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Introduction: Erectile dysfunction (ED) is defined as the recurrent inability to achieve and maintain a satisfactory erection for sexual intercourse. Many studies have highlighted that ED shares common cardiovascular risk factors with cardiovascular disease. No data are reported about the prevalence of ED in patients with the abdominal aortic aneurysm (AAA). The aim of our study was to investigate the preoperative information given about sexual functions of patients undergoing endovascular aneurysm repair (EVAR) and to compare it with the presence and severity of steno-occlusive atherosclerotic lesions of the pelvic arterial tree at pre-operative Computed Tomography Angiography (CTA).

Methods: We prospectively enrolled all men patients who underwent elective EVAR from September to November 2021. Preoperative ED was evaluated using the International Index of Erectile Function (IIEF-5) questionnaire. Preoperative imaging was routinely performed with CTA scan of the abdominal aorta and iliac-pelvic district. An innovative score of pelvic arterial disease associated to AAA was defined, dividing the iliac district in 4 zones attributing a grading of severity for each zone bilaterally (score ranges 0–24). Linear regression analysis was used to correlate IIEF-5 score to anatomical score of pelvic arterial steno-occlusive disease.

Results: A total of 25 patients were enrolled. Median age was 74 ± 5.3 years. IIEF-5 average score was 14.8 ± 7.1. Eight cases (32%) had severe ED; one case (4%) had moderate, five patients (20%) had mild to moderate ED; five patients (20%) had mild ED, and 6 (24%) patients had no ED. CTA evaluation revealed an average anatomical score of 7.9 ± 4.5. Pelvic disease was considered moderate-severe in 20 cases (80%) and not significant in 20% (five cases). Linear regression analysis confirmed the hypothesis that a more diseased pelvic arterial tree was correlated to a more severe ED (Y = −1.531* × + 26.35 [slope CI: −1.946 to −1.117, p < 0.0001]).

Conclusion: Although typically unreported, the prevalence of ED associated to AAA was found to be high. A vasculogenic origin of ED in patients with AAA is plausible and may be easily confirmed by the evaluation of pelvic arterial distribution at angio-CT performed for EVAR planning. Our proposed “MAPPING AND SCORING SHEET” may help to identify the vasculogenic origin of ED in AAA patients.
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INTRODUCTION

Erectile dysfunction (ED) is defined as the recurrent inability to achieve and maintain a satisfactory erection for sexual intercourse (1). Although the delicate and sensitive dimension of this condition do not allow to clearly define its real prevalence, it is estimated that more than 150 millions of men suffered from ED (2), 52% of men aged 40–70 have some degree of ED, and moderate to severe cases increase sharply with age (3). The etiologies are several and could be complex. One of the most notable is the vasculogenic origin, determined by the presence of arterial inflow atherosclerotic lesions, or cavernosal smooth muscle dysfunction or veno-occlusive insufficiency. Many studies have highlighted that ED shares common cardiovascular risk factors with coronary artery disease (CAD), peripheral artery disease (PAD), and carotid artery disease especially in case of arterial inflow impairment (4).

Little is known about the prevalence of ER in patients with abdominal aortic aneurysms (AAA) before repair. Open repair can injury the autonomic nerve and affect sexual functions negatively, resulting in a negative impact on the quality of life, while the incidence of sexual dysfunction is lower overall in patients operated upon with endovascular aortic repair (EVAR) (5). Although often unreported, the ED can be presented already before EVAR because of the presence of arterial inflow atherosclerotic lesions of pelvic area.

The aim of the study was to investigate the prevalence of ED through the preoperative information given about sexual functions of patients undergoing EVAR, and to compare it with the presence of steno-occlusive atherosclerotic lesions of the pelvic arterial tree at pre-operative CT.



MATERIALS AND METHODS


Patients' Population

We prospectively enrolled all men patients admitted to our Department of Vascular Surgery to undergo elective EVAR from September 2021 to November 2021.

Indication to EVAR was AAA diameter of >5.5 cm in man and >5 cm in woman, or if the aneurysm was rapidly increasing (>0.5 cm in 6 months or >1cm in 12 months). All patients treated in an urgent or emergent setting and all patients treated for other conditions than AAA (such as dissection and iliac aneurysm) were excluded. Patients evaluated for EVAR with a CT without contrast were also excluded from the enrollment.

