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Abstract: Relationship between the results of penile duplex doppler ultrasound(PDDU) and 14 

response to vardenafil was investigated in patients diagnosed with erectile dysfunction (ED). 15 

Data of 148 patients with ED were analysed retrospectively. Patients who did not respond to 16 

therapy were classified as Group I(n=32), those responded partially were classified as Group 17 

II(n=40) and complete responders were classified as Group III(n=76). Age, comorbid 18 

diseases, vascular and penile pathology were compared among the three groups. While 19 

diabetes mellitus(DM) and dyslipedimia positivity adversely affect the response to treatment, 20 

the presence of hypertension(HT), peyronie's disease and priapism  increase the therapeutic 21 

response to the treatment(p<0.05). Arterial insufficiency was present in 20(30.3%), 22 

25(37,9%) and 21(31.8%) of the patients in Group I, Group II and Group III, 23 

respectively(p=0.001). Venous insufficiency was observed in 3(14.3%)  patients in Group I 24 

and in 8(85.7%)  patients in Group III(p=0.001). Arterial/venous insufficiency was seen in 25 
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9(30%), 14(46.7%) and 7(23.3%) of the patients in Group I, Group II and Group III, 26 

respectively(p=0.001). Response rate to treatment was highest in normal patients according 27 

to PDDU, followed by patients with venous insuffiency. Besides, it was found that DM 28 

decreased the response to treatment, whereas response was increased in cases with HT, 29 

priapism and Peyronie's disease. 30 

Keywords: comorbid diseases; erectile dysfunction; penile duplex doppler ultrasound;  31 

penile pathology; phosphodiesterase type 5 inhibitors 32 
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1. Introduction  51 

ED is defined as the inability to achieve and maintain an erection sufficient for satisfactory 52 

sexual intercourse [1]. Organic and psychogenic factors are responsible for pathogenesis of 53 

ED. Because the penis has a important vascular bed, vascular pathologies are more frequent. 54 

Vascular pathologies may be arteriogenic, venogenic and/or mixed type [2]. In vasculogenic 55 

ED; advanced age, diabetes mellitus (DM), hypertension (HT), dyslipidemia and 56 

atherosclerosis are the main risk factors. Penile pathologies such as priapism and peyronie's 57 

disease can also cause ED [3,4]. The basic mechanism involved in vasculogenic ED 58 

pathophysiology is the reduction in nitric oxide (NO) synthesis and bioavailability. 59 

Furthermore, the interaction between NO and superoxide anion causes an increase in free 60 

oxygen radicals. Free oxygen radicals in turn lead to neuronal and endothelial damage. 61 

Endothelial damage is associated with endothelial dysfunction and atherosclerosis [5]. 62 

PDE5Is (sildenafil, tadalafil, udenafil, vardenafil, avenafil, etc.) are used in the current 63 

treatment of patients with vasculogenic ED [6]. However, diagnostic tests are recommended 64 

in patients who do not benefit from oral agents or when surgical treatment is planned. Most 65 

important of these tests is PDDU. In this imaging technique, a careful evaluation that is 66 

performed by providing functional penile erection following intracavenousal injection, 67 

ensures reliable information about penile arterial and venous system [7]. In this study, we 68 

aimed to investigate the relationship between PDDU results and the response to vardenafil in 69 

patients diagnosed with ED. 70 

 71 

 72 

 73 

 74 
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2. Materials and Methods  76 

Data of 260 patients who admitted to our clinic with history of ED that persisted for longer 77 

than 6 months between May 2009 and April 2015 were evaluated retrospectively. Sexual 78 

history, physical examination findings, International Index of Erectile Function-5 (IIEF-5) 79 

scores, systemic diseases that are potential risk factors for ED and PDDU data were obtained 80 

from the patient’s files. Out of all patients who underwent PDDU, those with a history of 81 

major pelvic surgery such as radical prostatectomy, neurologic diseases such as degenerative 82 

neuropathies and history of pelvic or perineal trauma were excluded from the evaluation. 83 

Patients who developed priapism and were interfered after 4 hours were also excluded. Data 84 

of 148 patients who had severe ED according to IIEF-5 score were included in the study. 85 

