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ABSTRACT 

INTRODUCTION: ED is a condition associated with increasing age and its overall 

prevalence has been estimated at 18 to 47%. It is associated with numerous comorbidities 

and lifestyle attributes. Patient evaluation and management should follow a comprehensive, 

stepwise approach. The aim of this article is to report our experience with a Complete study 

for ED (CompED) including ICI rigidity test, biothesiometry and color duplex doppler 

ultrasound (CDDUS) after oral therapy failure. 

 

METHODS: One hundred and eighty-seven patients were recruited. Data was collected and 

analysed prospectively. For descriptive univariate analysis central tendency and dispersion 

measures were used. For bivariate analysis, p values were calculated, with fisher and a chi-

square test.  Multivariate analysis was performed using binary decision trees, their respective 

separating nodes where divided according to the Gini coefficient. Pearson correlation 

coefficient (PCC) was also used and reported through dispersion diagrams for pairwise 

correlation to determine the probability of treatment decision-making. R Studio version 4.0.0. 

was used for statistical calculations.  

 

RESULTS: Between May 2017 and January 2020, 187 patients with ED, underwent the 

CompED test. Mean age was 57 +/- 12.8 years, median follow up was 24 (IQR 12-240) 

months. Median IIEF-15 Domain A was 6 (IQR 1-30). We divided the patients in subgroups: 

diabetes, coronary artery disease, prostate cancer treated with radical prostatectomy, 

radiotherapy or ADT; spinal cord injury, pelvic trauma, HIV.  Treatment decision making 

was eased by the CompED test, 39 (20.6%) of patients were offered a second trial of PD5-I 

with a daily dose combined with a demand dose. 77 (40.7%) continued with ICI injections 

and 73 (38.6%) were offered surgery. We found a strong correlation between tumescence 

and axial rigidity in all treatments decision-making. Multivariate analysis treatment decision 

tree showed that PSV < 17.5 cm/s, tumescence< 35 %, RI <0.74, age ≥60.5 influenced the 

decision to offer a penile prosthesis and the best predictor for penile venous surgery was an 

EDV ≥ 9.25 cm/s with 92% sensitivity, 86% specificity. 

 

CONCLUSION: ED is a high prevalence disease. Specialized testing should be considered 

in selected patients or patients unresponsive to first line treatment. The CompED test stands 

as a new alternative for the evaluation of patients with ED, improving, being less time 

consuming and aiding in a more accurate determination of the aetiology and guiding 

treatment decision-making. 

 

 

 

 

 

 

 

 



 

 

INTRODUCTION 
 

Erectile dysfunction (ED) is the “consistent or recurrent inability to attain and/or maintain 

penile erection sufficient for sexual satisfaction” according to the Fourth International 

Consultation on Sexual Medicine.(1) ED is a condition associated with increasing age and 

its overall prevalence in the USA has been estimated at 18 to 47%, data has shown an 

increased from 8.2% in men aged 40-49 years to 77.5% in those aged ≥ 75 years.(2–6) 

Despite as being as prevalent in health surveys it is commonly underdiagnosed and 

undertreated. In a study that evaluated a 19 million men database it was reported only 6.9% 

had an ED diagnosis or a phosphodiesterase type 5 inhibitor (PDE5I) prescription.(4,6) This 

condition is projected to affect more than 320 million men worldwide by 2025 which 

certainly makes it a public health concern. (4,6,7) 

 

ED is associated with numerous comorbidities and lifestyle attributes such as diabetes 

mellitus (DM), hypertension, depression, hypothyroidism, human immunodeficiency virus 

(HIV), lower urinary tract symptoms, smoking, sedentarism and it has shown to be an early 

warning sign of cardiovascular disease (CVD).(3,6,8–23) Could be a sequela of radical 

prostatectomy (RP), external beam radiotherapy (EBRT), brachytherapy, androgen 

deprivation therapy (ADT) for prostate cancer and of pelvic or spinal cord injury (SCI).(8,24–

27). 

