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Erectile dysfunction (ED) is a worldwide health concern and clinical condition for men, leading to high medical costs and imposing significant emotional and psychological burdens on sufferers annually. ED is associated with multiple causes, including psychological factors and organic issues such as arterial insufficiency and venous leakage. Endovascular treatments have emerged as promising options for managing ED, offering minimally invasive procedures that can improve blood flow to the penis and restore erectile function. Different endovascular interventional approaches have been implemented with varying success rates and therapeutic impacts, and efforts continue to optimize these methods (both arterial and venous) for maximum effectiveness and minimal invasiveness. This narrative review aims to provide an overview of endovascular treatments for arterial and venous types of ED, discussing their mechanisms of action, efficacy, safety, and future directions.
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1 Introduction

Erectile dysfunction (ED) is a significant health issue and a growing global concern. It is characterized by the inability to achieve or maintain an erection sufficient for satisfactory sexual intercourse. Additionally, ED imposes both financial and psychological burdens on societies annually (1, 2). Impotence is a less common equivalent term often confused with other non-medical meanings (3). Since serious studies on this condition began in 1995, its prevalence has increased. According to the latest statistics, the global prevalence among men is estimated to range from 3% to 80%, depending on the methodologies used in different studies (4–6). Nowadays, it is estimated that around 325 million people worldwide are affected by this condition (4). Although ED is widespread, precise figures are not available for all geographic regions (5). Recently, a significant rate of ED was reported in the UK, where approximately a quarter of the 1,000 men surveyed admitted to experiencing ED in half of their sexual encounters (7). Correspondingly, in the United States, the prevalence of ED among men aged 20 years and older is estimated at 18.4%, affecting around 18 million men. Additionally, evidence indicates a 5% increase in ED among sexually active men aged 20–39 years (8). ED can be classified into two main types based on its underlying causes: organic (physical) and psychogenic ED. Organic ED is caused by factors such as vascular, neurological, hormonal, or anatomical abnormalities. A specific subtype of organic ED, vasogenic ED, can be further categorized based on the vascular issues involved, such as arteriogenic ED (due to insufficient arterial blood flow) and venogenic ED (caused by improper venous outflow). On the other hand, psychogenic ED results from psychological factors, such as stress, anxiety, or depression. It is important to note that ED often involves a combination of both psychogenic and organic factors, making it practically impossible to distinguish between these two forms based solely on clinical outcomes (9, 10). Age is strongly associated with ED, with nearly 5% of cases occurring in men in their 40 s and more than 50% of cases in those in their 70 s (11, 12). Treatment is crucial not only because the condition is often considered taboo but also because ED is more common than many people realize and is associated with significant emotional distress and shame (13, 14). Several therapeutic approaches have been introduced to overcome or reduce ED, with some showing promise (15–17) (Figure 1). Currently, the main treatments for ED fall into several categories: oral medications, external supportive devices, and invasive and non-invasive interventions (18). Traditional herbal medicine, particularly indigenous herbs from East Asia, has been used to treat ED due to its natural properties. Studies suggest that these herbs may be more effective than Western medicine, as confirmed by in vivo and in vitro histopathological research (19–21). However, this treatment method is not universally applicable, and excessive use of plant extracts can have side effects (22, 23). In recent decades, drug treatments for ED have advanced, with new medications being developed and ongoing research aimed at optimizing pharmacokinetics and improving drug delivery. However, underlying conditions such as high blood pressure and diabetes, as well as potential drug interactions, can limit the use of oral medications. Additionally, it is important to consider that some individuals may have contraindications to PDE5 inhibitors and that these medications can be expensive. Innovative approaches, such as endovascular interventions, are now a major focus of research. This narrative review examines the literature on endovascular treatments, including their mechanisms of action, effectiveness, safety, and potential future developments in ED treatment.
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FIGURE 1
An overview of the applied approaches trend in the ED treatment in recent decades.



1.1 Erection physiology and penile anatomy

Anatomically, the penis is attached to the body and consists of a root and a pendulous body. The root includes three bodies of erectile tissue involved in erection: the two crura and the bulb, which are connected to the pubic arch, and the perineal membrane (24). During a penile erection, all three erectile bodies—highly specialized vascular structures—become engorged with blood (25). Blood supply to the penis is provided by the hypogastric iliac artery, which branches from the common iliac artery. This artery supplies blood through the internal pudendal artery and its branches, including the common penile artery. The common penile artery further divides into the bulbourethral artery (supplying the glans and distal urethra), the dorsal artery, and the cavernosal arteries (26).

Venous drainage of the penis is managed by three groups of veins: superficial, intermediate, and deep (27). The superficial veins primarily drain the penile skin and can connect with the deep dorsal veins. The intermediate veins include the deep dorsal vein and the prostatic venous plexus, with the deep dorsal vein—located beneath the fascia penis—handling most of the penile venous drainage (28). ED can result from various issues, such as inadequate blood flow due to arterial insufficiency or venous leakage (29). A normal penile erection relies on proper vascular, neurological, and tissue responses (30). It is triggered by the integration of sensory stimuli and regulated by coordinated spinal activity (31). A schematic of the anatomical structure for normal flaccidity (A), normal erection (B), and erectile dysfunction (C) is shown in Figure 2. The regulation of penile erection involves multiple neurotransmitters, though the specifics are not yet fully understood.


[image: Diagram illustrating penile anatomy and mechanisms of erectile function and dysfunction. Panel A shows normal flaccid anatomy with contracted smooth muscle and endothelium-lined sinusoids. Panel B depicts normal erect anatomy with relaxed smooth muscle and enlarged sinusoids. Panel C highlights mechanisms of venogenic erectile dysfunction, including tunical degeneration, decreased sinusoid compliance, apoptotic smooth muscle, and insufficient compression of subtunical veins.]
FIGURE 2
Schematic of the anatomical structure in the normal flaccid state (A), normal erection (B), and erectile dysfunction (C) (cross-sectional view of the penis).




