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Introduction: Peyronie's disease is the disease that results in an alteration in the curvature of the penis, which can lead to a shortening of length, pain in erection, or difficulties in penetration, thus leading the patient to psychological alterations due to loss of functionality such as aesthetic alteration. That is why there are several studies to define the best form of treatment, which currently continues to be the first choice surgical treatment.

Objective: We present the most recommended therapies for Peyronie's disease and suggest an algorithm as a guide to direct therapy.

Methods: We used the PubMed platform to review the literature related to Peyronie's disease. Various editorials were reviewed as well as original articles and reviews focusing on the various treatments as well as their indications and results.

Results: Peyronie's disease in which conservative or drug treatment does not have a response, surgical treatment with corporoplasty, penile prosthesis implantation or both may be indicated. Corporoplasty refers to both the plication of the tunica albuginea as well as the incision of the tunica with the placement of a graft. An accurate history should always be carried out to identify erectile dysfunction as well as to be able to guide you on the repercussions of the treatment. If refractory erectile dysfunction is present, placement of a penile prosthesis with or without further adjunctive straightening maneuvers is recommended. We reviewed the indications, advantages, disadvantages, and results of the available techniques, and proposed a surgical treatment algorithm.

Conclusion: Penile shortening procedures are usually indicated in curvatures <60°, in penises with adequate length. Partial excision/incision and grafting are indicated for curvatures >60°, hourglass or hinge deformities, and short penises, if the patient's erectile function is adequate. The presence of “borderline” erectile function and/or ventral curvature tilts the choice toward shortening procedures, and refractory erectile dysfunction is an indication for penile prosthesis placement. An accurate risk/benefit assessment of the individual patient as well as meticulous patient counseling are critically important.
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INTRODUCTION

In 1,743 Francois Gigot de la Peyronie, was the first person to describe the Peyronie's disease (PD) characterized by a wound healing disorder that leads to an alteration in the tunica albuginea of the penis, resulting in a plaque formation due to the deposition of collagen and fibrin occurring after an injury to the penis (1–3).

The underlying pathophysiology remains not fully understood and this lack of knowledge leads to an inability to prevent the starting and the progression of the disease, making PD a challenging disorder to treat. It is a consensus among the majority that the initial injury is due to some form of penile trauma, which, in susceptible patients, triggers a cascade of events leading to the development of Peyronie's disease. Normal penile architecture is essentially lost consequently. This leads to the formation of Peyronie's plaque, which is characterized by disorganization of collagen and elastin fibers, producing an asymmetric expansion of the corpora cavernosa with the characteristic deformity of the erect penis. This cascade of events appears to involve free oxygen radicals, oxidative stress, nitric oxide, myofibroblasts, TGF-β1, and fibrotic gene expression. Regarding the impact of genetic factors predisposing to PD and other fibrotic diseases, this remains unclear. The first evidence that a genetic factor could influence PD was in 1982, correlating PD and Dupuytren's disease (4). Since then, much progress has been made to establish the links between fibrotic disorders, however, the specific genes are not currently known. Patterns of gene expression in families with PD and Dupuytren's disease are similar, particularly regarding collagen degradation, ossification, and myofibroblast differentiation. A study comparing gene-expression profiles of PD patients with those of DD patients found a series of 15 genes that were upregulated in the PD plaque vs. the normal tunical albuginea, the ones most prominently increased were matrix metalloproteinases (MMPs) involved in collagen breakdown, specifically MMP-2 or MMP-9 in one-half of the PD plaques (4). Future studies on these mechanisms are likely to be the keyway to further elucidate the exact mechanism behind the disease development (2–7).

The prevalence of PD is estimated from 3 to 9% and varies widely depending on the population being studied (1). These data remain limited and variable due to the lack of standardized studies. Most of these studies estimate the prevalence of PD by studying different age groups and specific subgroups of individuals, such as those seeking care for screening for prostate cancer and are not based on population studies. Brazilian study evidence at a total of 954 men undergoing a routine screening for prostate cancer and demonstrated the prevalence of PD of 3.67% (8). A German study including 8,000 men aged 30–80 years who were sent a questionnaire was able to demonstrate a prevalence of 3.2% for the presence of palpable penile plaque (9). Another example is a US web-based survey conducted among the general population of men aged 18 years or older demonstrated that 0.7% (57/7711) had definitive PD and 11.0% (850/7711) had probable PD, all based on self-reported symptoms without specialized evaluation (10).

