC score 1.54 (1.38–1.71) <0.001 1.67 (1.61–1.73) <0.001 1.32 (1.26–1.39) <0.001

Surgeon volume 1.00 (0.99–1.01) 0.897 0.99 (0.99–1.00) 0.076 0.99 (0.99–0.99) 0.043

Year (vs 2004)

2005 0.61 (0.37–1.01) 0.054 1.02 (0.96–1.09) 0.491 1.01 (0.92–1.10) 0.795

2006 0.99 (0.65–1.53) 0.975 1.07 (1.00–1.14) 0.043 1.04 (0.95–1.14) 0.409

2007 0.83 (0.52–1.30) 0.408 1.05 (0.98–1.12) 0.185 – –

RRP vs MIRP 2.67 (1.55–4.59) <0.001 1.60 (1.45–1.76) <0.001 2.52 (2.20–2.89) <0.001

Region (vs Northeast)

Midwest 0.86 (0.50–1.46) 0.626 0.88 (0.69–1.00) 0.066 1.01 (0.87–1.18) 0.885

West 0.71 (0.30–1.69) 0.444 0.84 (0.71–1.00) 0.052 0.98 (0.77–1.26) 0.930

South 0.80 (0.48–1.35) 0.408 0.78 (0.68–0.88) <0.001 1.05 (0.91–1.21) 0.459

Other 1.08 (0.44–2.66) 0.860 1.10 (0.91–1.33) 0.336 1.09 (0.83–1.42) 0.444

Age, yr (vs 65–69)

70–74 2.04 (1.27–3.27) 0.003 1.15 (1.10–1.20) <0.001 1.04 (0.97–1.13) 0.284

�75 7.35 (4.74–11.36) <0.001 2.47 (2.29–2.66) <0.001 1.16 (1.04–1.30) 0.008

CI = confidence interval; HCC = Hierarchical Condition Category; RRP = retropubic radical prostatectomy; MIRP = minimally invasive radical prostatectomy.
* Late complications from 31 to 365 d.
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radical prostatectomies examined only 5–20% of Medicare

beneficiaries’ experience.

Our study has several important findings. First, MIRP

utilization increased over the study period with a concomi-

tant decrement in utilization of RRP. In 2007, 44.5% of

radical prostatectomies among Medicare beneficiaries were

performed using a minimally invasive approach. This was

likely influenced by the introduction of RALP in 2000. This

rapid increase in utilization is similar to laparoscopic

cholecystectomy, which comprised 40% of cholecystecto-

mies only 5 yr after introduction, and more rapid than that

of laparoscopic nephrectomy, which comprised only 10% of
nephrectomies 5 yr after introduction [17]. This is consis-

tent with previous population-based studies that sampled

Medicare beneficiaries [4,18].

Second, the demographics of the study population

represent a shift in the patterns of care for men with

localized prostate cancer. In our study, patients undergoing

MIRP versus RRP were younger and had fewer comorbid-

ities. This contrasts previous population-based studies

finding that men undergoing MIRP earlier in the learning

curve were older and with more comorbidities [4]. This

may be due to increased direct-to-consumer marketing

targeted toward younger and healthier patients, making
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these men more likely to seek MIRP while older men may

undergo RRP.

Third, in adjusted analyses, RRP was associated with

greater odds of perioperative mortality compared with MIRP.

Our 0.6% RRP mortality is higher than population-based

studies from Sweden and Canada; Carlsson et al. noted a

0.11% RRP mortality rate [19]; Alibhai et al. noted an overall

0.48% RRP mortality rate without significant differences in

mortality when stratified by age [20]. Conversely, MIRP series

rarely report mortality; a large series by Patel et al. revealed

no deaths [21]. Higher RRP mortality and complications may

be secondary to increased blood loss, which has been

associated with higher rates of cardiac, respiratory, and

renal complications [22,23]. Increased blood loss has been

associated with greater mortality with radical cystectomy

[24], general and vascular surgeries [25], as well as RRP [26].

Although mortality was rare in both MIRP and RRP cohorts,

the reduction in mortality in men undergoing MIRP reveals a

potentially significant benefit of the minimally invasive

approach.

Fourth, there were fewer MIRP versus RRP complications,

regardless of complication type. Most MIRP complications

decreased or remained stable over the study period, whereas

most of the RRP complications increased. These findings

suggest improvement in MIRP outcomes with dissemination

of surgical technique and experience. RRP complications

were more common even after adjusting for age, comorbid-

ities, and surgeon experience by surgical approach. There-

fore, increasing RRP complications over time may be a

reflection of patient selection uncharacterizable with our

data. For instance, men with high body mass index or prior

surgeries may have been more likely to undergo RRP versus

MIRP. Alternatively, the rise in RRP complications may be due

to better documentation of complications as MIRP has

pushed RRP surgeons to better their outcomes [27]. Our RRP

findings contrast those of Budäus et al, who noted decreasing

RRP complications in Florida from 1999 to 2008 as more men

were treated by higher volume surgeons [28]. However,

while our findings are limited to elderly Medicare bene-

ficiaries, it is a national rather than statewide study. Our

findings are consistent with data from the US Nationwide

Inpatient Sample (NIS) that revealed decreasing MIRP

complications from 2001 to 2007 [8]. However, our sample

draws from a larger cohort of patients and characterizes

physician and outpatient experience in addition to hospital

outcomes that comprise NIS data.

In adjusted analyses, greater comorbidity and older age

were associated with greater mortality and complications

consistent with other studies [5,29]. Similarly, higher

surgeon volume was associated with fewer late complica-

tions, consistent with prior studies [12,29]. Finally, there was

significant geographic variation, with MIRP more commonly

performed in the South and Northeast. Men undergoing

surgery in the South were less likely to experience

perioperative complications, and similar geographic varia-

tion in complications occurred in the 1990s with greater

adoption of RRP [30].

Although our findings were similar to another popula-

tion-based study by Hu et al. [3] in that MIRP was associated
with fewer transfusions, respiratory, and miscellaneous

surgical and stricture complications, our study differed

in that there was greater RRP mortality but fewer GU

complications for MIRP. These differences may be due to

additional years of study for the current study, allowing

dissemination of surgical technique and greater progress

along MIRP learning curves, whereas the study by Hu et al.

was limited to men diagnosed with prostate cancer from

2003 to 2005. Our larger sample size resulted in greater

statistical power to detect differences between MIRP and

RRP outcomes, and it also sampled beyond the Surveillance

Epidemiology and End Results database regions. We did not

assess erectile dysfunction or urinary incontinence diagno-

sis because administrative data correlate poorly with

patient self-assessment [31].

Our findings must be interpreted in the context of the

study design. First, claims are designed to provide billing

rather than clinical information, and comorbidity severity

may not be captured fully by the HCC model. Second,

pathologic data were not available, and therefore we could

not adjust for tumor grade or stage. However, previous

studies have not demonstrated an association between

tumor characteristics and early or late of complications [32].

