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ABSTRACT

Objective: To evaluate differences in perioperative clinical outcomes in men undergoing artificial urinary

sphincter (AUS) implantation in primary versus replacement settings. Secondarily, we aimed to identify

patient-related factors contributing to complications associated with AUS placement.

Materials and Methods: A review of the American College of Surgeons-National Surgical Quality Improve-

ment Program was performed between 2010 and 2018 identifying males undergoing AUS implantation. Sub-

jects were further subdivided into primary implantation or removal/replacement of AUS simultaneously via

current procedural terminology codes 53445 and 53447, respectively. 30-Day postoperative outcomes were

compared between cohorts using t-test and Fisher’s exact test. The relationship between patient factors and

complications was evaluated using logistic regression.

Results: A total of 1,892 patients were identified: 1,445 primary AUS placement and 447 AUS replacement

procedures. Patients undergoing AUS replacement were statistically older than those undergoing primary

implantation (71.4 vs 69.7 years, P < .001). AUS replacement procedures were associated with an increased

rate of superficial surgical site infection (SSI) compared to primary procedures (1.3% vs 0.4%, P ¼ .042).

There were no differences identified between cohorts for deep SSI, cardiopulmonary complications, reopera-

tion, operative time, or length of stay. Logistic regression demonstrated that higher body mass index was

found to be independent risk factors for any complications, and diabetes mellitus was associated with

increased risk of AUS-related readmission.

Conclusion: Within the perioperative period, patients undergoing replacement AUS have an increased risk of

superficial SSI compared to primary AUS implantation. These findings can assist with appropriate periopera-

tive counseling of patients undergoing primary and replacement AUS implantations.
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Introduction

The artificial urinary sphincter (AUS) was first

introduced in 1972 as the preferred surgical

treatment for severe male stress urinary incon-

tinence (SUI).1 Since that time, additional

modalities for the treatment of male inconti-

nence such as urethral bulking agents and

male urethral slings have been developed;

however, the AUS has remained the gold

standard treatment for male SUI.2

As of 2012, over 150,000 AUS procedures

have been performed worldwide. In the most

recent series, AUS implantation was used in

just over 50% of males who had incontinence

procedures.3,4 The AUS has been adapted and

proven to be effective in a wide range of situa-

tions, which include postprostatectomy incon-

tinence, traumatic urethral injury, radical

pelvic surgery, neurogenic causes, and as a

salvage procedure when other modalities have

failed.5,6
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Though the AUS remains the gold standard therapy to decrease

SUI in male patients, it is not without its necessary surveillance

and maintenance. In a pooled analysis of outcomes in patients

undergoing primary AUS placement, over 25% of patient’s

required surgical reintervention after initial device placement

either due to medically induced failure or device fatigue.7,8

The leading causes for evaluation and potential replacement of

an AUS include erosion (8.5-10%), infection (7%), and

mechanical failure (7.9% cuff and 6.3% pump failure).9,10

Additionally, patients with predisposed risk factors for AUS

compromise, namely, a history of pelvic radiotherapy, have

been noted to have an increased rate of necessary AUS replace-

ment as compared to nonirradiated patients.11,12

In 1,082 patients with primary AUS placement over a 28-year

period, 74 and 57% were revision free at 5 and 10 years,

respectively.7 With several decades of use and implantation,

many patients may be representing with complaints focused on

their AUS device necessitating revision. Since many patients

may require device revision, it would be prudent to understand

the risk of complications compared to primary implantation to

provide improved patient counseling. This study aims to evalu-

ate differences in perioperative clinical outcomes during the

30-day early postsurgical period in men who underwent AUS

implantation in a primary versus replacement setting utilizing

the American College of Surgeons-National Surgical Quality

Improvement Program (ACS-NSQIP) database. Additional out-

comes included identifying patient-related factors that increase

risk of perioperative outcomes.

Materials and Methods

We conducted a cohort study of patients receiving either a pri-

mary or replacement AUS implantation from 2010 to 2018 in

the NSQIP database. The NSQIP database is comprised of

greater than 150 individual perioperative data elements com-

piled from 600 participating hospitals and institutions. Nearly

95% of all patient perioperative outcomes are reported within

this database. We accumulated data related to two procedures

via current procedural terminology (CPT�) coding and inser-

tion (53445) or removal and replacement (53447) of an inflata-

ble urinary sphincter, including pump, reservoir, and cuff.

