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Abstract

Objectives—To quantify national complication rates, perioperative outcomes, and predictors for 

a broad range of urological procedures to demonstrate background rates and discuss 

benchmarking.

Methods—Urologic procedures from NSQIP (2006–2011) were analyzed to identify 30-day 

rates of 21 complications, outcomes (length of stay (LOS), reoperation, death), and predictors 

including resident involvement for 18 specific procedures. Multivariable logistic regression 

models assessed predictors for any complication and for Clavien IV or V complication.

Results—A total of 39,700 procedures were included with abdominopelvic operations more 

morbid than endoscopic, scrotal, incontinence, or prolapse procedures. Cystectomy had the highest 

morbidity (10.8 days LOS, 3.2% mortality) with 56% experiencing any complication followed by 

nephrectomy (21%), RPLND (20%), and RRP (19%). TURBT (11%) and TURP (10%) had 

highest rates for endoscopic procedures. Older age, ASA class, dependent functional status, AKI 

[OR2.70(1.89–3.87)], and ≥5 units preoperative transfusion [OR4.44(3.40–5.80)] were strongest 

predictors of any complication. Higher ORs of similar predictors along with COPD 

[OR1.52(1.21–1.92)] and steroid use [OR1.51(1.07–2.14)] were associated with Clavien IV or V 

complication. Resident involvement increased odds of any complication [OR1.18(1.09–1.29)], 

mostly for abdominopelvic and urogynecologic procedures, but not Clavien IV or V complication 

(p=0.55).

Conclusions—Complication rates of urological procedures based on the retrospective 

experience of few surgeons does not allow for appropriate benchmarking. Baseline rates and 

benchmarks derived from NSQIP may help hospitals better track deficient areas and 

improvements in quality of care. Many predictors were similar across procedures, although 
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magnitudes differed, and resident trainees did not impact rates of serious complications (Clavien-

Dindo grade IV or V).
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Introduction

As many as 400,000 premature deaths per year in the United States are due to preventable 

harm in hospitals with 10 to 20-fold greater rates of “serious harm”.1 However, a critical 

issue in assessing patient safety and complications following surgical procedures is 

benchmarking: comparison to agreed upon acceptable and expected background rates for 

complications. Notable variation in complication rates and practice between hospitals and 

surgeons has been described for urologic cancer surgeries.2,3 Furthermore, even with 

increased scrutiny on improving the quality of surgical care in the past several years, a 

recent report suggests the United States may have made no progress in reducing the rate of 

adverse events after surgery compared to significant reductions in the care of patients with 

acute myocardial infarctions and congestive heart failure.4

Benchmarking is a prerequisite to identify process deviations in quality of care, especially 

important because adverse events, preventable or not, may represent 16% of direct hospital 

costs and Medicare is taking a firmer stance in not paying for preventable complications.5,6 

Complication rates and perioperative outcomes for urological procedures are known to 

evolve along learning curves and hence resident training is also under scrutiny.7–9 

Therefore, establishing reliable and comparable background rates of minor and major 

complications is important followed by appropriate risk-adjustment before improvements in 

quality of care can be accurately tracked.

Most reports on the complications of urological procedures focus on the retrospective 

experience of few surgeons performing select operations with various definitions for tracked 

complications limiting application as comparative quality improvement benchmarks. The 

goal of the present analysis is to quantify complication rates and perioperative outcomes for 

a broad range of urological procedures using the National Surgical Quality Improvement 

Program (NSQIP). We hypothesize predictors will be similar across procedures, including 

for serious complications (Clavien-Dindo grade IV or V), and that resident trainees will not 

impact complication rates.

Materials and Methods

Institutional IRB review approved the study. The NSQIP provides voluntary assessment of 

surgical outcomes for >300 academic and community hospitals across the United States. 