Patients' demographics were prospectively compiled in a dedicated database with preset variables. Hypertension, CAD, diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), renal disease (chronic renal insufficiency defined by serum creatinine level >1.2 mg/dl), smoking history (any current or past regular use of tobacco), congestive heart failure (CHF), history of cerebrovascular events (stroke and/or transient ischemic attacks), history of cancer (any current or past incidence if malignancy), atrial fibrillation (AF), and dyslipidemia were taken in account as comorbidities.

Drugs assumption was also evaluated, with a major attention relatively to their eventual impact on sexual function.

The study followed the Declaration of Helsinki on medical protocol. Patient informed consent for data collection was obtained, and the local institutional review board was informed of the descriptive, non-experimental nature of the study.



Erectile Dysfunction Evaluation

At the time of the admission, the International Index of Erectile Function-5 (IIEF-5) (6, 7) was submitted to all patients. The questionnaire is made by five questions; each IIEF-5 item is scored on a five-point ordinal scale where lower values represent poorer sexual function. Thus, a response of 0 for a question was considered the least functional, whereas a response of five was considered the most functional. The possible scores for the IIEF-5 range from 5–25 (one question has scores of 1–5), and a score above 22 was considered as normal erectile function, and at or below this cutoff was considered as ED. According to this scale, ED is classified into four categories based on IIEF-5 scores: severe (5–7), moderate (8–11), mild-to-moderate (12–16), mild (17–21), and no ED (22–25). Table 1 reports the IIEF-5 questions and answers. Trained physicians interviewed each of the men in an individual room with a total guarantee of confidentiality.


Table 1. International Index of Erectile Function-5 (IIEF-5) questionnaire.
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Moreover, we investigated whether the patient had ever discussed about sexual issue with their healthcare provider or with any other medical specialists.



Anatomical Evaluation

Preoperative imaging was routinely performed with an angio-CT (GE Healthcare, discovery 750 hd) scan of the abdominal aorta and iliac district of 1.25 mm slice thickness.

The CT exam was performed using a standardized protocol (recin int 0.625, 140 kvp, automated modulated mA 250–650, breath hold, contrast medium infusion of 4 m/s via an antecubital vein 18 g access).

According to reporting standards, the evaluation of anatomic and morphologic characteristics was performed in order to plan the EVAR procedure (8).

Two operators independently reviewed the pelvic arterial tree of all patients without having information about IIEF-5 responses. A post-processing images analysis such as 3-D volume rendering, center-lumen line, and multi-planar reconstruction was performed in order to have a precise view of the hypogastric artery divisions (Figures 1A–C). Stenosis was evaluated using both CT images to have a morphological preliminary view and CT-Angio images using dedicated post-processing software in order to have the most correct arterial view and flow impairment. Stenosis percentages were calculated dividing residual lumen vs. native artery diameter (outer/outer layer).


[image: Figure 1]
FIGURE 1. 3D volume rendering (A), multi-planar (B), and center lumen line (C) reconstruction of the iliac-pelvic district (Anatomical Score 0-0-1-0).


An innovative score of pelvic arterial disease associated to AAA was defined. For this purpose, the iliac district was analyzed and divided it in four zones: (1) the inflow zone that corresponds to common iliac artery; (2) hypogastric zone I that includes the trunk of the hypogastric artery till its bifurcation in anterior and posterior division; (3) hypogastric zone II that includes the anterior division till the origin of the internal pudendal artery; (4) hypogastric zone III, the more distal, that includes the whole internal pudenda artery. The steno-occlusive disease was staged in four different groups: complete patency, <50, 50–79, and >80% stenosis. A score, ranging from 0 to 3 was associated to each lesion, where 0 was complete patency and 3 was >80% stenosis. The disease was considered diffuse if two or more zones had a score ≥1 per side.

The evaluation was repeated for both right and left arterial district. The outlined score ranges from 0 to 24 points. A dedicated “MAPPING AND SCORING SHEET” was designed in order to simplify the analysis (Figure 2).
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FIGURE 2. The “MAPPING AND SCORING SHEET” tool used for the evaluation of the steno-occlusive disease of the pelvic arterial tree.


According to this score, pelvic arterial tree disease is classified into 3 categories: severe (>12), moderate (4–11), and no significant disease (<3).

Arterial pelvic tree anatomy was also studied in order to detect anatomical variations according to Yamaki classification for both right and left hypogastric arteries (Groups A–D) (9).