 

Patient evaluation follows a comprehensive nuanced approach. Evaluation includes a 

complete sexual, medical and psychosocial history, physical exam and laboratory 

tests.(2,4,5,7,28) Specialized test could be considered after doing the initial assessment and 



 

 

should be directed to answer a specific question.(2,4,5,7,28) These tests include vascular 

testing: colour duplex doppler ultrasonography (CDDUS), dynamic infusion cavernosometry 

and cavernosography (DICC) and penile angiography, neurological testing as biothesiometry 

and specialized tests as nocturnal penile tumescence rigidity test (NPTR), Rigidity analysis 

with intracavernous injection (ICI). (2,4,5,7,28–31) 

 

Management of ED pursue a stepwise strategy. Concurrent lifestyle modification and the use 

of PDE5I are the first step, oral therapy could be on-demand or daily dosing and the choice 

should be influenced by timing or frequency of intercourse and interactions with food or 

alcohol.(2,4,5,28) After oral therapy failure, local therapy (ICI or intraurethral agents) should 

be offered and should follow a stepwise dosage and drug combination approach.(32) The 

aforementioned strategies could be use concurrently with vacuum erection device therapy or 

testosterone replacement therapy in men with documented hypogonadism.(2,5,21,28) The 

third step in the management of ED would be surgical treatment involving inflatable or 

malleable penile prosthesis, vascular bypass procedure or venous penile surgery despite not 

been recommended by most guidelines. (2,5,28) 

 

The aim of this article is to report our experience with the CompED test which includes ICI 

rigidity test, biothesiometry and CDDUS after oral therapy failure to determine the precise 

etiology of the disease and to decide which management strategy would best fit the-patient. 

 

 

 



 

 

MATERIALS AND METHODS 

 

Patients 

 

After IRB approval, 187 patients were recruited, all underwent a CompED test (ICI rigidity 

test, biothesiometry and CDDUS) at our hospital from 2017 to 2020. Data was collected and 

analysed prospectively. Each patient was invited to participate in our study and a fully signed 

informed consent was required to participate and became part of the CompED database. 

Eligible patients were patients from 18 to 75 years old with clinical diagnosis of ED who had 

failed to response to oral therapy with PDE5I and were considered for a subsequent line of 

treatment. Exclusion criteria were patients with severe neurological or psychological disease 

who were unable to complete the study. 

 

Treatment and Diagnostic Tests 

 

All patients had failed oral therapy and were willing to undergo the CompED test in the 

andrology clinic. All patients were screened with the International index of erectile function 

(IIEF-15) which is a validated multi-dimensional, self-administered questionnaire made of 5 

main-domains (Erectile function, orgasmic function, sexual desire, intercourse satisfaction 

and overall satisfaction), a score of 0-5 is awarded to each of the 15 questions and the Domain 

A was related to sexual function, including six questions with a maximum score of 30 and a 

minimum score of 1. (5,28) We also applied the Male Androgen Deficiency Syndrome 

(MADS) Screening Questionnaire to predict hypogonadism and designed to collect 



 

 

information on age, race (African American, white and Hispanic), presence on adult onset 

diabetes, exercise frequency, overweight status and erectile function.(33) All the patients 

self-administered both questionnaires before the CompED test. 

  All the procedures were carried out on the same day.  The tests were performed in a quiet 

and comfortable room, the patient lay on the examination table in a supine position with legs 

together providing support for the external genitalia. The first test was the biothesiometry 

evaluating the pallesthetic sensibility of the pudendal afferent pathways. The vibratory 

sensibility was measured in the glans and base of the penis with a biothesiometer (Bio-

Medical instruments Co., Shenzhen, China)  The device had a fixed frequency (100 Hz) and 

variable amplitude. The vibration generated was transmitted to a galvanometer and the 

amplitude was measured on a reference scale expressed in volts. Results were interpreted 

using the Breda nomogram for penile biothesiometry; the results were classified as normal 

or abnormal.(29,34) 

 

The second test was the ultrasound (US) scan, it was performed in a flaccid state with a high-

frequency linear array transducer with an ultrasound frequency of 7.5 MHz which allows for 

high resolution images of the penis and internal vascular structures. Color and spectral 

Doppler images in addition to B-mode ultrasound were obtained. First a baseline US scan 

image of the penis was obtained in the longitudinal and transverse planes, including 

measurement of cavernosal artery diameter, plaques (number, location, size).(30,35,36) After 

the initial US scan, an intracavernosal injection of alprostadil 20 mcg was delivered and a 

rigidity test and CDDUS was performed at 5, 10, 15 and 20 minutes after ICI. The rigidity 

test assessed, axial rigidity using RigiScan® (GoTop Medical, San Diego. Ca, USA) 



 