Most diagnoses are made in the fifth decade of life, with an increasing incidence after the age of 50 years (9). Another associated condition that has been studied is diabetes mellitus (11). Some studies show a prevalence of up to 33.2% of DM in patients with PD (12). The mechanism by which diabetes increases the incidence of Peyronie's appears to be the induction of tissue alteration leading to tissue remodeling after microtraumas during sexual intercourse. Added to this is the increased risk of erectile dysfunction, which makes the penis less rigid and more susceptible to trauma during sexual intercourse. In general, men with Peyronie's disease have more erectile dysfunction, as shown in several studies. Other associations are being studied, namely, testosterone deficiency, prostate cancer, and radical prostatectomy (13). Peyronie's disease could also be related to other concurrent systemic collagen disorders such as Dupuytren's disease, a condition that affects the palmar fascia of the hand and could be present in 10–20% of men with PD, and Ledderhose disease, which affects the plantar aponeurosis of the foot (2, 13).

Symptoms most frequently reported by patients with Peyronie's disease include pain, deformity, palpable plaque, erectile dysfunction, and/or inability to maintain penetration for intercourse. Patients may present pain at the time of palpation of the plaque, onset of erection, even with a flaccid penis; however, pain predominates in the acute phase and during sexual intercourse. Usually, the pain resolves during the stable phase of the disease, but it may remain in some men, especially during erection. The perception of penile curvature is the most distressing symptom associated with the disease, as well in case the curve is in the dorsal region, with prominence along the axis and less than 60°, the ability to maintain sexual activity could still be possible.



PATIENT EVALUATION AND DIAGNOSIS

Currently, a standardized approach to assess the Peyronie disease does not exist, and diagnostic tools for measurement or assessment are limited (14, 15).

The initial evaluation includes a detailed medical and sexual history, onset and stage of the disease (acute/active vs. chronic/stable), precipitating event (if known), penile pain, number, location and consistency of plaques, nature and extent of curvature, and overall subjective level of sexual ability (14). Active disease is defined as the recent onset of symptoms, painful erection, and progressive worsening of the penile curvature. Resolution of pain and stability of the curvature normally occurs within 12–24 months after the onset of symptoms. The well-accepted criterion of stable disease is having no progressive symptoms for at least 3 months.

A more comprehensive physical examination should be done to identify other sites of potential fibrotic changes, like hands and feet. The patient should be asked whether there is any personal or family history of other fibrotic disorders including Dupuytren's and Ledderhose disease and tympanosclerosis.

The sexual function and penile rigidity may be further assessed using the International Index of Erectile Function (IIEF) and an Erection Hardness Score numerical scale, respectively. An important question should be made: “Would you be able to perform a complete sexual intercourse if you did not have any penile deformity?”.

It is important to evaluate thoroughly four important characteristics of the disease: (1) penile curvature, (2) indentation/hourglass deformity, (3) penile plaque, and (4) penile shortening. These 4 aspects of the disease will guide the final treatment plan. Penile Doppler ultrasound is indicated for any PD patient who desires “invasive” treatment. It is critical to obtain low-threshold information preoperatively on those who report significant curvature, palpable penile plaques, and no recent erections.

Additional questions should investigate the impact on quality of life and distress caused by Peyronie's disease. Hellstrom et al. validated a specific questionnaire, the Peyronie's Disease Questionnaire (PQD), which is a 15-question self-report instrument composed of 3 essential domains, (1) psychological and physical symptoms, (2) penile pain, and (3) symptom annoyance, that can enable clinicians to assess and monitor symptoms and to quantify the psychosexual impact of PD (14, 15).

The standard examination is palpation of the flaccid penis on stretching for identification of the number, location, and extension of the plaques. This maneuver is performed by grasping the glans and pulling it at a 90-° angle away from the pubis. The stretched penile length (SPL) is measured from the pubis to the corona dorsally.