Inter- and intra-observer variability was determined in all 25 CT scans.



Statistical Analysis

Continuous data were shown as mean values ± SD. Categorical variables were expressed as fractions. Analysis of variance was used for independent tests to compare groups on continuous variables after demonstrating a normal distribution of the data.

IIEF-5 answers were graphically highlighted using a radar graph reporting the percentage of patients' answers (for the first question: very low, low, moderate, high, and very high; for questions no 2-3-5: almost/never/never, a few times, sometimes, most times, almost always/always; and for question no 4: extremely difficult, very difficult, difficult, slightly difficult, and not difficult).

Inter- and intra-observer variability was assessed using the Cohen's kappa test of concordance. A k value of 0.61–0.80 and 0.81–1.0 indicated good agreement and excellent agreement, respectively.

Correlation coefficients providing information about the strength and direction of a relationship between two continuous variables was calculated by the Pearson linear regression analysis. All statistical analyses were performed with GraphPad Prism 9.0 (GraphPad Software Inc., San Diego, Calif) and StatPlus Build 7.1.1 (AnalysisSoft Inc., Walnut, Calif).




RESULTS


Study Population

A total of 31 patients underwent EVAR during the period study. Six of them were excluded to lack of Angio CT (3/6) and the rest due to the lack of consent. Median age was 74 ± 5.3 years. Baseline population characteristics were listed in Table 2. Particular attentions were dedicated to pharmacological anamnesis. In 3 cases both beta- and alpha blockers were used, in only two cases antidepressant therapy was chronically used. None of these patients have the history of prostatic interventions. AAA maximum diameter was 56 ± 6.3 mm. All patients underwent EVAR in elective setting using dedicated endografts.


Table 2. Baseline population characteristics.
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Erectile Dysfunction Outcomes

Only 2 patients (8%) declared to have discussed sexual issues with a physician in the past.

All patients completed the IIEF-5 questionnaire. IIEF-5 average score was 14.8 ± 7.1. Eight cases (32%) had severe ED (IIEF-5 score 5–7); one case (4%) had moderate ED (IIEF-5 score 8–11); 4 patients (16%) had mild-to-moderate ED (IIEF-5 score 12–16); 6 patients (24%) had mild ED (IIEF-5 score 17–21), and only 6 (24%) patients had no ED (score > 22). Detailed outcomes were highlighted in Figure 3.


[image: Figure 3]
FIGURE 3. Detailed answers to IIEF-5 questionnaire. (A–E) Radar graph representations of the five IIEF-5 questions. (F) Summary of Erectile Disfunction outcomes based on the IIEF-5 answers.




Pelvic Arterial Tree Evaluation

Before starting the population analysis, two operators (GdD and EP) trained with 10 CT angiography evaluations of previous patients not included in this study, in order to identify the pelvic tree vascularization patterns.

Then, all CT angiography exams were independently reviewed by the two operators without knowing the IIEF-5 score of each patient enrolled.

The inter-observer variability was very good for the identification of the pelvic steno-occlusive disease at any of the 4 zones: overall evaluation k = 0.9; zone I k = 0.99; zone II k = 092; zone III k = 0.85; and zone 4 k = 0.91.

The intra-observer agreement, evaluated by asking each observer to assess the images twice with a 7-day interval, was excellent (k = 0.95).

Meantime to fill a single patient sheet was 9 ± 3 min.

Table 3 summarizes the “MAPPING AND SCORING SHEET” detailed results.


Table 3. Anatomical localization of steno-occlusive disease of pelvic arterial tree following the “MAPPING AND SCORING SHEET” grading.
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According to our innovative score of pelvic arterial disease, the average score was 7.9 ± 4.5.

Pelvic disease was considered severe-moderate in 20 cases (80%) and not significant in 20% (5 cases).

The most pathological segment appeared to be zone II (mean score 1.52), the inflow zone corresponding to common iliac artery was the lesser pathologic (mean score 0.18). Figure 4 shows an example of significant pelvic arterial disease.


[image: Figure 4]
FIGURE 4. 3D volume rendering (A), multi-planar (B), and center lumen line (C) reconstruction of the iliac-pelvic district (Anatomical Score 1-1-3-2).


The steno-occlusive disease was localized in 16% (8/50) and diffuse in 80% (40/50). In one patient both left and right iliac district was not characterized by atherosclerotic disease.