Nonetheless, higher stage or grade tumors may lead to a

higher rate of lymphadenectomy, and therefore higher rates

of lymphocele in men undergoing RRP may be due to

pathologic differences that we are unable to adjust for. An

additional explanation for use of the more RRP lymphocele

formation may be due to the more frequent extraperitoneal

approach than MIRP. Third, we were unable to determine

whether robotic assistance was used during MIRP. However,

RALP has become the predominant surgical approach in

the United States [33]. Fourth, the large number of subjects in

our national study enables greater statistical power;

however, readers must discern statistically versus clinically

significant differences in MIRP versus RRP outcomes. For

instance, although our population-based 30-d mortality

for MIRP versus RRP was 0.2% versus 0.6%, 30 versus 367

men died following MIRP versus RRP. This differs from high-

volume centers where radical prostatectomy deaths are

extremely rare [34], although this may be due to under-

reporting and publication bias against presenting suboptimal

outcomes. Finally, although we found that RRP complications

increased over the study period after controlling for age,

comorbidities, surgeon volume, and surgical approach,

we are unable to pinpoint the exact cause. This may be

related to the shift of surgeons from RRP to MIRP over the

study period; however, further study is warranted to confirm

our findings.

5. Conclusions

MIRP utilization has greatly increased, comprising 44.5% of

Medicare radical prostatectomies in 2007. From 2003 to

2007, men undergoing MIRP versus RRP experienced fewer

perioperative and late complications. Although MIRP com-

plications decreased over the study period, RRP complica-

tions increased, and RRP was associated with higher

mortality.



E U R O P E A N U R O L O G Y 6 1 ( 2 0 1 2 ) 8 0 3 – 8 0 9 809
Author contributions: Jesse M. Levy had full access to all the data in the

study and takes responsibility for the integrity of the data and the accuracy

of the data analysis.

Study concept and design: Hu, Kowalczyk.

Acquisition of data: Levy, Caplan.

Analysis and interpretation of data: Kowalczyk, Hu, Yu.

Drafting of the manuscript: Kowalczyk, Hu.

Critical revision of the manuscript for important intellectual content:

Kowalczyk, Levy, Caplan, Lipsitz, Yu, Hu.

Statistical analysis: Levy, Caplan, Lipsitz, Gu.

Obtaining funding: Hu.

Administrative, technical, or material support: Hu, Levy, Lipsitz.

Supervision: Hu.

Other (specify): None.

Financial disclosures: I certify that all conflicts of interest, including

specific financial interests and relationships and affiliations relevant to the

subject matter or materials discussed in the manuscript (eg, employment/

affiliation, grants or funding, consultancies, honoraria, stock ownership or

options, expert testimony, royalties, or patents filed, received, or pending),

are the following: Jim C. Hu receives salary support from Department of

Defense Physician Training Award W81XWH-08-1-0283. The other

authors have nothing to disclose.

Funding/Support and role of the sponsor: None.

References

[1] Tewari A, Srivasatava A, Menon M. A prospective comparison of

radical retropubic and robot assisted prostatectomy: experience in

one institution. BJU Int 2003;92:205–10.

[2] Ficarra V, Novara G, Artibani W, et al. Retropubic, laparoscopic, and

robot-assisted radical prostatectomy: a systematic review and cu-

mulative analysis of comparative studies. Eur Urol 2009;55:1037–63.

[3] Hu JC, Gu X, Lipsitz SR, et al. Comparative effectiveness of minimally

invasive vs open radical prostatectomy. JAMA 2009;302:1557–64.

[4] Hu JC, Wang Q, Pashos CL, Lipsitz SR, Keating NL. Utilization and

outcomes of minimally invasive radical prostatectomy. J Clin Oncol

2008;26:2278–84.

[5] Hu J, Gold K, Pashos C, Mehta S, Litwin M. Temporal trends in radical

prostatectomy complications from 1991 to 1998. J Urol 2003;

169:1443–8.

[6] Vickers AJ, Bianco FJ, Serio AM, et al. The surgical learning curve for

prostate cancer control after radical prostatectomy. J Natl Cancer

Inst 2007;99:1171–7.

[7] Freire M, Choi W, Lei Y, Carvas F, Hu J. Overcoming the learning

curve for robotic-assisted laparoscopic radical prostatectomy. Urol

Clin North Am 2010;37:37–47.

[8] Schmitges J, Trinh Q-D, Abdollah F, et al. A population-based analysis

of temporal perioperative complication rates after minimally inva-

sive radical prostatectomy. Eur Urol 2011;60:564–71.

[9] Chao Y. Unfair contribution and consumption in Medicare: results

from the Medical Expenditure Panel Survey in 2006. Online J Health

Ethics 2010;6:1–18.

[10] Bechis SK, Carroll PR, Cooperberg MR. Impact of age at diagnosis on

prostate cancer treatment and survival. J Clin Oncol 2011;29:235–41.

[11] Prasad SM, Gu X, Lavelle R, Lipsitz SR, Hu JC. Comparative effec-

tiveness of perineal versus retropubic and minimally invasive

radical prostatectomy. J Urol 2011;185:111–5.

[12] Begg C, Riedel E, Bach P, et al. Variations in morbidity after radical

prostatectomy. N Engl J Med 2002;346:1138–44.
[13] Pope GC, Kautter J, Ellis RP, Ash AS, Ayanian JZ. Risk adjustment of

Medicare capitation payments using the CMS-HCC model. Health

Care Financ Rev 2004;25:119–41.

[14] Agresti A. Analysis of ordinal paired comparison data. Applied Stat

1992;287–97.

[15] Menon M, Shrivastava A, Kaul S, et al. Vattikuti Institute prostatec-

tomy: contemporary technique and analysis of results. Eur Urol

2007;51:648–58.

[16] Eastham JA. Robotic-assisted prostatectomy: is there truth in

advertising? Eur Urol 2008;54:720–2.

[17] Miller D, Wei J, Dunn R, Hollenbeck B. Trends in the diffusion of

laparoscopic nephrectomy. JAMA 2006;295:2480–2.

[18] Hu J, Hevelone N, Ferreira M, et al. Patterns of care for radical

prostatectomy in the United States from 2003 to 2005. J Urol

2008;180:1969–74.

[19] Carlsson S, Adolfsson J, Bratt O, et al. Nationwide population-based

study on 30-day mortality after radical prostatectomy in Sweden.

Scand J Urol Nephrol 2009;43:350–6.

[20] Alibhai SMH, Leach M, Tomlinson G, Krahn MD, Fleshner N, Naglie G.

Rethinking 30-day mortality risk after radical prostatectomy.

Urology 2006;68:1057–60.

[21] Patel VR, Palmer KJ, Coughlin G, Samavedi S. Robot-assisted lapa-

roscopic radical prostatectomy: perioperative outcomes of 1500

cases. J Endourol 2008;22:2299–306.

