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Purpose:Purpose: We aimed to assess the 30-day morbidity in patients undergoing combined insertion of penile prosthesis (PP) and 
artificial urinary sphincter (AUS) vs. PP and male sling (MS).
Materials and Methods:Materials and Methods: The National Surgical Quality Improvement Program database was queried to identify patients who 
underwent placement of AUS or MS combined with PP. Patient demographics, postoperative morbidity including complica-
tions, readmission and reoperation rates were recorded. Student t-test and chi-square or Fischer’s exact test were used as ap-
propriate.
Results:Results: Forty-one patients met selection criteria between 2010 and 2016. Overall, 26 patients received PP and AUS vs. 15 
that received PP and MS. Average age was similar in both groups (64.8±6.6 years vs. 62.3±6.3 years, p=0.254). Diabetes 
mellitus was more prevalent in PP+MS group compared to AUS+PP group (46.7% vs. 11.5%, p=0.022). Average length 
of stay was higher in PP+AUS group compared to PP+MS group (2.2±0.6 days vs. 1.8±0.4 days, p=0.017). Postoperative 
morbidity was reported in four patients in PP+AUS group. No reported complications in PP+MS group. In PP+AUS group, 
complications included one patient who developed urinary tract infection, one developed surgical site infection, readmission 
in two for postoperative infection, and one return to the operating room. No reported prosthesis explantation or revision in 
either groups.
Conclusions:Conclusions: Our results showed that 30-day morbidity was recorded in the PP+AUS group and none in the PP+MS group. 
The complication and readmission rates remain comparable to the previous reports in both groups.
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INTRODUCTION

Erectile dysfunction (ED) and stress urinary incon-
tinence (SUI) are troublesome common complications 
for males following radical prostatectomy (RP). The 
coupling of ED and SUI presents an even greater chal-
lenge, affecting quality of life and leading to substan-
tial distress in both the personal and professional lives 
of patients [1]. The incidence of ED following RP has 
been reported between 20% to 88% varying widely due 
to the lack of control for confounding factors, such as 
age, preoperative baseline erectile function, timing of 
assessment after surgery, degree of nerve sparing and 
varying definitions of potency [2,3]. Meta-analyses have 
estimated that at 12 months, rates of ED continue to 
range from 6% to 37%, while the CaPSURE study re-
ported only 20% of patients had returned to their pre-
operative baseline potency levels [4].

Traditionally, less invasive options such as phos-
phodiesterase-5 inhibitors, vacuum devices, and penile 
injections are initially attempted before considering 
surgical management in the form of penile prosthetics. 
Though less invasive measures have a long history of 
success for many patients, they are often insufficient 
in the post RP population [2]. Implantable penile pros-
thesis (PP) is the gold standard for management of 
ED in post-prostatectomy patients who are refractory 
to more conservative measures, with satisfaction rates 
superior to both medications and injections [5].

Following RP, estimates of SUI rates vary widely, 
having been reported as high as 20% to 40% a year fol-
lowing surgery [6]. In the immediate postoperative pe-
riod, nearly every patient experiences at least transient 
SUI; however, it typically improves or even resolves 
throughout the first 12 months [7]. Persistent SUI was 
reported in 11% of patients three years postoperatively, 
with other smaller series reporting even higher rates 
of long-term incontinence [8].

Since its development several decades ago, the ar-
tificial urinary sphincter (AUS) has been the gold 
standard for surgical treatment for SUI in males, with 
modern iterations offering both effectiveness and du-
rability for moderate to severe cases [9]. Recent years 
have shown advances in alternative surgical manage-
ment of SUI, with the introduction of adjustable and 
non-adjustable male perineal slings. Initially, male 
slings (MS) were reserved for mild cases of inconti-
nence in a patient with a naïve urethra, but later mod-

els are gathering interest in their ability to effectively 
treat moderate to severe urinary incontinence [10]. 
Additionally, MS placement is deemed a simpler op-
eration, with reduced cost and absence of the need to 
operate a device when compared to AUS. Combined 
implantation of AUS or MS and PP provides the ad-
vantages of single anesthesia administration, shorter 
total operative time, and quicker return to baseline 
functions. Despite the growing evidence supporting 
dual implantation to manage both ED and SUI fol-
lowing RP, there are financial constraints placed upon 
reimbursement of two implants placed concurrently in 
the same patient by 3rd party payers. Many insurances 
and Medicare do not reimburse the whole cost of the 
second implant to the hospital and 50% the surgeon 
charge [11-13]. Because of the financial problems with 
doing a dual IPP+AUS implant, this study aims to as-
sess the 30-day postoperative morbidity in patients un-
dergoing combined placement of PP+AUS vs. PP+MS.

