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SUMMARY
Neglected side effects after radical prostatectomy have been previously reported. In this context, the prevalence of penile morpho-

metric alterations has never been assessed in robot-assisted radical prostatectomy series. We aimed to assess prevalence of and pre-

dictors of penile morphometric alterations (i.e. penile shortening or penile morphometric deformation) at long-term follow-up in

patients submitted to either robot-assisted (robot-assisted radical prostatectomy) or open radical prostatectomy. Sexually active

patients after either robot-assisted radical prostatectomy or open radical prostatectomy prospectively completed a 28-item question-

naire, with sensitive issues regarding sexual function, namely orgasmic functioning, climacturia and changes in morphometric char-

acteristics of the penis. Only patients with a post-operative follow-up ≥ 24 months were included. Patients submitted to either

adjuvant or salvage therapies or those who refused to comprehensively complete the questionnaire were excluded from the analyses.

A propensity-score matching analysis was implemented to control for baseline differences between groups. Logistic regression mod-

els tested potential predictors of penile morphometric alterations at long-term post-operative follow-up. Overall, 67 (50%) and 67

(50%) patients were included after open radical prostatectomy or robot-assisted radical prostatectomy, respectively. Self-rated post-

operative penile shortening and penile morphometric deformation were reported by 75 (56%) and 29 (22.8%) patients, respectively.

Rates of penile shortening and penile morphometric deformation were not different after open radical prostatectomy and robot-

assisted radical prostatectomy [all p > 0.5]. At univariable analysis, self-reported penile morphometric alterations (either penile

shortening or penile morphometric deformation) were significantly associated with baseline international index of erectile function–

erectile function scores, body mass index, post-operative erectile function recovery, year of surgery and type of surgery (all p < 0.05).

At multivariable analysis, robot-assisted radical prostatectomy was independently associated with a lower risk of post-operative

penile morphometric alterations (OR: 0.38; 95% CI: 0.16–0.93). Self-perceived penile morphometric alterations were reported in one

of two patients after radical prostatectomy at long-term follow-up, with open surgery associated with a potential higher risk of this

self-perception.

INTRODUCTION
Besides a demonstrated benefit on overall and cancer-specific

survival, radical prostatectomy (RP) has been invariably associ-

ated with a well-known risk of post-operative functional seque-

lae, including urinary incontinence (UI) and erectile dysfunction

(ED) (Nguyen et al., 2017).

However, there are several surgery-related functional impair-

ments known as ‘neglected side effects’(Frey et al., 2014a,b);

among them, there are many post-operative sexual dysfunctions,

thus including the impairment of sexual desire, orgasmic

function (i.e. anejaculation, orgasm intensity, painful orgasm

and climacturia) and a number of penile cosmetic alterations

(Frey et al., 2014a,b; Salonia et al., 2017b). Of those, some modi-

fications of penile morphology after surgery for prostate cancer

(PCa) have been described (Frey et al., 2014a,b; Salonia et al.,

2017b); of them, a significant reduction in penile shaft length

has been variably reported in post-RP series, with data showing

a range of 15–68% of patients complaining of post-operative

penile shortening (PS) (Frey et al., 2014a,b; Salonia et al.,

2017b). Likewise, the previous literature showed that significant
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post-operative modifications in terms of penile shape (e.g.

penile morphometric deformity [PMD]) also occur in up to 16%

of patients (Tal et al., 2010). Robot-assisted RP (RARP) currently

represents the surgical technique of choice for PCa patients

(Chang et al., 2015; Salonia et al., 2017a,b). Of note, available

data on penile alterations after surgery only refer to open RP

(ORP) series; contemporary series data on penile morphometric

alterations (PMA) after RARP completely lack.

We sought to assess rates of and predictors of PMA in patients

who underwent either ORP or RARP; moreover, given the proven

correlation between the elapsed time from surgery and the

reported rates of PMA, as a consequence of the link between

post-RP erectile function (EF) recovery and the recovery of a

subjectively normal penile morphology (Vasconcelos et al.,

2012), we analysed the prevalence of PMA at a post-operative

long-term follow-up in a cohort of sexually active patients sub-

mitted to RP for clinically localized PCa in a tertiary referral

academic centre.