Testosterone levels of patients included in the study were normal. PDDU which is standard 86 

in our clinic is performed following intracavernosal injection of 50 mg papaverine. Before 87 

the procedure, information about the complications of the disease was given and the patient's 88 

signed consent forms were obtained. Following tourniquet and tactile stimulation, procedure 89 

was performed on erected penis using ultrasound equipment with a superficial 12 MHz 90 

probe. 5, 10, 15 and 30 minutes waveforms were obtained from cavernousal artery through 91 

penoscrotal angle approach and peak systolic velocity (PSV), end diastolic velocity (EDV) 92 

and resistance index (RI) values were recorded. PSV values above 30 cm/sec and RI values 93 

above 0.80 were normal vascular responses. PSV is the best doppler indicator of arteriogenic 94 

ED. If PSV values were below 30 cm/sec and RI values were below 0.80, they were 95 

considered as indicators for arterial insufficiency. EDV is the best doppler indicator of 96 

venogenic ED. PSV values above 30 cm/sec and RI values below 0.80 were considered as 97 

venous insufficiency. Patients were started on vardenafil 10 mg orodispersible tablet (ODT), 98 

a PDE5Is. Dosage adjustment was done as twice a week orally, and patients were questioned 99 

following 12 weeks of treatment. In order to asses the response to treatment, IIEF-5 100 
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questionnaire was used and ED was classified into five categories based on the scores: 101 

severe (5-7), moderate (8-11), mild to moderate (12-16), mild (17-21), and no ED (22-25). 102 

IIEF-5 score following the vardenafil ODT treatment was classified as: a score within severe 103 

ED range was non responder group (Group I (n:32)), a score within moderate ED range was 104 

partially responder group (Group II (n:40)) and those who were within mild ED or normal 105 

erectile function were classified as complete responder group (Group III (n:76)). Distribution 106 

of age, comorbidities such as DM, HT and dyslipidemia; if any, type of vascular pathology 107 

(arterial, venous, arterial and venous insufficiency), relationship between priapism and 108 

peyronie disease were compared among the  groups.  109 

This study was approved by the ethical committee of Giresun University Faculty of 110 

Medicine (approval no KAEK-01) 111 

2.1. Statistical analysis 112 

Data obtained in this study were analyzed with SPSS 20 package program. Because of unit 113 

numbers, Shapiro Wilks was conducted to check whether the variables came from a 114 

normally distributed population. When the differences among the groups were examined, 115 

Kruskal Wallis-H test was used in case variables did not come from normal distrubiton. If 116 

Kruskal Wallis-H test revealed significant differences, groups that held differences were 117 

detected by Post-Hoc Multiple Comparison Test. Chi-square test was conducted when 118 

relation of nominal variables were analyzed among the groups. Pearson Chi-Square test was 119 

performed in RxC tables. Statistical significance was accepted when p<0.05. 120 

 121 
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 127 

3. Results 128 

The average age of the patients was 56.3 (27-80 years). The average age was 57.7 (45-65 129 

years) in Group I, 57.9 (33-80 years) in Group II, and 54.9 (27-79 years) in Group III 130 

(p=0.404). (Table-1) 131 

DM was present in 30 (93.7%)  patients in Group I, in 38 (95%) patients in Group II and in 132 

32 (42.1%) patients in Group III. It was found that distribution of patients with no DM was 133 

significant in complete responder group (Group III) (p=0.001). HT was observed in 16 134 

(50%) patients in Group I, in 27 (67.5%) patients in Group II and in 67 (88.1%) patients in 135 

Group III. It was found that distribution of patients with HT was significant in Group III 136 

(p=0.001). Dyslipedimia was found in 26 (81.2%) patients in Group I, in 39 (97.5%) patients 137 

in Group II and in 45 (59.2%) patients in Group III. It was found that distribution of patients 138 

with dyslipidemia was significant in Group III (p=0.001).  139 

According to the results of PDDU, priapism was detected in 22 (14.8%) of the 148 patients. 140 

All the patients with priapism were found in Group III. There was no priapism in any 141 

patients in Group I and II (p=0.001). It was determined that endothelial dysfunction did not 142 

develop in priapism in which intervention was performed within first 4 hours. Peyronie’s 143 

disease was present in 16 (50%) patients in Group I, in 9 (22.5%) patients in Group II and in 144 