Assessment of penile deformity in the erect state is an important step toward the therapeutic decision. Photographs taken at home, as described by Kelami, should include self-photography of the erect penis from above, sides, and end face. This can be a useful tool to get a general impression of the PD. However, because it cannot precisely represent and measure a three-dimensional deformity, its value has been controversial (15). The most accurate method is an induced erection after an office vasoactive injection. This allows the objective measure of the penile length, the grade of the curvature, as well as identification of additional penile deformities, like hourglass or hinge defects. The use of a routine penile duplex ultrasound with pharmacological stimulation can be useful. The goal is to obtain penile vascular flow parameters and assess plaque characteristics (16, 17). The penile Doppler US scan is critical in the evaluation of “high-risk” Peyronie's disease patients as 23–60% of these patients have veno-occlusive dysfunction, 19–25% will show curvatures > 60° and all candidates for plaque incision and grafting procedures because these may place them at risk for erectile dysfunction after surgery (15–17). These criteria are critical to the decision process for the potentially surgical patient.



DISEASE MANAGEMENT

Conservative medical treatment is indicated in the active stage of the disease. Current therapies include oral substances, topical treatments, injection of intralesional active agents, and local physical devices, like extracorporeal shock wave therapy [ESWT], traction, and vacuum devices (18, 19).


Conservative Treatment


Oral Medications

Non-steroidal anti-inflammatory drugs (NSAIDs) may be offered to patients in active-phase PD for pain management, which is usually present in this phase.

Pentoxifylline decreases transforming growth factor (TGF) beta-1-mediated fibrosis, prevents the deposition of collagen type I and reduces calcification in experimental animals. Some studies showed improvement in penile curvature and plaque volume with the use of pentoxifylline 400 mg two or three times a day associated with antioxidants and/or intralesional therapy (19, 20).

Potassium para-aminobenzoate (POTABA) is an antifibrotic agent of the vitamin B complex and is thought to reduce the formation of collagen. One trial showed a benefit compared with placebo in reduction of plaque size and/or penile curvature (21). However, because it carries a significant cost, is difficult to consume (24 tablets daily), being known for its gastrointestinal side effects and there is little evidence of benefit in placebo-controlled trials, its use is not recommended.

Vitamin E is one of the oldest oral treatments for PD. It is a potent antioxidant that is thought to limit oxidative stress of reactive oxygen specimens. Despite being the most prescribed oral treatment, several well-designed placebo-controlled studies show no benefits, (22) and its use is not recommended.

Colchicine has multiple mechanisms of action, such as inhibiting cell mitosis, mobility and adhesion of leukocytes, and stimulates the production of collagenase. Because of its relatively common gastrointestinal side effects and potential for bone marrow suppression, its use is not recommended to treat PD.

Tamoxifen, a selective estrogen receptor modulator, can induce the production of TGF- β, inhibiting the inflammatory response and preventing further fibrogenesis. In a randomized, double-blind trial of tamoxifen versus placebo (n = 25), the proportion of patients who reported a reduction in curvature was similar in both groups (46 vs. 42%) (23). Its use is not recommended to treat PD.

Phosphodiesterase type 5 inhibitors, a well-recognized treatment for erectile dysfunction, have also been suggested as a treatment for PD, by increasing the levels of cGMP, PDE5 can inhibit the synthesis of collagen, acting as an antifibrotic agent. A study by Chung et al. demonstrates that a low-dose regimen of tadalafil (2.5 mg daily over a 6-month period) is a safe and effective treatment option in septal scar (24). It can also be used in conjunction with penile extracorporeal shockwave therapy (ESWT), improving IIEF, and quality-of-life (25). Although evidence of possible benefits, PDE5 is still not recommended for the treatment of Peyronie's disease.

Currently, no oral agent has been shown in placebo-controlled trials to result in clinically meaningful improvement in curvature. As a result, the only oral medication recommended by the AUA guideline on PD is NSAIDs to reduce pain.



Intralesional Injection

Intralesional verapamil is thought to influence fibroblast metabolism by increasing collagenase activity and concurrently decreasing collagen production (20). In a systematic review including four prospective studies of patients with PD, verapamil improved penile curvature, plaque size, and penile pain (26, 27). Due to the use of different treatment protocols and conflicting results, its use as a routine treatment option is still controversial (20, 26, 27).

Collagenase Clostridium histolyticum (CCH), the first US Food and Drug Administration (FDA)—approved drug for the treatment of PD, is produced by the bacterium C. histolyticum and selectively degrades collagen types I and III in connective tissues. The original treatment protocol consists of two injections of 0.58 mg of CCH 24–72 h apart every 6 weeks for up to four cycles. Modified protocols are being studied but there is still no consensus about the optimized dosage (28).

