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INTRODUCTION

The prevalence of erectile dysfunction (ED) among men 
aged 40 to 70 exceeds 50% [1]. The inflatable penile prosthesis 
(IPP) is widely accepted as a safe and effective treatment for 
ED refectory to medication [2]. Device-mediated restoration 
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is associated with patient satisfaction in excess of 90% [3]. 
While infection remains a feared complication, as it often 
demands reoperation and can increase cost of care as much 
as six-fold [4], the incidence appears highly overestimated 
among various members of  the medical community. The 
infection rate following primary device insertion is only 
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1% to 3%, while some single-surgeon studies have reported 
rates as low as 0.46% when using coated implants and the 
‘no touch’ technique [5]. Rates following revision surgery are 
reportedly higher at 7% to 18% [6]. However, a recent survey 
of  primary care physicians (PCPs) highlighted deficient 
awareness relative to this data. The 77% believed the patient 
satisfaction rate was around 30%, and 62% said they would 
not refer patients for IPP due to a perceived infection 
rate of >25% [7]. Additionally, misguided surgeon-authored 
texts sprinkled with poorly-informed editorial commentary 
demonizing IPPs as inappropriate therapy with excessive 
complications still make their way into the hands of medical 
students and residents [8].

Men who would stand to gain from erectile restoration 
may fear surgery at academic centers due to a perceived 
operative risk from involvement of residents and/or fellows. 
It has been reported that patients undergoing operations on 
reproductive or sexual organs were more apprehensive of 
resident involvement [9]. Within the urologic literature, the 
data is mixed as to whether resident involvement increases 
complications [10,11]. However, this topic has not been well 
studied in device-mediated erectile restoration. Given the 
perceptions among the medical and general community 
regarding involvement of surgeons-in-training and rates of 
infection following IPP surgery, we chose to evaluate the 
contemporary incidence of  postoperative infection at an 
academic training center.

MATERIALS AND METHODS

We retrospectively reviewed a prospectively collected, 
Institutional Review Board-approved database of urologic 
prosthetic surgery performed by a single reconstructive 
urologist at Wake Forest University Baptist Medical Center 
(Winston-Salem, NC, USA) (approval number: 00042919). 
We identified patients who had undergone an IPP-related 
surgery (i.e., primary placement, removal and replacement, or 
delayed replacement) from January 2011 through June 2017. 
All patients were included in the study.

Pre-, intra-, and postoperative protocols were consistent 
throughout the study period. All patients were required 
to hold blood-thinning and antiplatelet agents for ten 
days preoperatively and hemoglobin A1c (HbA1c) levels 
were required to be below 9% prior to surgery. Patients 
were instructed to wash their genitals with chlorhexidine 
gluconate soap the night before and the morning of surgery. 
A 10 minute chlorhexidine scrub was routinely utilized, and 
an iodine impregnated drape was used to cover most of the 
scrotal skin. Patients were given vancomycin and gentamicin 

prior to incision and these medications were continued for 
24 hours postoperatively. Patients were discharged home 
with two weeks of  antibiotics (typically trimethoprim/
sulfamethoxazole unless contraindicated).

Surgical technique was consistent across the studied 
interval. The attending surgeon performed all key and 
critical portions of  the operation with the surgeons-in-
training assisting in all cases. All reservoirs were placed 
in the retropubic space, even in those with prior robotic 
prostatectomy. No patient received a drain or compressive 
dressing.

Data related to patient demographics were collected and 
analyzed. Inpatient and outpatient notes were reviewed for 
peri- and postoperative follow-up information, with special 
attention to patients presenting with symptoms concerning 
for prosthetic infection. Operative notes were reviewed for 
surgical technique, postgraduate year (PGY) of assistant 
surgeon(s), and intraoperative observations and diagnoses. 
The reconstructive urology fellow was considered a PGY-6.