Anatomical study of the internal iliac artery district according to the Yamaki classification revealed that most hypogastric branching types were Group A (34/50, 68%), followed by Group B (9/50, 18%), and Group C (7/50, 14%).



Erectile Dysfunction and Pathological Arterial Tree Correlation

The IIEF-5 score and the anatomical score were analyzed to estimate any correlation between the severity of the anatomic disease and the severity of ED.

The data were examined using linear regression analysis (Figure 5). The analysis confirmed the hypothesis that a more diseased pelvic arterial tree was correlated to a more severe ED. The linear regression line was defined by the equation “Y = −1.350* × + 25.59” (slope CI: −1.7 to −1.0, p < 0.0001).


[image: Figure 5]
FIGURE 5. Linear regression analysis correlating IIEF-5 outcomes and the anatomical score.





DISCUSSION

The main considerations from the analysis of the vasculogenic ED in an AAA population by the proposed investigation are:

1. Three out of 4 AAA patients had ED at IIEF-5 survey.

2. Most patients had never discussed sexual issue with a physician.

3. Four out of 5 AAA patients had an associated pelvic arterial disease.

4. Arterial lesions were often diffuse and included mainly hypogastric zone II.

Erectile dysfunction is defined as the recurrent or persistent inability to achieve or maintain an erection for satisfactory intercourse to occur. The deterioration of erectile function is age-related and it was first described by Kinsey et al. (10). Recently ED has been recognized as an organic and physiologic defect affecting the penile circulation as part of a more global vascular disease (11). In recent years, the presence of ED has been also considered as the first manifestation of multidistrict arteriopathy as CAD and PAD, but rarely has been evaluated as associated to AAA. Hypercholesterolemia, hypertension, cigarette smoking, and other common atherosclerotic risk factors all promote occlusive disease in various arterial beds and ultimately lead to a form of vasculogenic ED. Diabetes Mellitus has also been considered a significant risk factor for ED. On the other hand, its role in the aortic aneurysm formation and progression is still debated; in fact, several studies have highlighted that DM has a protective influence on AAA evolution. In this light, ED prevalence in AAA patients could be lower with respect to CAD/PAD patients for whom DM represents a major risk factor (12, 13). Impaired arterial inflow to the penis due to occlusion or narrowing of the common iliac arteries, internal iliac arteries, and the internal pudendal arteries and their distal branches may cause decreased penile rigidity during erection as well as prolongation of the time to peak erection.

Several studies have investigated the interplay of ED and CAD. These two conditions are distinct manifestations of the same degenerative arterial disease, highlighted by several shared independent risk factors. There is a growing body of literature supporting ED as the likely index diagnosis, preceding the development of symptomatic CAD. Various papers have evidenced that the ED could anticipate the CAD presentation for 2–5 years (14–16).

Reasonably, ED has been linked to PAD and Carotid artery disease, respectively. Polonsky et al. reported that patients with ED were found to have significantly more PAD than men without ED (32 vs. 16%), and there was a stepwise increase in the prevalence of PAD with increasing ED severity (28% of men with mild ED, 33% with moderate ED, and 40% with severe ED). These results were confirmed also by the multivariate logistic regression analysis in which ED was an independent predictor of PAD (17). Carotid artery intima-media thickness was also related to ED, in fact, some papers highlighted that patients with ED have greater carotid artery intima-media thickness and higher rates of carotid plaque prevalence (18–21) especially in the presence of metabolic syndrome and chronic kidney disease.

We set up exploratory research on the prevalence of ED in the AAA population. By definition, an exploratory study investigates a problem which is not clearly defined and cannot provide conclusive results. However, our investigation clearly revealed that ED is present in a considerable number of patients with AAA undergoing EVAR, and that vasculogenic origin of sexual dysfunction may be the cause.

Open elective AAA repair (OR) has a clear and documented impact on sexual function in the postoperative period (22–25). Key points for reducing sexual dysfunction after OR are to preserve blood flow to the internal iliac arteries and avoid injury to the autonomic nerves around the aortoiliac bifurcation. Beyond these basic principles, however, the impact of vascular surgery on sexual function is ignored, mainly because the hypogastric artery distribution, and in particular the pudenda artery disease, is rarely assessed.

Endovascular aneurysm repair has been established as fundamental alternative to OR, allowing to treat patients with a minimally invasive technique. Time has permitted to develop new technologies capable of threating difficult anatomies (26–29) and very high-risk patients (30). A similar sexual dysfunction has been reported after EVAR, but the recovery to the preoperative level was faster with EVAR than after OR (31).