MATERIALS AND METHODS

1. Study design and data source
This study utilized a longitudinal, retrospective co-

hort study design using the data from 2010 to 2016 of 
the National Surgical Quality Improvement Program 
(NSQIP) in the USA. The NSQIP data is an initiative 
by the American College of Surgeons (ACS), which 
is risk-adjusted and used in improving surgical pro-
cedures in the USA [14]. The participant use files of 
NSQIP data comprises of de-identified patient demo-
graphics, comorbid conditions, preoperative labs and 
postoperative outcomes within 30 days of the proce-
dure. This data is collected from medical charts of the 
participating hospital institutions, often by a trained 
staff, which has demonstrated excellent inter-rater 
reliability [15]. Detailed information about the NSQIP 
can be obtained elsewhere [16].

2. Ethics statement
An institutional review board exemption was ac-

quired since we analyzed an ethically preapproved and 
deidentified dataset.

3. Study cohort
The study cohort comprised male patients who re-

ceived concurrent PP (CPT: 54400 for semi-rigid PP 
and 54405 for inflatable PP), with either primary AUS 
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(CPT: 53445) or primary MS (CPT: 53440) for urinary 
incontinence. The PP+AUS group included patients 
who received AUS in combination with PP and the 
PP+MS group included patients who received a MS in 
combination with PP.

4. Study measures
Patients’ demographics, smoking status, comorbidi-

ties and American Society of Anesthesiologists (ASA) 
classification were identified. Operating time (minutes) 
and hospital length of stay (days), any-cause 30-day 
mortality, readmission, reoperation, and complications 
were studied. An indicator for “any complication” with-
in 30 days was created if at least one complication was 

reported.

5. Statistical analyses
Sample characteristics were described as frequency 

(and percentage) or means (and standard deviation) 
based on the type of variable (categorical or continu-
ous). Chi-square or Fisher’s exact and student t-tests 
were conducted to test for unadjusted differences in 
characteristics between the two groups, as appropri-
ate for the variable type. Proportion of postoperative 
deaths and complications in both groups were de-
scribed and compared using descriptive statistics. All 
the analyses were conducted in SAS ver. 9.4 at 5% sig-
nificance level (SAS Institute Inc., Cary, NC, USA).

Table 1. Demographic and preoperative characteristics

Variable Total (n=41)
Procedurea

p-value
PP+AUS (n=26) PP+MS (n=15)

Age (y) 63.9±6.6 64.8±6.6 62.3±6.3 0.254b 

Body mass index (kg/m2) 29.5±4.4 28.9±4.5 30.6±4.3 0.245b 

Race 0.548c 

   White 27 (65.8) 18 (69.2) 9 (60.0)
   Non-white 14 (34.2) 8 (30.8) 6 (40.0)
NSQIP data (year) 0.042d 

   2010 1 (2.4) - 1 (6.7)
   2011 5 (12.2) 1 (3.9) 4 (26.7)
   2012 7 (17.1) 7 (26.9) -
   2013 7 (17.1) 6 (23.1) 1 (6.7)
   2014 4 (9.8) 2 (7.7) 2 (13.3)
   2015 5 (12.2) 3 (11.5) 2 (13.3)
   2016 12 (29.3) 7 (26.9) 5 (33.3)
Current smoker 7 (17.1) 5 (19.2) 2 (13.3) >0.99d 

ASA class 0.658c 

   I/II 21 (51.2) 14 (53.8) 7 (46.7)
   III/IV/V 20 (48.8) 12 (46.2) 8 (53.3)
Comorbidities
   Hypertension 26 (63.4) 14 (53.8) 12 (80.0) 0.094c 