[22] Kelly BABP, Mackenzie IZ. Does the surgical approach used for

myomectomy influence the morbidity in subsequent pregnancy?

J Obstet Gynaecol 2008;28:77–81.

[23] Gawande AA, Kwaan MR, Regenbogen SE, Lipsitz SA, Zinner MJ. An

Apgar score for surgery. J Am Coll Surg 2007;204:201–8.

[24] Prasad SM, Ferreria M, Berry AM, et al. Surgical Apgar outcome

score: perioperative risk assessment for radical cystectomy. J Urol

2009;181:1046–53.

[25] Regenbogen SE, Ehrenfeld JM, Lipsitz SR, Greenberg CC, Hutter MM,

Gawande AA. Utility of the surgical Apgar score: validation in 4119

patients. Arch Surg 2009;144:30–6, discussion 37.

[26] Hogue Jr C, Goodnough L, Monk T. Perioperative myocardial ische-

mic episodes are related to hematocrit level in patients undergoing

radical prostatectomy. Transfusion 1998;38:924–31.

[27] Rabbani F, Yunis LH, Pinochet R, et al. Comprehensive standardized

report of complications of retropubic and laparoscopic radical

prostatectomy. Eur Urol 2010;57:371–86.
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Purpose: Minimally invasive radical prostatectomy has supplanted radical ret-
ropubic prostatectomy in popularity despite the absence of strong comparative
effectiveness data demonstrating its superiority. We examined the influence of
patient, surgeon and hospital characteristics on the use of minimally invasive
radical prostatectomy vs radical retropubic prostatectomy.
Materials and Methods: Using SEER (Surveillance, Epidemiology and End Re-
sults)-Medicare linked data we identified 11,732 men who underwent radical
prostatectomy from 2003 to 2007. We assessed the contribution of patient, sur-
geon and hospital characteristics to the likelihood of undergoing minimally
invasive radical prostatectomy vs radical retropubic prostatectomy using multi-
level logistic regression mixed models.
Results: Patient factors (36.7%) contributed most to the use of minimally inva-
sive radical prostatectomy vs radical retropubic prostatectomy, followed by sur-
geon (19.1%) and hospital (11.8%) factors. Among patient specific factors Asian
race (OR 1.86, 95% CI 1.27–2.72, p � 0.001), clinically organ confined tumors (OR
2.71, 95% CI 1.60–4.57, p �0.001) and obtaining a second opinion from a
urologist (OR 3.41, 95% CI 2.67–4.37, p �0.001) were associated with the highest
use of minimally invasive radical prostatectomy while lower income was associ-
ated with decreased use of minimally invasive radical prostatectomy. Among
surgeon and hospital specific factors, higher surgeon volume (OR 1.022, 95% CI
1.015–1.028, p �0.001), surgeon age younger than 50 years (OR 2.68, 95% CI
1.69–4.24, p �0.001) and greater hospital bed size (OR 1.001, 95% CI 1.001–
1.002, p �0.001) were associated with increased use of minimally invasive radical
prostatectomy, while solo or 2 urologist practices were associated with decreased
use of minimally invasive radical prostatectomy (OR 0.48, 95% CI 0.27–0.86,
p � 0.013).
Conclusions: The adoption of minimally invasive radical prostatectomy vs rad-
ical retropubic prostatectomy is multifactorial, and associated with specific pa-
tient, surgeon and hospital related factors. Obtaining a second opinion from
another urologist was the strongest factor associated with opting for minimally
invasive radical prostatectomy.
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IN 2011 an estimated 240,890 men were diagnosed
with prostate cancer and 33,720 died of the disease.1

Controversy exists regarding the optimal manage-
ment of newly diagnosed prostate cancer and, as a
result, wide variations exist in practice patterns and
treatment recommendations for clinically localized
prostate cancer.2 While radical prostatectomy re-
mains the most common treatment for localized
prostate cancer in the United States, men must
choose between open radical retropubic prostatec-
tomy and minimally invasive radical prostatectomy
despite the lack of definitive data showing superior
outcomes for either approach.3,4 Although MIRP has
been associated with less blood loss, shorter inpa-
tient hospitalizations and fewer postoperative com-
plications,5 long-term comparisons of urinary and
sexual function and cancer control remain sparse.

Despite the lack of data demonstrating the clear
superiority of MIRP, there has been a 60% increase
in the number of MIRPs performed in the United
States between 2005 and 2008, largely due to the
adoption of RALP.6 Increased MIRP use, more spe-
cifically RALP, is likely multifactorial, and to our
knowledge the role of patient, surgeon and hospital
characteristics in the rapid adoption of MIRP has
not yet been explored. Therefore, we assessed the
relative contribution of various patient, surgeon and
hospital factors associated with the use of MIRP vs
RRP.

METHODS

Data
Our study was approved by the Brigham and Women’s
Hospital institutional review board. Patient data were
de-identified and the requirement for consent was waived.
We used linked data from the NCI SEER program and
CMS (Centers for Medicare and Medicaid Services). SEER
is comprised of population based cancer registry data from
16 registries covering approximately 28% of the United
States population with Medicare administrative data from
CMS.7

Study Cohort
Using ICD-9-CM code 185 we identified a cohort of 13,636
men age 65 years or older diagnosed with prostate cancer
from 2002 to 2007 who underwent radical prostatectomy
from 2003 to 2009. CPT-4 codes were used to identify men
who underwent MIRP with or without robotic assistance
(55866) vs RRP (55840, 55842, 55845). We excluded 1,772
men from analysis who were not continuously enrolled in
Medicare Part A and B, and we also excluded 132 patients
with incomplete demographic information or tumor char-
acteristics. The final cohort consisted of 11,732 men who
underwent MIRP or RRP during the study period.

Independent Variables
Age was obtained from the Medicare file. Comorbidity was
assessed using inpatient, outpatient and carrier claims

during the year before surgery.8 Race/ethnicity, census
measurements of median household income, the propor-
tion of individuals with at least a high school education,
U.S. Census region, population density and marital status
were obtained from SEER.

Dependent Variables
Individual surgeons were identified using UPINs (Unique
Physician Identifier Numbers) from the Medicare carrier
file, while surgeon volume was determined by aggregating
the total number of surgical procedures performed by each
surgeon during the study period. Surgeon age, practice
size (solo, small group [2 or fewer urologists] or large
group [more than 2 urologists] practice), academic hospi-
tal affiliation and government vs nongovernment hospital
affiliation were determined by linking physician UPINs to
the American Medical Association Masterfile. A subject
was deemed to have obtained a second opinion from a
urologist if outpatient encounters with more than 1 urol-
ogist occurred between prostate cancer diagnosis and rad-
ical prostatectomy. Hospital characteristics (bed size, pub-
lic vs private ownership, NCI Comprehensive Cancer
Center designation and teaching status) were obtained by
merging the inpatient file with a hospital file created by
the NCI. Hospital volume was assessed as the total num-
ber of radical prostatectomies (MIRP and RRP) performed
during the study period.

