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Abstract

:

Benign prostatic hyperplasia (BPH), a prevalent condition in older men, is often managed through various surgical interventions. This narrative review aims to explore the impact of these surgical treatments on sexual function, a critical aspect of patient quality of life often overlooked in BPH management. The methodology encompassed a thorough review of contemporary surgical techniques for BPH, including prostate resection, enucleation, vaporization, and minimally invasive therapies such as UroLift, Rezum, and Aquablation. Additionally, the focus was on patient-centered outcomes, with a special emphasis on sexual health following surgery. Findings reveal that, while surgical interventions effectively alleviate BPH symptoms, they often have significant repercussions in sexual function, including erectile and ejaculatory dysfunction. However, emerging techniques demonstrate potential in preserving sexual function, underscoring the need for patient-centric treatment approaches. The study highlights the complex interplay between BPH surgery and sexual health, with minimally invasive treatments showing promise in balancing symptom relief and sexual function preservation. In conclusion, the study advocates for an integrated, interdisciplinary approach to BPH treatment, emphasizing the importance of considering sexual health in therapeutic decision-making. This narrative review suggests a paradigm shift towards minimally invasive techniques could optimize patient outcomes, marrying symptom relief with quality-of-life considerations. The need for further research in this domain is evident, particularly in understanding long-term sexual health outcomes following different surgical interventions for BPH.
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1. Introduction


Benign prostatic hyperplasia (BPH) is a prevalent medical condition characterized by the non-malignant enlargement of the prostate gland [1]. A condition that is notably common among males aged 50 years and above, its prevalence rises significantly with age. Studies estimate that around 50% of men in their 50s are diagnosed with BPH, and this proportion escalates to 80% for those aged 80 and above [2]. This disorder is known to induce lower urinary tract symptoms (LUTS) which include, but are not limited to, increased urinary frequency, urgency, diminished urine flow, and nocturia [3,4]. Given its widespread occurrence and clinical implications, BPH is not merely a health concern but a broader public health issue that necessitates ongoing attention [5,6].



In recent decades, even with substantial advancements in medical treatments for BPH, surgical intervention retains a pivotal position in comprehensive patient care. Such surgical treatments are especially recommended for patients resistant to or intolerant of medicinal interventions, or those experiencing complications attributed to BPH [7]. The principal aim of surgical procedures is to ameliorate LUTS by excising or diminishing the obstructive prostatic tissue, thereby enhancing the overall quality of life (QoL) [8]. Various surgical techniques, such as transurethral resection of the prostate (TURP), enucleation of the prostate, and prostate arterial embolization, are employed based on the severity of symptoms and patient characteristics [9,10,11].



A concurrent and paramount concern in the surgical management of BPH is its potential repercussions in sexual function. The gravity of this concern is underscored by multiple studies indicating potential associations between surgical interventions for BPH and various sexual dysfunctions, such as erectile dysfunction (ED), ejaculatory disturbances, and changes in libido [12,13]. Nonetheless, there is a subset of research suggesting neutral or even beneficial impacts of BPH surgeries on sexual function [14]. Moreover, the intersectionality of BPH treatments with other medical conditions, such as overactive bladder or even mood disorders, can exacerbate these side effects, culminating in a compounded decline in the patient’s holistic well-being [15]. Given this, an interdisciplinary approach that integrates considerations of sexual function within the purview of BPH surgical management is indispensable. Decisions surrounding surgical strategies and adjunctive medical treatments must be underpinned by a nuanced understanding of their implications for sexual health [16,17,18].



This manuscript is committed to furnishing a rigorous assessment of the interplay between surgical modalities for BPH and their concomitant effects on sexual function. By juxtaposing various surgical techniques against their respective sexual outcomes, we aim to underscore the clinical significance of BPH and advocate for a patient-centric approach in therapeutic decision-making.




2. Pathophysiology of BPH Related to Sexual Function


2.1. Exploring the Pathophysiology of BPH


BPH is a multifaceted condition whose exact cause remains unclear. However, several key factors are widely recognized as playing a significant role in its development.



Hormonal Imbalance: The balance between androgens and estrogens is critical for prostate health. Androgens, particularly testosterone and dihydrotestosterone (DHT), are essential for normal prostate function [19,20]. Elevated estrogen levels or diminished androgen activity have been linked to prostatic tissue enlargement. This enlargement results from hormonal interactions that stimulate growth in both the epithelial and stromal cells of the prostate [19,20].



Chronic Inflammation: Inflammation within the prostate gland is a major factor in BPH’s development. Inflammatory molecules such as cytokines and chemokines can promote cellular growth and remodeling [21]. Notably, an increase in interleukin-8 (IL-8) has been observed in BPH tissues [21]. Additionally, inflammation may contribute to LUTS, which are commonly associated with BPH [22].



Metabolic Factors: Obesity and insulin resistance are increasingly implicated in BPH. Obesity increases intra-abdominal pressure, alters hormone levels, and promotes inflammation and oxidative stress, all of which are risk factors for BPH [23]. Insulin resistance, a characteristic of metabolic syndrome, is also linked to prostatic tissue growth, possibly through the action of insulin-like growth factors (IGFs) [24,25].



Vascular Changes: Vascular dynamics play a significant role in BPH. Increased angiogenesis, the formation of new blood vessels, has been observed in BPH tissues. Changes in vascular structure and function may contribute to symptoms related to bladder outlet obstruction and LUTS [26].