MATERIALS ANDMETHODS
The analyses were based on prospectively collected data of a

cohort of patients submitted to RP (either ORP or RARP) for clin-

ically localized PCa at a single tertiary referral academic centre

and consecutively included in the study, between January 2003

and October 2013.

Patients were included if they reported to be pre-operatively

sexually active, with a normal EF and a full urinary continence

(defined as no pad use at baseline). Likewise, patients were

included if they had comprehensive clinical data, thus including

age at surgery, body mass index (BMI), health-significant comor-

bidities (as scored with the Charlson comorbidity index [CCI])

(Charlson et al., 1987), clinical stage, biopsy Gleason score,

nodal invasion (patients were categorized in risk groups accord-

ing to the National Comprehensive Cancer Network guidelines

(Mohler, 2010)) and a detailed description of the surgical tech-

nique defined as non-nerve-sparing (NNS), unilateral nerve-

sparing (UNS) and bilateral nerve-sparing (BNS) (Patel et al.,

2012). In this context, the indication for a NS procedure was

based on the clinical judgement of every surgeon according to

both clinical and pathological pre-operative characteristics.

Throughout the follow-up period, all patients were invited to

complete the International Index of Erectile Function (Rosen

et al., 1997), with specific attention paid to the EF domain (IIEF-

EF) together with a non-validated 28-item questionnaire with

closed questions about sensitive issues regarding sexual func-

tion, including specific items on (i) orgasmic function; (ii) cli-

macturia; (iii) orgasm-related pain; and (iv) morphometric

characteristics of the penis. Results of this survey have been pre-

viously published (Capogrosso et al., 2016). Post-operative EF

recovery was defined as an IIEF-EF ≥ 22 (Briganti et al., 2011).

Moreover, patients were asked to report a subjectively perceived

significant reduction in penile length in erection as compared to

baseline (arbitrarily defined as a shortening ≥1 cm); similarly,

every patient was also requested to report any subjective feeling

of a deformation of the penile shaft at the maximum achieved

erection as compared to the pre-operative condition. Both out-

comes were assessed at a 6-mo and 12-mo post-RP follow-up

and yearly thereafter.

As a main inclusion criterion, patients with a post-operative

follow-up ≥24 months were considered (No. = 678). Moreover,

those submitted to either salvage or adjuvant therapies through-

out the follow-up period (No. = 272) or those with partially

incomplete questionnaires (No. = 234) were excluded from the

study. A total of 171 patients were included in the final analysis.

Data collection followed the principles outlined in the Decla-

ration of Helsinki; all patients provided their informed consent

agreeing to supply their own anonymous information for this

and future studies.

Main outcome measures

Primary end point of this study was to rate post-operative PS

and PMD reported at a long-term (≥ 24 months) follow-up after

RARP. Rates of reported changes at different time points from

surgery (i.e. 6, 12 and 24 months) were also reported.

Moreover, potential differences between RARP and ORP

patients for every outcome were also assessed. Secondary out-

come was to identify potential factors associated with the occur-

rence of either PS and/or PMD after surgery.

Statistical analyses

To control for measurable baseline differences among patients

in the two treatment groups, adjustment was performed using

1:1 propensity-score matching (D’Agostino, 1998). Propensity

scores were computed using a logistic regression model with the

dependent variable defined as the odds of receiving ORP vs.

RARP and the independent variables as age, PCa risk category,

pre-operative EF and length of follow-up. Subsequently, covari-

ate balance between the matched groups was examined. Overall,

134 patients were considered subdivided into the following 67

ORP patients and 67 RARP patients, namely four and 34 men

were excluded during pair-matching analysis from the ORP and

RARP groups, respectively. Descriptive statistics of both patients

with and without PMA was detailed using Chi-squared test and

one-way analysis of variance (ANOVA). Univariable (UVA) and

multivariable (MVA) logistic regression analyses tested potential

predictors of reporting post-operative PMA after 24 months from

surgery (i.e. either PS or PMD). Statistical analyses were per-

formed using R statistical software, v 3.3.0 (Vienna, Austria). All

tests were two-sided, with a significance level set at 0.05.