1.2 International index of erectile function (IIEF)-15

Measurement and evaluation methods based on self-reports are practical tools for assessing sexual function in men and are periodically updated. Various questionnaires, alongside sexual function-related laboratory and clinical procedures have been introduced (32). The International Index of Erectile Function (IIEF) is one such tool. It is a multidimensional, abbreviated, and self-administered scale designed to assess several aspects of male sexual performance (33). Table 1 presents a simplified version adapted from the study by Rosick et al. (34). The standard version of the questionnaire consists of 15 items, evaluating five main areas of sexual function over a period of four or more weeks. These areas include erectile function (EF) with six items, sexual desire (SD) with two items, orgasmic function (OF) with two items, intercourse satisfaction (IS) with three items, and overall satisfaction (OS) with two items (35). The psychometric validity and reliability of the IIEF-15 have been established in earlier studies, making it a standard tool for assessing men's sexual function in both clinical and research settings without geographical limitations (36). The IIEF scale is commonly used in clinical studies of ED, facilitating the interpretation of study outcomes and helping monitor recovery levels after endovascular treatments or drug therapies.



TABLE 1 Simplified international Index of erectile function (IIEF-5) questionnaire and scoring guidelines.



	QuestionScoring
	1
	2
	3
	4
	5





	How do you rate your self-confidence regarding erection?
	Very low
	Low
	Moderate
	High
	Very high



	When you had an erection with sexual stimulation, how hard was your erection to penetrate?
	Never/Almost never
	A few times
	Sometimes
	Most-times
	Always/Almost always



	During intercourse, how many times were you able to maintain an erection after entering your partner?
	Never/Almost never
	A few times
	Sometimes
	Most-times
	Always/Almost always



	How difficult was it during sex to maintain an erection until the end of intercourse?
	Extremely difficult
	Very difficult
	Difficult
	Slightly difficult
	Not difficult



	When you had sexual intercourse, how many times was it satisfactory for you?
	Never/Almost never
	A few times
	Sometimes
	Most-times
	Always/Almost always




	Sum the responses to all five questions to get the total score.


	22–25: No erectile dysfunction.


	17–21: Mild erectile dysfunction.


	12–16: Mild to moderate erectile dysfunction.


	8–11: Moderate erectile dysfunction.


	5–7: Severe erectile dysfunction.










2 Endovascular tools: a new therapeutic approach

The significance of penile blood supply for erectile function has been recognized for centuries. However, it was not until the early twentieth century that reports on penile vein closure emerged, and practical attempts to restore penile blood flow were first documented in 1973 (37). Endovascular treatments have since become promising options for addressing ED. These minimally invasive procedures improve blood flow to the penis and help restore erectile function (38). Although vascular microsurgeries were previously introduced, they were largely abandoned due to clinical complications. Recently, attention has shifted to novel technologies, such as the peripheral stent system, which are now at the forefront of treatment innovations (39).

As previously mentioned, a normal penile erection depends on proper vascular, neurological, and tissue responses (30). It is initiated by the integration of various sensory stimuli and regulated by coordinated spinal activity. Although the specific details of how neurotransmitters regulate penile erection are not fully understood, several key factors are essential for achieving an erection (24). These include a healthy nervous system, adequate arterial blood flow, well-functioning corpora cavernosa, and the ability to prevent venous blood outflow (40). The transition from a flaccid state to an erection involves a delicate balance between the central and peripheral nervous systems and the health of the penile vasculature (24).

The central nervous system responds to sexual stimulation by releasing dopamine from the hypothalamus, which triggers impulses through the spinal cord to initiate the erection process (41). Phosphodiesterase-5 (PDE5) compounds help return the penis to a flaccid state by breaking down cyclic guanosine monophosphate (cGMP) (42). Additionally, norepinephrine released from sympathetic neurons helps maintain flaccidity by activating alpha-1 G-protein receptors on smooth muscle cells in the cavernous sinusoids, leading to decreased intracellular calcium and relaxation of the smooth muscle cells (43).


2.1 Arterial interventions

The impact of adequate arterial flow on the initiation and stability of erections was recognized in the last century. In 1923, French surgeon René Leriche first described the relationship between aortiliac occlusion and ED (44). Later, in 1969, it was reported that 70% of men with aortiliac occlusion experienced ED, and relief from ED was noted after bilateral endarterectomy of the occluded internal iliac arteries (45). External iliac artery steal syndrome, a factor contributing to secondary ED, impedes the necessary arterial flow for erectile function (46). Pelvic steal syndrome, which affects approximately 27% of patients with ED, results in patients being potent at rest but impotent during sexual activity due to reduced blood flow to the penis, often referred to as “stealing” blood from the penile region (47–49).

In a study by Rayt et al., it was found that adequate arterial flow is crucial for maintaining an erection. They observed new cases of ED in 17% of patients with unilateral internal iliac artery embolization and 24% of those with bilateral embolization before endovascular aortic aneurysm repair, although these results were not statistically significant (P = 0.33) (50). In the treatment of ED through arterial endovascular methods, percutaneous transluminal angioplasty (PTA) is a common approach, using a balloon catheter to widen narrowed arteries and improve blood flow to the penis (51). Another option is stent placement, which helps maintain artery patency (52) (Figure 3). Emerging techniques such as drug-coated balloons and gene therapy offer promising prospects for enhancing long-term vascular health and erectile function (53, 54). Recent studies have shown that drug-eluting stents (DES) achieve better outcomes than balloon dilation in patients with atherosclerotic ED, demonstrating improved long-term efficacy and lower restenosis rates (55).