Genetic and Epigenetic Influences: Genetic predisposition is a key factor in BPH development. Specific genetic variants have been linked to an increased risk and severity of BPH [27]. Epigenetic changes, such as DNA methylation and histone modifications, can influence gene expression and contribute to the progression of BPH [27].



In summary, BPH is a complex condition influenced by hormonal imbalances, chronic inflammation, metabolic factors, vascular changes, and genetic/epigenetic factors. Understanding these interrelated mechanisms is vital for developing effective treatments and personalized management strategies for BPH.




2.2. BPH and Sexual Function: A Complex Relationship


2.2.1. BPH’s Impact on Sexual Health


BPH can influence sexual function through various mechanisms that involve both physiological and psychological elements. A thorough understanding of these mechanisms is crucial for grasping the impact of BPH on sexual function and for formulating effective treatment strategies.



One of the ways BPH can affect sexual performance is by physically obstructing the prostatic urethra. McVary et al. suggest that prostate gland hypertrophy in BPH can lead to bladder outlet blockage [28]. This obstruction may directly contribute to difficulties in achieving ejaculation, and could lead to ED due to disrupted semen flow and impaired penile blood flow. Such obstruction can alter the normal flow of semen during ejaculation, resulting in retrograde ejaculation (RE) or a decreased force of ejaculation [29]. Additionally, a physical barrier might impair normal blood flow to the penis, further exacerbating ED [30].



Another factor is BPH’s impact on hormonal balance. BPH is associated with altered levels of androgens and estrogens, leading to elevated estrogen levels and decreased androgen sensitivity. These hormonal shifts can specifically disrupt physiological mechanisms related to sexual function, potentially leading to sexual dysfunctions such as decreased libido and ED [29]. Elevated estrogen levels, for instance, may interfere with the nitric oxide/cyclic guanosine monophosphate (NO/cGMP) pathway, which is essential for penile erection and can thus affect erectile function [30].



A role of inflammation in linking BPH to sexual dysfunction has been proposed. Chronic inflammation in the prostate, commonly observed in BPH, can release inflammatory mediators affecting adjacent tissues’ function. Mirone et al. indicate that these inflammatory cytokines and chemokines can disrupt physiological processes related to sexual function, potentially contributing to conditions like ED and reduced sexual desire [30]. This inflammation may also be involved in fibrosis and tissue remodeling, which can further impact sexual function by altering the structural integrity of the prostate and surrounding tissues [30].



The medications used to treat BPH, such as alpha-blockers and 5-alpha reductase inhibitors (5ARIs), can also influence sexual function. While alpha-blockers can relax the prostate and bladder neck’s smooth muscles to enhance urine flow, they might also negatively affect ejaculation, leading to issues such as reduced ejaculatory volume or anejaculation [31]. On the other hand, 5ARIs have been linked to sexual side effects like ED and decreased libido, directly impacting patients’ sexual experiences and satisfaction [29].



Moreover, psychological factors can also influence the relationship between BPH and sexual function. Symptoms related to BPH, such as frequent urination and nocturia, can lead to anxiety and stress, which can adversely affect sexual desire and performance, thereby impacting a patient’s overall sexual health and quality of life [32]. The effects of BPH on sexual function can also reduce sexual satisfaction and strain relationships [30]. Addressing these psychological aspects is essential when evaluating and managing sexual dysfunction in BPH patients.



In conclusion, BPH can impact sexual function through multiple avenues, including physical obstruction, hormonal changes, inflammation, medication side effects, and psychological factors. For healthcare practitioners, understanding these interconnected pathways is vital to provide comprehensive and effective treatment for patients with BPH and accompanying sexual dysfunction. By acknowledging these aspects, clinicians can offer more effective treatments to improve sexual function and overall quality of life for those diagnosed with BPH.




2.2.2. Post-Surgical Sexual Health Challenges


The surgical intervention for BPH often brings significant relief from urinary symptoms, yet it can also inadvertently impact sexual function. This worsening of sexual health post-surgery is attributed to a variety of mechanisms, each interplaying in a complex manner [33,34,35,36,37,38]. To better understand these complexities, Figure 1 visually summarizes the key mechanisms through which surgical intervention for BPH may affect sexual function.



Injury to the internal urinary sphincter: The internal urinary sphincter, situated within the genitourinary tract, plays a pivotal role in the ejaculation process. This involuntary smooth muscle is responsible for controlling the flow of semen in the proper antegrade direction during ejaculation [39]. However, BPH surgeries can sometimes inadvertently damage this sphincter. As a consequence, many patients report ejaculatory dysfunctions (EjD), with RE being a common outcome. In this condition, semen flows backward into the bladder instead of being ejected out of the penis [40]. The disruption or injury to the internal urethral sphincter is the chief cause of this retrograde flow, highlighting the importance of safeguarding this muscle during surgical interventions [41].



Psychological impact of the surgery: The surgical treatment for BPH does not just have physiological ramifications; it also exerts a considerable psychological toll on the patient. The very realization of having undergone surgery in such an intimate area can manifest in anxiety, leading to diminished sexual desire and heightened dissatisfaction. These psychological aftereffects can be compounded by previous relationship experiences that might have left emotional scars. Past traumas, unresolved emotional conflicts, and the pressure to perform sexually post-surgery can all coalesce, potentially precipitating or exacerbating ED. Addressing this facet is paramount, as the mind’s health is closely intertwined with physical well-being [42,43,44].