Statistical Analysis
Univariable differences between treatment modalities
were assessed using chi-square tests. Multivariable logis-
tic regression models to predict the use of MIRP were
generated incorporating all study variables. Because of
the correlation between MIRP vs RRP use in a particular
surgeon practice and hospital, multilevel (hierarchical) lo-
gistic regression mixed models (generalized linear mixed
models) were used to determine surgeon, hospital and
patient level contributions to observed variation in surgi-
cal approach.9 The multilevel model included fixed effects
for patient characteristics and random surgeon and hos-
pital effects, as well as fixed surgeon and hospital charac-
teristics that could account for some of the variability in
outcomes across surgeons and hospitals. For the multi-
level model we identified 1,726 primary surgeons who
performed radical prostatectomies during the study pe-
riod. We excluded cases from low volume surgeons and
hospitals that performed less than 5 surgeries during the
study period, leaving 551 surgeons, 343 hospitals and
8,442 men for multilevel analysis. To determine the ex-
planatory power of patient, surgeon and hospital level
variables, the change in multilevel hierarchical logistic
regression pseudo-R2 was examined.10 Time since obtain-
ing a medical license was not included in the analysis as
this was co-linear with surgeon age. All analyses were
performed with SAS® version 9.2.

RESULTS

During the study period 67.9% vs 32.1% of men
underwent RRP vs MIRP, respectively. The propor-
tion of men undergoing MIRP increased during each
year of the study period (p �0.001). Men undergoing

MIRP were more likely to be white and Asian, while
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those treated with RRP were more likely to be black
and Hispanic (p �0.001). Men undergoing MIRP
were also more likely to be married, have higher
education and income levels, and live in urban areas
(p �0.02 for all). Men undergoing MIRP were more
likely to have localized stage cT1 disease, while
those undergoing RRP were more likely to have ex-
traprostatic (cT3/T4) disease (p �0.001). However,
men undergoing MIRP were more likely to have poor
or undifferentiated tumors compared to those treated
with RRP (p �0.001).

On unadjusted analysis MIRP was more likely to
be performed at teaching hospitals and at NCI des-
ignated Comprehensive Cancer Centers (p �0.001,
table 1). MIRP was less likely to be performed by
surgeons in solo or small group practices and those
primarily affiliated with medical schools (p �0.001).
MIRP was performed more commonly by younger
surgeons and those in practice for less than 10 years
(p �0.003 for both).

Table 2 presents multilevel models demonstrat-
ing that patient, surgeon and hospital characteris-
tics together accounted for 46.4% of the overall vari-
ability in the use of MIRP vs RRP. Patient level
characteristics contributed the most variability in
the use of MIRP (36.7%), followed by surgeon
(19.1%) and hospital level (11.8%) characteristics. Of

Table 1. Hospital and surgeon characteristics

MIRP RRP p Value

No. pts 3,774 7,958
Hospital

No. ownership (%):
Nonprofit 3,120 (83.0) 6,020 (76.6) 0.108
Proprietary 260 (6.9) 787 (10.0)
Government 377 (10.0) 1,049 (13.4)

No. teaching (%):
Yes 2,563 (87.9) 4,227 (67.7) 0.010
No 353 (12.1) 2,015 (32.3)

No. NCI center (%):
No 2,726 (72.6) 7,147 (91.0) �0.001
Clinical 56 (1.5) 88 (1.1)
Comprehensive 975 (26.0) 621 (7.9)

Surgeon
No. employment (%):

Solo/2-person practice 219 (7.7) 1,709 (25.0) �0.001
Group 2,139 (74.9) 4,297 (62.8)
Medical school 126 (4.4) 435 (6.4)
Nongovernment 197 (6.9) 80 (1.2)
Government 176 (6.2) 318 (4.6)

No. yrs with medical license (%):
Less than 10 1,499 (45.3) 1,437 (20.0) 0.002
10 or More 1,812 (54.7) 5,744 (80.0)

No. surgeon age (%):
Younger than 50 2,318 (70.0) 3,194 (44.5) �0.001
50 or Older 993 (30.0) 3,987 (55.5)

All percentages may not add to 100% due to rounding. Ownership status and NCI
cancer status were unknown for 178 cases, and teaching hospital status was
unknown for 1,162 cases. Employment status of the surgeon was unknown for

1,098 men, and years with license and age were unknown for 808.
the individual patient level characteristics that de-
termined variability in the use of MIRP vs RRP,
tumor stage (8.6%), demographics (13.9%) and re-
ceiving a second opinion from another urologist
(24.5%) were the most common. The most common
surgeon level characteristics were employment sta-
tus (5.4%), surgeon age (9.6%) and case volume
(11.8%). Finally, the most common hospital level
contributors were bed size (3.6%) and teaching hos-
pital status (3.1%).

Multivariable analysis for predictors of MIRP vs
RRP was performed. Asian race was associated with
increased use of MIRP (vs white race OR 1.86, 95%
CI 1.27–2.72, p � 0.001). Compared to men with a
median income of $60,000 or greater, those with a
median income of less than $35,000 (OR 0.62, 95%
CI 0.41–0.93, p � 0.021) and $35,000 to $44,999 (OR
0.69, 95% CI 0.51–0.95, p � 0.021) were less likely
to undergo MIRP. Men with cT1 (OR 2.71, 95% CI
1.60–4.57, p �0.001) and cT2 (OR 2.2, 95% CI 1.29–
3.75) vs cT3/cT4 disease were more likely to undergo
MIRP vs RRP. Obtaining a second opinion from an-
other urologist before treatment was also associated
with MIRP (OR 3.41, 95% CI 2.67–4.37, p �0.001).
In terms of surgeon characteristics, surgeon volume
(OR 1.022 for each surgical procedure performed,
95% CI 1.015–1.028, p �0.001), solo or 2 physician
practices (OR 0.48, 95% CI 0.27–0.86, p � 0.013)
and younger surgeon age (OR 2.68, 95% CI 1.69–
4.24, p �0.001) were associated with increased use
of MIRP. Finally, among hospital level characteris-
tics only increasing bed size was associated with a
greater likelihood of MIRP vs RRP (OR 1.001, 95%

Table 2. Hospital, surgeon and patient contributions to
variability in the use of MIRP

% Variability in Use of MIRP

Pt:
Overall characteristics 36.7
Demographics 13.9
Comorbidity 0.4
Tumor characteristics 8.6
Second opinion 24.5

Surgeon:
Overall characteristics 19.1
Present employment 5.4
Age 9.6
Case vol 11.8

Hospital:
Overall characteristics 11.8
Ownership 2
Teaching 3.1
NCI 0.3
Bed size 3.6
Radical prostatectomy case vol 0.2