[image: Three images of angiograms show the progression of a surgical intervention. The left image depicts twisted blood vessels. The center image shows an inflated balloon catheter within the vessels. The right image displays the restored blood flow with straightened vessels.]
FIGURE 3
59-year-old male with peripheral arterial disease (PAD) and erectile dysfunction. Angiography reveals significant stenosis at the ostial part of the right internal iliac artery (A) Balloon-mounted stenting of the stenotic region, resulting in complete patency (B,C). This figure is based on a case from the authors’ own clinical practice.


With advancements in biotechnology, new techniques such as stenting have become common in endovascular treatments. Notably, the use of drug-eluting stents for ED was first investigated in 2009 with the Zotarolimus-Eluting stent trial. This study focused on patients with ED caused by PDE5 inhibitor-resistant internal pudendal artery stenosis (56). The findings were promising, showing significant improvement in erectile function for many patients, with no reported side effects (57).

Numerous ongoing studies are exploring various approaches to clinical interventions and treatment success, as summarized in Table 2. Rogers and Rocha-Singh emphasized the need for long-term, large-scale, controlled trials to confirm and generalize the efficacy of stents as a treatment option for arteriogenic ED (58).



TABLE 2 Characteristics of studies with endovascular interventions designs.



	Study
	Publication year
	Cases No
	Defect type (Arterial stenosis)
	Applied approach
	Outcomes





	Schwartz et al. (74)
	1988
	40
	The penis base arteries (58%) and IPA (31%)
	Nonselective intracorporal papaverine angiography
	Improvement without angiographic complications or adverse effects



	Rosen et al. (75)
	1990
	195
	Arteriogenic impotence (suspected).
	Pudendal angiography
	



	Rogers et al. (58)
	2012
	30
	IPA
	PTA and DESs
	At 6 months, 69.6% (95% CI: 47.1% to 86.8%) of per-protocol subjects showed IIEF improvement.



	Wang et al. (76)
	2014
	20
	Isolated penile artery stenoses (Common penile, Dorsal penile, and Cavernosal)
	PTA
	Clinical success (change in the IIEF-5 score ≥4 or normalization of erectile function was achieved in 15 (75%), 13 (65%), and 12 (60%) patients at one, three, and six months, respectively.



	Wang et al. (77)
	2016
	22
	Erectile dysfunction and isolated penile artery stenoses
	PTA
	At 8 months, 14 of 34 lesions (in 13 of 22 patients) had binary re-stenosis. At 1 year, sustained clinical success was achieved in 11 of 22 patients, and 8 of the remaining 9 patients who did not have binary restenosis achieved sustained clinical success.



	Diehm et al. (39)
	2018
	50
	Patients underwent endovascular revascularization for ED owing to >50% stenosis in 82 erection-related arteries
	Standard balloon angioplasty (16%), drug-coated balloon angioplasty (27%), or DES (55%) implantation.
	The overall IIEF-15 score improved in 32 (65%) of 49 patients. Change in the overall IIEF-15 score at 12 months was consistent among subgroups, except for elderly patients and those with hypertension who showed less improvement.




	IPA, internal pudendal artery; PTA, percutaneous transluminal angioplasty; DES, drug-eluting stent.







Additionally, balloon dilation of the internal pudendal artery has been studied as a treatment for ED secondary to peripheral arterial disease. Babaev and Jhaveri reported significant improvement in erectile function following internal pudendal balloon dilation. Furthermore, the placement of coronary stents of various sizes in the pudendal artery has yielded satisfactory results, with patients reporting improved erectile function during follow-up (59) (Figure 4).


[image: A series of four black and white medical imaging scans. The first image shows a detailed view of a blood vessel with calcification. The second and third images display catheter placement within a blood vessel. The fourth image shows blood vessels filled with contrast dye, highlighting their structure and branches.]
FIGURE 4
Endovascular treatment of left pudendal artery stenosis (A) staged angioplasty with a non-drug-coated balloon (1.5 mm × 20 mm, followed by 2 mm × 60 mm) (B), placement of a 2.25 mm × 18 mm balloon-mounted stent (C), post-procedure imaging demonstrating restored arterial patency (D) this figure is based on a case from the authors’ own clinical practice.


In research by Schönhofen et al., the safety and clinical success of a novel Sirolimus-Eluting stent were evaluated in 100 male patients with arteriogenic ED or obstruction. These patients, who had atherosclerotic lesions in the arteries related to erection, were treated with angiolite BTK drug-eluting stents. The study assessed erectile function improvement using the International Index of Erectile Function (IIEF)-15 questionnaire at baseline and the third- and twelfth-months post-intervention. The results demonstrated significant improvement in erectile function without clinical side effects (60).



2.2 Endovascular embolization for venous endoleak in erectile dysfunction

Venous ED, resulting from impaired venous drainage of the corpora cavernosa, can be caused by various underlying factors. These include enlarged venous channels, degenerative changes or trauma to the tunica albuginea, structural modifications in the fibroelastic components, inadequate relaxation of trabecular smooth muscle, and acquired venous shunts (37).

Historically, the primary surgical interventions for venous leakage involved ligating both the superficial and deep dorsal veins, along with their collateral vessels (61). However, long-term success rates for these procedures generally did not exceed 25%, as reported in various studies. The limited success was attributed to difficulties in completely ligating all malfunctioning veins; small vein branches might be overlooked during surgery, and some proximal veins may be inaccessible due to exposure limitations (62). Additionally, the early development of collateral veins within the corpora cavernosa can contribute to the persistent failure of surgical ligation (63).