RESULTS
Overall, 67 (50%) and 67 (50%) patients were included in the

analyses after ORP or RARP, respectively (Table 1). Groups did

not differ in terms of baseline clinical, pathological and func-

tional characteristics. Overall, a subjective significant PS was

reported by 75 (56%) patients at ≥24 months after surgery; simi-

larly, 29 (21.6%) patients complained of PMD at same follow-up

assessment. The rates of reported PMA were higher at 12-month

assessment compared to a later assessment (Table 1). Of note,

patients treated with ORP reported an overall higher rate of PMA

compared to RARP (67.2% vs. 49.3%; p = 0.02).

Table 2 shows clinical characteristics of patients with PMA at

follow-up. Patients reporting PS had significantly higher BMI

values compared to those without PS; moreover, the same group

had lower baseline IIEF-EF scores and a lower rate of IIEF-EF

recovery at ≥24-month follow-up (all p ≤ 0.02). Conversely,

patients reporting PMD showed worse pre-operative disease

characteristics (Χ2 8.6; p = 0.01; Table 2).

At UVA, baseline IIEF-EF scores, BMI, post-operative EF recov-

ery, year of surgery and the type of surgery (i.e. ORP vs. RARP)
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Table 1 Clinical characteristics and morphometric alterations of the overall cohort of patients [No. 134]

Overall ORP RARP Χ2; p-value*

No. of patients (%) 134 67 (50) 67 (50) –
Follow-up [months]

Mean (median) 45.3 (46) 47.2 (51) 43.3 (42) –; 0.08
IQR 33–57 31–61 35–50

Age [years]

Mean (median) 60.6 (61) 60.8 (61) 60.5 (61) –; 0.8
IQR 56–66 55–66 56–65

BMI [kg/m2]

Mean (median) 25.7 (25.2) 25.7 (25.5) 25.2 (24.9) –; 0.27
IQR 23.5–26.8 24.2–26.9 23.5–26.8

CCI

0 116 (86.6) 59 (88.1) 57 (85.1) 0.25; 0.80

≥1 18 (13.4) 8 (11.9) 10 (14.9)

Baseline IIEF-EF

Mean (median) 21.8 (26) 22.1 (28) 21.4 (25) –; 0.66
IQR 17–29 16–29 18–28

PCa risk group [No. (%)]

Low 70 (52.2) 34 (50.7) 36 (53.7) 0.60; 0.73

Intermediate 47 (35.1) 23 (34.3) 23 (35.8)

High 17 (12.7) 10 (14.9) 7 (10.4)

Nerve-sparing status [No. (%)]

None or unilateral 14 (10.4) 5 (7.5) 9 (13.4) 1.27; 0.39

Bilateral 120 (89.6) 62 (92.5) 58 (86.6)

EF recovery [No. (%)]

Yes 90 (67.2) 41 (61.2) 49 (73.1) 2.1; 0.19

No 44 (32.8) 26 (38.8) 18 (26.9)

PS at ≥ 24 months 75 (56.0) 43 (64.2) 32 (47.8) 3.66; 0.08

PS at 12 months 27 (67.5) 11 (61.1) 16 (72.7) 0.1; 0.4

PS at 6 months 14 (36.8) 5 (35.7) 9 (37.5) 0.08; 0.5

PMD at ≥ 24 months 29 (21.6) 14 (20.9) 15 (22.4) 0.04; 1.0

PMD at 12 months 20 (50) 8 (44.4) 12 (54.5) 0.2; 0.5

PMD at 6 months 10 (26.3) 3 (21.4) 7 (29.1) 0.06; 0.5

PMA at ≥ 24 months 78 (58.2) 45 (67.2) 33 (49.3) 4.4; 0.02

PMA at 12 months+ 31 (76.9) 14 (77.7) 17 (75) 0.3; 0.3

PMA at 6 months+ 15 (40) 6 (42.8) 9 (33.3) 0.3; 0.4

ORP, open radical prostatectomy; RARP, robot-assisted radical prostatectomy; BMI, body mass index; EF, erectile function; PS, penile shortening; PMD, penile morpho-

metric deformity; PMA, penile morphometric alterations (either PS or PMD). *p-value according to ANOVA or Chi-squared test, as indicated. + Data at 6 and 12 month

assessment were available for 38 and 40 patients, respectively.