18 (23.6%) patients in Group III (p=0.013). Response to the vardenafil treatment in 145 

peyronie's patients was significantly higher. (Table-2) 146 

According to the results of PDDU; in Group I; the number of patients with arterial 147 

insufficiency was 20 (30.3%), the number of patients with venous insufficiency was 3 148 

(14.3%), and the number of patients with arterial and venous insufficiency was 9 (30%). 149 

However, there was not any normal patient in this group (p=0.001). In Group II, the number 150 
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of the patients with arterial insufficiency was 25 (62.5%), the number of patients with both 151 

arterial and venous insufficiency was 14 (35%) and the number of the normal patients was 152 

1(3.2%) (p=0.001). Number of the patients with arterial insufficiency was 21 (27.6%) in 153 

Group III, while number of the patients with venous insufficiency was 18 (23.7%). Number 154 

of patients with both arterial and venous insufficiency was 7 (9.2%) in this group, whereas 155 

number of the patients with normal results was 30 (39.5%). Under light of these data, 156 

according to PDDU results, it was found that rate of patients with venous insufficiency as 157 

well as patients with normal results was statistically significantly higher in Group III 158 

compared to Group I and Group II (p=0.001). (Table-3) 159 

 160 

Table-1. Age distribution of according to groups. 161 

   
Kruskal Wallis H Test 

n Mean Median Min Max ss Rank Avg. H p 

Age 

Group I 32 57,75 57 45 65 5,62 79,91 

1,811 0,404
Group II 40 57,9 57,5 33 80 10,39 78,91 

Group III 76 54,91 55 27 79 12,64 69,9 

Total 148 56,33 57 27 80 10,91   

 162 

 163 
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 170 

 171 

Table-2. Distribution of comorbidities according to the groups. 172 

 
Chi-square test 

Group I Group II Group III Total 
n % n % n % n % Chi-square p 

Diabetes 
Mellitus 

Positive 30 30 38 38 32 32 100 100 
46,232 0,001Negative 2 4,2 2 4,2 44 91,7 48 100 

Total 32 21,6 40 27 76 51,4 148 100 

Hypertension 
Positive 16 14,5 27 24,5 67 60,9 110 100 

18,519 0,001Negative 16 42,1 13 34,2 9 23,7 38 100 
Total 32 21,6 40 27 76 51,4 148 100 

Dyslipidemia 
Positive 26 23,6 39 35,5 45 40,9 110 100 

21,16 0,001Negative 6 15,8 1 2,6 31 81,6 38 100 
Total 32 21,6 40 27 76 51,4 148 100 

Priapism 
Positive 0 0 0 0 22 100 22 100 

24,481 0,001Negative 32 25,4 40 31,7 54 42,9 126 100 
Total 32 21,6 40 27 76 51,4 148 100 

Peyronie 
Positive 16 37,2 9 20,9 18 41,9 43 100 

8,708 0,013Negative 16 15,2 31 29,5 58 55,2 105 100 
Total 32 21,6 40 27 76 51,4 148 100 

 173 
 174 

 175 

Table-3. Distribution of  the groups in terms of doppler ultrasonography results 176 

 
Chi-square test Group I Group II Group III Total 

n % n % n % n % Chi-square p 

PDDU 

Arterial insufficiency 20 30,3 25 37,9 21 31,8 66 100 

56,605 0,001

Venous insufficiency 3 14,3 0 0 18 85,7 21 100 
Arterial/Venous 
insufficiency 9 30 14 46,7 7 23,3 30 100 

Normal 0 0 1 3,2 30 96,8 31 100 

Total 32 21,6 40 27 76 51,4 14
8 100 

PDDU: Penile duplex doppler ultrasonound 177 
 178 
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 179 