On the other hand, modern endovascular treatments, such as selective embolization, have been applied to patients with veno-occlusive dysfunction and are considered a safe and effective therapeutic option (64, 65) (Figure 5). In a 2015 study by Herwig and Sansalon, the effectiveness of pelvic vein embolization using the Aeroblock technique for treating ED caused by venous leakage was investigated. The study concluded that pelvic vein ablation is minimally invasive, cost-effective, and effective (66). Other techniques include ligating or rerouting veins to optimize blood flow dynamics in the penis (67). Recent evidence indicates that the success rates of venous endovascular treatments are comparable to those of arterial interventions, offering significant improvement in erectile function for properly selected patients. Diehm et al. reported that venous leak embolization via deep dorsal penile vein access demonstrated favorable safety and early efficacy (38, 68). In addition, certain patients with mixed arteriogenic and venogenic ED may require a combination of arterial and venous endovascular treatments to achieve optimal clinical outcomes. Recent evidence indicates that venous leak embolization performed after unsuccessful arterial revascularization can lead to significant functional improvement, highlighting the potential value of combined therapeutic strategies (69).


[image: Side-by-side X-ray images showing a medical examination of the pelvic region. The left image displays the initial condition, while the right image shows a change or intervention in tubes or devices present in the area.]
FIGURE 5
Pelvic venography following antegrade puncture of the deep dorsal vein demonstrates venous leakage through an incompetent right internal pudendal vein (A) post-embolization fluoroscopic image shows successful occlusion of one deep dorsal vein and both internal pudendal veins using a glue/lipiodol mixture (B) this figure is based on a case from the authors’ own clinical practice.


To determine who should be screened and which tool is appropriate, consider the following: Screening is necessary for individuals who have normal testosterone levels, no history of interventions in the urinary-genital area, and who do not respond to PDE5 inhibitors. For these individuals, the most common non-invasive screening tool for vascular ED is the intracavitary injection of a vasodilator combined with penile Doppler ultrasound imaging (70, 71). Doppler ultrasound is effective in detecting penile arterial insufficiency (PAI) and penile venous leakage (PVL), with a high sensitivity of 93.8% and good specificity of 77% (46, 72). Furthermore, in cases where penile Duplex sonography demonstrates vascular abnormalities, CT-angiography and/or CT-cavernosography should be performed for precise anatomical assessment and treatment planning (73).




3 Future perspectives and challenges

Endovascular therapeutic approaches for ED are rapidly evolving. Current research is focused on innovative therapeutic strategies and technologies designed to enhance procedural precision and long-term outcomes. Advances in imaging modalities, such as optical coherence tomography (OCT) and intravascular ultrasound (IVUS), are expected to enhance diagnostic accuracy and procedural performance.

The relationship between procedural success and complication rates remains a key consideration in endovascular therapy for ED. In general, higher procedural success is associated with fewer complications; however, even technically successful interventions cannot entirely eliminate risk. Adverse events, though relatively uncommon, underscore the importance of careful technique, standardized procedural protocols, and rigorous post-procedural evaluation. Continuous efforts to refine device design and optimize endovascular methods while minimizing complications are essential to enhance both the safety and effectiveness of these procedures.

Although procedural outcomes are promising, several challenges and limitations persist. Restenosis remains a major concern, particularly after balloon angioplasty or stent implantation in small-caliber arteries such as the internal pudendal artery. Wang et al. observed that approximately 41 percent of treated lesions exhibited binary restenosis within eight months, emphasizing the need for further optimization of device design and post-procedural management (74). Similarly, Rogers et al. and Diehm et al. reported that a subset of patients experienced limited improvement in erectile function despite technically successful interventions, suggesting that multifactorial mechanisms—such as neurogenic or psychogenic factors—may contribute to persistent dysfunction (39, 58). Another important limitation involves patient selection, as therapeutic efficacy appears highly dependent on vascular disease patterns and comorbidities. Endovascular therapy tends to be most effective in men with focal, angiographically confirmed stenoses of erection-related arteries—particularly the internal pudendal or penile arteries—who show inadequate response to phosphodiesterase type-5 inhibitors. Younger patients with limited systemic atherosclerosis and fewer comorbidities typically demonstrate greater functional improvement, whereas results are less favorable in those with diffuse, multilevel atherosclerotic disease or significant non-vascular etiologies.

The future of endovascular therapy for ED lies in the integration of technological innovation with personalized clinical strategies. Interdisciplinary and multidisciplinary collaborations—among urologists, vascular specialists, and interventional radiologists—are crucial for optimizing patient care and advancing the field. Long-term follow-up data are also necessary to evaluate the durability of treatment effects and to identify potential late complications. Emerging technologies will likely play a central role in addressing current limitations. The incorporation of artificial intelligence (AI) and machine-learning algorithms into imaging analysis and hemodynamic assessment could enhance lesion detection, automate quantification of vascular parameters, and support individualized treatment planning through predictive modeling. Furthermore, the development of next-generation stents, including drug-eluting, bioresorbable, and hemodynamically adaptive designs, may help reduce restenosis rates and improve long-term vessel patency. Integration of AI-based patient-selection algorithms combining clinical, imaging, and hemodynamic data may also help identify candidates most likely to benefit from these interventions, improving procedural efficiency and patient outcomes. Comprehensive pre-procedural evaluation, including penile Doppler ultrasound, CT-angiography, and/or CT-cavernosography, remains essential to complement these emerging technologies and ensure accurate patient selection and durable treatment success. Continued collaboration across disciplines and sustained innovation will be essential to define the optimal role of endovascular therapy within the broader management of ED.



4 Conclusion

Endovascular treatments offer a valuable therapeutic option for managing both arterial and venous types of ED, providing minimally invasive procedures with favorable efficacy and safety profiles. Although further research is needed to refine treatment protocols and expand the evidence base, these interventions show promise for improving the quality of life for men with ED. By leveraging innovative technologies and fostering collaborative efforts, endovascular approaches can continue to play a crucial role in the comprehensive management of ED.