Gelbard et al., in the IMPRESS trial, examined CCH treatment through a maximum of 8 injections of 0.58 mg in subjects with PD. Following 52 weeks of treatment, men treated with CCH had a 34 percent improvement in curvature compared with 18% in the placebo group. Three men experienced corporeal rupture, that were surgically repaired successfully (28).

Usually indicated in patients in the stable phase of the disease, 3 studies analyzed CCH use in patients in the acute phase. All of them demonstrated that toxin treatment was also useful in reducing the curvature in this phase. Only one study was prospective, with a small number of patients (18, 29, 30).

Abdel Raheem et al. and Capece et al., in 2 prospective non-randomized studies with 53 and 135 patients, respectively, studied CCH treatment in a modified short protocol application (3 cycles of 0.9 mg each at 4-week intervals). They demonstrated a significant reduction in penile curvature, with lower costs and a shorter duration of treatment (31, 32).

In conclusion, CCH is a safe and established treatment. The ideal candidate for therapy remains elusive. It seems that the man with the greatest chance of curvature improvement has curvature between 30° and 60°, duration of disease >12 months, good baseline sexual function (IIEF>17), and no calcification. For a better understanding, more prospective, controlled studies with a greater number of patients are needed (33).



Topical Therapy

Several studies have evaluated the effectiveness of topically applied agents for the treatment of PD. The rationality is that topical application avoids the pain and trauma of intralesional injection therapy. Topical verapamil gel was studied in a small, randomized placebo-controlled trial and it was better than the placebo in eliminating pain on erection, decreasing plaque size (84.7 vs. 55%), decreasing curvature (61.1 vs. 43.6%), and improving erection quality in patients with PD (34). However, it is uncertain whether topical therapy influences penile plaques, as topically (transdermal) administered verapamil gel has been shown to be ineffective in achieving therapeutic levels into the tunica albuginea (25). Another topically applied medication studied was liposomal recombinant human superoxide dismutase which did not demonstrate significant effects upon plaque size or penile curvature (35).

Although possibly promising, at this time no topically applied agent has been established as an effective PD treatment.



Extracorporeal Shock Wave Therapy

The mechanism of action involved in ESWT for PD is unclear. There are two purported hypotheses: shock waves cause direct damage to the penile plaque, and ESWT increases the vascularity of the targeted area by generating heat, which leads to the induction of an inflammatory reaction, resulting in lysis of the plaque and removal by macrophages (36).

In the first prospective randomized double-blind placebo-controlled clinical trial evaluating ESWT for the treatment of PD, 50 patients randomized to ESWT demonstrated improvements in pain, IIEF-5 score, and mean QoL score. Plaque size and penile curvature were not significantly different between groups (37). Another study conducted by Hatzichristodoulou et al. showed the same results: reduction in pain in the ESWT group (85 vs. 48%, p = 0.013) and no changes in plaque size or penile deviation (26).

In conclusion, randomized controlled trials examining the efficacy of ESWT do not show a benefit in curvature reduction, plaque size, or erectile function, although a statistically significant reduction in penile pain has been observed. These data remain limited and variable due to the lack of standardized studies, lack of strict inclusion criteria regarding disease duration, and not standardized method of EWST protocol application. At this time, ESWT should be offered to improve penile pain.



Penile Traction

Controlled stretching of the penis by a device is a non-invasive, non-surgical treatment modality that induces cellular proliferation, triggers scar modeling, and reorients the collagen fibrils, in a process known as mechanotransduction.

The first study of penile traction conducted by Levine et al. demonstrated in 10 men efficacy in reducing curvature up to 45° and in increasing penile length 0.5–2 cm (38). In this study, traction was applied 2–8 h per day for 6 months. There were no serious adverse events.

Martínez-Salamanca et al. conducted a study on 55 patients with Peyronie's disease in the acute phase who underwent penile traction compared with 41 patients also in the acute phase who did not. Traction was applied 6–9 h per day (mean duration use was 4.6 h per day), preventing its use during sleep, for 6 months. The mean curvature decreased from 33° at baseline to 15° at 6 months and 13° at 9 months with a mean decrease of 20°in the traction group. The need for surgery was reduced in 40% of patients who would otherwise have been candidates for surgery and simplified the complexity of the surgical procedure (from grafting to plication) in one of three patients. The overall satisfaction rate was 85% (39).