Preoperative, operative, and 30-day postoperative complication data is collected by trained 

Surgical Clinical Reviewers using clinical records rather than administrative data. Clinical 

abstraction is audited and collected for internal quality improvement but de-identified data is 

made available to researchers. Detailed methods and rationale behind NSQIP have been 

previously described.10,11
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Study Cohort

NSQIP datasets from the years 2006 to 2011 were used to identify patients undergoing 

common urological procedures by restriction to cases performed by urologic surgeons 

followed by review of Current Procedural Terminology (CPT) codes (major urological CPT 

codes between 50010 to 55899; additional urogynecologic procedures 57265 to 57425; 

adrenal procedures 60540 to 60650; retroperitoneal lymph node dissection (RPLND) 

38780). Among all urologic operations, 18 specific procedures were categorized and 

included in the analysis: radical retropubic prostatectomy (RRP), laparoscopic radical 

prostatectomy (LRP; includes both robotic (majority) and traditional laparoscopic), 

transurethral resection of the prostate (TURP), photoselective vaporization of the prostate, 

total nephrectomy (TN), partial nephrectomy (PN), cystectomy, transurethral resection of 

bladder tumor (TURBT), radical orchiectomy, spermatocelectomy, hydrocelectomy, 

varicocelectomy, artificial urinary sphincter, male sling procedure, female sling procedure, 

colporrhaphy, adrenalectomy, and RPLND.

Variables and Outcomes

Baseline demographics, American Society of Anesthesiologists (ASA) physical status 

classification system, preoperative risk factors, and outcomes including length of stay 

(LOS), operative time, death, reoperation, and 21 specific complications were obtained. 

Preoperative risk factors included comorbidities (COPD, hypertension, diabetes), functional 

status assessment (independent, partially or totally dependent), recent steroid use, acute 

kidney injury (AKI), bleeding risk assessment, and preoperative transfusion requirement. 

The outcomes were 1. any complication (including death) and 2. Clavien-Dindo grade IV or 

V complication. NSQIP does not employ Clavien grading but grade IV or V was determined 

using a previously reported algorithm (Clavien IV: postoperative septic shock, postoperative 

dialysis, PE, prolonged ventilator requirements, need for reintubation, myocardial infarction, 

and cardiac arrest; Clavien V: mortality).12 Clavien I – III grades could not be determined. 

Specific complications included superficial surgical site infection (SSI), deep SSI, organ/

space SSI, wound dehiscence, pneumonia, reintubation, pulmonary embolism (PE), >48 

hour ventilator requirement, renal insufficiency, dialysis requirement, urinary tract infection 

(UTI), stroke, coma, peripheral nerve injury, cardiac arrest, myocardial infarction, 

transfusion (≥5 units within 72 hours after operation), graft/prosthesis failure, deep vein 

thrombosis (DVT), sepsis, and septic shock.

Statistical Analysis

Mean operative time, LOS, and proportion of patients experiencing any complication, 

reoperation, or death within 30 days of the procedure were assessed. Rates of individual 

complications were tabulated as proportions by each of the 18 procedures. Multivariable 

logistic regression models were developed to assess risk factors for the outcomes of interest 

(described above). Results were adjusted for case-mix except for sex, which could not be 

adjusted across all procedures as some procedures involved only males or females. 

Subanalyses also assessed resident trainee involvement and predictors of the most common 

complications.
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Results

Baseline Characteristics

From 2006 to 2011, a total of 48,421 procedures captured by NSQIP were identified with 

demographics, ASA class, and functional status given by primary organ involved in 

Supplemental Table 1. The 18 selected procedures comprised 39,700 (82.0%) of the 

operations as shown in Supplemental Figure 1A with preoperative characteristics listed in 

Table 1. Overall, a notable proportion of patients had hypertension (56.3%) and diabetes 

(16.2%) while a smaller fraction were assessed to be a bleeding risk (2.4%) or on recent 

steroid therapy (2.1%).