Given the limited current reports on this global health concern, future studies should aim to enhance the understanding of ED-related mechanisms and evaluate treatment methods more rigorously. To achieve this, it is recommended that more case-control studies and clinical trials, involving both human and animal (in vivo) cases with larger sample sizes, be conducted to better generalize the results and assess the effectiveness of these interventions.



Author contributions

KR-K: Conceptualization, Data curation, Investigation, Methodology, Project administration, Resources, Supervision, Visualization, Writing – original draft, Writing – review & editing. SZ-A: Data curation, Investigation, Resources, Validation, Visualization, Writing – original draft. MJ: Investigation, Methodology, Project administration, Resources, Writing – review & editing. SQ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Yafi FA, Jenkins L, Albersen M, Corona G, Isidori AM, Goldfarb S, et al. Erectile dysfunction. Nat Rev Dis Primers. (2016) 2(1):1–20. doi: 10.1038/nrdp.2016.3


	2. Elterman DS, Bhattacharyya SK, Mafilios M, Woodward E, Nitschelm K, Burnett AL. The quality of life and economic burden of erectile dysfunction. Res Rep Urol. (2021) 13:79–86. doi: 10.2147/RRU.S283097


	3. Ciaccio V, Di Giacomo D. Psychological factors related to impotence as a sexual dysfunction in young men: a literature scan for noteworthy research frameworks. Clin Pract. (2022) 12(4):501–12. doi: 10.3390/clinpract12040054


	4. Kessler A, Sollie S, Challacombe B, Briggs K, Van Hemelrijck M. The global prevalence of erectile dysfunction: a review. BJU Int. (2019) 124(4):587–99. doi: 10.1111/bju.14813


	5. Goldstein I, Goren A, Li VW, Tang WY, Hassan TA. Epidemiology update of erectile dysfunction in eight countries with high burden. Sex Med Rev. (2020) 8(1):48–58. doi: 10.1016/j.sxmr.2019.06.008


	6. Mark KP, Arenella K, Girard A, Herbenick D, Fu J, Coleman E. Erectile dysfunction prevalence in the United States: report from the 2021 national survey of sexual wellbeing. J Sex Med. (2024) 21(4):296–303. doi: 10.1093/jsxmed/qdae008


	7. Li JZ, Maguire TA, Zou KH, Lee LJ, Donde SS, Taylor DG. Prevalence, comorbidities, and risk factors of erectile dysfunction: results from a prospective real-world study in the United Kingdom. Int J Clin Pract. (2022) 2022(1):5229702. doi: 10.1155/2022/5229702


	8. Selvin E, Burnett AL, Platz EA. Prevalence and risk factors for erectile dysfunction in the US. Am J Med. (2007) 120(2):151–7. doi: 10.1016/j.amjmed.2006.06.010


	9. Nguyen HMT, Gabrielson AT, Hellstrom WJ. Erectile dysfunction in young men—a review of the prevalence and risk factors. Sex Med Rev. (2017) 5(4):508–20. doi: 10.1016/j.sxmr.2017.05.004


	10. Bajic P, Mahon J, Faraday M, Sadeghi-Nejad H, Hakim L, McVary KT. Etiology of erectile dysfunction and duration of symptoms in patients undergoing penile prosthesis: a systematic review. Sex Med Rev. (2020) 8(2):333–7. doi: 10.1016/j.sxmr.2019.05.003


	11. Wagle KC, Carrejo MH, Tan RS. The implications of increasing age on erectile dysfunction. Am J Men’s Health. (2012) 6(4):273–9. doi: 10.1177/1557988311431629


	12. Pellegrino F, Sjoberg DD, Tin AL, Benfante NE, Briganti A, Montorsi F, et al. Relationship between age, comorbidity, and the prevalence of erectile dysfunction. Eur Urol Focus. (2023) 9(1):162–7. doi: 10.1016/j.euf.2022.08.006


	13. Mobley DF, Khera M, Baum N. Recent advances in the treatment of erectile dysfunction. Postgrad Med J. (2017) 93(1105):679–85. doi: 10.1136/postgradmedj-2016-134073


	14. Shamloul R, Ghanem H. Erectile dysfunction. Lancet. (2013) 381(9861):153–65. doi: 10.1016/S0140-6736(12)60520-0


	15. Hatzichristou D, Pescatori E. Current treatments and emerging therapeutic approaches in male erectile dysfunction. BJU Int. (2001) 88(S 3):11–7. doi: 10.1046/j.1464-4096.2001.123.x


	16. Toque HA, Caldwell RW. New approaches to the design and discovery of therapies to prevent erectile dysfunction. Expert Opin Drug Discov. (2014) 9(12):1447–69. doi: 10.1517/17460441.2014.949234


	17. Argiolas A, Argiolas FM, Argiolas G, Melis MR. Erectile dysfunction: treatments, advances and new therapeutic strategies. Brain Sci. (2023) 13(5):802. doi: 10.3390/brainsci13050802


	18. Ismail EA, El-Sakka AI. Innovative trends and perspectives for erectile dysfunction treatment: a systematic review. Arab J Urol. (2016) 14(2):84–93. doi: 10.1016/j.aju.2016.04.002


	19. Leisegang K, Finelli R. Alternative medicine and herbal remedies in the treatment of erectile dysfunction: a systematic review. Arab J Urol. (2021) 19(3):323–39. doi: 10.1080/2090598X.2021.1926753


	20. Li H, Jiang H, Liu J. Traditional Chinese medical therapy for erectile dysfunction. Transl Androl Urol. (2017) 6(2):192. doi: 10.21037/tau.2017.03.02


	21. Borrelli F, Colalto C, Delfino DV, Iriti M, Izzo AA. Herbal dietary supplements for erectile dysfunction: a systematic review and meta-analysis. Drugs. (2018) 78(6):643–73. doi: 10.1007/s40265-018-0897-3