RESULTS

Three hundred nine IPP cases were identified. Patient 
demographics are summarized in Table 1. The average 
patient was a senior citizen, nearly a third had diabetes, 
and obesity was common. The majority were either former 
or current tobacco users. Nearly all devices were three-
piece inflatable models (of  both major manufacturers in 
the United States), except for one two-piece device and 
one malleable. All inflatable devices were placed via a 

Table 1. Patient demographics (n=309)

Parameter Value
Age (y) 64.2±9.0
Race
   Caucasian 242 (78.3)
   African American 58 (18.8)
   Hispanic/other 9 (2.9)
Diabetes 96 (31.1)
Mean A1c 7.3
Smoking status
   Current smoker 46 (14.9)
   Former smoker 135 (43.7)
Mean body mass index (kg/m2) 29.7
   Normal (≤24.9) 53 (17.2)
   Overweight (25.0–29.9) 117 (37.9)
   Obese (30.0–39.9) 124 (40.1)
   Morbidly obese (≥40.0) 15 (4.9)

Values are presented as mean±standard deviation, number (%), or 
mean only.
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penoscrotal approach, except for one infrapubic case in a 
patient with a history of  recurrent scrotal hidradenitis. 
Procedure type is summarized in Table 2, with most surge-
ries performed (83.2%) being a primary placement of an IPP.

Mean follow-up was 28.7 months. Surgeons-in-training 
were involved in 100% of  cases (Table 3). Involvement 
distribution was as follows: 91 cases (29.4%) were assisted by 
a PGY 1 or 2, 26 (8.4%) by a PGY 3, 13 (4.2%) by a PGY 4, 
150 (48.5%) by a PGY 5, and 170 (55.0%) by a PGY 6. Some 
cases involved multiple trainees, accounting for the total 
involvement distribution exceeding 100%. The rate of clinical 
infection in this series was 0.3% (1/309 patients). The patient 
requiring removal for clinical infection had a complicated 
history. He was referred after undergoing initial surgery 
at an outside center, at which time a semirigid device 
had been placed for ED and Peyronie’s disease through a 
circumcising incision. He reportedly had a thermal injury 
and later presented with penile gangrene of the left side 
of the penis resulting in device removal and suggestion of 
urethral fistula. Nearly a year afterward, he underwent 
IPP placement at Wake Forest Baptist Medical Center 
with concomitant urethroplasty and corporoplasty using 
allograft. He was managed with a single cylinder as the 
left corpora was obliterated distally, and later received a 
glanuloplasty for what was felt to be impending extrusion. 
Over a year later, he requested a contralateral cylinder, and 
a new IPP was placed with polytetrafluoroethylene-based 
reconstruction of the left side. Subsequent skin breakdown 
resulted in obvious clinical infection, and the device was 
removed nearly 6 weeks later. He has required two tissue 
rearrangements by plastic surgery and is still without a 
penile implant.

Of note, one patient in this series had pain at his pump 
site 5.5 months after device placement. Clinical examination 
was normal and ultrasound was within normal limits. He 
underwent removal with replacement with a downsized 
device, and pain subsequently resolved. No purulence was 
noted at time of surgery and intraoperative cultures were 
negative. He has been without pain for over 18 months 
of subsequent follow-up. A third patient with a history of 
diabetes underwent device removal for fever of unknown 
origin three weeks following IPP placement. Clinical 

examination was normal and cross sectional imaging was 
negative for obvious pathology. Intraoperative culture at 
time of device removal was negative. Fever persisted and 
was deemed secondary to pneumonia less than a week later, 
and resolved following appropriate treatment.

DISCUSSION

Given an increased focus on quality metrics for hospital 
and physician reimbursement, there is increased pressure 
on surgical attendings charged with training residents 
and fellows to provide an adequate operative experience 
while maintaining the highest quality, cost-conscious care. 
Particularly specialized fields with high operative demands, 
such as reconstructive urology have the potential to witness 
decreased operative involvement for residents. Relevant 
factors may include the requirement of direct supervision, 
the reported expense of  teaching in the operating room, 
potential prolongation of  operative time secondary to 
resident involvement, in addition to the perception that 
surgeon-in-training involvement yields higher complication 
rates [11]. 