Outcomes

Abdominopelvic operations were more morbid than endoscopic, scrotal, incontinence, or 

prolapse procedures. Outcomes in Table 2 show cystectomy had the highest morbidity 

(10.75 days LOS, 3.23% 30-day mortality) with a 56.3% rate of any complication followed 

by total nephrectomy (20.6%), RPLND (19.8%) and RRP (19.4%). Amongst non-

abdominopelvic procedures, rates were highest for TURBT (10.6%) and TURP (10.1%). 

Overall composition of specific complications displayed in Supplemental Figure 1B is 

tabulated in a supplement as absolute rates by procedure (Supplemental Table 2). 

Transfusion requirements ≥5 units within 72 hours of the case [1741 (30.7%)] and UTIs 

[1242 (21.9%)] were the most common complications followed by SSIs [519 (9.1%)], sepsis 

[413 (7.3%)], thromboembolic events [369 (6.5%)], and pneumonia [239 (4.2%)]. Each 

procedure was associated with a unique rate and relative array of complications.

Predictors of Complications

Figure 1 and Table 3 show the results of the case-mix adjusted multivariable logistic 

regression models. For the outcome of any complication, older age [OR 1.73 (1.47–2.02) for 

octogenarians compared to <50 years], increasing ASA class, dependent functional status, 

and preoperative risk factors including history of COPD [OR 1.23 (1.09–1.40)], steroid use 

[OR 1.25 (1.03–1.51)], AKI [OR 2.70 (1.89–3.87)], bleeding risk [OR 1.44 (1.20–1.71)], 

and ≥5 units preoperative transfusion [OR 4.44 (3.40–5.80)] were associated with increased 

risk of experiencing a complication. Associations with experiencing a Clavien IV or V 

revealed higher ORs for age, ASA class, functional status, COPD, steroid use, and AKI. 

Associations with bleeding risk and preoperative transfusion were diminished as 

postoperative transfusion did not qualify as a Clavien IV or V complication.

The strongest predictors of postoperative transfusion, the most common complication, 

included preoperative transfusion [OR 10.19 (7.38–14.06)], bleeding risk, ASA class, age, 

and female sex. Procedure type was the most predictive of UTIs, which was not associated 

with any preoperative characteristics except ASA class and age. Notably, for 77% of 

procedures with data on resident assistance with the case, resident involvement was 

associated with increased odds of any complication [OR 1.18 (1.09–1.29), p<0.01] but not 

with outcome of Clavien IV or V complication [(OR 1.06 (0.88–1.28), p=0.55] after 

adjusting for case-mix (Table 3). The increased odds appeared limited to urogynecologic 

[OR 1.70 (1.18–2.45)] and major abdominopelvic procedures (nephrectomy, prostatectomy, 
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cystectomy) [OR 1.23 (1.10–1.38)]. The number of hospitals capturing data on urological 

procedures increased significantly between 2006 and 2011, accounting for great variance in 

comparisons between years although none were statistically significant.

Comment

NSQIP was utilized to report on the unique array of complications and perioperative 

outcomes for 18 specific urological procedures across >300 hospitals in >40 states of the 

United States. As hypothesized, similar independent preoperative risk factors associated 

with the occurrence of any complication as well as Clavien IV or V complications were 

identified across procedures. However, important differences in magnitude existed. 

Cystectomy was associated with the greatest rate of complications, transfusion requirement 

(≥5 units postoperatively) and UTIs were the most common complications, and, contrary to 

our hypothesis, the presence of resident trainees in cases was associated with increased 

occurrence of any complication but not with serious complications.