Overall 46.4
CI 1.001–1.002, p �0.001).
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DISCUSSION

Our study has generated several important findings.
Patient, surgeon and hospital level characteristics
all influenced the selection of surgical approach, con-
sistent with speculation that the use of MIRP is
driven by patient behavior and demand, surgeon
preference and hospital acquisition of robotic sys-
tems.6 Patient related factors such as demographics
and tumor characteristics have been shown to influ-
ence treatment choice in other specialties. For ex-
ample, patient age, parity and family history were
significant determinants for undergoing breast con-
serving surgery vs mastectomy for breast cancer.11

In addition, among patients undergoing anterior
cruciate ligament reconstruction, those who con-
ducted significant Internet based research or had
higher levels of education were more likely to choose
allografts vs autografts.12 Surgeon level character-
istics also contributed to variability in the selection
of MIRP vs RRP, although to a lesser extent than
patient level characteristics. While not specifically
examined in this study, the contribution of surgeons
and hospitals may be related to monetary factors.
The adoption of RALP over RRP has been shown to
increase case volume and profits for the surgeon,
while leading to hospital losses if the robotic system
is not used frequently.13 Interestingly hospital rad-
ical prostatectomy volume was not a significant con-
tributor to the use of MIRP, which may suggest that
during the study period centers with significant rad-
ical prostatectomy volume were less likely to acquire
and use robotic surgical systems, or that the migra-
tion of radical prostatectomy approach from RRP to
MIRP also resulted in the clustering of MIRP among
the initially limited number of hospitals with robotic
systems rather than those with the highest radical
prostatectomy volume. Conversely, in a multi-state
analysis Makarov et al demonstrated that hospitals
that acquired a surgical robot between 2001 and
2005 performed approximately 30 additional radical
prostatectomy procedures annually, compared with
a mean decrease of 5 prostatectomies annually in
those hospitals without robots.14

In addition, men receiving a second opinion from
another urologist before intervention were more
than 3 times more likely to undergo MIRP vs RRP,
and this was the biggest contributor to variability in
the use of MIRP. This may reflect increased reliance
on direct-to-consumer advertising among MIRP sur-
geons that disrupts traditional word of mouth refer-
ral patterns,15 similar to changes observed with
brachytherapy for prostate cancer.16 Media coverage
and marketing of MIRP are more widespread than
for RRP,17 which may influence patients to seek a
second opinion with an advertised MIRP surgeon

outside of traditional referral patterns. Unfortu-
nately, high expectations due to advertising and
self-referral may contribute to postoperative regret
in men undergoing MIRP vs RRP.18 Schroeck et al
suggested that MIRP does not decrease the technical
challenges associated with obese patients, large
prostates, middle lobe size/location or prior surgery,
where outcomes continue to be less satisfactory.18 In
addition, the association between obtaining a second
opinion from a urologist and MIRP may also be
related to exposure to multiple providers, increasing
the likelihood of finding a surgeon that performs
MIRP.19 Similarly, obtaining second opinions has
altered surgical treatment in breast cancer, as
women visiting a second surgeon have been shown
to be more likely to undergo breast conserving sur-
gery vs radical mastectomy.11

Younger surgeons (younger than 50 years) were
2.5 times more likely to use MIRP. Current urolog-
ical training exposes younger trainees to more min-
imally invasive procedures and, therefore, younger
surgeons are likely more inclined to offer MIRP vs
RRP. Although the surgical learning curve for MIRP
may be long,20 increased exposure to laparoscopy
and robotics during residency training likely atten-
uates the learning curve effect and makes younger
surgeons more comfortable with the procedure. This
finding echoes those seen in other areas of medicine,
where physician age has been associated with dif-
ferences in the use of colorectal screening,21 cesar-
ean sections22 and adjuvant chemotherapy.23 In ad-
dition, given the shift to increasing use of MIRP vs
RRP, younger surgeons may have less experience
with RRP overall from residency and fellowship
training than their older colleagues.24

We also identified demographic factors that con-
tribute to the use of MIRP vs RRP. Asian men were
more likely to undergo MIRP and men with lower
incomes were less likely to undergo MIRP. Further
research is needed to explain the greater likelihood
of MIRP in the Asian patient population, although
Asian men are also more likely to undergo more
expensive radiation therapies for prostate cancer
treatment.25 Ethnic differences have previously
been associated with variability of treatment with
curative intent in early stage disease, as well as the
performance of pelvic lymph node dissection during
radical prostatectomy for poorly differentiated pros-
tate cancer.26,27 The difference among income levels
may be a function of access to care facilities with
minimally invasive technology. It may also reflect a
lack of insurance coverage for MIRP for men with
lower incomes. Disparities in surgical approach
based on insurance status have also been noted in
general surgery, where patients with private insur-
ance were more likely to undergo laparoscopic vs

open appendectomy.28
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Finally we found that men with lower stage tu-
mors were nearly 3 times more likely to undergo
MIRP while those with advanced tumors were more
likely to undergo RRP. This finding may be associ-
ated with the belief that locally advanced prostate
cancer may be better served with open radical pros-
tatectomy that allows for tactile sensation and pal-
pation of the prostate gland.29 Tumor characteristics
were the fifth most important factor on multilevel
analysis explaining the observed variability in the
use of MIRP, and may reflect physician preference to
perform open surgery for more aggressive tumors.

Our study must be interpreted in the context of
the study design as the associations from this cross-
sectional study are observational and do not confirm
causation. Our analyses were limited only to Medi-
care beneficiaries older than 65 years and, therefore,
these results may not be applicable to younger men
choosing between MIRP and RRP. Our study period
was also during a time of rapid growth of MIRP and
our multilevel model may not reflect the current
importance of hospital, surgeon or patient attributes
in the likelihood of undergoing a particular surgical
approach as availability, use and acceptance of
MIRP (especially with robotic assistance) have in-
creased. In addition, we did not examine the poten-
tial impact of visits to other providers such as radi-
ation and/or medical oncologists that may influence