Neurovascular bundle damage: One of the more intricate aspects of BPH surgery relates to the proximity of the neurovascular bundles. These bundles, crucial for erectile function, are delicate structures that can be inadvertently harmed during the surgical procedure. Direct injury might happen if there’s a puncture to the capsule surrounding the prostate. Even though such events are infrequent, their occurrence can have long-term repercussions for erectile function. On the other hand, indirect injuries, often from heat sources used in surgery, present another risk. The debate continues about the exact mechanisms and extent of heat-induced damage, but it underscores the importance of surgical precision and care [34,45].



Urinary catheterization and its impediments: The postoperative period following BPH surgery necessitates certain medical interventions to aid recovery, one of which is urinary catheterization. This involves placing a tube into the bladder to facilitate urine drainage. While medically essential, the presence of a catheter can be a psychological and physical barrier to sexual activity. The discomfort and the very presence of a foreign body can deter patients from engaging in sexual intercourse, at least in the immediate recovery phase [46].



Despite these challenges, it is noteworthy that some patients experience an improvement in their sexual function following BPH surgery. This paradoxical outcome can arise from several factors, such as the discontinuation of medications affecting sexual health and the relief from the bothersome urinary symptoms of BPH.




2.2.3. Improvement in Sexual Function Post-Surgery


Following surgical treatment for BPH, some patients experience an unexpected yet welcome improvement in their sexual function. This positive change typically arises from two primary factors.



The role of BPH medication: One of the notable aspects that intertwine BPH with sexual function is the medication regime patients are often prescribed. Before undergoing surgery, many patients are on a variety of drugs intended to manage their symptoms. Each of these drugs, while beneficial in managing BPH, can come with side effects that impinge on sexual performance [31]. When these medications are discontinued post-surgery, some men notice a marked improvement in their sexual function, highlighting an important aspect of postoperative care. However, this raises ethical questions about the balance between managing BPH symptoms and preserving sexual health.



Alleviation of LUTS: The relationship between LUTS and sexual dysfunction is complex. As many aging men will attest, the two conditions often manifest concurrently [47]. Improvements in LUTS post-surgery can lead to enhanced sexual function. Nonetheless, the decision to opt for surgery also involves ethical considerations. Healthcare providers must weigh the potential benefits of surgical intervention against the risks, including possible impacts on sexual function. This requires a patient-centered approach, ensuring informed consent and considering individual patient preferences and overall health status. Moreover, the ethical implications extend to the choice of surgical methods. Different procedures may have varying impacts on sexual function, and patients must be fully informed about these outcomes to make decisions that align with their values and quality of life goals.



In essence, the journey of understanding sexual function post-BPH-surgery is a mosaic of physiological, pharmacological, and psychological elements. As the medical community continues to refine surgical techniques and enhance patient care protocols, considering these ethical dimensions becomes paramount in providing holistic and patient-centered care.






3. Impact of BPH Surgery on Sexual Function


3.1. Understanding Sexual Dysfunction: Insights and Implications in BPH Treatment


The majority of research studies tend to prioritize the examination of surgical and functional outcomes associated with BPH surgery, while the investigation of sexual consequences is often neglected or insufficiently explored. Despite the high prevalence of BPH in the elderly population, a significant proportion of men delay seeking medical consultation until they encounter troublesome urinary symptoms [48].



The functionality of male sexual processes is a multifaceted interaction involving aspects such as psychological, neurogenic, vascular, and hormonal elements. While encompassing various aspects including sexual desire, erectile function, orgasmic function, ejaculatory function, and sexual pleasure, it is common for only erectile and ejaculatory functions to be assessed. EjD and ED are the most frequently reported sexual difficulties. Although α-blockers or 5ARIs are often prescribed as the first-line treatment for men with LUTS, surgical intervention becomes a viable alternative for patients experiencing severe LUTS or complications associated with BPH, such as acute urinary retention [49,50]. Research has shown that surgical interventions for LUTS provide prompt relief in mitigating symptoms associated with BPH. However, these surgical therapies are more likely to induce sexual dysfunction compared to other therapeutic approaches.



The International Index of Erectile Function (IIEF) and its abbreviated versions, namely IIEF-5 and IIEF-EF, are extensively employed as validated questionnaires in assessing erectile function. Similarly, the Male Sexual Health Questionnaire (MSHQ), along with its specialized variant focusing on EjD, known as the Male Sexual Health Questionnaire—Ejaculatory Dysfunction Short Form (MSHQ-EjD-SF), are extensively used tools for assessing ejaculatory function [51,52]. It is important for clinicians to acknowledge that many patients with BPH commonly experience preoperative sexual dysfunction, including both ED and EjD [53]. EjD encompasses a range of symptoms related to ejaculation and orgasm, including RE, premature ejaculation, delayed ejaculation, anejaculation, painful ejaculation, and reduced strength, volume, or pleasure associated with ejaculation [54]. The examination of orgasmic function, sexual pleasure, and sexual desire is seldom explored in research, and the use of validated tools to assess these outcomes is rare. In recent decades, there has been a growing emergence of innovative surgical interventions for BPH. These interventions aim to achieve comparable results in relieving LUTS while simultaneously limiting the occurrence of sexual adverse effects. Technologies such as Aquablation, prostatic artery embolization (PAE), UroLift (Pleasanton, CA, USA), and Rezum (Maple Grove, MN, USA) have shown encouraging outcomes in terms of preserving sexual function [55]. In conclusion, most studies pertaining to BPH surgery that evaluate sexual outcomes consist of case series without a control group, a methodological limitation that restricts the robustness of the data obtained [41,56]. To further elucidate these surgical options, the following Table 1 provides a detailed overview of the various prostate surgery techniques employed in BPH treatment.