   Diabetes miletus 10 (24.4) 3 (11.5) 7 (46.7) 0.022d 

   Chronic steroid use 2 (4.9) 1 (3.8) 1 (6.7) >0.99d 

   Severe COPD 2 (4.9) 1 (3.8) 1 (6.7) >0.99d 

   Congestive heart failure 1 (2.4) 1 (3.8) - >0.99d 

   Metastatic cancer 2 (4.9) 2 (7.7) - 0.524d 

Total hospital length of stay (d) 2.1±0.6 2.2±0.6 1.8±0.4 0.017b 

Total operation time (min) 177.2±55.7 188.5±57.2 157.5±48.7 0.085b 

Values are presented as mean±standard deviation or number (%) unless otherwise indicated. Because of rounding, there is data that has the sum 
of the percentages does not equal 100%.
PP: penile prosthesis, AUS: artificial urinary sphincter, MS: male sling, NSQIP: National Surgical Quality Improvement Program, ASA: American So-
ciety of Anesthesiologists, COPD: chronic obstructive pulmonary disease.
aValues are presented as mean±standard deviation or number (col %). The p-values are based on: bStudent t-test, cchi-square test, and dFischer’s 
exact test.
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RESULTS

A total of 41 patients met our inclusion criteria and 
were included in this study. Among those, 26 cases 
(63.4%) received PP+AUS and 15 cases (36.6%) received 
PP+MS (Table 1). Overall, the average age of patients 
was 63.9±6.6 years and the average body mass index 
(BMI) was 29.5±4.4 kg/m2. A majority of patients were 
white (65.8%), ASA class I/II (51.2%), and received the 
combination procedure in the year 2016 (29.3%). The 
most prevalent comorbid conditions among the study 
cohort were hypertension (63.4%) and diabetes (24.4%). 
Information about radiotherapy within the past 90 
days of surgery was existed for only nine patients. All 
of these have not received radiation therapy before 
surgery.

1. Patient characteristics between groups
Patients in both groups had similar average age 

(p=0.254) and BMI (p=0.245). A slightly higher propor-
tion of patients in PP+AUS group were current smokers 
compared to those in the PP+MS group (19.2% vs. 13.3%, 
p>0.99); however, the difference was not statistically 
significant (Table 1). Compared to the PP+MS group, 
patients in the PP+AUS group had less proportion of 
hypertension (53.8% vs. 80.0%, p=0.094) and diabetes 
(11.5% vs. 46.7%, p=0.022) (Table 1).

2. �Perioperative characteristics between 
groups

On average, patients who received PP+AUS stayed 
longer in the hospital compared to those who received 
PP+MS (2.2±0.6 days vs. 1.8±0.4 days, p=0.017), despite 

having a statistically significant difference, it was not 
clinically significant. The operating time was longer in 
the PP+AUS group compared to the PP+MS (188.5±57.2 
minutes vs. 157.5±48.7 minutes, p=0.085); however, the 
difference was not statistically significant between the 
two groups (Table 1).

3. �Incidence of early postoperative mortality 
and morbidity

We did not observe any early postoperative deaths 
in our study cohort. We did not observe any early post-
operative complications among patients who received 
PP+MS (Table 2). Among patients in the PP+AUS 
group, the incidence of all-cause readmissions was a 
substantial 11.5% (n=3), reoperation was 3.9% (n=1), and 
any other complication was 7.7% (n=2). Specifically, 
these complications were superficial surgical site infec-
tion (3.9%) and urinary tract infection (3.9%) (Table 
2). Among those who were readmitted, the average 
days to readmission from the day of the surgery was 
18.3±13.9 days and the cause of readmission was either 
superficial surgical site infection (n=1, 33.3%), other 
postoperative infection (n=1, 33.3%), or unknown (n=1, 
33.3%).

DISCUSSION

In this study, we report on the 30-day complications 
following combined placement of AUS and PP vs. MS 
and PP. Our results show that patients who received 
PP+AUS had longer length of stay compared to those 
who received the PP+MS. Notably readmission, reop-
eration, and complication events were observed only 
in the PP+AUS group. Urinary tract infection and 
surgical site infection were the specific complications 
encountered. Because the numbers in our two cohorts 
were small and because the complications of PP+AUS 
could also easily occur in the PP+MS group, the find-
ing is doubtfully significant.