 180 

4. Discussion 181 

ED is the most common sexual disorder in men. For normal erectile function,  psychosocial, 182 

hormonal, neurological, vascular and cavernousal factors should coordinate and  defects in 183 

one or more of these factors leads to ED. Penile erection is a hemodynamic phenomenon that 184 

occurs through arteries and corpus cavernosum smooth muscle relaxation. The relaxation of 185 

smooth muscle in corpus cavernosum is arranged with the formation of cyclic guanosine 186 

monophosphate (cGMP) induced by NO. cGMP is hydrolyzed by isoenzyme of 187 

phosphodiesterase type 5 enzyme (PDE5) in cavernous tissue. Potent inhibition of PDE5 188 

enzyme in the corpora cavernosa leads to increased levels of cGMP and NO and extends the 189 

smooth muscle relaxation [8]. Current selective PDE5Is include sildenafil, tadalafil, udenafil, 190 

vardenafil and avanafil. PDE5Is are also used in treatment of ED secondary to aging, DM, 191 

HT, dyslipidemia and atherosclerosis as well as in general population [9,10]. These etiologic 192 

factors cause impairment in the structure of corpus cavernosum and result in  loss of erectile 193 

function.  194 

ED is a worldwide health problem and its incidence increases with age. In developed 195 

countries, improved  life expectancy also increases the general incidence of ED in general 196 

population. Epidemiological data obtained to date have shown that worldwide prevalence 197 

and incidence of ED are 69.2% and 34.5%, respectively [11]. With increasing age, 198 

atherosclerosis occurring in the vascular structures also affects penile vascular structures and 199 

can lead to ED. Atherosclerosis impairs the blood flow in cavernosal arteries and leads to 200 

accumulation of oxygen free radicals in the tissues [12]. In our study, rate of patients with 201 

arterial insufficiency was higher in non-responder group compared to partially or completely 202 

responder groups. 203 
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It was shown in several studies that duration and severity of risk factors increase the lesion in 204 

vascular structure [12-14]. Especially the relation between duration of diabetes and severity 205 

of ED was well established. Poor metabolic control in diabetes shortens the time between 206 

onset of diabetes and development of ED [14]. Arterial structures are affected earlier 207 

compared to trabecular smooth muscle structures and venous system. Long duration of 208 

diabetes, poor metabolic control and on-going atherosclerosis cause atrophy in penile smooth 209 

muscle structures, loss of myofilament, shrinking in cell size, increase in collagen fibers and 210 

decrease in “gap junction” structures, impairment in relaxation of trabecular smooth muscle 211 

structures and venous leak [15]. This, in turn hampers the treatment of ED associated with 212 

DM. In a retrospective study conducted by Blonde L. [15], rate of the patients who 213 

responded to treatment was reported as 62% and they concluded that PDE5Is treatment was 214 

effective in achieving and maintaining erectile function (p<0.0001). In our study it was 215 

calculated that the rate of patients with diagnosis of DM who responded partially or 216 

completely to PDE5Is treatment was 70%. We believe that this difference could be related to 217 

the fact that treatment dose was not standard and a different PDE5Is preparation was used in 218 

Blonde’s study. In vitro studies report that vardenafil is 10 times potent than sildenafil [16]. 219 

This study too shows that different active substances could have different effects. In a study 220 

comparing various doses of sildenafil, it was shown that 100 mg sildenafil is more effective 221 

[17]. Lack of dose standardization might have understated the total effect. Besides, in 222 

development of ED in diabetic cases, accompanying neurologic component along with 223 

vascular pathology contributes to decrease in response to treatment. In cases where no 224 

response is obtained with vardenafil 10 mg, increase in dosage and evaluation of the patient 225 

in terms of peripheral neuropathy can be beneficial. 226 

HT is considered to be a major risk factor for ED. ED is present in approximately 30% of 227 

hypertensive patients. The mutual mechanism between HT and ED is endothelial 228 
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dysfunction. ED can develop due to hemodynamic changes of high blood pressure and 229 

increased atherosclerosis, such as a result of antihypertensive treatment [18]. Although HT is 230 

a major risk factor for ED, in a meta-analysis it was shown that compared to placebo, 231 

vardenafil provided significant improvement in patients with ED. In the same study it was 232 

reported that vardenafil displayed similar effect in patients with or without HT [19]. 233 

Dyslipidemia is a well known risk factor for atherosclerosis. Dyslipidemia leads to occlusion 234 

by increasing the lipid accumulation in vascular lesions and accelerating the atherosclerotic 235 

process. Besides this, endothelial dysfunction is held responsible for the main pathology. 236 