3.2. Prostate Resection Techniques: Evaluating Sexual Health Outcomes


The gold standard surgical therapy for BPH in individuals with prostate sizes ranging from 30–80 mL is TURP. This surgery is widely recognized as the reference method in the majority of comparative research [57]. The correlation between EjD and TURP has been well documented in recent medical literature, highlighting the significance of TURP as a preferred surgical treatment for BPH [58,59]. Studies indicate an incidence rate of 62–75% for EjD, especially RE, post-TURP [60,61,62]. Moreover, Taher et al. discovered a 13–14% chance of developing ED after TURP, with a higher likelihood in those with lower preoperative nocturnal penile tumescence [61,63].



In assessing the impacts of M-TURP and B-TURP on sexual function, studies have employed tools like the erectile function component of the IIEF-ED and the ejaculatory domain of the male sexual-health questionnaire (Ej-MSHQ) [51,52]. These studies revealed comparable effects of both M-TURP and B-TURP on erectile and ejaculatory functions. The IIEF-15 was used to compare impacts on general sexual function, including erection, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction. No significant differences were observed between M-TURP and B-TURP over a twelve-month follow-up period [52,64]. Additionally, a comprehensive meta-analysis corroborated these findings, showing similar levels of erectile function, as measured by the IIEF-5, at twelve months post-procedure for both M-TURP and B-TURP [65]. Interestingly, no significant correlation was found between the volume of resected prostate and the increased risk of sexual dysfunction [52,64,66,67]. Patients who have undergone brachytherapy for prostate cancer are also more likely to experience urinary incontinence post-TURP [68,69]. In transurethral incision of the prostate (TUIP), there is a reduced incidence of EjD. TUIP has a lower propensity, compared to some other treatments for BPH, in inducing RE [70].




3.3. Prostate Enucleation Methods: Assessing Impacts on Sexual Function


Holmium laser enucleation of the prostate (HoLEP) has emerged as a significant therapeutic method for BPH, especially in patients with prostates larger than 100 g [71]. It has been compared favorably to open prostatectomy in terms of effectiveness, offering benefits like less blood loss and shorter hospital stays [72]. However, it also carries inherent risks, including a 21% incidence of painful ejaculation and a 70% occurrence of RE over a six-month period post-HoLEP, as noted by Meng et al. [73]. A rise in occurrences of early morning erections was seen in 15% of patients post-HoLEP [74].



Briganti et al. compared HoLEP with the established gold standard TURP, revealing no significant differences in postoperative erectile function and rates of RE and reduced ejaculate volume between the two treatments [74]. However, a high prevalence of RE (76.6%), reduced ejaculatory volume (18.3%), and painful ejaculation (3.3%) was documented after one year of follow-up post-HoLEP. While a marginal improvement in IIEF erectile function scores was observed, a notable decline in orgasmic function was also reported, potentially due to increased RE and decreased ejaculatory function [74]. Zong et al. concluded that there were no significant disparities in sexual dysfunction between HoLEP and TURP [75]. This distinction in findings underscores the complexity of sexual function outcomes post-surgery and highlights the importance of considering different dimensions of sexual health in evaluating treatment impacts.



A systematic review and meta-analysis, including seven randomized controlled trials (RCTs), examined the comparative effectiveness of HoLEP and TUR-P. The findings indicated that short- and mid-term IIEF-5 scores were similar between the two procedures. However, in the long term, HoLEP demonstrated considerably superior outcomes in terms of IIEF-5 scores [76]. Additionally, two more meta-analyses found no significant difference in rates of mid-term RE [77]. The effects on erectile function and RE are similar in both the HoLEP and TURP procedures [74,78]. There was no observed loss in erectile function from the initial measurements in any of the groups. Additionally, it was shown that approximately 75% of sexually active patients experienced RE after the HoLEP procedure. The available data indicate that ejaculation and the feeling of orgasm are the two domains most affected by HoLEP [35]. The success rate of preserving ejaculatory function with HoLEP has been reported to be as high as 46.2% in some patient populations [79].



While HoLEP demonstrates certain advantages and risks, it is also crucial to consider the impact of other surgical methods, such as open prostatectomy (OP), in the context of sexual function. In evaluating the impact of OP on sexual function, specifically through the lens of the IIEF-5 scores, two meta-analyses provide insightful data [80,81]. These studies compared the overall safety and outcomes of OP, performed via a transvesical approach, with other procedures such as bipolar transurethral enucleation of the prostate (B-TUEP) and HoLEP. Notably, the IIEF-5 scores, a measure used to gauge erectile function, showed no significant differences between OP and the other procedures at various follow-up intervals, including three, six, twelve, and twenty-four months. This suggests that, despite the longer catheterization and hospitalization times, and the higher incidence of blood transfusions associated with OP, its impact on erectile function, as measured by IIEF-5 scores, is comparable to that of B-TUEP and HoLEP [80,81]. A RCT conducted to compare the outcomes of thulium laser enucleation of the prostate (ThuLEP) and B-TURP revealed a statistically significant disparity in IIEF-5 scores, with ThuLEP demonstrating superior results after twelve months [82].