In the setting of management of patients with ED 
and SUI commonly following RP, there has not been 
a robust data supporting simultaneous placement of 
PP and AUS/MS vs. staged approach. Urologists who 
advocate for staged approach relate to the presumed 
decreased risk of  device-associated complications, 
such as infection, erosion, and mechanical failure; 
however, there is not much evidence supporting that 
rationale. The combined placement of PP+AUS/MS 

Table 2. Postoperative (≤30 days) complications

Variable
Total 

(n=41)a

Procedureb

p-valuePP+AUS 
(n=26)

PP+MS 
(n=15)

Any readmissionc (n=40) 3 (7.5) 3 (11.5) - 0.539d

Returned to OR 1 (2.4) 1 (3.9) - >0.99d

Any complication 2 (4.9) 2 (7.7) - 0.524d

   Superficial SSI 1 (2.4) 1 (3.9) - >0.99d

   Urinary tract infection 1 (2.4) 1 (3.9) - >0.99d

PP: penile prosthesis, AUS: artificial urinary sphincter, MS: male sling, 
OR: operating room, SSI: surgical site infection.
aValues are presented as number (%). bValues are presented as num-
ber (col %). cInformation on readmission was not available in the year 
2010 of National Surgical Quality Improvement Program data. The p-
values are based on dFischer’s exact test.
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offers a single surgical procedure and management of 
both problems and hence, a quick return of full func-
tions. For combined PP and AUS placement, Sellers et 
al [17] reported cost and time benefits in their series 
of 15 patients with dual implants. Dual implantation 
time was decreased by 24.7% compared with total time 
for individual prosthesis, with cost savings of $7,000 
as compared to staged implants. In a Mancini et al’s 
study [18], patients who underwent dual implantation 
of PP and AUS were associated with high patient sat-
isfaction with similar functionality and prosthetic ma-
nipulation to those who received either implants alone. 
Combined PP and MS placement was first described by 
Rhee [19] in 2005 in a series of four post-prostatectomy 
patients. Results showed no perioperative complications 
and complete patient satisfaction and functionality at 
1-year follow-up. Patients received implants through 
separate perineal and penoscrotal incisions. In 2010, 
Gorbatiy et al [20] reported outcomes of simultane-
ous PP and MS placement through a single perineal 
incision with encouraging results. Also, the authors 
recorded savings of $9,000 in dual implantation com-
pared with the total cost of the individual procedures. 
To our knowledge, our study is the first to compare the 
postoperative complication rates following combined 
placement of PP and AUS vs. PP and MS.

In our study, we found significant difference in the 
year during which the procedure was done between 
the two groups. The majority of patients (29.3%) re-
ceived the dual implant in 2016, the final year of our 
analysis. This is not surprising, as the adoption of the 
dual implantation has increased in last few years. 
Also, the majority of the patients in both groups were 
ASA class I/II (51.2%) and non-smokers (82.9%), which 
may emphasize upon the substantial role of patient 
selection and optimization of patient’s comorbidities 
before proceeding with dual implantation. Compared 
to the PP+MS group, less proportion of patients in the 
PP+AUS group had diabetes (11.5% vs. 46.7%, p=0.022). 
However, in a systematic review that examined the ev-
idence correlating PP infections to the presence of dia-
betes mellitus, encountered infection rates in patients 
with diabetes mellitus were not significantly different 
from that in the population at large [21].

With regard to mean operative time, we found it 
longer in the PP+AUS group compared to the PP+MS 
(188.5±57.2 minutes vs. 157.5±48.7 minutes, p=0.085) but 
it was lacking statistical significance. For the PP+AUS 

group, operative time was in line with Segal et al [22] 
series on 55 patients (218.1 minutes). However in his 
study, operative time was significantly longer in the 
dual implantation group when compared to placement 
of PP and AUS alone (145.9 and 114.7 minutes, respec-
tively, p<0.0001). Compared to our study’s combined 
PP+MS group, operative time was similar to the Gor-
batiy et al [20] series on eight patients who received 
combined PP+MS (177±17 minutes). Interestingly, there 
was no significant difference in operative time when 
comparing the group who received the dual implants 
and those who received PP and MS alone (98±24 and 
86±24 minutes, p>0.05).