Patients with concern for active infection (alternative CPT

code 53448) were excluded from analysis. Due to the publicly

available and deidentified nature of the NSQIP database, no

ethic committee review was required for the completion of this

project.

Patients 18 years of age and older who underwent the specified

procedure between 2010 and 2018 were included. Figure 1

illustrates patient selection through a flowchart. Among these

patients, grouping into primary versus replacement AUS was

made. Patients with evidence of a systemic infection, local

infection near, involving or prompting implant removal,

advanced cancer burden, or incomplete data sets (missing peri-

operative height, weight, unknown ASA, and functional status)

were excluded. No known past surgical or radiation history

was available or included within the analysis.

Patient specific data points collected from this selection of

patients included general demographic details such as their

age, race/ethnicity, body mass index (BMI), smoking status,

diabetes mellitus (DM) status, dyspnea, history of severe

chronic obstructive pulmonary disease (COPD), congestive

heart failure (CHF), hypertension (HTN) on medication, acute

renal failure preoperatively, dialysis status, steroid use, weight

loss, bleeding disorders, American Society of Anesthesiology

(ASA) physical status, and overall functional status. Functional

status was outlined as dependent versus independent.

Postoperative outcomes were categorized as infectious, wound

disruption, respiratory complications, renal complications, car-

diovascular complications, perioperative transfusion, and

hospital-related outcomes, including readmission rate, return to

operating room, operative duration, and length of stay (LOS).

Statistical Analysis

Descriptive statistics are reported as means with standard devi-

ations. 30-Day postoperative outcomes were compared

between primary AUS and replacement AUS cohorts using the

Fisher’s exact test and Student’s t-test for categorical and con-

tinuous variables, respectively.

We performed multivariable regression (MVR) analyses in a

complete dataset and an imputed dataset (Figure 1). Preopera-

tive hematocrit values were used in the imputation analysis,

while they were excluded from the complete data analysis

Main Points

• No statistically significant difference was noted between com-

plication and readmission rates among patients undergoing pri-

mary versus revision/secondary AUS implantation.

• Superficial surgical site infections were the only complication

found to be more associated with replacement AUS

perioperatively.

• Increased BMI and the presence of diabetes mellitus were sig-

nificant predictors of complication and readmissions,

respectively.

• Revision AUS procedures are safe and effective as index AUS

implantation.
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because of the large number of missing values. Imputation

was performed utilizing the R mice package where 10

imputed datasets were generated. Weighted propensity score

matching (PSM) was performed utilizing the WeightIt and

MatchThem packages in the imputation analyses. PSM is a

statistical technique that can reduce confounding by matching

similar patients based upon patient covariates, such as age,

race, and comorbidities. By matching patients and achieving

balance of covariates, we can compare differences in outcome

variables between the groups. In our analysis, propensity

scores were conducted using all previously mentioned patient

variables as inputs with AUS device as the outcome variable

(primary vs replacement) to balance covariates between these

groups.

The multiple imputation MVR analysis was performed after

PSM to provide double robustness of estimating associations

between input variables and output variables. The survey pack-

age was used for developing the MVR analyses via its function

“syvglm.” The results of the MVR analyses across the 10

weighted and imputed datasets were pooled utilizing the

“pool” function from the mice package. Separate MVR models

were created for the dependent outcome variables: any compli-

cations and AUS-related readmissions. MVR models were

Figure 1. Patient selection in a flow diagram, no definitions or units to define. NSQIP, National Surgical Quality Improvement
Project; CPT, current procedural terminology; AUS, artificial urinary sphincter.
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generated step-wise, beginning with AUS presence and all

patient variables as independent variables and removing patient

variables with P > .20 to limit the effect of multicollinearity.

All statistical analyses were performed using (R Foundation of

Statistical Computing, Vienna, Austria) R 4.0.2. P values <.05

were considered statistically significant. Studies from the

NSQIP database at our institution are considered exempt by the

institutional review board.

Results

Of the 1,445 patients presented for primary AUS placement,

75.8% were Caucasian with comorbidities, including HTN

(66.8%), DM (23.5%), COPD (3.3%), chronic steroid use

(2.9%), and bleeding disorders (3.1%) (Table 1). Among the 447

patients who underwent replacement AUS procedures, 76.1%

were Caucasian presented with similar comorbidity profiles

including HTN (65.8%), DM (19.7%), COPD (3.8%), chronic

steroid use (2%), and bleeding disorders (4.5%) (Table 1).