Benchmarking is an important starting point toward measuring health quality in the 

perioperative setting – a setting in which “preventable” is very difficult to define.13 Risk-

adjustment tools have thus far proved imperfect in making comparisons between hospitals 

and individuals. One other route of actionable health policy might be to focus on reducing 

unwarranted variation in care around risk-adjusted benchmarks.3 Additionally, NSQIP may 

compare and track rates of adverse events associated with surgical interventions for quality 

improvement initiatives or evolving surgical technologies in urology shifting practice 

patterns to minimally-invasive and robotic techniques.14 With potentially equivalent 

efficacy for disease treatment, increased costs of new technology might be offset by 

improved quality of care and decreased complication rates. Health policy measures will be 

key as a recent study indicates hospitals in the United States may actually receive marginally 

higher per-encounter hospital contribution margins from Medicare and private insurance for 

having postoperative complications – an incentive against quality improvement and extra 

reason to push for benchmarking.15

Although previous studies are less generalizable reporting on the experience of one surgeon 

with series varying from less than 20 procedures to about 100 procedures, it is illustrative to 

compare complication rates captured by NSQIP to those previously reported. The overall 

rate of 15% for PN compares reasonably with 15–17% noted for laparoscopic and robotic 

PN.16 A large single-surgeon series notes rates of 41% and 59% for open and robotic 

cystectomy, respectively, and multi-institutional experience of 65% compared to 56% 

reported here.17.18 A report on scrotal surgery for benign conditions showed reports on 

complication rates varied widely, from 0.7% to 91.7% up to the year 2007, due to 

inconsistent reporting windows (30-day vs. 90-day vs. years of follow-up) and the types of 

complications included making comparisons difficult.19 We report 30-day perioperative 

complication rates of 1.01%, 1.27%, and 3.48% for spermatocelectomy, varicocelectomy, 

and hydrocelectomy, respectively.

Few NSQIP studies have previously looked at urological procedures. A report by 

Hollenbeck et al. on TURBT rates up to 2002 including only Veterans Affairs hospitals with 
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a limited array of complications has been updated here. They reported rates of overall 

complications, UTIs, and mortality of 4.3%, 3.0%, and 1.3%, respectively, compared to our 

update of 10.6%, 3.7%, and 1.2%.20 Tyson et al. report only on the rates of thromboembolic 

events, including DVT and PE rates of 4.0% and 2.9% for cystectomy compared to our 4.1% 

and 3.2%, respectively.21 Finally, two recently published comparative reports attempt to 

compare minimally-invasive surgery for prostatectomy and nephrectomy to their open 

counterparts.22,23 While trends in safety over time, demonstrated by Liu et al., are an 

admirable application of NSQIP, direct comparisons between these procedures may be more 

limited until specific disease characteristics are obtainable through NSQIP or clinical 

practice evolves to a point that selection bias is less of a concern.

Both prospective tracking of complications for NSQIP by full-time Surgical Clinical 

Reviewers, most often nurses, and auditing of reported data has allowed robust reporting of 

complication rates. Therefore, rates for individual complications may be higher and more 

accurate than represented in the retrospective literature. Other notable findings in the study 

also benefit from methodology employed by NSQIP. While racial disparities are often 

present in obtaining healthcare, there appears to be no inherent racial disparity or 

predisposition to complications after undergoing a urological procedure. As may be 

expected, increased age and comorbidity (reflected by ASA class) were associated with 

somewhat increased risk of experiencing a complication. However, risk of serious 

complications was dramatically increased with age [OR 1.43 (1.32–1.54) per 10 years] and 

ASA class (ORs ~4, 8, and 14 for ASA 2, 3, and 4 compared to 0) indicating better selection 

and frailty measures are needed for these populations to balance the benefits and risks of 

surgery. Sex, as previously mentioned, cannot be interpreted in the overall fashion as case-

mix adjustment is not possible for procedures performed on only males or females.