We observed that patients in PP+AUS group stayed 
longer in the hospital compared to those in PP+MS 
group (2.2 days vs. 1.8 days, respectively). The difference 
was clinically insignificant despite being statistically 
significant. That might be related to higher complexity 
of the combined placement of PP+AUS than PP+MS 
with dual prosthetic manipulation and the possible 
necessity of performing as many as three separate inci-
sions to implant the two devices. Length of stay in our 
report was longer than what was previously reported 
in a similar single-surgeon study of Segal et al [22] (1.2 
days for PP+AUS) and two-surgeon study of Gorbatiy 
et al [20] (1.1±0.5 days for PP+MS). This observation 
may relate to the national nature of our dataset, which 
may include many surgeons with different levels of 
experience. However, it was similar to Rolle et al’s 
study [11] on 15 patients who had dual PP and AUS 
with LOS of 2.5 days.

With regard to 30-day complications following sur-
gery, no complication was recorded in the PP+MS 
group. That was similar to the Gorbatiy et al’s 
study [20] on eight patients who received PP+MS, 
where in only one patient had acute urinary retention, 
which was relieved with 5-day catheter drainage. In 
Christine et al [23] series on 22 patients who received 
PP+MS, four patients experienced urinary retention 
and were managed conservatively. At a mean of 22 
months follow up, no infections or revisions were re-
ported. The same author studied a larger cohort of 78 
patients who underwent PP+MS via a two-incision 
technique. Results showed an infection rate of 1.2% at 
a mean follow-up of 16 months [24].

In our PP+AUS patient group, postoperative com-
plications were recorded only in two patients (7.7%). 
Specifically, they were surgical site infection and uri-
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nary tract infection. Similarly, postoperative infection 
was the cause among patients who needed readmission 
(11.5%). Dual implantation through a single transcro-
tal incision was first described by Wilson et al [25] in 
2003. Of 12 patients (3 were recurrent) who received 
dual PP+AUS implants, three had urethral injury, 
intraoperatively in one and 6 weeks post-surgery in 
two. One more case of PP infection was recorded which 
required explantation. In Segal et al’s study [22], for 
a follow-up period of 1.62 years, no increased risk was 
identified for combined PP+AUS implantation com-
pared to single implantation. Interestingly, adverse 
events which occurred in one device did not occur in 
the other device in the same patients. Authors related 
that to the complete separation of the surgical field of 
the two implants including the reservoirs and tubing. 
That may advocate the dual implantation when the 
thought of explanting both devices in case of infection 
arises. In Martínez-Salamanca et al’s study [26] on 32 
patients who received dual PP and AUS implantation, 
only one patient had a urinary tract infection during 
one-month follow-up. Several AUS related complication 
were reported on longer follow-up period. Preoperative 
management, such as antibiotics may play a role in the 
postoperative outcomes, however the American Uro-
logical Association recommendations for antimicrobial 
prophylaxis and their duration are not based on robust 
data and the adherence to these recommendations 
vastly varies [27].

Our study presents a report on perioperative morbid-
ity of two different combined procedures and at a na-
tional level; however, it is not without limitations. This 
analysis is of a retrospective non-randomized nature. 
ACS-NSQIP database does not provide information 
on previous surgeries, degree of preoperative ED and 
urinary incontinence and details about the used pros-
thetic devices. It also does not quantitate the degree of 
improvement of incontinence after the surgery. Also, 
NSQIP does not allow for longer follow-up beyond 30 
days, through which other long-terms complications 
such as erosion, late infection, and mechanical failure 
can occur. Nonetheless, our report represents a unique 
comparison of 30-day morbidity between two technical 
procedures that address a commonly presented prob-
lem after RP. Future prospective randomized studies 
with long-term follow-up along with validated patient 
satisfaction questionnaires are warranted.

Since the rate of postoperative complications with 

either PP+AUS and PP+MS were acceptable and the 
literature has shown patient satisfaction to be superior 
with dual implantation over staged implants, it seems 
notable that PP+MS should be preferred because of 
the lack of reimbursement penalty [13].

CONCLUSIONS

Our results show that 30-day complications and read-
missions were recorded only in the PP+AUS group and 
were comparable to previous reports. Consideration of 
reimbursement issues in the USA would encourage 
physicians to prefer insertion of PP combined with MS 
over concurrent PP and AUS.
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