	22. Srivatsav A, Balasubramanian A, Pathak UI, Rivera-Mirabal J, Thirumavalavan N, Hotaling JM, et al. Efficacy and safety of common ingredients in aphrodisiacs used for erectile dysfunction: a review. Sex Med Rev. (2020) 8(3):431–42. doi: 10.1016/j.sxmr.2020.01.001


	23. Alkhamaiseh SI, Aljofan M. Prevalence of use and reported side effects of herbal medicine among adults in Saudi Arabia. Complement Ther Med. (2020) 48:102255. doi: 10.1016/j.ctim.2019.102255


	24. Leung AC, Christ GJ, Melman A. Physiology of penile erection and pathophysiology of erectile dysfunction. In: Lue TF, editor. Atlas of Male Sexual Dysfunction. London: Taylor & Francis (2004). p. 1–25. doi: 10.1007/978-1-4613-1087-7_1


	25. Gratzke C, Angulo J, Chitaley K, Dai Y-t, Kim NN, Paick J-S, et al. Anatomy, physiology, and pathophysiology of erectile dysfunction. J Sex Med. (2010) 7(1_Part_2):445–75. doi: 10.1111/j.1743-6109.2009.01624.x


	26. van Driel MF. Physiology of penile erection—a brief history of the scientific understanding up till the eighties of the 20th century. Sex Med. (2015) 3(4):349–57. doi: 10.1002/sm2.89


	27. Porst H, Sharlip ID. Anatomy and physiology of erection. In: Porst H, Buvat J, editors. Standard Practice in Sexual Medicine. Oxford: Blackwell Publishing Ltd (2006). p. 31–42. doi: 10.1002/9780470755235.ch3


	28. Chen SC, Hsieh CH, Hsu GL, Wang CJ, Wen HS, Ling PY, et al. The progression of the penile vein: could it be recurrent? J Androl. (2005) 26(1):53–60. doi: 10.1002/j.1939-4640.2005.tb02872.x


	29. Celik O, Ipekci T, Akarken I, Ekin G, Koksal T. To evaluate the etiology of erectile dysfunction: what should we know currently? Arch Ital Urol Androl. (2014) 86(3):197–201. doi: 10.4081/aiua.2014.3.197


	30. Ralph DJ. Normal erectile function. Clin Cornerstone. (2005) 7(1):13–7. doi: 10.1016/S1098-3597(05)80044-4


	31. El-Sakka AI, Lue TF. Physiology of penile erection. Sci World J. (2004) 4:128. doi: 10.1100/tsw.2004.58


	32. Neijenhuijs KI, Holtmaat K, Aaronson NK, Holzner B, Terwee CB, Cuijpers P, et al. The international Index of erectile function (IIEF)—a systematic review of measurement properties. J Sex Med. (2019) 16(7):1078–91. doi: 10.1016/j.jsxm.2019.04.010


	33. van Kollenburg RA, de Bruin DM, Wijkstra H. Validation of the electronic version of the international Index of erectile function (IIEF-5 and IIEF-15): a crossover study. J Med Internet Res. (2019) 21(7):e13490. doi: 10.2196/13490


	34. Ružić A, Peršić V, Miletić B, Včev A, Mirat J, Soldo I, et al. Erectile dysfunction after myocardial infarction–myth or a real problem? Coll Antropol. (2007) 31(1):185–8.


	35. Quinta Gomes AL, Nobre P. The international Index of erectile function (IIEF-15): psychometric properties of the Portuguese version. J Sex Med. (2012) 9(1):180–7. doi: 10.1111/j.1743-6109.2011.02467.x


	36. Vickers AJ, Tin AL, Singh K, Dunn RL, Mulhall J. Updating the international index of erectile function: evaluation of a large clinical data set. J Sex Med. (2020) 17(1):126–32. doi: 10.1016/j.jsxm.2019.10.020


	37. Sohn M, Hatzinger M, Goldstein I, Krishnamurti S. Standard operating procedures for vascular surgery in erectile dysfunction: revascularization and venous procedures. J Sex Med. (2013) 10(1):172–9. doi: 10.1111/j.1743-6109.2012.02997.x


	38. Doppalapudi SK, Wajswol E, Shukla PA, Kolber MK, Singh MK, Kumar A, et al. Endovascular therapy for vasculogenic erectile dysfunction: a systematic review and meta-analysis of arterial and venous therapies. J Vasc Interv Radiol. (2019) 30(8):1251–8.e2. doi: 10.1016/j.jvir.2019.01.024


	39. Diehm N, Marggi S, Ueki Y, Schumacher D, Keo HH, Regli C, et al. Endovascular therapy for erectile dysfunction—who benefits most? Insights from a single-center experience. J Endovasc Ther. (2019) 26(2):181–90. doi: 10.1177/1526602819829903


	40. Andersson K-E. Mechanisms of penile erection and basis for pharmacological treatment of erectile dysfunction. Pharmacol Rev. (2011) 63(4):811–59. doi: 10.1124/pr.111.004515


	41. Giuliano F, Rampin O. Central neural regulation of penile erection. Neurosci Biobehav Rev. (2000) 24(5):517–33. doi: 10.1016/S0149-7634(00)00020-8


	42. Rosen RC, Kostis JB. Overview of phosphodiesterase 5 inhibition in erectile dysfunction. Am J Cardiol. (2003) 92(9):9–18. doi: 10.1016/S0002-9149(03)00824-5


	43. Gratzke C, Abouschwareb T, Christ GJ, Andersson K-E. Receptor pharmacology related to erectile dysfunction. In: Carson CC, Kirby R, Goldstein I, Wyllie M, editors. Textbook of Erectile Dysfunction. London: Taylor & Francis (2008). p. 89–103. doi: 10.3109/9780203091807


	44. Leriche R. Des obliterations arterielles hautes (obliteration de la terminaison de l'aorte) comme causes des insuffisances circulatoires des membres inferieurs. Bull Mem Soc Chir. (1923) 49:1404.