Notably, resident involvement was associated with increased odds of any complication [OR 

1.18 (1.09–1.29)] but not Clavien IV or V complication [(OR 1.06 (0.88–1.28)]. Balancing 

patient safety and resident training is a critical issue for all teaching hospitals. Case-mix 

adjustment for procedures was key as the unadjusted association of resident involvement 

with serious complication was substantial [1.62 (1.39–1.90)]. Resident involvement may 

increase the overall rate of complications either directly, through technical errors or 

insufficient supervision, but also possibly indirectly as a consequence of increased operative 

time.24 If the former is a major contributor, the results may support a more structured 

approach to help residents reduce the learning curve associated with each procedure. At the 

same time, it is possible case-mix adjustment for procedures is not sufficient if resident 

involvement is a surrogate for academic centers where case-mix of disease characteristics is 

substantially different for any given procedure. A stratified approach revealed the increased 

odds of complications appeared limited to urogynecologic [OR 1.70 (1.18–2.45)] and major 

abdominopelvic procedures (nephrectomy, prostatectomy, cystectomy) [OR 1.23 (1.10–

1.38)] and did not apply to scrotal or transuretheral surgeries.

The current study has important limitations and advantages which should be summarized. 

The main limitation applicable to the current analysis is deidentification of sensitive data on 

morbidity and mortality, required by the data use agreement, so that hospital volume and 

individual surgeon characteristics cannot be analyzed for impact on perioperative outcomes 
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and complication rates. While this limits some comparisons based on surgeon experience 

and setting, it protects integrity of data initially intended for internal evaluation and 

improvement. Notably, because of this the data is collected in an audited fashion using 

clinical records and is not administrative. Another limitation is the lack of some procedure-

specific complications as NSQIP standardizes complication reporting. However, although it 

is a trade-off, there is value in tracking a comparable array of outcomes and complications 

across procedures for quality improvement. Hospitals may choose to internally track some 

procedure-specific complications, and one important potential area of improvement, albeit 

labor-intensive as NSQIP requires clinical abstraction, is to include an important agreed 

upon procedure-specific complication for each index procedure into the Participant Use Data 

File.

Notwithstanding the limitations, we have reported on complications and perioperative 

outcomes for a broad range of urological procedures using NSQIP and identified important 

predictors of complications including the effect of trainees in urology. The array of 

complications and perioperative outcomes for urological procedures is specific to each type 

of procedure with significant variation in morbidity and mortality.

Conclusions

NSQIP provides a tool for benchmarking adverse events associated with surgical 

interventions. We identified comparable background rates of complications from a national 

quality improvement program along with independent preoperative risk factors associated 

with the occurrence of complications including Clavien IV or V complications. Resident 

trainees were associated with slightly increased occurrence of any complication for 

abdominopelvic and urogynecologic procedures but not with serious complications. 

Removal of financial incentives to have complications, compliance with safety practice, and 

attention to risk-adjusting quality of care will be vital to overcoming the lack of progress we 

have made in reducing rates of adverse events after surgery. Through research and 

technology, urologists will continue to play an important role in improving the quality of 

surgical care.
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Refer to Web version on PubMed Central for supplementary material.
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AKI acute kidney injury

ASA American Society of Anesthesiologists
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COPD chronic obstructive pulmonary disorder

DVT deep vein thrombosis

OR odds ratio

LOS length of stay

LRP laparoscopic radical prostatectomy

NSQIP National Surgical Quality Improvement Program

PE pulmonary embolism

PN partial nephrectomy

RPLND retroperitoneal lymph node dissection

RRP radical retropubic prostatectomy

SSI surgical site infection

TN total nephrectomy

TURBT transurethral resection of bladder tumor

TURP transurethral resection of the prostate

UTI urinary tract infection
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Figure 1. 
Adjusted multivariable analysis assessing for predictors for the outcomes of any 

complication (A) as well as for Clavien IV or V complication (B) among urological 

procedures, NSQIP 2006–2011. AKI = acute kidney injury, COPD = chronic obstructive 

pulmonary disease, HTN = hypertension. *= derived from subset analysis of 77% of 

procedures including data on resident assistance. Reference set at y=1.00.
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