3.4. Prostate Vaporization Procedures: Exploring Effects on Sexual Health


The GreenLight laser vaporization of the prostate (photoselective vaporization of the prostate [PVP]) has been identified as a viable alternative treatment to TURP for managing BPH. This laser therapy facilitates the rapid vaporization of the transitional zone of the prostate [58,83]. The GOLIATH prospective study’s findings indicate no statistically significant differences in rates of RE and IIEF-5 scores between PVP and TURP over 1-year and 2-year follow-up periods, respectively [84,85]. New onset RE incidence rates were found to range from 30% to 67.1%, with an additional 5.4% risk of painful ejaculation post-PVP [36,84,86]. While single-institution studies have shown no adverse effects of PVP on erectile function [36,87], a recent meta-analysis by Li et al. revealed that, out of nine BPH treatments examined, PVP was the only procedure to negatively impact short-term postoperative erectile function [78]. It is noteworthy that studies using higher levels of laser energy have a greater likelihood of resulting in sexual dysfunction [88].



A systematic review and meta-analysis of five RCTs was conducted to compare the efficacy of all three types of ‘GreenLight’ lasers with TURP in terms of RE rates. The study revealed no significant differences in RE rates across the different treatment modalities [77]. Furthermore, numerous other studies have also documented similar findings, indicating no discernible difference in erectile function outcomes between OP/TURP and PVP [89,90]. Nevertheless, the scores on the IIEF-5 showed a significant decline at six, twelve, and twenty-four months among patients who had a pre-operative IIEF-5 score higher than nineteen [91].



As we continue to explore various vaporization techniques for prostate treatment, attention must also be given to emerging methods that are currently under investigation. Among these is the diode laser vaporization technique. Recent studies investigating this method have specifically focused on its implications for late complications, such as ED. The findings indicate that diode laser vaporization, in terms of late complications like ED, demonstrates no significant differences compared to other prostate treatment methods. This suggests that the impact of diode laser vaporization on sexual function is minimal, making it a noteworthy consideration in the array of prostate treatment options [92].




3.5. Alternative Ablative Techniques in BPH Treatment


3.5.1. Rezum: Evaluating Sexual Function Post Convective Water Vapor Energy Ablation


Building on the insights into Convective Water Vapor Energy Ablation, commonly known as Rezum, and its innovative approach using radiofrequency-generated thermal energy, we now turn to an in-depth study of its clinical outcomes. The Rezum system, by employing a unique mechanism of action that involves water vapor to effect cell necrosis, has shown promise in treating LUTS while preserving sexual function. The following discussion delves into the findings of comprehensive research and trials assessing the long-term effectiveness and safety of Rezum in treating BPH-related symptoms and its impact on sexual health [93,94,95].



McVary et al. conducted a comprehensive prospective cohort study, the broadest and most extensive of its kind, involving 136 patients tracked over up to 4 years [94]. The study found a risk of anejaculation below 3% post-operation, which resolved within three months. A reduction in ejaculatory volume was observed in 2.9% of cases, decreasing to 1.5% during the same period [95,96]. Sexual function was assessed using the IIEF and the MSHQ-EjD over 2 years, showing consistent and stable results. Additionally, the MSHQ-EjD-Bother score, measuring distress associated with EjD, improved substantially over 3 years [97]. Similar findings were reported in other prospective trials by Darson and Dixon, where no significant changes in IIEF and MSHQ-EjD scores were observed post-operation, and no new instances of ED were identified [98,99]. Additional retrospective and crossover investigations have indicated a 3–6% probability of reduced ejaculatory volume, sometimes referred to as REj [93,100].



However, it is essential to acknowledge the limitations and specific patient indications for the use of Rezum. The system is intended to relieve symptoms and obstructions, and reduce prostate tissue associated with BPH, and is indicated for men ≥ 50 years of age with a prostate volume of 30 mL to 80 mL, including treatment of the prostate with hyperplasia of the central zone and/or a median lobe. It is not recommended for patients with a urinary sphincter implant, those who have a penile prosthesis, or those with an active urinary tract infection [101,102]. It is crucial to recognize Rezum as a viable, safe, and effective minimally invasive option for patients with urinary retention due to BPH, notably those who are frail with comorbidities and unable to undergo general anesthesia. This treatment provides a therapeutic alternative, particularly for catheterized patients, offering efficient relief with minimal intervention [103].



Incorporating these indications and contraindications helps in counseling patients and stressing the impact on sexual function. More research is required to accurately determine the prevalence of sexual dysfunction, as current data suggest it is seldom documented. Overall, the Rezum system demonstrates long-lasting and prompt alleviation of LUTS with limited and transient effects on sexual function. Further research is needed to compare Rezum’s effectiveness in treating males with BPH and LUTS against existing gold standard treatments.




3.5.2. Aquablation: Advanced Technology and Sexual Health Implications


Aquablation, a groundbreaking treatment for BPH, has demonstrated its potential in addressing LUTS through innovative technology. Utilizing the AquaBeam system, this approach applies high-velocity waterjets under real-time ultrasound guidance, offering a minimally invasive alternative to traditional methods [104]. To enhance understanding of this novel technique, it is crucial to discuss both its indications and limitations. Aquablation has been shown to be as effective as TURP, both subjectively and objectively, for patients with moderate-to-severe LUTS and a prostate volume of 30–80 mL [105,106,107]. However, it remains under investigation to further understand its long-term effects, efficacy, and the optimal methods for post-treatment hemostasis. Patients should be informed about the risk of bleeding and the absence of extensive long-term follow-up data.