Table 2 Clinical and pathological characteristics of patients reporting PMA ≥ 24 months after surgery

Penile shortening Χ2; p-value* Penile deformation Χ2; p-value*

Yes No Yes No

Age [years]

Mean (median) 61.45 (62) 59.68 (60) –; 0.10 60.2 (62) 60.8 (61) –; 0.65
IQR 58–66 54–65 55–75 56–66

BMI [kg/m2]

Mean (median) 26.04 (25.6) 24.76 (24.7) –; <0.01 25.8 (25.4) 25.3 (25.1) –; 0.34
IQR 24.5–27.3 22.9–26.1 23.7–27.9 23.5–26.7

CCI

0 61 (81.3) 55 (93.2) 4.01; 0.07 26 (89.7) 90 (85.7) 0.30; 0.76

≥1 14 (18.7) 4 (6.8) 3 (10.3) 15 (14.3)

Baseline IIEF-EF

Mean (median) 20.2 (24) 23.9 (27) –; 0.02 20.2 (24) 22.2 (27) –; 0.34
IQR 24–29 24–29 15–29 20–29

PCa risk group [No. (%)]

Low 33 (44) 37 (62.7) 5.73; 0.05 15 (51.7) 55 (52.4) 8.66; 0.01

Intermediate 29 (38.7) 18 (30.5) 6 (20.7) 41 (39)

High 13 (17.3) 4 (23.5) 8 (27.6) 9 (8.6)

Nerve-sparing status [No. (%)]

None or unilateral 9 (12) 5 (8.5) 0.43; 0.57 2 (6.9) 12 (11.4) 0.49; 0.73

Bilateral 66 (88) 54 (91.5) 27 (93.1) 93 (88.6)

EF recovery [No. (%)]

Yes 44 (58.7) 46 (78) 5.5; 0.02 18 (62.1) 72 (68.6) 0.43; 0.51

No 31 (41.3) 13 (22) 11 (37.9) 33 (31.4)

PMA, penile morphometric alterations; BMI, body mass index; CCI, Charlson comorbidity index; IIEF-EF, International Index of Erectile Function–erectile function

domain; ORP, open radical prostatectomy; RARP, robot-assisted radical prostatectomy. *p-value according to ANOVA or Chi-squared test, as indicated.
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were significantly associated with a subjectively reported post-

operative PMA (any type) (Table 3). Conversely, open surgery

emerged as the only independent predictor of PMA post-RP,

after accounting for age, CCI, BMI, baseline EF, PCa risk cate-

gory, NS status, post-operative EF recovery and year of surgery

(Table 3).

DISCUSSION
We assessed rate of and the potential predictors of self-

reported alterations in terms of penile morphology in a cohort of

pre-operatively sexually active patients treated with RP for clini-

cally localized PCa; of clinical relevance, our data showed that

56% and 21.6% of patients complained of self-perceived PS and

PMD after more than 24 months from surgery, respectively.

Moreover, patients after open surgery were more likely to report

PMA (either PS or PMD) compared to those treated with RARP.

Over the last decade, minimally invasive RP has overcome any

open technique for RP, and the robot-assisted approach is now

widely considered as the treatment of choice for PCa (Mottet

et al., 2016). In this regard, although not yet unequivocal, some

published data reported a number of advantages of RARP in

terms of peri- and post-operative functional outcomes, thus

including UC and EF recovery (Ficarra et al., 2012a,b; Salonia

et al., 2017a,b). However, the occurrence of surgical sequelae

other than UI and ED has been scantly analysed in contempo-

rary robotic series (Capogrosso et al., 2016, 2017). More pre-

cisely, data suggested that the impairment of several so-called

neglected aspects of sexual function after ORP is anything but

uncommon. For instance, orgasmic dysfunction has been shown

to affect between 20% and 93% of patients after surgery in terms

of climacturia (Dubbelman et al., 2010; Salonia et al., 2017b);

similarly, episodes of orgasm-associated pain seemed to occur

in up to 16% of cases after RP (Matsushita et al., 2012; Salonia

et al., 2017b). Likewise between 14% and 45% of patients had

been reported to complain of post-operative low sexual desire in

published series (Salonia et al., 2017b). Nonetheless, PMA could

eventually occur after RP. In a series of 126 patients treated with

ORP, Gontero et al. reported a significant mean reduction of

1.34 cm and of 2.3 cm for the flaccid and stretched penile

length, respectively, one year after surgery (Gontero et al., 2007).