Atherosclerotic lesions extend through internal pudendal and cavernosal arteries, and 237 

decrease penile blood flow. Although statin group drugs are used in first step treatment of 238 

dyslipidemia, studies showed that these type of agents can cause ED. As a result of this, 239 

treatment of patients with dyslipidemia diagnosis involves PDE5Is [20]. In our study, 240 

response rate of patients with dyslipidemia to PDE5Is treatment was 81.2% in Group I, 241 

97.5%  in Group II and 59.2% in Group III, respectively (p=0.001). It was observed that 242 

response to PDE5Is was diminished in patients with dyslipidemia. Besides, rate of patients 243 

with arterial and both arterial and venous insufficiency was higher in group where no 244 

response to treatment was achieved compared to other treatment groups. In treatment group 245 

with prominent venous insufficiency, response to PDE5Is treatment was favorable. 246 

Priapism is a rare pathology defined as painful erection which lasts for more than 4 hours 247 

without any sexual desire or stimulation [21]. Decrease in basal levels of PDE5 enzyme 248 

causes uncontrolled erection (priapism). In this condition, mechanisms of erection are 249 

entirely normal but there appears to be a lack of mechanisms controlling returning of penis 250 

to its flaccid state. Therefore prolonged uncontrolled erections are seen in priapism [22]. 251 

Histopathologic studies showed that erectile tissue damage is dependent on time in priapism 252 

and irreversible damage occurs after 6 hours [23]. The goal in priapism treatment is to empty 253 
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anoxic blood, decompressing corpus cavernosum and providing perfusion. Hence alleviating 254 

pain, ischemia, necrosis, fibrosis, formation of penile deformity and probability of erectile 255 

dysfunction is aimed [24]. In our study, all of the cases with priapism were treated before 4 256 

hours and erectile tissue damage was avoided. Therefore, a complete response to PDE5Is 257 

treatment was achieved in all patients who developed priapism. 258 

Peyronie’s disease, a disorder playing a role in ED, is an inflammatory  process 259 

characterized by fibroblast proliferation and fibrous plaque formation in tunica albuginea. 260 

Peyronie’s disease is associated with  ED in 20-40% of the cases [25]. Ozturk et al. [26] 261 

investigated the effectiveness of sildenafil in 39 patients who had Peyronie’s disease and 262 

accompanying ED. They showed that a significant improvement occurred in IIEF-5 in 263 

sildenafil-received group (p=0.028). In our study, partial or complete response rate to 264 

treatment in 43 patients with Peyronie’s disease was 62.8%. In a study, following PDE5Is 265 

treatment, complete or partial satisfaction rate was reported as 70.8%. In the same study 90% 266 

of the patients who had venous insufficiency according to PDDU finding, were satisfied with 267 

the treatment [27]. In our study, rate of patients with venous insufficiency in responder group 268 

was 85,7%. 269 

It is known that approximately 35% of the cases do not respond to PDE5 inhibitors in 270 

treatment of ED. Major reasons of this failure include is reported as DM, severe neurologic 271 

and vascular disorders [28]. In our study non response rate to PDE5Is was 21.6%, a figure 272 

lower than that is found in the literature. We believe that the reason for this is the exclusion 273 

of potential conditions that could lead to neurologic ED. 274 

Mulhall et al. [29] reported that response rate was 25% in ED patients who had venous 275 

insufficiency. This figure was 85.7% in our study. Success rate in ED has an inverse 276 

correlation with venous insufficiency. It is reported that response to treatment decreases in 277 
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patients with high degree of insufficiency [30]. We did not grade the degree of venous 278 

insufficiency, so this could be considered as a limitation to our study. 279 

5. Conclusion: In the light of consequences of our study, we found that rate of patients with 280 

arterial insufficiency is higher in group of patients who did not respond to PDE5Is. Response 281 

rate to the treatment was highest in normal patients according to PDDU findings, followed 282 

by the patients with venous insufficiency. Besides this, it was found that DM decreases the 283 

respond to treatment, response was improved in the patients who had HT, priapism and 284 

Peyronie’s disease. 285 

 286 
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