The longest prospective trial to date, conducted by Gilling et al., has yielded encouraging findings about sexual outcomes after the treatment, observed over a one-year period. In addition to documenting substantial improvement in LUTS and observing similar occurrences of post-procedural urine urgency and frequency as compared to TURP, the authors also demonstrated the maintenance of ejaculatory function in all patients after the intervention. Patients who underwent Aquablation saw improvements in their IIEF ratings. However, these improvements were not statistically significant, except in the subdomain related to happiness with intercourse [108,109].



In the cohort of sexually active males, the incidence of ejaculation was shown to be significantly lower in those who underwent Aquablation treatment compared to those who received TURP, with rates of 10% versus 36%, respectively. No adverse effects related to the surgery were reported during a six-month period [107]. Additionally, the incidence rates of REj were also quite low for Aquablation, with rates of 6% at 3 months, decreasing further to 0.9% by 6 months. Furthermore, the IIEF and MSHQ-EjD scores exhibited no significant changes in the group of men who received the Aquablation procedure, in contrast to the group of men who experienced a decline in scores after TURP [105,107]. The preservation of antegrade ejaculation was found to be somewhat lower in the WATER II study, with a rate of 81%, compared to the 90% rate observed in the smaller prostates of the WATER I study [110]. In the WATER II study, there was also a reported 2% rate of de novo incontinence after twelve months [111]. To date, there have been no documented cases of ED associated with Aquablation treatment [105,107].




3.5.3. Prostatic Artery Embolization: PAE’s Impact on Sexual Function


Building upon the understanding of PAE as a minimally invasive technique with positive impacts on reducing prostate volume and improving LUTS, the focus now shifts to its effects on sexual health [112,113]. While PAE has shown promising results, it is important to note that this technique remains under ongoing investigation to fully ascertain its long-term effects and optimal application. Various studies, including comprehensive meta-analyses and large-scale trials, have delved into the consequences of PAE for parameters like the IIEF. These investigations provide crucial insights into the sexual function outcomes for patients undergoing PAE [114,115].



Multiple investigations have reported an increase in IIEF scores post-procedure in individuals with varying prostate sizes, with no documented instances of newly occurring ED [116,117,118,119]. Additionally, a meta-analysis by Wang et al. revealed noteworthy enhancements in IIEF ratings at the 6- and 12-month post-treatment assessments for individuals who underwent PAE [120]. The latest UK-ROPE trial, conducted prospectively across multiple centers, aimed to evaluate the safety and effectiveness of PAE. The study’s findings further supported the notion that PAE does not have a detrimental impact on sexual function. It also indicated a rate of re-intervention (REj) at 24.1%, which was less than half of that seen in the TURP cohort [121].



Regarding sexual adverse events, the meta-analysis found no statistically significant variations in the mean differences in International Index of IIEF-5 scores between TURP and PAE [11]. A subsequent meta-analysis, including two RCTs, revealed no significant variation in rates of RE [77]. The assessment of erectile function after surgery, as evaluated by IIEF-5, demonstrated a statistically significant improvement in patients who underwent PAE. The average difference in the change of IIEF-5 scores between pre-operative and post-operative measurements was found to be 2.56 points in favor of PAE. In another meta-analysis, PAE was consistently shown to exhibit a reduced prevalence of sexual dysfunction compared to TURP, with an odds ratio of 0.24 [122].



However, it is essential to highlight that PAE is generally less effective than TURP at improving symptoms and urodynamic parameters such as flow rate [123]. The procedural time for PAE tends to be longer than that for TURP, but factors like blood loss, catheterization, and hospitalization time are more favorable with PAE [11]. PAE should be offered to men with moderate-to-severe LUTS who are considering minimally invasive treatment options and are willing to accept less optimal outcomes compared to TURP [124]. It is critical that PAE is performed in facilities where both urologists and trained interventional radiologists collaborate closely for the identification of suitable candidates for PAE [124].





3.6. Non-Ablative Techniques for BPH: Preserving Sexual Function


3.6.1. Prostatic Urethral Lift: Long-Term Sexual Function Outcomes


Building upon the understanding of Prostatic Urethral Lift (PUL), which utilizes the UroLift system and suture-based implants to relieve prostatic obstruction, as a minimally invasive treatment for BPH, we now explore its clinical outcomes. Extensive research has provided valuable insights into PUL’s effectiveness in symptom relief and its impact on sexual function. The following section delves into detailed findings from these studies, highlighting the long-term efficacy and safety of PUL in managing LUTS while preserving sexual health [125,126,127].



Research conducted by Roehrborn et al. on the LIFT cohort presents the most extensive collection of prospectively gathered PUL data. The study’s findings indicate no statistically significant alterations in the scores of the MSHQ and IIEF questionnaires compared to participants’ initial baseline measurements during yearly follow-up assessments. Symptom alleviation related to LUTS was seen within two weeks post-treatment, with preservation of erectile and ejaculatory functioning observed for up to five years post-PUL. Additionally, the study noted limited negative urinary symptoms associated with the procedure, predominantly occurring during the first three months post-operation. These symptoms included dysuria, experienced by 9% of participants, and urge incontinence, experienced by 3% of participants [128].



