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Abstract

Background: Artificial Urinary Sphincter (AUS) and Penile Prosthesis (PP) implantation are definitive surgical treatments for 
Severe Stress Urinary Incontinence (SUI) and Erectile Dysfunction (ED) respectively. Revision surgery is frequently required over 
time and represents an important marker of device durability and healthcare system burden. This study aims to characterise 30-year 
national trends in revision surgery following andrological implantation in Australia. 

Methods: A retrospective, population-based observational study was conducted using Australian Medicare Benefits Schedule 
(MBS) claims data from 1994-2024. Annual procedure counts for AUS and PP implantation, and revision/removal were extracted. 
Primary outcomes included annual revision volume and revision-to-total procedure ratios. Secondary outcomes included device-
specific trends, age-stratified revision burden, and Medicare benefits paid for revision surgery as a surrogate of economic impact.

Results: Between 1994 and 2024, 20,355 implant-related procedures were recorded, including 5,936 revision surgeries (29.2%). 
AUS accounted for 7,474 procedures, with 2,418 revisions (32.4%), while PP accounted for 12,881 procedures with 3,518 revisions 
(27.3%). Annual AUS revision volume increased ~14-fold (CAGR 9.3%), outpacing growth in total AUS procedures (CAGR 8.7%). 
PP revision volume increased modestly (CAGR 3.5%). Revision burden was consistently higher for AUS than PP and increased with 
advancing age, exceeding 40% in men aged over 75. Medicare benefits pain for revision surgery increased ~ 6.7 fold over the study. 
Period, with AUS revision expenditure rising disproportionately and achieving cost parity with PP by the mid-2010s.

Conclusions: Revision surgery constitutes a substantial component of andrology implant practice in Australia. Higher revision 
burden in AUS and older patient populations highlights important implications for patient counselling and long-term health system 
planning. 

Introductions
Severe Stress Urinary Incontinence (SUI) and Erectile Dysfunction 
(ED) contribute a significant burden in Australian men, particularly 
in older populations, and following radical prostate cancer 
treatment including radical prostatectomy and pelvic radiotherapy. 
In Australia, the age-standardised prevalence of ED is estimated 
at 21% and Lower Urinary Tract Symptoms (LUTS), which may 
include SUI is 16% in men aged 40 and over [1]. This proportion 
is substantially higher post prostatectomy, with a reported 20% 

of men experiencing incontinence, and only 12% maintaining 
erectile potency [2]. In cases of severe SUI and ED, definitive 
surgical management may be necessary. Artificial Urinary 
Sphincter (AUS) and Penile Prosthesis (PP) represent definitive 
surgical management for SUI and ED respectively. Studies 
have demonstrated high rates of social continence and patient 
satisfaction following AUS implantation [3,4], and similarly high 
rates of patient and partner satisfaction following PP [5]. Revision 
surgery following andrology implantation may be required for a 
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rage of device and patient related factors including mechanical 
failure, infection, erosion, mispositioning and progressive tissue-
related complications [6-9]. As implant volume increase, and 
patients live longer with implanted devises, the cumulative risk of 
revision inevitably rises. As a result, revision surgery constitutes 
an important marker of device durability, patient selection and 
healthcare system burden. Existing evidence describing revision 
rates after AUS and PP implantation is largely derived from single 
centre series and device-specific registries, which are limited by 
small sample sizes, referral bias, short observation periods, and 
heterogenous follow up. While these studies provide valuable 
insights into mechanisms of failure, time to explant, device 
longevity, and allow analysis of individual patient data, they offer 
limited ability to characterise long-term, population level trends in 
revision surgery to evaluate howe revision burden varies over time 
across patient age groups. Moreover, data examining the economic 
implications of revision surgery at a national level remains sparse. 
In Australia, the Medicare Benefits Schedule (MBS) provides a 
unique insight into longitudinal trends in implant and revision 
surgery at a population level. Analysis of MBS claims facilitates 
assessment of real-world practice and evaluation of system-level 
procedural and cost burden that goes beyond institutional series 
alone. It is therefore the aim of this study to characterise 30-year 
national trends in andrology implant revision surgery in Australia 
using MBS data. Specifically, the aim was to quantify revision 
burden over time, compare revision trajectories between devices, 
examine age-stratified patterns of revision surgery and assess 
Medicare benefits paid for revision procedures as a surrogate 
to examine the health economic burden of andrology revision 
procedures.
Methods
This study utilised publicly available, de-identified aggregate 
data from the Medicare Benefits Schedule (MBS). The MBS 
captures procedures subsidised by the Australian Government. 
Annual procedure counts were extracted from 1994 to 2024 
inclusive. Aggregated counts for each year were stratified by state 
of provision and age group. Individual data, such as indication, 
medical comorbidities and life of device is not available through 
MBS data. As data is publicly available, aggregate, and non-
identifiable, formal ethics approval was not required. 
Andrological implant procedures of interest were identified using 
relevant MBS item numbers
•	 Item 37432: Artificial erection device, complete or partial 
revision or removal of components, with or without replacement
•	 Item 37390: Artificial urinary sphincter, revision or 
removal of, with or without replacement 
•	 Item 37429: Artificial erection device, insertion of pump 
and pressure-regulating reservoir