The most recent developed device was presented in a randomized, single-blind, controlled trial conducted by Ziegelman et al. The main advantage was a duration of applied traction: 30–90 min per day for 3 months. There was an improvement of 11.7° in the curvature in 3 months in the device group compared with a worsening of 1.3° in the control group (no traction) (p < 0.001). The therapy group also showed significant improvement over controls in penile length (1.5 vs. 0 cm, p < 0.001). There were no significant adverse events (40).

The main concerns related to the use of penile traction are its long application time, difficulty in its use (fixation on the glans), local discomfort, and conflicting data in the studies. Traction therapy has the potential to be an effective non-surgical treatment to recover lost length, reduce curvature, and enhance girth.



Vacuum Therapy

Although the application of vacuum erection devices is considered safe, it would not induce the desired physical changes induced by mechanotransduction. There is no recommendation regarding vacuum therapy as a treatment for PD.




Surgical Treatment

Surgical management is indicated for patients who have remained with PD for more than 12 months and present a significant penile deformity with impaired sexual function. The aim of the surgery is to correct the curvature and allow penetrative intercourse. Other precipitants that indicate surgery are extensive penile calcification and/or plaques, failed conservative medical treatment, and patient preference.

As mentioned before, it is essential to document the disease before performing the surgery (penile anatomy, location and size of the plaques, degree of penile deformity, length of the penis, and presence of erectile dysfunction). Before surgery, the objectives and risks of surgery should be discussed, such as persistent or recurrent curvature, reduction in the length of the erect penis, decrease in rigidity, and decrease in sexual sensation. The goal is to make the penis “functionally straight.”

Each surgical approach must be chosen depending on the complexity of the PD as well as the different degrees of involvement, so the selection of the appropriate surgical procedure is the most important factor that determines the success of the treatment (41).

Surgical options include tunica albuginea treatment such as tunica shortening (eg, plication), tunica lengthening (eg, grafting), or penile prosthesis implantation in patients with associated severe erectile dysfunction (combined or not with adjuvant procedures to allow for resolution of deformity) (Table 1).


Table 1. Options of surgical treatment.

[image: Table 1]


Tunical Shortening Procedures

Shortening the longest and convex side of the penis should be considered in patients with adequate penile length, no complex deformities, and no severe curvature with good erectile function. It also could be offered as a treatment option for patients with severe curvatures (>60°) and adequate erectile function and penile length who do not desire more complex procedures.

The advantages of these surgical approaches in addition to a shorter surgical time with minimal effect on the erection include good cosmetic results and effective straightening. Disadvantages include shortening and lack of correction with altered aesthetics of an hourglass or hinge. Nesbit et al. in 1965 were the first to describe the procedure (42). He performed an elliptical excision removal of a portion of the tunica albuginea on the contralateral side of the defect with permanent suture primary closure (43). Yachia modified the technique using a Heineke-Mikulicz principle (a full-thickness vertical incision in the tunica albuginea contralateral to the area of greatest curvature and transversely closed without removal of tunica albuginea) (44).

In 1985, Essed and Schroeder described the plication technique in the form of eight with non-absorbable sutures, thus initiating imbrication techniques in which they did not need to incise the tunica albuginea to correct PD (45). There is another variation of the technique without incision, which is the 16-point technique. The tunica albuginea is plicated with permanent suture using an extended Lembert-type suture placement following four dots per plication (46).

Results and satisfaction rates are both similar to the incision/excision procedures.



Tunical Lengthening Procedures

In more severe cases, PD patients with a short penis, extensive plaque, severe (>60°), or complex deformities will require a graft procedure. On the side with the concave deformity, an incision is made in the plaque, with or without removal of a portion, and then a graft is used to close it. Depending on the location of the plaque, mobilization of the neurovascular bundle may be required. The patient should always be informed that in these types of procedures there may be the possibility of mobilization of the neurovascular bundle with and this may lead to ED problems (47) (Figures 1–3).


[image: Figure 1]
FIGURE 1. Plate delimitation.
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FIGURE 2. Isolation of neurovascular bundle.
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FIGURE 3. Graft fixation.