In a large, cross-sectional study including 1288 patients, a signif-

icant reduction in penile length was self-reported by 55% of

them after surgery (Carlsson et al., 2012). Similarly, in a cohort

of 256 sexually active men after RP, Frey et al. (Frey et al., 2014a,

b) reported a 47% of subjective penile shortening greater than 1

cm. Overall, we observed a 56% rate of patients self-reporting a

significant PS (≥1 cm) after surgery, which at least confirms pre-

vious findings.

Moreover, when specifically requested to report any subjective

significant post-operative modification in terms of penile shape

and morphometric characteristics as compared to the baseline

condition, a group as large as 21.6% of patients reported PMD

occurring after RP.

Penile curvatures after surgery for PCa have been related to

the development of fibrotic plaques occurring at the level of the

tunica albuginea, mostly resulting in a disorder termed post-RP

Peyronie’s disease (Bjekic et al., 2006; Tal et al., 2010). Tal et al.

reported data on the occurrence of Peyronie’s disease after RP as

assessed with a physical examination aimed to identify every

penile plaque or nodule responsible for a significant curvature

compared to the baseline condition (Tal et al., 2010); of 1011

men submitted to RP, 77 developed the condition within one

year post-operatively, 139 within 2 years and 161 within 3 years,

respectively, thus yielding an overall Peyronie’s disease inci-

dence of 15.9%. Conversely, in a cohort of 110 men, Ciancio

et al. reported the occurrence of either penile curvatures or

waistband deformities in 11% of the operated patients (Ciancio

& Kim, 2000); of clinical interest, palpable plaques were identi-

fied only in a proportion of patients reporting penile curvatures,

leading the authors to classify the phenomenon as a ‘penile

fibrotic change’ rather than a formal Peyronie’s disease (Ciancio

& Kim, 2000).

In this context, the surgical removal of the prostate is almost

invariably associated with a more or less limited period of dor-

mancy of the nerves underlying EF control, thus leading to a

potential impairment of erectile tissue oxygenation and the con-

sequent production of fibrogenic factors (e.g. TGF-b1, ET-1, NGF

and HIF-1a) responsible for several structural changes in the

erectile tissue, eventually resulting in both PS and PMD (Hatzi-

mouratidis et al., 2009). Therefore, we considered both PS and

PMD as an expression of the same pathophysiological epiphe-

nomenon. Moreover, Vasconcelos et al. assessed the natural his-

tory of PS through the study of every change in penile length

over time after RP (Vasconcelos et al., 2012); they found an ini-

tial mean loss of 1 cm in length (p < 0.001), which remained sig-

nificant until 24 months after surgery. Indeed, the possible

recovery of the baseline penile morphology has been strictly

linked to the achievement of post-RP EF recovery over time (Bri-

ganti et al., 2007; Vasconcelos et al., 2012; Frey et al., 2014a,b).

For these reasons, we only focused our attention on a cohort of

patients with a follow-up not inferior to 24 months in order to

identify those individuals with a more probable EF recovery

Table 3 Logistic regression analysis assessing predictors of PMA (every

type) at ≥ 24 months follow-up after surgery

UVA MVA

OR; p-value OR; p-value

(95% CI) (95% CI)

Age at surgery 1.04; 0.09 1.02; 0.53

(0.99–1.10) (0.95–1.09)
BMI 1.19; 0.02 1.18; 0.05

(1.02–1.40) (0.99–1.40)
CCI 2.82; 0.08 2.43; 0.17

0 vs. ≥1 (0.88–9.16) (0.67–8.78)
Pre-operative IIEF-EF 0.95; 0.02 0.96; 0.19

(0.91–0.99) (0.92–1.01)
PCa risk group

Low Ref; 0.57 Ref; 0.16

Intermediate 1.61; 0.21 (0.76–3.4) 1.42; 0.41 (0.61–3.30)
High 4.6; 0.02 (1.23–17.6) 4.14; 0.06 (0.92–18.5)