	45. May AG, DeWeese JA, Rob CG. Changes in sexual function following operation on the abdominal aorta. Surgery. (1969) 65(1):41–7.5762416


	46. Masabni K, Diehm N. Endovascular penile revascularization improves erectile dysfunction in patients with penile arterial insufficiency. Int Surg J. (2024) 11(5):863–9. doi: 10.18203/2349-2902.isj20241161


	47. Gür S, Oguzkurt L, Kaya B, Tekbas G, Ozkan U. Impotence due to external iliac steal syndrome: treatment with percutaneous transluminal angioplasty and stent placement. Korean J Radiol. (2013) 14(1):81–5. doi: 10.3348/kjr.2013.14.1.81


	48. Van Unnik J, Marsman J. Impotence due to the external iliac steal syndrome treated by percutaneous transluminal angioplasty. J Urol. (1984) 131(3):544–5. doi: 10.1016/S0022-5347(17)50490-5


	49. Goldwasser B, Carson CC, Braun SD, Mccann RL. Impotence due to the pelvic steal syndrome: treatment by iliac transluminal angioplasty. J Urol. (1985) 133(5):860–1. doi: 10.1016/S0022-5347(17)49258-5


	50. Rayt H, Bown M, Lambert K, Fishwick N, McCarthy M, London N, et al. Buttock claudication and erectile dysfunction after internal iliac artery embolization in patients prior to endovascular aortic aneurysm repair. Cardiovasc Intervent Radiol. (2008) 31:728–34. doi: 10.1007/s00270-008-9319-3


	51. Tung S-Y, Chang Y-K, Liu S-P, Hsieh J-T, Chang H-C. Penile Doppler ultrasound as a diagnostic tool for percutaneous transluminal angioplasty for vasculogenic erectile dysfunction: pD27-01. J Urol. (2018) 199(4):e557. doi: 10.1016/j.juro.2018.02.1352


	52. Kim ED, Owen RC, White GS, Elkelany OO, Rahnema CD. Endovascular treatment of vasculogenic erectile dysfunction. Asian J Androl. (2015) 17(1):40–3. doi: 10.4103/1008-682X.143752


	53. Wang R, Virasoro R, Delong J, Estrella R, Pichardo M, Rodriguez Lay R, et al. 098 sexual function outcomes following treatment with a novel drug-coated balloon (DCB) for treatment-refractory urethral stricture–the ROBUST I study. J Sex Med. (2019) 16(Suppl 1):S50–1. doi: 10.1016/j.jsxm.2019.01.107


	54. Yoshimura N, Kato R, Chancellor MB, Nelson JB, Glorioso JC. Gene therapy as future treatment of erectile dysfunction. Expert Opin Biol Ther. (2010) 10(9):1305–14. doi: 10.1517/14712598.2010.510510


	55. Mohan V, Schönhofen J, Hoppe H, Schumacher M, Keo H-H, Bechir M, et al. Long-Term outcomes of drug-eluting stent implantation for patients with atherosclerotic erectile dysfunction not responding to PDE-5-inhibitors. J Endovasc Ther. (2025) 32(3):720–9. doi: 10.1177/15266028231183775


	56. Khan W, Farah S, Domb AJ. Drug eluting stents: developments and current status. J Contr Release. (2012) 161(2):703–12. doi: 10.1016/j.jconrel.2012.02.010


	57. Piccolo R, Stefanini GG, Franzone A, Spitzer E, Blöchlinger S, Heg D, et al. Safety and efficacy of resolute zotarolimus-eluting stents compared with everolimus-eluting stents: a meta-analysis. Circ Cardiovasc Interv. (2015) 8(4):e002223. doi: 10.1161/CIRCINTERVENTIONS.114.00222325858975


	58. Rogers JH, Goldstein I, Kandzari DE, Köhler TS, Stinis CT, Wagner PJ, et al. Zotarolimus-eluting peripheral stents for the treatment of erectile dysfunction in subjects with suboptimal response to phosphodiesterase-5 inhibitors. J Am Coll Cardiol. (2012) 60(25):2618–27. doi: 10.1016/j.jacc.2012.08.1016


	59. Babaev A, Jhaveri RR. Angiography and endovascular revascularization of pudendal artery atherosclerotic disease in patients with medically refractory erectile dysfunction. J Invasive Cardiol. (2012) 24(5):236–40.22562921


	60. Schönhofen J, Räber L, Knöchel J, Keo HH, Regli C, Kostal F, et al. Endovascular therapy for arteriogenic erectile dysfunction with a novel sirolimus-eluting stent. J Sex Med. (2021) 18(2):315–26. doi: 10.1016/j.jsxm.2020.10.021


	61. Meuleman E, Diemont WL. Investigation of erectile dysfunction: diagnostic testing for vascular factors in erectile dysfunction. Urol Clin N Am. (1995) 22:803–19.


	62. Ma M, Yu B, Qin F, Yuan J. Current approaches to the diagnosis of vascular erectile dysfunction. Transl Androl Urol. (2020) 9(2):709. doi: 10.21037/tau.2020.03.10


	63. Hsieh C-H, Hsieh J-T, Chang S-J, Chiang I-N, Shei-Dei Yang S. Penile venous surgery for treating erectile dysfunction: past, present, and future perspectives with regard to new insights in venous anatomy. Urol Sci. (2016) 27(2):60–5. doi: 10.1016/j.urols.2015.11.002


	64. Aschenbach R, Steiner T, Kerl M, Zangos S, Basche S, Vogl T. Endovascular embolisation therapy in men with erectile impotence due to veno-occlusive dysfunction. Eur J Radiol. (2013) 82(3):504–7. doi: 10.1016/j.ejrad.2012.10.030


	65. Herwig R, Kamel A, Shabsigh R. Erectile dysfunction and cavernous veno-occlusive disease. J Men’s Health. (2019) 15(2):e12–9.