•	 Item 37426: Artificial erection device, insertion of, into 
one or both corpora

•	 Item 37381: Artificial urinary sphincter, insertion of cuff, 
perineal approach

•	 Item 37384: Artificial urinary sphincter, insertion of cuff, 
abdominal approach 

The primary outcomes of this study were annual number of PP 
and AUS revision/removal procedures referred to collectively as 
revision surgery, and total annual PP and AUS counts. Secondary 
outcomes included revision to total ratio per year for both implant 
procedures and device specific trends. Descriptive statistic were 
used to summarise annual procedural volumes over time Revision 
to primary ratios were calculated annually to assess changes in 
relative burden over time. Items 37429 and 37426 can be billed 
together for patients undergoing inflatable prosthesis insertion, 
and as such to avoid double counting, these item numbers were 
combined and halved, with results rounded to the nearest whole 
number. 

Results

Overall Implant Procedural Volume

Over the study period, 20,355 implant related procedures were 
claimed under the MBS. Of this, 7,474 (36.72%) were AUS related 
procedures and 12,881 (63.28%) were PP related procedures. Total 
annual implant volume increased progressively over the study 
period, reflecting a broader uptake of implantable urologic devices 
in Australian practice.

Artificial Urinary Sphincter: Total and Revision Trends

A total of 7, 474 AUS related procedures were claimed between 
1994 and 2024 in Australia, of which 2,418 were revision or 
removal surgeries. This represents 32.35% of all AUS related 
procedures. Annual AUS revision counts increased from 14 in 
1994 to 201 in 2024, corresponding to a 14-fold increase over the 
study period. This represents a Compound Annual Growth Rate 
(CAGR) of 9.3% for AUS revision surgery. Total annual AUS 
procedures similarly increased significantly over the study period, 
from 49 to 593 over the same study period, corresponding to a 
CAGR of 8.7%. Revision rates fluctuated throughout the study 
period, ranging from 27.3% to 47.1% annually. There was no clear 
reduction in revision rate over time. In most years, the revision to 
total AUS procedure proportion exceeded 30% with notable peaks 
in 2000 and 2008, where revision surgery accounted for 44.9% and 
47.1% of AUS procedures respectively.

Penile Prosthesis: Total and Revision Trends

Between 1994 and 2024, 12,881 PP procedures were claimed 
nationally, including 3,518 revision surgeries, corresponding to an 
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overall revision proportion of 27.31%. Annual PP revision counts increased from 74 in 1994 to 209 in 2024 (CAGR 3.5%), while total 
PP related procedures rose from 301 to 697 (CAGR 2.8%) over the same period. The proportion of PP revision surgery demonstrated a 
clear decline during the mid 2000s to early 2010s, followed by an increase in more recent years. In the mid to late 90s, revision surgery 
accounted for over 40% of total PP related procedures, peaking in 1999 at 50.0%. This proportion declined during the 2000s, reaching 
a nadir of 21-22% between 2011 and 2014. Over the last five years of the study period, this number rose and by 2024, revision surgery 
accounted for 30.0% of all PPI procedures (Table 1, Figure 1).

Device Total Revision Revision Proportion Revision CAGR (%) Total Procedure CAGR (%)

AUS 7,474 2,418 32.35 9.29 8.7

PP 12,881 3,518 27.31 3.52 2.8

Overall 20,355 5,936 29.16 - -

Table 1: National volumes and revision burden for penile prosthesis and artificial urinary sphincter surgery in Australia, 1994-2024.