In all cases for patients undergoing AAA repair, little is known about the importance and frequency of any sexual dysfunction. Preoperatively given information is typically lacking details on sexual function, and correlation to pelvic vascularization is poorly evaluated.

The current guidelines from the American Urological Association (32) recommend that men presenting with symptoms of ED should undergo thorough medical, sexual, and psychosocial history; a physical examination; and selective laboratory testing. Then, clinicians should counsel men with ED who have comorbidities known to negatively affect erectile function that lifestyle modifications, such as changes in diet and increased physical activity, improve overall health, and may improve erectile function. Oral phosphodiesterase type 5 inhibitor is then typically prescribed, and instructions should be provided to maximize benefit/efficacy. In addition, in the case of contemporary disease, CAD or PAD is trying to maximize the adjuvant medical therapy (33) that could be useful for the multilevel atherosclerotic disease.

However, when oral ED therapy fails, subsequent therapies are progressively invasive and include intracavernosal injections, intraurethral suppositories, vacuum erection devices, and penile prosthesis implantation.

Arterial intervention is only recommended for younger patients with isolated vascular injuries, typically from previous traumatic experiences.

According to our results, the presence of a proximal fixed obstruction to arterial flow may be present in patients with AAA, who are typically older than those recommended for arterial intervention by the guidelines.

Our exploratory investigation suggests that a simple “MAPPING AND SCORING SHEET” may reveal vasculogenic origin of ED in a certain number of patients presenting with AAA.

After a brief learning curve to recognize the pelvic vasculature, the overview of arterial pelvic disease for each patient was obtained with an excellent inter- and intra-observer agreement (k > 0.81). This may suggest to applying the proposed sheet as a tool to investigate ED in AAA patients, without adding extra investigation, with a reasonable examination time.

Interventional treatment of atherosclerotic disease in the pelvic district, therefore, may offer another approach to ED refractory to current first-line therapies, but additional investigation is required prior to universal endorsement.

These data support that all AAA patients who typically are evaluated with a high-quality angio-CT have a good and unplanned opportunity to investigate pelvic vasculature and discuss with physician about sexual dysfunction.


Limitations

The main limitation of our investigation was the small patient population, not allowing for adjustment for possible confounders such as age, diabetes mellitus, medication, active smoking, and psychiatric disorders. A clear limitation is when only patient self-reporting data are taken into consideration in the absence of objective measures. Although we recognize that our analyses are only partially based on patient self-reporting data, anatomical data from angio-CT provided objective measures of vascular anatomy and penile blood flow, potential surrogate variables for sexual performance. Still ED may be classified as psychological, organic (vasculogenic, neurogenic, or endocrinologic), or drug-induced, and our investigation was not designed to evaluate the risk factors in the AAA population. So, we recognize that some biases may have influenced our results and analyses.




CONCLUSION

Although typically unreported, the prevalence of ED associated to AAA was found to be high. A vasculogenic origin of ED in patients with AAA is plausible and may be easily confirmed by the evaluation of arterial pelvic distribution at angio-CT performed for EVAR planning. Our proposed “MAPPING AND SCORING SHEET” may help to identify the vasculogenic origin of ED in AAA patients.
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Clinical variables Total population (N = 25)

Age (mean + SD) 74+59
Diabetes melltus (V; %) 3(12%)
Coronary artery disease (N; %) 6 (24%)
Peripheral artery disease (V; %) 2(8%)
Dysiipidenia (N; %) 15 (60%)
Hypertension (N; %) 17 (68%)
COPD (V; %) 5(20%)
Chronic kidney disease (V; %) 13 (52%)
Atrial fibrillation (N; %) 1 (4%)
Smoke (V; %) 5(20%)
Active smoker 2(8%)
Former smoker

BMI > 25 (V; %) 14%)
Alcohol (>30 glasses/week) (N; %) 0(0%)
Drugs assumption (N; %)

Alfa-blockers 7 (28%)
Beta-blockers 7 (28%)
Statin 15 (60%)
Antidepressant 2(8%)
Benzodiazepine 1 (4%)
Carbamazepine 14%)
Finasteride 1(4%)
Thiazide diuretics 3(12%)

SD, Standard Deviation; COPD, Chronic Obstructive Pulmonary Disease; BM), Body
Mass Index.
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