Postprocedural outcomes are illustrated in Table 2. Complica-

tions were noted in 59 (3.1%) patients overall, and there was

no statistical difference between clinical complication rates

outlined within the NSQIP database between primary and

replacement AUS complications (46 (3.2%) vs 13 (2.9%), P ¼
.877). However, among all identifiable infectious outcomes

(superficial surgical site infections (SSIs), deep incisional

infections, organ infections, UTIs, and sepsis), superficial SSI

appeared to demonstrate modest but significant occurrence (6

(0.4%) vs 6 (1.3%), P ¼ .042). There were no statistically sig-

nificant differences found between either cohorts regarding dis-

ruption of their operative wound, respiratory, renal, or

cardiovascular complications. Additional readmission, reopera-

tion, operative time, and LOS are similar between cohorts.

Logistic regression analysis was used to determine risk factors

for any complication and for procedure-related readmission

(Figures 2 and 3). On logistic regression analysis, replacement

AUS placement had similar risk of any complication

(OR0.440.821.56, P ¼ .551) and readmission (OR0.340.691.39, P

¼ .294). Regression analysis for AUS-related readmission

demonstrated the presence of DM (OR1.422.936.04, P ¼ .004) to

be significant predictor. When utilizing a multiple imputation

multivariable regression model, replacement AUS was not

associated with increased risk of any complication

(OR0.5231.0081.943, P ¼ .981) or AUS-related readmissions

(OR0.4220.8381.662, P ¼ .613 (Table 3).

Table 1. Patient Characteristics

Overall Primary AUS Replacement AUS P

n 1,892 1,445 447

Age (years): mean (SD) 70.1 (8.91) 69.7 (8.71) 71.4 (9.40) <.001

BMI: mean (SD) 29.7 (4.85) 29.7 (4.90) 29.7 (4.68) .731

Race (%) .508

White 1436 (75.9) 1096 (75.8) 340 (76.1)

Black or African American 166 (8.8) 122 (8.4) 44 (9.8)

Other/unknown 290 (15.3) 227 (15.7) 63 (14.1)

Current smoker (%) 151 (8.0) 121 (8.4) 30 (6.7) .274

Diabetes mellitus (%) 427 (22.6) 339 (23.5) 88 (19.7) .105

Congestive heart failure (%) 8 (0.4) 7 (0.5) 1 (0.2) .689

Dyspnea (%) 83 (4.4) 59 (4.1) 24 (5.4) .237

Functional health status (%) 16 (0.8) 12 (0.8) 4 (0.9) 1

Hx. severe COPD (%) 65 (3.4) 48 (3.3) 17 (3.8) .656

Hypertensive on meds (%) 1259 (66.5) 965 (66.8) 294 (65.8) .689

Chronic steroid use (%) 51 (2.7) 42 (2.9) 9 (2.0) .403

ASA class �3 (%) 1062 (56.1) 795 (55.0) 267 (59.7) .081

Bleeding disorders (%) 65 (3.4) 45 (3.1) 20 (4.5) .181

Values are presented as the number of patients with SD (standard deviation) as well as % (percentages). In total, 1,892 patients met inclusion criteria and were gathered
for this analysis. Primary AUS represents patients with virgin AUS implantation versus replacement who had undergone primary placement in the years preceding this
analysis.
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Discussion

This nationwide analysis of AUS device implantations demon-

strated comparable risk of postoperative complications and

readmissions for both primary and repeat AUS procedures;

however, it did show an association between repeat procedures

with increased risk of superficial surgical site infections.

It was hypothesized that the scarring caused by prior urethral

surgical procedures could enhance the difficulty of dissection

and reduce the efficacy of repeat AUS surgery. Additionally,

longer operative times and older, sicker patients in repeat pro-

cedures were proposed as a potential risk factor for complica-

tions or readmissions. Interestingly, our data did not support

these hypotheses with the exception of superficial surgical site

infections occurring more often in repeat AUS patients.