Figure 1: A) Total revision proedural counts for AUS and PP Claimed under the MBS in Australia 1994-2024.

B) Proportion of Revision Surgery for AUS and PP 1994-2024.

Age Stratified Revision Burden by Implant

Age stratified analysis demonstrates an increased revision burden with advancing age for both AUS and PP procedures. For AUS, the 
overall revision burden increased progressively across age groups, with a mean revision of 29.0% in men aged 65-74 and 42.36% in 
men aged 75-84. In the 55-64 year group, revision proportions were consistently lower across the study period (mean = 24.66%). Small 
numbers in the >85, and <55 age groups precluded meaningful analysis. Similarly, age-stratified analysis demonstrated a gradient in 
revision burden with advancing age for PPI. Mean revision proportion were 25.10% for the 55-64, 30.96% for the 65-74 and 43.41% 
for the 75-84 age group. In older men, revision proportions were consistently high through the study period, exceeding 40% in multiple 
years. Collectively, these findings demonstrate a substantial revision burden in older age groups for both AUS and PPI (Table 2, Figure 
2).

Year AUS Total AUS Revision % Revision Burden PP Total PP Revision % Revision Burden

1994-1999 323 110 34.0557276 1616 534 33.0445545

2000-2004 363 148 40.7713499 1196 441 36.8729097

2005-2009 698 251 35.9598854 1501 447 29.7801466

2010-2014 1334 380 28.4857571 2334 518 22.193659

2015-2019 2210 669 30.2714932 3118 704 22.578576

2020-2024 2582 860 33.3075136 3125 874 27.968

Table 2: Five Year Aggregated Revision Burden for Artificial Urethral Sphincter and Penile Prosthesis.
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Figure 2: A) Age Stratified Trends in AUS Revision 1994-2024 in Australia Claimed Under MBS. B) Age Stratified Trends in PP 
Revision 1994-2024 in Australia Claimed Under MBS.

Medicare Benefits Paid for Revision Surgery

Medicare benefits for revision surgery following AUS and PP are available from 1995. From 1995 to 2024, total benefits paid increased 
from $44,894 to $302,462 per year, representing a ~6.7-fold increase. Medicare benefits for AUS rose from $8,111 to $152,398 
(18.8-fold), while benefits for PP increased from $36,782 to $150,063 (4.1-fold). PP revision accounted for the majority of Medicare 
expenditure in early years, although the relative contribution of AUS revision increased progressively, with parity in annual Medicare 
benefits observed from 2016 onwards (AUS 50.4%m PP 49.6% of total benefits 2024) Figure 3.

Figure 3: Total Medicare Benefit Paid for AUS Revision, PP Revision, and Total Revision Surgery per Year 1995-2024 in AUD.

Discussion

In this national analysis of MBS data spanning three decades, we demonstrate that revision surgery contributes a substantial, and 
growing component of andrology implant surgery in Australia. Nearly one third of all implant-related procedures over the study period 
were revision or removal procedures, with revision growth outpacing procedural growth for both AUS and PP. AUS carries a higher, 
and more stable revision burden than PP, with revision burden increasing markedly with age. Over the past thirty years, Medicare 
expenditure for revision surgery has increased substantially, with AUS now matching PP in cost burden. Although artificial urinary 
sphincters and penile prostheses are considered definitive surgical management for severe SUI and ED respectively, revision or removal 
surgery is frequently required over time. Revisions may be necessitated by device-related factors such as mechanical failure may occur 
in the tubing, cylinders or valve pump in PP, and component malfunction or fluid loss may occur in AUS [6,10]. Other device factors 
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include device mispositioning, herniation, infection, erosion 
and urethral atrophy [6,7,10]. Patient related factors including 
previous pelvic radiotherapy, obesity and cardiac comorbidities 
have also been associated with increased risk of infection, 
erosion, and mechanical failure, which may necessitate revision 
or explant surgery [9]. Longitudinal studies report cumulative 
reoperation rates for penile prostheses of approximately 11.2% 
at 5 years and 15.7% at 10 years with mechanical failure being 
the most common indication for revision [11]. Beyond 15 years, 
reported re-operation rates vary widely, ranging from 11 and 40% 
[10], with median device longevity estimated at approximately 20 
years [12,13]. For AUS device longevity is generally shorter, with 
a median revision-free implant survival rate of 10.8 years with 
a 75% explant-free survival rate at 5 years [14]. The estimated 
5-year and 10-year overall revision-free survival rates for AUS are 
60% and 40% respectively, with nonmechanical failures such as 
urethral atrophy being the primary cause for re-operation [6,15]. 
Experience from orthopaedic implant surgery demonstrates that 
younger patients with longer life expectancy are at increased risk 
of revision surgery, largely because they are more likely to outlive 
the functional lifespan of their initial implants [16]. 