A separate investigation by McVary et al. indicated notable enhancements in ejaculatory function, specifically a 4% increase in the ability to ejaculate, a 23% improvement in ejaculation intensity, and a 22% rise in ejaculate volume [129]. In a RCT comparing PUL to TURP, it was demonstrated that PUL led to a higher grade of recovery and better preservation of ejaculatory function. No significant changes were observed in either treatment group with respect to ejaculatory performance and bother ratings [130]. A systematic review and meta-analysis revealed that sexual function, specifically in terms of erectile and ejaculatory function, either remained stable or showed slight improvement over a 24-month follow-up period [131,132,133]. Thus, the existing body of research unequivocally supports the assertion that this tissue-conserving method yields moderate and expeditious alleviation of LUTS while safeguarding sexual function.



However, it is crucial to address that, while PUL enhances the International Prostate Symptom Score (IPSS), peak urinary flow rate (Qmax), and QoL, these improvements are generally less significant compared to TURP at 24 months [134]. PUL is recognized for its low incidence of sexual side effects, yet patients should be informed about the relatively unexplored long-term effects, including the potential for retreatment [135]. PUL is suggested for men with LUTS who prioritize preserving ejaculatory function and have prostates smaller than 70 mL without a middle lobe [136]. This recommendation aims to guide patients in making informed decisions by understanding both the benefits and limitations of PUL, thereby enhancing patient counseling, and emphasizing the impact on sexual function.




3.6.2. Intra-Prostatic Injections and iTIND: Innovations in Minimizing Sexual Dysfunction


Intra-prostatic injections employ various compounds administered directly into the prostate gland to ameliorate LUTS. Among these, Botulinum toxin-A (BoNT-A), fexapotide triflutate (NX-1207), and PRX302 are notable. BoNT-A primarily functions by suppressing neurotransmitter release from cholinergic neurons [137]. The specific mechanisms of NX-1207 and PRX302, both injectable medications, are not fully understood, but experimental evidence suggests that they may induce apoptosis, leading to prostate shrinkage [137]. PRX302, in particular, is a protein with pore-forming properties that is selectively activated by prostate-specific antigen (PSA) and administered via injection to induce apoptosis in prostate tissue. In a cohort study involving 92 individuals, PRX302 showed no sexual side effects over a 12-month follow-up period [138].



Clinical trials, however, have not demonstrated any clinical advantage of BoNT-A over a placebo in managing LUTS due to Benign Prostatic Obstruction (BPO). Conversely, clinical trials have shown NX-1207 to provide clinical benefits over placebo for managing LUTS attributable to BPO. Consequently, intraprostatic BoNT-A injection treatment is not recommended for patients with male LUTS [139].



Additionally, the temporary implantable nitinol device (iTIND) is a medical device functioning like a stent, designed to create incisions within the prostate gland. These incisions aim to remodel both the urethra and the bladder neck, thereby mitigating bladder outlet obstruction. In a study with 19 patients, no instances of EjD were recorded over a 3-year follow-up period [140,141]. There have been no recent reports of ejaculatory dysfunction or ED [142,143].



Additionally, it is important to note that ongoing RCTs are actively comparing the iTIND with standard reference techniques. This evolving research is vital for patients and healthcare providers to assess the most up-to-date and effective treatment options, thoroughly weighing the prospective benefits and drawbacks of these novel approaches. Such information is critical in guiding well-informed patient counseling and in comprehensively understanding the potential implications on sexual function.






4. Strategies to Preserve Sexual Function Post-BPH-Surgery


Preserving sexual function post-BPH-surgery is crucial for maintaining the overall quality of life for patients. It is essential to assess and discuss sexual function with the patient before deciding on the management strategy for LUTS associated with BPH [144]. Novel minimally invasive treatment alternatives have demonstrated the ability to preserve postoperative sexual function to a better degree, while providing significant relief of LUTS in an equally safe and efficacious manner [41]. Patient perspectives on BPH surgery emphasize the importance of preserving erectile and ejaculatory functions, highlighting the need to consider sexual health in the treatment decision-making process [16].



In order to maintain ejaculatory function, adjustments to surgical procedures have been documented in existing literature [145]. Saman et al. presented a modified approach to PVP, focusing on preserving certain anatomical structures such as the bladder neck muscle fibers, precollicular tissue, and paracollicular prostate tissue. In their study, only 13% of the 160 patients experienced anejaculation. The majority, including 56% of the participants, reported normal ejaculation, while 31% noted a reduction in ejaculation [146]. Alloussi et al. modified the TURP procedure and observed that 91% of their study participants sustained anterograde ejaculation, with these effects lasting up to five years [147]. Kim et al. introduced an alternative approach in HoLEP, preserving the paracollicular and supracollicular tissue. However, their study, which compared this novel approach with the usual HoLEP technique, did not show significant improvement in ejaculatory function. The authors suggested that retaining a greater amount of apical tissue might be crucial for maintaining ejaculation [79]. The conventional simple prostatectomy has evolved with the advent of robot-assisted procedures. A small-scale study by Wang et al. showed that only 1 out of 14 patients experienced RE following this surgery [148]. Although recent advancements have enhanced the potential of conventional procedures to yield favorable sexual outcomes, more research is needed to substantiate these observations.



It is essential to engage in comprehensive discussions with patients about the possible impact of procedures on sexual function. This will enable patients to prepare adequately for any potential decline in sexual function, thereby avoiding unexpected outcomes. Although over 90% of practitioners discuss the potential occurrence of ED related to TURP and PVP, only about 60% actively discuss ED concerns [149]. Albaugh et al. conducted research involving a cohort of 27 individuals diagnosed with prostate cancer and treated with either surgery or radiation. The participants reported experiencing sexual dysfunction within five years after their medical intervention. Most individuals expressed a need for greater awareness of potential adverse sexual outcomes post-operation, as this knowledge would have facilitated a more comprehensive understanding of the probable outcomes. Some patients felt that their healthcare professionals were overly optimistic about post-treatment sexual function. The majority of those affected expressed a need for more support from healthcare practitioners in addressing their sexual issues. Additionally, a significant number of these individuals emphasized the importance of a robust social support network in aiding their recovery. While this research focused on patients diagnosed with prostate cancer, some underlying concepts may be extrapolated to patients who have undergone surgery for BPH [150].