Year of surgery 1.36; 0.04 1.43; 0.07

(1.01–1.86) (0.97–2.10)
EF recovery 0.33; <0.01 0.79; 0.66

No vs. Yes (0.15–0.74) (0.28–2.21)
Type of surgery 0.47; 0.03 0.38; 0.03

ORP vs. RARP (0.23–0.95) (0.16–0.93)
Nerve-sparing 0.75; 0.62 0.51;0.63

None or unilateral

vs. bilateral

(0.23–2.37) (0.16–2.46)

PMA, penile morphometric alterations; UVA, univariable analysis; MVA, multivari-

able analysis; OR, odds ratio; CI, confidence interval; BMI, body mass index; CCI,

Charlson comorbidity index; IIEF-EF, International Index of Erectile Function–
erectile function domain; ORP, open radical prostatectomy; RARP, robot-assisted

radical prostatectomy.
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already occurred along with potentially irreversible PMA.

According to this theory, we observed higher rates of reported

penile alterations after 12 months than after a longer follow-up.

Besides post-operative EF recovery (Briganti et al., 2007;

Iacono et al., 2008), pre-operative penile length and NS proce-

dure have been also reported as predictors of PMA after surgery

(Gontero et al., 2007; Tal et al., 2010; Carlsson et al., 2012). As a

major strength of the study, we first reported novel data about

the prevalence of PMA in a series of RARP patients; in this con-

text, even almost 48% and 22% of patients complained of PS and

PMD, respectively. Moreover, for the first time, we looked at

potential differences between RARP and pair-matched ORP

patients. Our interest was fuelled by previous data demonstrat-

ing a significant advantage of the robotic approach in terms of

incidence and recovery from the so-called neglected post-opera-

tive sexual side effects (Capogrosso et al., 2016); for instance,

Capogrosso et al. previously showed that patients treated with

RARP reported a faster recovery from climacturia after surgery

and a lower overall incidence of painful orgasm as compared to

the open approach (Capogrosso et al., 2016). Of clinical rele-

vance, our data suggested that patients treated with ORP could

be at major risk of perceiving a subjective modification in terms

of penile morphology after surgery as compared to those treated

with RARP. In this context, we can speculate that the precision

provided by a robotic approach may allow for a more careful

preservation of neural tissue, eventually leading to a faster EF

recovery along with a consequent reduced risk of fibrotic

changes in the penile shaft. However, we cannot rule out the

possibility that confounding factors such as depressive symp-

toms and/or treatment regrets (Christie et al., 2015) could have

play a role in the subjective perception of the alteration of penile

morphology. These findings further underline the importance of

a comprehensive discussion with every patient about all poten-

tial sexual side effects associated also with a robot-assisted surgi-

cal approach having clear that the way of dealing with sexual

functioning after RP has deeply changed, going well beyond a

‘simple’ evaluation of the presence of functional erections (ei-

ther spontaneous or pharma-assisted) and successful coital

intercourses (Capogrosso et al., 2017; Salonia et al., 2017a,b).

Our study is not devoid of limitations. First, while post-opera-

tive functional outcome data were prospectively collected,

patients had been not prospectively randomized to a surgical

approach (e.g. ORP vs. RARP), thus leading to a potential selec-

tion bias partially undermining the value of these findings; how-

ever, we performed a propensity-score matching analysis to

ensure the equivalence of both groups at the baseline. Second,

our analyses did not take into account data regarding post-

operative medications, such as pro-erectile compounds, which

could have modified the study outcomes. However, EF recovery

was not independently associated with PMA. Finally, although

we are aware of the potential major bias related to the subjective

estimation of PMA, it establishes a range of expected disease

severity and outcomes that the patients are likely to experience

in the real-life setting; this emerges to be even more important

as it has been largely discussed that patients deserve to be com-

prehensively counselled about real expectations after RP even

and mainly in terms of overall sexual function recovery (Salonia

et al., 2017a,b).

Overall, for the first time, we reported novel data about the

prevalence of PMA in a series of patients treated with RARP as

compared to ORP, suggesting that up to one of two patients

could be bothered by a significant modification of penile mor-

phology at long-term follow-up after surgery, with a potential

higher risk for those treated with an open approach. Thereof, it

is absolutely clear that patients should be carefully counselled

regarding the possible occurrence of a number of less commonly

discussed side effects after RP, thus including PMA.
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