the selection of surgical options. Although we were
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undergo MIRP vs RRP, and this may reflect doctor
shopping secondary to Internet browsing or direct-
to-consumer advertising influencing patient treat-
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Purpose: Although robot-assisted laparoscopic radical prostatectomy has been
aggressively marketed and rapidly adopted, there is a paucity of population based
utilization, outcome and cost data. High vs low volume hospitals have better
outcomes for open and minimally invasive radical prostatectomy (robotic or
laparoscopic) but to our knowledge volume outcomes effects for robot-assisted
laparoscopic radical prostatectomy alone have not been studied.
Materials and Methods: We characterized robot-assisted laparoscopic radical
prostatectomy outcome by hospital volume using the Nationwide Inpatient Sam-
ple during the last quarter of 2008. Propensity scoring methods were used to
assess outcomes and costs.
Results: At high volume hospitals robot-assisted laparoscopic radical prostatec-
tomy was more likely to be done on men who were white with an income in the
highest quartile and age less than 50 years than at low volume hospitals (each
p �0.01). Hospitals at above the 50th volume percentile were less likely to show
miscellaneous medical and overall complications (p � 0.01). Low vs high volume
hospitals had longer mean length of stay (1.9 vs 1.6 days) and incurred higher
median costs ($12,754 vs $8,623, each p �0.01).
Conclusions: Demographic differences exist in robot-assisted laparoscopic radi-
cal prostatectomy patient populations between high and low volume hospitals.
Higher volume hospitals showed fewer complications and lower costs than low
volume hospitals on a national basis. These findings support referral to high
volume centers for robot-assisted laparoscopic radical prostatectomy to decrease
complications and costs.
Key Words: prostate, prostatectomy, robotics, hospitals, demography
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WHILE published studies provide evi-
dence that RALP provides shorter
LOS and decreased blood loss than
ORP,1,2 most are single surgeon/cen-
ter series. Despite the dearth of pop-
ulation based evidence showing supe-
rior outcomes of robotic technology
compared to traditional surgical ap-
proaches more than 1,400 robotic sur-
gical systems have been installed at

American hospitals with up to 5 sys-
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tems at some and more than 400 in-
ternational units.3 Moreover, RALP
utilization estimates are provided pri-
marily by the device manufacturer.3,4

Direct to consumer advertising has
fueled patient demand for RALP5,6

despite reports that men treated with
RALP vs ORP were more often diag-
nosed with incontinence and erectile
dysfunction, and more likely to expe-

rience treatment regret.7,8 Also, this
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technology is more costly than ORP3 with a capital
acquisition cost of $1.7 million and an annual main-
tenance contract of $150,000. A recent population
based study showed that from 2000 to 2009 there
was a greater than 25% increase in the number of
radical prostatectomies performed with the increase
primarily centralized at high volume hospitals.9

This was associated with a concurrent increase in
the number of robotic units, which was most pro-
nounced among high volume hospitals.

Higher hospital and surgeon volumes are associ-
ated with better outcomes of ORP and minimally
invasive radical prostatectomy, which include but do
not distinguish between laparoscopic and robotic ap-
proaches.10,11 However, the RALP learning curve is
prolonged and population based studies characteriz-
ing the relation between RALP volume and outcome
are lacking.

We characterized national RALP utilization rates
and patterns of care, and assessed the hospital vol-
ume effects of RALP on perioperative outcomes and
costs.

MATERIALS AND METHODS

Data Source
Subjects were identified from the Healthcare Cost and
Utilization Project NIS, sponsored by the Agency for
Healthcare Research and Quality. NIS is a 20% stratified
probability sample including a total of approximately 8
million acute hospital stays annually from more than
1,000 hospitals in 42 states. It is the largest, all payer
inpatient care observational cohort in the United States,
representing approximately 90% of all hospital dis-
charges.

Study Cohort
During the last quarter of 2008 there were 2,093,300
subjects in NIS, representing more than 9.8 million pa-
tients using NIS discharge weights. We used ICD-9 code
60.5 to identify radical prostatectomy and the code for
robotic assistance (17.4x), initiated on October 1, 2008, to
define the RALP cohort.

Covariates
For each procedure we examined hospital and patient
level characteristics that may be associated with outcome.
Hospital characteristics included United States Census
region, urban vs rural location, teaching status and bed
size. Hospital RALP procedures were aggregated during
the study period to stratify hospital volume into quartiles,
in which about 25% of the cases in the sample were done
at the hospitals in each quartile. Patient level character-
istics included age, number of comorbidities based on the
Elixhauser method,12 race, median income based on hos-
pital ZIP Code13 and primary payer.

Outcomes
ICD-9 diagnosis and procedure codes were used to identify
blood transfusion as well as cardiac, respiratory, genito-

urinary, vascular, wound, miscellaneous medical and mis-
cellaneous surgical complications.7,11,14,15 NIS specific
outcomes included death, hospital LOS, discharge dispo-
sition (routine [home] vs other [rehabilitation, skilled
nursing facility, etc]) and total costs. Costs were derived
from total charges billed by the hospital using the Health-
care Cost and Utilization Project cost-to-charge ratio,
which is a hospital level file that allows the conversion of
charges to the amount that hospitals are reimbursed or to
actual costs.16 The all payer inpatient cost-to-charge ratio
was used when available, or else group averages were
used.

Statistical Analysis
Stratification, clustering and survey weights were used in
accordance with the NIS sampling design. Propensity
scoring methods were used to adjust for factors that may
confound outcomes with the goal of balancing character-
istics among groups.17,18 Due to absent RALP at most
rural centers the hospital type variable was dichotomized
into rural/urban nonteaching vs urban teaching in the
propensity model.

Since there were no small or medium bed size hospi-
tals, or hospitals in the Midwest in the highest volume
quartile, bed size and geography could not be included in
the propensity model. Patient age, race, comorbidity, pri-
mary payer, income and hospital type were included in the
final propensity model. Due to few cases in subcategories
race was collapsed into white, nonwhite and missing, and
primary payer was collapsed into private, Medicare and
Medicaid/other to adequately power propensity analysis
and minimize 0� n �11, for which data suppression is
required per NIS. All analysis was done with SAS®, ver-
sion 9.2 with all tests considered statistically significant
at p �0.05.

RESULTS

Procedure Frequency

There were 2,348 RALPs in the NIS, representing
11,513 RALPs after incorporating NIS survey weights.
Low, medium, high and very high volume quartiles
corresponded to 1 to 15, 16 to 29, 30 to 54 and 55 to
166 RALPs, respectively, during the last quarter of
2008. The figure shows the overall hospital RALP
volume distribution.

Study Sample Characteristics

Table 1 lists patient and hospital characteristics. At
higher volume hospitals RALP was more likely to be
done on men younger than 50 years, those who were
white or those who earned a higher income (each
p �0.01). Higher volume hospitals were more likely
to be large bed size facilities (p �0.01).

Outcomes

Table 2 shows adjusted outcomes since unadjusted
and adjusted outcomes were similar. While there
were no RALP deaths in hospital, high and very
high volume hospitals showed fewer overall and

miscellaneous medical complications (each p �0.01).
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Low volume hospitals had longer mean LOS and
fewer routine discharges home (each p �0.01). Fi-
nally, higher RALP hospital volume was associated
with lower costs (p �0.01). For instance, the median
RALP cost at very high volume hospitals was two-
thirds that of low volume hospitals ($8,623 vs
$12,754). The mean cost for patients with a LOS of
fewer than 2 days with vs without complications was
$10,267 vs $7,233. Of patients with 2 or more days of
LOS the cost for those with vs without complications
was $17,245 vs $9,240.