	66. Herwig R, Sansalone S. Venous leakage treatment revisited: pelvic venoablation using aethoxysclerol under air block technique and valsalva maneuver. Arch Ital Urol Androl. (2015) 87(1):1–4. doi: 10.4081/aiua.2015.1.1


	67. Hellstrom WJ, Montague DK, Moncada I, Carson C, Minhas S, Faria G, et al. Implants, mechanical devices, and vascular surgery for erectile dysfunction. J Sex Med. (2010) 7(1_Part_2):501–23. doi: 10.1111/j.1743-6109.2009.01626.x


	68. Diehm N, Pelz S, Kalka C, Keo H, Mohan V, Schumacher MC, et al. Venous leak embolization in patients with venogenic erectile dysfunction via deep dorsal penile vein access: safety and early efficacy. Cardiovasc Intervent Radiol. (2023) 46(5):610–6. doi: 10.1007/s00270-023-03412-2


	69. Diehm N, Hirschle D, Kalka C, Keo HH, Mohan V, Schumacher MC, et al. Venous leak embolization results in clinical improvement of patients with mixed arterio-venous erectile dysfunction not responding to arterial revascularization alone. Cardiovasc Intervent Radiol. (2025) 48(2):184–93. doi: 10.1007/s00270-024-03910-x


	70. Wang TD, Lee CK, Chia YC, Tsoi K, Buranakitjaroen P, Chen CH, et al. Hypertension and erectile dysfunction: the role of endovascular therapy in Asia. J Clin Hypertens. (2021) 23(3):481–8. doi: 10.1111/jch.14123


	71. Aversa A, Crafa A, Greco EA, Chiefari E, Brunetti A, La Vignera S. The penile duplex ultrasound: how and when to perform it? Andrology. (2021) 9(5):1457–66. doi: 10.1111/andr.13029


	72. Meller SM, Stilp E, Walker CN, Mena-Hurtado C. The link between vasculogenic erectile dysfunction, coronary artery disease, and peripheral artery disease: role of metabolic factors and endovascular therapy. J Invasive Cardiol. (2013) 25(6):313–9.23735361


	73. Hoppe H, Hirschle D, Schumacher MC, Schönhofen H, Glenck M, Kalka C, et al. Erectile dysfunction: role of computed tomography cavernosography in the diagnosis and treatment planning of venous leak. CVIR Endovasc. (2023) 6(1):56. doi: 10.1186/s42155-023-00403-9


	74. Schwartz AN, Freidenberg D, Harley JD. Nonselective angiography after intracorporal papaverine injection: an alternative technique for evaluating penile arterial integrity. Radiology. (1988) 167(1):249–53. doi: 10.1148/radiology.167.1.3347727


	75. Rosen MP, Greenfield AJ, Walker TG, Grant P, Guben JK, Dubrow J, et al. Arteriogenic impotence: findings in 195 impotent men examined with selective internal pudendal angiography: young investigator’s award. Radiology. (1990) 174(3):1043–8. doi: 10.1148/radiology.174.3.174-3-1043


	76. Wang T-D, Lee W-J, Yang S-C, Lin P-C, Tai H-C, Hsieh J-T, et al. Safety and six-month durability of angioplasty for isolated penile artery stenoses in patients with erectile dysfunction: a first-in-man study. EuroIntervention. (2014) 10(1):147–56. doi: 10.4244/EIJV10I1A23


	77. Wang T-D, Lee W-J, Yang S-C, Lin P-C, Tai H-C, Liu S-P, et al. Clinical and imaging outcomes up to 1 year following balloon angioplasty for isolated penile artery stenoses in patients with erectile dysfunction: the PERFECT-2 study. J Endovasc Ther. (2016) 23(6):867–77. doi: 10.1177/1526602816669337






OPS/images/fradi-05-1701606-g001.jpg
raurethral Low Intensity
therapy Extracorporeal
Shock Wave
Penle prostheses
+

Pt [y ndovascular tools

Impulse magnetic-field Nanotechnclogy
Intracavernosal therapy
Injection RDEls [Tssueengineering
stem cell (SC)
therapy
Venous Arterial
‘embolization

stenting





OPS/images/fradi-05-1701606-g002.jpg
A Idpani B. i C. Several mechanisms of
venogenic erectile dysfunctmn

Tunica Albuginea Relaxed Smooth muscle

Decreased sinusoid
compliance

smoothmuscle Tunical degeneration

-

|
Endothelium-lined sinusolds.

Emissary veins

Enlarged sinusoids

Insuffcient compression
Subtunical venous plexus compression Apcphcle smevils ol of subtunical veins





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A narrative review of endovascular treatment in addressing arterial and venous erectile dysfunction

		1 Introduction



		1.1 Erection physiology and penile anatomy



		1.2 International index of erectile function (IIEF)-15











		2 Endovascular tools: a new therapeutic approach



		2.1 Arterial interventions



		2.2 Endovascular embolization for venous endoleak in erectile dysfunction











		3 Future perspectives and challenges



		4 Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/fradi-05-1701606-g003.jpg





OPS/images/fradi-05-1701606-g004.jpg





OPS/images/fradi-05-1701606-g005.jpg






OPS/images/cover.jpg
& frontiers | Frontiers in Radiology

A narrative review of endovascular treatment
in addressing arterial and venous erectile
dysfunction








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Radiology