A similar principle seems applicable to andrology implants. A 
large burden of urology implant surgery is following radical 
treatments for prostate cancer [3], which has demonstrated 
improved survivorship over time [17]. As patents live longer 
following AUS or PP implantation, the cumulative risk of 
mechanical failure, erosion, infection and other device-related 
complications increase, necessitating revision or replacement over 
time. In parallel, advancing age increases comorbidity burden 
which may elevate the risk of device-related complications, such 
as metabolic and cardiovascular disease.The consistently higher, 
and less variable, revision burden observed for AUS compared to 
PP likely reflects fundamental differences in device complexity, 
anatomical environment and failure mechanisms. Mechanical 
failure represents a common indication for both devices, however 
non-mechanical complications such as urethral atrophy are more 
specific to AUS and contribute significantly to its revision burden 
[6]. Additionally, prior pelvic radiotherapy, which is increasingly 
prevalent among prostate cancer survivors, has been associated 
with a markedly increased risk of AUS erosion and infection, with 
reported risk of explant or revision as high as 7-fold greater than 
non-irradiated patients [18]. Comorbidities further exacerbate 
these risks by impairing tissue integrity and wound healing. 
Collectively, these factors likely underpin the persistently higher 
and more stable revision burden observed for AUS relative to PP in 
national practice. Age emerged and a key determinant of revision 
burden in this national analysis, with a clear and consistent gradient 
observed across advancing age groups. For both devices, revision 

proportions exceeded 40% of national activity in men aged 75 and 
older; substantially higher than those observed in younger cohorts. 

This finding aligns with prior literature demonstrating that age 
influences the likelihood and mechanism of revision surgery. 
While younger patients are likely to require revision over their 
lifetime due to longer survival and device wear, older patients 
appear to face a higher short to medium term risk of device-
related complication, likely reflecting reduced tissue resilience and 
greater comorbidity burden. Notably, despite higher complication 
and revision rates reported in older men, several studies have 
demonstrated comparable device survival and patient satisfaction 
in appropriately selected men aged 75 years and older undergoing 
AUS and inflatable PP implantation [19-21]. These findings 
underscore the importance of nuanced, individualised counselling 
and shared decision making, in which age along should not 
preclude implantation, but the elevated risk of revision in older 
patients should be explicitly discussed as part of a longitudinal 
treatment strategy.Revision surgery for andrology implants 
represented a growing and predictable healthcare cost. Medicare 
benefits paid for revision surgery increased ~6.7 fold over the 
study period, with revision AUS related expenditure rising 
disproportionately and achieving cost parity with PP revision by 
the mid 2010s. These figures underestimate the true economic 
burden, only capturing procedural reimbursement, and fail to 
capture device cost, hospitalisation fees, hospital readmission, 
or management of device-related complications. This study’s 
strengths include its national scope and longitudinal analysis over 
three decades of implant surgery in Australia. However, MBS data 
is aggregated and lack patient level detail, precluding adjustment 
for comorbidity or radiotherapy exposure, assessment of time -to 
-revision and indication for primary implant or revision/explant. 
Coding accuracy is assumed, and underestimates total national 
activity, failing to capture procedures completed in the public 
sector. Medicare benefits reflect procedural reimbursement only 
and do not account for total expenditure. Despite these limitations, 
the data provides robust insight into system-level revision burden.

Conclusion

Revision surgery following AUS and PP is common, increasing, 
and predictable at a national level. Approximately one-third of all 
implant-related procedures are revisions, with higher and more 
stable revision burden observed for AUS, and in older patient 
populations, alongside a substantial rise in associated Medicare 
expenditure. These findings have important implications for 
patient counselling, and health-system planning for andrology 
implant surgery. 
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