DISCUSSION

Robotic assistance facilitates the learning curve for
open surgeons who are transitioning to minimally
invasive surgery,2,19,20 which has the reproducible
advantages of smaller incisions, decreased blood loss
and postoperative pain, and shorter LOS than open
surgery.1,2 Many patients intuitively perceive that
RALP decreases complications and confers the same
benefits as laparoscopy and they prefer this technol-
ogy even at greater cost.21

However, rapid adoption combined with the pro-
longed learning curve and varying accreditation
practices to attain privileges for new technology may
result in hidden risks. For example, the rapid adop-
tion of laparoscopic cholecystectomy in the 1990s
resulted in a spike in biliary tract injuries from
1,500 to 4,000 annually.22 Results reported from
high volume referral centers may not be represen-
tative of community practice. Population based com-
parisons characterize RALP utilization and out-
comes across a broad spectrum of practice settings
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To our knowledge this is the first population
based study to evaluate volume relationships by
RALP utilization, patterns of care and outcomes.
For instance, prior studies of minimally invasive
radical prostatectomy did not distinguish between
RALP and pure laparoscopic radical prostatectomy.

Our study has several important findings. 1) Higher
hospital volume was associated with fewer medical
and overall complications, and shorter LOS while
low volume hospitals had a lower likelihood of rou-
tine discharge. This parallels the ORP volume out-
comes findings of Begg et al.15

2) Higher RALP hospital volume was associated
with lower costs. Similarly others suggested that
cost equivalence to ORP may be achievable with 10
to 14 robotic cases weekly,23 which would translate
to more than 500 cases annually. In our analysis
this could only be achieved at very high volume
hospitals.

If selective referral of RALP from low to very high
volume hospitals were implemented, this would re-
sult in an annual cost savings of $10,695,888. More
stringent referral of patients from low, medium and
high volume hospitals to very high volume hospitals
would increase annual cost savings to $18,033,468.

Sensitivity analysis revealed that fewer complica-
tions and shorter LOS drove the lower costs at
higher vs lower volume hospitals. However, compli-
cations were a greater contributor to higher cost
than LOS. While our RALP hospital costs excluded
surgeon fees and robotic system acquisition/mainte-
nance costs, thus underestimating total RALP costs,
these cost estimates are consistent with those of
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other studies.3 This is in the context of high volume
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centers tending to be academic centers that take on
patient care regardless of financial risks24 and have
better information technology and documentation to
comply with reimbursement guidelines, and since
hospitals with significant market shares can negoti-
ate more competitive prices with insurers.25 All of
this would be expected to lead to increased costs at
high volume hospitals. Moreover, this suggests that
while improved outcomes associated with greater
experience offset the costs associated with RALP,
this volume effect may underestimate the true cost
benefit.

However, there may be indirect costs attributable
to differences in time away from work or increased
travel distances for treatment at high volume cen-
ters, which is associated with the shift of radical
prostatectomy volume to these centers and with the
adoption of robotic technology.9 Medicare recently
aimed to incentivize hospitals that incur fewer com-
plications and lower costs by using spending per

Table 1. NIS weighted unadjusted patient and hospital charact

Total No. (%) No. Low (%)

Age:
Less than 50 996 (8.7) 195 (7.1)
50–59 4,051 (35.2) 1,067 (38.9)
60–69 5,516 (47.9) 1,327 (48.3)
70 or Greater 950 (8.3) 158 (5.7)

Race:
White 7,948 (69.0) 1,778 (64.7)
Nonwhite 1,727 (15.0) 523 (19.1)
Missing 1,838 (16.0) 446 (16.2)

Comorbidity:
None 4,412 (38.3) 1,069 (38.9)
1 4,448 (38.6) 1,002 (36.5)
Multiple 2,652 (23.0) 676 (24.6)

Primary payer:
Private 7,647 (66.4) 1,795 (65.3)
Medicare 3,242 (28.2) 759 (27.6)
Medicaid/other 624 (5.4) 193 (7.0)

ZIP Code income quartile:
1st (lowest) 1,575 (13.9) 349 (12.9)
2nd 2,743 (24.3) 615 (22.7)
3rd 2,973 (26.3) 849 (31.3)
4th 4,001 (35.4) 894 (33.0)

Hospital type:
Rural 229 (2.0) 229 (8.3)
Urban nonteaching 3,582 (31.1) 1,012 (36.9)
Urban teaching 7,702 (66.9) 1,506 (54.8)

Hospital bed size:
Small 851 (7.4) 170 (6.2)
Medium 1,637 (14.2) 556 (20.2)
Large 9,025 (78.4) 2,021 (73.6)

Hospital region:
Northeast 2,352 (20.4) 590 (21.5)
Midwest 3,266 (28.4) 859 (31.3)
South 3,834 (33.3) 844 (30.7)
West 2,061 (17.9) 454 (16.5)

* Weighted counts using NIS complex survey weights and numbers may not sum
beneficiary as a measure of hospital performance.26
This brings the cost differentials of costly and high
volume treatments such as RALP to the forefront of
the American health care debate.

3) White men and men with a higher income were
more likely to undergo RALP at high volume hospi-
tals. This may be related to patient preference af-
fected by direct to consumer advertising27,28 or re-
ferral patterns consistent with studies showing
variations in patterns of care for nonwhite patients
and those in lower socioeconomic groups, including
lower utilization of high volume centers.29 This
poses concern that not all patients may benefit from
the improved clinical outcomes at more experienced
RALP centers.10

Our study must be interpreted in the context of
the study design. 1) Administrative data are de-
signed for billing purposes and may lack detailed
clinical information. We could not characterize dis-
ease severity or body mass index, which may affect
patient selection and outcomes. For instance, we

Hospital RALP Vol Quartile*

p Valueedium (%) No. High (%) No. Very High (%)

0 (8.1) 250 (8.5) 311 (10.9)
3 (33.8) 997 (33.9) 984 (34.4)
1 (46.3) 1,472 (50.0) 1,346 (47.1)
1 (11.8) 226 (7.7) 216 (7.6) �0.01

9 (68.8) 1,833 (62.2) 2,297 (80.4)
0 (12.8) 299 (10.1) 525 (18.4)
5 (18.4) 813 (27.6) 34 (1.2) �0.01

4 (34.6) 1,096 (37.2) 1,223 (42.8)
6 (39.3) 1,186 (40.3) 1,094 (38.3)
4 (26.1) 663 (22.5) 539 (18.9) 0.12

5 (63.2) 2,005 (68.1) 1,973 (69.1)
3 (32.5) 770 (26.1) 750 (26.2)
6 (4.3) 170 (5.8) 134 (4.7) 0.31

5 (21.1) 296 (10.1) 314 (11.4)
7 (30.7) 641 (22.0) 590 (21.5)
7 (23.9) 801 (27.4) 627 (22.9)
0 (24.3) 1,183 (40.4) 1,214 (44.2) �0.01

0 0 0
0 (44.9) 843 (28.6) 397 (13.9)
5 (55.2) 2,102 (71.4) 2,460 (86.1) 0.17

9 (6.4) 492 (16.7) 0
8 (20.8) 463 (15.7) 0
8 (72.8) 1,990 (67.6) 2,857 (100) �0.01

1 (7.1) 715 (24.3) 836 (29.3)
6 (31.6) 1,471 (50.0) 0
0 (41.8) 427 (14.5) 1,323 (46.3)
7 (19.5) 332 (11.3) 698 (24.4) 0.97

p totals or percents may not total to 100% due to need for rounding.
eristics

No. M

24
1,00
1,37

35

2,03
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54

1,02
1,16

77
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96
12

61
89
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71

1,33
1,63
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61

2,15

21
93

1,24
57
could not assess differences in tumor characteristics
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by hospital volume that may impact patient selec-
tion and outcomes. However, claims data have a
high degree of corroboration with chart abstraction
and are valid for detecting complications.27

2) NIS is limited to the inpatient hospital setting.
We could not assess outpatient complications or ear-
lier return to activities of daily living/work.