Devine et al. were the first to describe a grafting procedure for correction of the PD curvature (47). Since then, many different graft materials have been used.

The ideal material for grafting does not exist. It must be easy to manipulate and suture, flexible to allow adequate stretching for erection, rigid to prevent aneurysm formation, easily available, cost-effective, and minimal morbidity in its use. The materials currently available can be classified into 4 groups:

• autografts: taken from the patient, such as dermis, saphenous vein, tunica albuginea, fascia lata, and oral mucosa;

• allografts: from a deceased human donor, such as fascia lata, dura mater, and pericardium;

• xenografts: from a donor of a different animal species, such as bovine pericardium, porcine small intestinal submucosa, and matrix of equine collagen;

• Synthetic grafts.

• We have experience applying fibrinogen sponges and human thrombin to correct defects, with favorable results (Figure 4).


[image: Figure 4]
FIGURE 4. Multiple transverse incisions patched with TACHOSIL®.


The studies were often retrospective, single-center, and did not compare different types of grafts and biomaterials. In conclusion, there is not a single graft that can be recommended for surgeons.



Penile Prosthesis Implantation

When the patient has Peyronie's disease associated with erectile dysfunction that is refractory to medical treatment, typically the treatment is based on the placement of a penile prosthesis. Traditionally, formal indications for penile prosthesis insertion in PD patients have been reported. The treatment goals of penile prosthesis implantation are (1) to restore reliable penile rigidity and (2) to provide functional penile straightening. The most used penile prosthesis is the inflatable one, but studies have shown a similar satisfactory response with the use of the malleable model. Small curvatures are usually corrected only with the placement of the prosthesis. There may be a need for penile modeling, done manually after the placement of the prosthesis, consisting of stretching the penis in a contralateral direction to the curvature and maintained for 90 s (48). Complex curvatures that do not respond to the modeling technique must be treated following the previously exposed principles of plication and/or grafting (49).

With the advent of Xiaflex (collagenase Clostridium histolyticum), a new paradigm of surgical treatment algorithm has been proposed (Figure 5). In 2011, Levine et al. suggested that performing external traction prior to placement of an inflatable penile prosthesis could preserve and possibly increase the erect length of the implant after prosthesis (50). Garaffa et al. reported on the potential need for additional straightening procedures to successfully correct the residual curvature after penile prosthesis implantation alone (51). On the other hand, Mulhall et al. showed that the combined therapy of plate incision with penile prosthesis placement would not be the best option for patients with PE and ED (52). The EAU guidelines on penile curvature recommended a grafting procedure for patients with a degree of curvature is >60° or with a complex curvature, or in patients with a significantly shortened but with a good erectile function (with or without pharmacologic treatment). In patients with erectile dysfunction refractory to pharmacotherapy, the best choice is the insertion of an inflatable penile prosthesis, with or without a concomitant additional penile straightening procedure such as modeling, plication, or even grafting (53). Nonetheless, although all conservative therapeutic options, surgical correction remains the mainstay treatment for this condition (54).


[image: Figure 5]
FIGURE 5. Algorithm for management of Peyronie's disease..






CONCLUSIONS

When treating a patient with Peyronie's disease, the entire context of the repercussions produced in the patient must be considered, since in addition to compromising the psychological part of the patient with anguish due to the changes that are taking place, it causes a progressive aesthetic change, this accompanied by pain and less rigid erections. Several investigations and works have been carried out to stop the acute process of PD without definitive results at present, so surgery continues to be the mainstay of treatment. It should always be taken into consideration that in case of deciding to perform a surgery with plication of the tunica albuginea, this will produce a shortening in the length of the penis and that these should be indicated in case the curvatures are <60°. On the contrary, if the length of the penis is short, if the patient does not want a shortening of the penis, or if the curvature is >60°, the surgical decision can be made to incise the tunica with the placement of grafts, always orienting the patients regarding hourglass or hinge deformities and penises and an increased chance of ED. And in case of severe erectile dysfunction, you can opt for the placement of the penile prosthesis. All of this demonstrates that PD continues to be a great challenge in urological practice, so before proposing a treatment, all the items of each case must be studied together with the patient to carry out a reliable evaluation, understand the benefits, and maintain always presence the risks of each treatment.
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