Furthermore, comprehensive discussions with patients about newer, less invasive treatment options as alternatives to TURP, PVP, or HoLEP are important. Although TURP has traditionally been the most effective therapy for BPH, many urologists now prefer other methods, largely due to innovative techniques that offer comparable surgical outcomes to TURP while significantly reducing sexual side effects. Patients should be informed about the availability of these operations to make a well-informed choice regarding their treatment. While there may be limitations on certain procedures in some areas or higher associated costs, a collaborative decision-making approach is recommended to select the most suitable method aligned with the patient’s preferences and objectives. Healthcare practitioners should stay informed about the latest BPH treatments and maintain a comprehensive directory of providers offering alternative treatments.



There is also a noticeable shift among urologists away from TURP, as indicated by recent trends. A study in Australia in 2019, analyzing Australian Medicare data, showed that TURP accounted for 96% of surgical procedures between 1998 and 2008, dropping to 73% between 2008 and 2014. From 2014 to 2017, the study reported that 15.5% of the procedures were PVP, while 7.7% and 5.9% were UroLift and HoLEP, respectively [151]. A similar decrease in TURP rates was observed in the United States, with a significant reduction of 47.6% between 2000 and 2008, attributed to the growing preference for alternative procedures like PVP, transurethral needle ablation (TUNA), and transurethral microwave thermotherapy (TUMT) [152].




5. Future Directions and Research Opportunities


Emerging surgical techniques for the treatment of BPH present an opportunity to investigate their potential impact on sexual function. Minimally invasive therapies such as UroLift, Rezum, and Aquablation have garnered interest due to their potential to achieve symptomatic relief while maintaining sexual function [41]. Additionally, procedures like ThuLEP and PAE have shown promise in preserving sexual function post-surgery [153,154]. However, there is a need for further research to comprehensively evaluate the effects of these emerging techniques on sexual outcomes. Comparative studies, such as evaluating the impact of HoLEP on erectile function, can provide valuable insights into the effects of these procedures on sexual function [155,156].



Furthermore, potential areas for research to improve sexual outcomes post-BPH-surgery include investigating the long-term effects of surgical interventions on sexual function. Prospective studies assessing the trajectory of sexual function following BPH surgeries, such as HoLEP, can provide valuable insights into the recovery and maintenance of sexual function over time [157]. Additionally, there is a need for large cohort studies to evaluate the sexual and functional outcomes of patients undergoing emerging procedures like ejaculation-sparing thulium laser enucleation of the prostate (ES-ThuLEP) [158]. Long-term follow-up studies can offer comprehensive insights into the sustained impact of these surgical interventions on sexual function.



Moreover, research focusing on the comparative effectiveness of prolonged medical therapy versus early surgical treatment for BPH can provide valuable evidence to guide treatment decisions and improve long-term sexual outcomes [159]. Randomized clinical trials comparing the outcomes of these approaches can help determine the most beneficial strategy for preserving sexual function in the context of an aging population. Additionally, evaluating the impact of BPH surgeries on sexual function in conjunction with other chronic illnesses can provide a comprehensive understanding of the complex interplay between various health conditions and sexual function [160].



In conclusion, future research should focus on systematically evaluating the impact of emerging surgical techniques on sexual function post-BPH-surgery. Prospective studies, comparative effectiveness research, and long-term follow-up studies are essential to advance our understanding of the effects of these interventions on sexual outcomes and to identify strategies to improve sexual function in BPH patients.




6. Conclusions


The study of surgical interventions for BPH and their effects on sexual function is vital for comprehensive patient care, extending beyond symptom relief. Preserving sexual function post-BPH-surgery is crucial for quality of life and is a fundamental aspect of therapeutic decision-making. This necessitates a nuanced approach that prioritizes patient perspectives on sexual health, alongside the management of LUTS associated with BPH.



Emerging surgical techniques such as UroLift, Rezum, Aquablation, ThuLEP, and PAE have shown promise in balancing symptomatic relief with the preservation of sexual function. These minimally invasive therapies represent a new horizon in BPH treatment, focusing on sexual health as a key patient outcome.



Ongoing research is essential to evaluate the long-term effects of these emerging surgical interventions on sexual function. Prospective studies and large cohort studies, particularly those evaluating innovative procedures like ES-ThuLEP, are vital for understanding the sustained impact on sexual health. Additionally, comparative research on medical therapy versus early surgical intervention is crucial for guiding treatment decisions that prioritize sexual function preservation, especially in older patients.



Understanding how BPH surgeries intersect with other chronic conditions will also lead to a more holistic approach to care, acknowledging the complex relationship between health conditions and sexual function. In summary, the future of BPH management hinges on systematically evaluating the surgical impact on sexual function post-surgery and incorporating patient-centered care where sexual health is a primary outcome. With continued advancements and robust research, there is potential to significantly improve sexual outcomes for patients undergoing BPH surgery, ultimately enhancing their overall quality of life and well-being.
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