To our knowledge, this study is the first to quantify and 
demonstrate unanimous involvement of surgeons-in-training 
while evaluating the associated infection rates following 
IPP surgery at a high-volume academic center. Despite 100% 
involvement of trainees in IPP surgery, the rate of infection 
at this institution was comparable to other published 
series [5]. Importantly, the attending surgeon performed all 
key and critical portions of the operation, so this must be 
considered when comparing the results from our institution 
with those at institutions where the trainees perform critical 
portions. Nonetheless, our results suggest that fears related 
to a potentially exaggerated infection risk in the setting of 
a training environment are likely unwarranted. Similarly, 
exaggerated estimates of risk by PCPs and/or surgeons who 

Table 2. Nature of surgical intervention (n=309)

Surgical procedure Value 
Primary placement 257 (83.2)
Removal/replacement 45 (14.6)
Delayed replacement 7 (2.3)

Values are presented as number (%).

Table 3. Surgeon-in-training involvement by PGY 

Variable Value
Surgeon-in-training involvement 309 (100.0) 
PGYa

   1 or 2 91 (29.4)
   3 26 (8.4)
   4 13 (4.2)
   5 150 (48.5)
   6 170 (55.0)

Values are presented as number (%).
PGY, postgraduate year.
a:Some cases involved multiple trainees, accounting for the total in-
volvement distribution exceeding 100%.
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do not provide these operative services, regardless if such 
misinformation is being delivered to patients or medical 
professionals, appears to be inappropriate and irresponsible 
[8]. 

The general public has strong concerns about resident 
performance, and is increasingly aware of issues related to 
work hours and risk of errors, as well as the controversy 
regarding overlapping cases [12]. In one study, 70.3% of 
patients presenting to a teaching hospital for surgery were 
found to have significant preoperative anxiety, and after 
a fear of postponement, the number one fear was medical 
mistakes resulting in harm [13]. General apprehension 
may be fed, in part, by surgeons in the private sector 
promoting the concept that patients should avoid elective 
surgery at teaching hospitals. Surgeons who support 
resident involvement have documented objections from 
patients who, at times, have even stressed the quality of 
their insurance as a reason why they should not have a 
trainee involved in their operation [14]. Additionally, some 
surgeons have asserted that influx of new residents at the 
beginning of the academic year (also known as the ‘July 
phenomenon’) is associated with poorer outcomes at teaching 
hospitals [15]. Major periodicals have advised members of 
the public considering surgery at a teaching hospital to ask 
who specifically performs the operation, and which parts 
may involve residents since ‘inexperienced surgeons… are 
learning how to perform surgery—that’s how the system 
works’ [16]. 

The urologic literature contains mixed reports as to the 
influence of resident involvement upon rates of operative 
complications. A large study utilizing the National Surgical 
Quality Improvement Program (NSQIP) Database found 
that resident and fellow involvement in renal surgery 
was associated with higher superficial and overall surgical 
site infection (SSI) (p<0.05). In addition, PGY 6 resident 
and fellow involvement was associated with higher organ 
space infections and overall SSI (p<0.05) [17]. Several other 
studies in our field, however, have failed to demonstrate 
an increased risk of  complications relative to learner 
participation [11,18]. In our series, albeit with a different 
operation, an infection rate much lower than the average 
cited in the literature (0.3%) was noted despite 100% 
involvement of surgeons-in-training. It is possible that the 
success noted in our experience was, in part, due to involving 
these trainees, rather than despite their presence. In fact, 
another study of urologic surgery using NSQIP data noted a 
protective effect of resident involvement [10]. 

The patients comprising this study population were 
not without risk factors for infection. Previously identified 

conditions that may elevate the chance for postoperative 
infection include diabetes, immunosuppression, urinary tract 
infection (UTI), and spinal cord injuries [19,20]. Although 
the data is mixed as to whether HbA1c and fasting glucose 
levels correlate with an increased risk of  IPP infection 
[21], the increased risk among diabetics overall is well 
documented [19,22]. Diabetics comprised nearly one-third of 
our patient population, yet the outcomes were excellent. To 
better understand the relationship between preoperative 
A1c and clinical outcomes after major non-cardiac surgery, 
Underwood et al. [23] reviewed data from NSQIP and 
the Research Patient Data Registry of the Brigham and 
Women’s Hospital. The study’s primary outcome was 
length of stay (LOS) as infection outcomes were too small 
for comprehensive analyses. A1c >8% was associated with 
increased LOS and may be a surrogate for poorer surgical 
outcomes. British guidelines have previously recommended 
an arbitrary cutoff of 8.5% [24]. However, some have sugge-
sted that thresholds of  <8% may not be ideal for many 
people, particularly the elderly, based on a risk of developing 
hypoglycemia [25]. As such, we maintain a requirement that 
A1c values are <9% prior to elective surgery.