Data on AUS implantation have been collected since its intro-

duction in 1972, and several longitudinal cohort studies have

demonstrated excellent outcomes and patient satisfaction.5,7

Table 2. Postprocedural Outcomes

Overall Primary AUS Revision AUS P

n 1,892 1,445 447

Any complication (%) 59 (3.1) 46 (3.2) 13 (2.9) .877

Infections

Superficial surgical site infection (SSI) (%) 12 (0.6) 6 (0.4) 6 (1.3) .042

Deep incisional SSI (%) 6 (0.3) 5 (0.3) 1 (0.2) 1

Organ/space SSI (%) 12 (0.6) 11 (0.8) 1 (0.2) .315

Urinary tract infection (%) 19 (1.0) 15 (1.0) 4 (0.9) 1

Sepsis (%) 8 (0.4) 8 (0.6) 0 (0.0) .21

Septic shock (%) 1 (0.1) 1 (0.1) 0 (0.0) 1

Wound disruption (%) 6 (0.3) 6 (0.4) 0 (0.0) .346

Respiratory complications

Pneumonia (%) 3 (0.2) 3 (0.2) 0 (0.0) 1

Unplanned intubation (%) 1 (0.1) 1 (0.1) 0 (0.0) 1

Pulmonary embolism (%) 1 (0.1) 1 (0.1) 0 (0.0) 1

Ventilator > 48 hour (%) 1 (0.1) 1 (0.1) 0 (0.0) 1

Renal complications

Progressive renal insufficiency (%) 3 (0.2) 3 (0.2) 0 (0.0) 1

Acute renal failure (%) 5 (0.3) 5 (0.3) 0 (0.0) .598

Cardiovascular complications

Cardiac arrest requiring (CPR) (%) 2 (0.1) 2 (0.1) 0 (0.0) 1

Myocardial infarction (%) 4 (0.2) 3 (0.2) 1 (0.2) 1

DVT/thrombophlebitis (%) 4 (0.2) 3 (0.2) 1 (0.2) 1

Composite outcomes

All readmissions (%) 62 (3.3) 51 (3.5) 11 (2.5) .361

AUS-related readmission (%) 55 (2.9) 45 (3.1) 10 (2.2) .421

Return to OR (%) 43 (2.3) 36 (2.5) 7 (1.6) .282

Operative time (minutes): mean (SD) 91.7 (37.0) 91.0 (35.4) 94.0 (41.7) .134

Days from operation to discharge: mean

(SD)

0.94 (2.43) 0.97 (2.74) 0.84 (0.84) .31

Wound class �3 (%) 13 (0.7) 8 (0.6) 5 (1.1) .202

This table represents the same cohort of 1,892 patients having primary and revision AUS procedures and lists their postprocedural outcomes as listed within the NSQIP
data base. Again, values are listed as number of patients and SD (standard deviations) and % (percentages).
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Figure 3. Odds ratio (OR) is a statistic that quantifies the strength of the association between two events, A and B. OR does not
incorporate a unit. AUS, artificial urinary sphincter; ASA, American Society of Anesthesiologists.

Figure 2. Odds ratio (OR) is a statistic that quantifies the strength of the association between two events, A and B. OR does not
incorporate a unit. AUS: artificial urinary sphincter; BMI: body mass index.
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With respect to repeat procedures, the data have been limited

and heterogeneously reported, as documented by a recent sys-

tematic review.12 There has been a lack of prospective con-

trolled trials on the topic, and poor consensus on important

definitions such as that of SUI at varying levels of severity.12

There has been discordance in the literature on the comparison

of primary and replacement AUS procedures. Several single

institution retrospective studies, however, have attempted to

answer the question over the past few decades. One such study

from 2005 included 554 patients and found that 5-year inconti-

nence and device durability outcomes were comparable

between the two groups.13 Another study from 2012, reporting

on 227 consecutive AUS operations, found that repeat implan-

tation patients experienced a fourfold increased risk of cuff

erosion.14 Similarly, a 2014 chart review of 704 patients found

increased rates of infection, erosion, and explanation in repeat

procedures.7 Finally, a recent multicenter study involving 892

AUS surgeries between 1989 and 2012 found an association

between both previous incontinence surgery and low institu-

tional caseload with higher complication rates.15

Recent research into AUS has revealed a more complex set of

variables driving patient outcomes. An existing study also uti-

lizing the ACS-NSQIP database evaluated 771 procedures and

reported an association between patient frailty (as opposed to

just age) and major complications, including device explanta-

tion.16 A similar study of 841 patients from the Surveillance,

Epidemiology, and End Results (SEER)-Medicare population

reported that those who underwent AUS surgery more than

15 months following prostatectomy experienced longer device

survival and lower complications rates. Additionally, prior

incontinence surgery was found to be predictive of earlier reop-

eration.17 These data suggest that factors such as frailty and

surgical timing could play a confounding role in the relation-

ship between primary and repeat AUS surgery.