3) While we attempted to adjust for confounding,
16.0% of patients had missing race data, which were
not equally distributed across quartiles. This may
reflect differences in actual patient demographics in
which nonwhite minority designations may not be
specified or may reflect systematic differences in
race identification between low and high volume
hospitals.

4) While we adjusted for hospital volume, we
could not adjust for surgeon volume. However, a
review of hospital and surgeon volume effects on

Table 2. Propensity adjusted outcomes

Overall Low

% Complications:
Cardiac 0.7 0.9
Respiratory 1.2 1.3
Genitourinary 1.1 1.8
Wound 0.2
Vascular 0.4
Miscellaneous 5.2 7.5
Miscellaneous medical 1.9 3.1
Any surgical 8.6 11.2

% Blood transfusion 1.7 2.4
% Routine discharge home 94.9 93.5
Mean � SD LOS (days) 1.7 � 3.0 1.9 � 4.0
Median $ costs (IQR) 11,976 (8,315–13,680) 12,754 (10,284–17,356)

* Data suppressed according to NIS for 0 to fewer than 11.
outcome showed that while surgeon factors tend to
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These authors used NIS data to address the im-
portant relationship between hospital volume and
surgical outcomes after RALP. They conclude that
patients should be referred to high volume hospi-
tals based on fewer complications, shorter LOS
and cost savings at these centers. While regional-
ization of surgical care to high volume centers has
benefits for the patients privileged to be treated at
those centers, it may also have potential detri-
ments, including increased patient travel distance
(reference 9 in article), and less business and pre-
paredness at low volume hospitals, which could
adversely impact access to care for some patients.1

As the current study suggests, centralization to
high volume hospitals may result in unequal
RALP use among patients based on sociodemo-
graphic differences, including race, income and
In the current era of cost efficiency and optimiza-
tion of surgical outcomes centralization may be the
answer for certain high risk operations.3,4 Indeed,
centralization of care for RALP seems to be occur-
ring as a result of market forces and assessments or
perceptions of higher quality of care at high volume
centers. Available evidence and common sense sup-
port these assessments and perceptions of the vol-
ume-quality association but without further evi-
dence of the cost-benefit trade-off for the entire
population. With only 1 calendar quarter of admin-
istrative data to support the regionalization of
RALP it may be premature to encourage further
concentration of care for RALP.
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These authors conclude that higher volume hospitals
showed fewer complications and lower costs than low
volume hospitals. This finding is similar to those of
almost all prior studies of the volume-outcome rela-
tionship in general1 and specifically in urology (ref-
erence 10 in article). We now know that the volume-
outcome relationship also applies to RALP. Perhaps
the surprise would be if it did not. Does anyone
believe that experience, for which volume is a sur-
rogate, is important in a wide range of surgeries but
not for robotic prostatectomy?

The real problem with the study is not so much
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know if you are any good? A surgeon performance 2010.
methodology, that is downloading data from an ad-
ministrative database, dividing them into quartiles
and comparing by quartile. We could ask many in-
teresting questions, such as whether the complica-
tion rate continues to decrease with increasing vol-
ume in the highest quartile. We will not get answers
to these interesting questions if we simply repeat
the same questions (and find the same answers) as
we did a decade ago (reference 15 in article).3

Andrew J. Vickers

Epidemiology and Biostatistics
Memorial Sloan-Kettering
the platitudinous conclusions as the cookie cutter New York, New York.
1. Halm EA, Lee C and Chassin MR: Is volume related to outcome in health care? A systematic review and methodologic critique of the literature. Ann Intern Med 2002;
We agree with the concerns of Drs. Anderson and
Barocas about greater patient travel distance, and
less preparedness and business at lower volume hos-
pitals. However, radical prostatectomy is an elective
rather than an urgent procedure and there is ample
evidence that treatment regret after radical prosta-
tectomy is accentuated by suboptimal outcomes.1

While NIS data do not characterize these outcomes,
there are significant costs of additional cancer ther-
apies, such as radiation and androgen deprivation,
and treatment for erectile dysfunction as well as
inpatient complications characterized by NIS. To
our knowledge there has yet to be a study that
characterizes provider volume effects on urinary
and sexual function. Why? Such data are difficult to
come by since it is hugely time-consuming and ex-
pensive to track patients with time, administer
questionnaires and manage these data.2

While Dr. Vickers accurately points out that the
volume-outcome relationships is established for
open radical prostatectomy, a prior study failed to
show such a relationship within 5 years of the first
early adopters.3 Also, the treatment of prostate
cancer has been framed as a litmus test for health
care reform, given increasingly costly therapy,
such as robot-assisted surgery, with mediocre out-
comes (reference 4 in article). Moreover, urologists
have been the vanguard for adopting and dissem-
inating robot-assisted surgery relative to other
surgical specialties4 and there is a social respon-
sibility to justify the use of expensive technology
in the absence of comparative evidence demon-
strating superior outcomes. Thus, our study was
formulated a priori to assess potential improve-
ments in RALP outcomes and cost savings at high
vs low volume institutions.

The potential for the uninformed to miss the point
about proactive prostate cancer health services re-
search is epitomized by the recent United States Pre-
ventive Services Task Force unconditional recommen-
dation against prostate specific antigen screening. To
assume that a benefit exists without evidence or a
demonstration of potential improvement may lead to
a not so distant future when health plans refuse to
RALP, likely due to learning curve effects among reimburse RALP.
1. Hu JC, Kwan L, Saigal CS et al: Regret in men
treated for localized prostate cancer. J Urol 2003;
169: 2279.

2. Vickers A, Sjoberg D, Basch E et al: How do you
feedback system for the outcomes of radical
prostatectomy. Eur Urol 2012; 61: 284.

3. Choi WW, Gu X, Lipsitz SR et al: The effect of
minimally invasive and open radical prostatectomy
surgeon volume. Urol Oncol, epub September 3,
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