Although there is a paucity of data unique to urologic 
surgery, smoking and obesity are both recognized surgical 
risk factors. A large meta-analysis determined the risk 
for surgical infection among smokers as 1.79 times that of 
non-smokers. Additionally, former smokers also carry an 
increased risk versus individuals who have never smoked 
[26]. Most of our patients were current or former smokers. 
Obesity has also been linked to increased risk of SSI and 
UTI [27,28]. Obese or morbidly obese patients accounted for 
45% of our patient population. Thus, even in the setting 
of  multiple risk factors, infection following IPP surgery 
remains reasonably low.

Some providers may be reluctant to advocate erectile 
restoration for elderly patients based on presumption of 
age-associated risk. 10% of the men in this series were age 
75 or greater at the time of surgery. With aging, there is a 
recognized functional decline in both innate and adaptive 
immune response [29], predisposing elderly patients to 
infection. The one prior study on post-IPP infections among 
the elderly found no infections among the 30 patients 
aged ≥75 [30]. Our study reinforces this data, showing no 
infections in our 31 patients aged ≥75. As such, we do not 
employ any age-specific cutoffs for consideration of erectile 
restoration, instead choosing to focus on the overall health 
of the patient.

This study is not without limitations. There was no 
control arm (IPP surgery performed without a surgeon-in-
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training) with which to compare infection rates. There was 
also no gauge to quantify extent of maneuvers performed 
by residents based on review of operative notes. Surgeon-
in-training participation is likely influenced by multiple 
factors including the trainee’s interest and initiative. 
Furthermore, while a mean in-clinic follow-up of  28.7 
months may capture many potential issues, we recognize 
that infections can present at a much later time, such that 
longer follow-up is warranted. Additionally, some patients 
may present to outside centers for infectious complications, 
which would limit data capture. Future efforts could involve 
periodic phone calls to patients released from practice after 
years of  uncomplicated follow-up, or possibly partnering 
with industry to query patients through their database. 
Also, negative cultures at revision surgery for clinically 
uninfected cases may not be enough to fully rule out 
presence of infection. Admittedly, the low infection rate in 
this series may not be reflective of all centers. The surgeon 
in this series is fellowship-trained and maintains a high-
volume practice, which may translate to better outcomes. 
Additionally, 49% of the cases in this dataset were assisted 
by a PGY 5 and 55% by a PGY 6, and the attending sur-
geon was present and performed for all key and critical 
portions of the operation. Another limitation involves the 
absence of data in this series relative to operative time. It 
is logical to assume that trainee involvement may extend 
operative time, which certainly has implications for cost of 
care. Furthermore, patient selection is relevant to outcomes. 
Even though diabetics comprised a significant percentage 
of the study population, we maintain a preoperative A1c 
requirement (<9%). The need for clearance to hold blood-
thinning medications may also bias our series towards men 
with better cardiovascular health than those managed by 
surgeons willing to perform surgery while patients are 
actively using medications, such as aspirin.

CONCLUSIONS

As ED can have a significant negative impact upon 
quality of  life, it is important for PCPs and the general 
public to be well informed on the available therapeutic 
options and the associated risks and benef its. Data 
demonstrate that a substantial number of these individuals 
harbor poorly-informed perspectives on procedures involving 
surgeons-in-training and the true risk of infection following 
penile prosthesis placement. Our data demonstrate that these 
operations can be performed in an academic center with 
excellent outcomes. Future work to better educate referring 
providers and men/couples at risk for sexual health concerns 

seems warranted. 
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