While our results show that there are similar complication pro-

files between primary and replacement procedures, these

results differ from those previously reported in the literature.

This discrepancy suggests that the reported higher complica-

tion rates with AUS replacement procedures occur in a delayed

fashion beyond the 30-day outcomes analysis in our study.

Increased volume at tertiary referral centers (where the major-

ity of these cases are performed) has thoroughly demonstrated

consistent and gradually improved surgical outcomes despite

employing very similar surgical principles over several decades

of device existence within the market. Furthermore, innova-

tions in the biomedical device space could also play a role in

improved outcomes or a reduced disparity between primary

and repeat surgery. The AMS 800 implant (a standard AUS

device) was recently upgraded with an antibiotic coating, and

newer technologies are consistently being brought to market.18

Additionally, novel surgical approaches have been introduced

and shown improvements in safety and efficacy. For instance,

transcorporal cuff placement is described as an alternative to

tandem cuff placement (with a discrete CPT code 53444, not

included within this study) after it was shown to reduce postop-

erative continence and device erosion.19

This national database analysis of over 1,600 AUS patients

found no significant difference in complication or readmission

rates between primary and repeat procedures. Superficial surgi-

cal site infections were the only complication found to be more

associated with replacement AUS perioperatively, while

increased BMI and the presence of DM were significant predic-

tors of complication and readmissions, respectively.

The ACS-NSQIP database has the strength of being nationally

validated, risk adjusted, and independently reviewed. It uses

prospectively collected outcomes across a wide range of heter-

ogeneous institutions across the United States to minimize

bias.9 The ACS-NSQIP has been shown to be accurate, reli-

able, and on par with, if not superior to, several administrative

claims datasets.10,11

There are a number of limitations within our study, many of

them inherent to the use of the NSQIP database itself. The

most significant limitation with regard to our study is that it

does not capture outcomes beyond a 30-day operative period.20

Information regarding disease severity, indications for surgery,

etiology of stress incontinence, device specific details,

Table 3. Multiple Imputation Multivariable Regression Analysis

Term OR

Outcome Primary AUS Reference 95% CI P value

Any complication Revision AUS 1.008 0.523-1.943 .981

AUS-related readmissions Revision AUS 0.838 0.422-1.662 .613

This table represents the multivariable regression analysis of complications within AUS-implanted patients. OR, odds ratios; CI, confidence intervals.
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functional outcomes, or complications beyond 30-days is also

not included.20 An additional important limitation to again note

is the absence of notation or capture of radiotherapeutics prior

to AUS implantation, which is a known significant risk factor

for device morbidity. These limitations are especially notable

with regard to AUS implants because many if not all postoper-

ative issues do not present until well beyond this time period.

Additionally, the deidentified nature of the database prevents

analysis of patients’ relevant surgical or radiation history.

While it is well-known that radiotherapy predisposes patients

to higher-likelihood of AUS replacement, we are unable to cap-

ture this within the confines of the database. Scholars have

commented on the great cost associated with participation in

ACS-NSQIP and hypothesized a skew toward the patient popu-

lations of large academic hospitals. It is possible that only the

most clinically severe cases are being captured in the dataset.20

Although the size of the present study provides potential

insight into subtle correlations and associations, the retrospec-

tive design does not allow for commentary on causal

relationships.

Patients who have already undergone one or more AUS

implantations will have more information on their prospects

regarding complications and readmissions, while surgeons may

use these data to promote best practices, successful techniques,

and approaches. Similarly, professional societies will find these

data useful in the crafting of revised evidence-based guidelines.

Finally, although this analysis did not compare devices, the

standardized performance metrics will allow industry groups to

pursue more targeted innovation and quality improvement.

Within the perioperative period, patients undergoing replace-

ment AUS have an increased risk of superficial SSI compared

to primary AUS implantation. These findings can assist with

appropriate perioperative counseling of patients undergoing

primary and replacement AUS implantations.
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