 

parameters for penile radial rigidity and tumescense The RigiScan® assessed over 500 

patients at San Diego Uro-center., they reported that tumescence at the base should be 3 cm 

increase over resting tumescence and at the tip of the penis a 2 cm increase over resting 

tumescence. Ridigidity was: <40% non-rigid, 40-70% buckling will occur, but erection may 

be stuffable and 70% non-buckling, rigid erection.(37–39) We measured axial rigidity using 

a scale from 0 to 100% to assessed both tumescence and rigidity according to the 

aforementioned parameters. Based on clinical observation, 55–60% base rigidity and a 50% 

tip rigidity has been found to be adequate for vaginal penetration.(37–42) We arbitrarily  

assigned 50% as the threshold value for axial rigidity and tumescence. The erection angle 

was also measured with a goniometer and reported from 0 to 90ª. The CDDUS evaluated 

penile flow velocities including peak systolic velocity (PSV) and end diastolic velocity 

(EDV). PSV values were considered normal ≥ 35 cm/s and primary criteria for arteriogenic 

ED included a PSV < 25 cm/s. EDV greater than 5 cm/s in the cavernosal artery demonstrated 

throughout the study, especially at the most turgid level of erection achieved, was suggestive 

of a venous leak.(5,31,32,36,43–45) 

 

End Points 

 

The primary end point for the study was to describe patients clinical and sociodemographic 

characteristics, report and analyse the results of the CompED test to determine if treatment 

decision-making was aided by the study results. Secondary end points included a subgroup 

analysis of the different groups of patients divided according to the aetiology of ED. 

Determine which clinical variables prior to the study could impact the results of the CompED 

test, to improve patient selection for the study. Determine which variables of the CompED 



 

 

test eased the process of treatment decision-making for each subgroup of patients or each 

type of treatment offered.  

 

We intended to performed a diagnostic accuracy analysis but given that the three tests 

combined in the CompED tests gives different results and made different diagnosis 

(Vasculogenic, neurogenic ED) the CompED could not be compared to a gold standard and 

we were only able to report its clinical performance characteristics and withdraw our own 

conclusions.  

 

 

Statistical Analysis 

 

A diagnostic test should decrease or abolish uncertainty about the presence or absence of ED 

in one patient by altering the pretest probability. Pretest probability is the probability that a 

condition is present without input from a diagnostic test.(46–48) The prevalence of a clinical 

condition in the population is commonly used as an estimate of pretest probability, in this 

case the prevalence of ED is estimated between 18-47%.(4–6,28)  

 

For descriptive univariate analysis central tendency (median and mean) and dispersion 

(standard deviation, interquartile range) measures were used. For bivariate analysis, p values 

were calculated, statistically significance was assumed as p  0.05; for continuous variables 

we used the chi-square test and for categorical variables a fisher test was used. Multivariate 

analysis was performed using binary decision trees, their respective separating nodes where 



 

 

divided according to the Gini coefficient, with a minimum of 10 observations to divide each 

node and a minimum of 5 observations in each sheet with a complexity parameter of 0.025. 

Pearson correlation coefficient was also used to determine  statistical relationship or 

association between multiple continuous variables, it was reported through dispersion 

diagrams for pairwise correlation in which we´ll have a positive correlation as the value 

approaches +1 and a total negative linear correlation as it approaches -1; values below 0.3 

are considered to be weak, 0.3-0.7 are moderate and >0.7 are strong correlation.  to determine 

the probability of treatment decision-making; R Studio version 4.0.0. was used for statistical 

calculations. 

 

RESULTS 

 
Between May 2017 and January 2020, 187 patients with ED, after oral therapy failure 

underwent the CompED test. Data was collected and analysed prospectively. Mean age of 

the patients was 57 +/- 12.8 years, median follow up was 24 (IQR 12-240) months. Thirteen 

patients (6.8%) reported penile curvature before the CompED test and 9 (4.7%) had 

hypogonadism according to the MADS questionnaire. Median IIEF-15 Domain A was 6 

(IQR 1-30) and we found that 73 (38.6%) of our patients answered they were not sexually 

active when they completed the questionnaire. Twenty-two of our patients had DM, 7 had 

coronary artery disease (CAD), 109 patients had prostate cancer and 67 were treated with 

radical prostatectomy (RP), 33 with IMRT and 28 with ADT, of the ADT group 19 had 

received concurrent ADT and IMRT. 28 patients reported to suffer from hypertension (HTN), 

14 have had a pelvic trauma, 5 had SCI, 14 were actively treated for hypotiroidism, 25 of our 

patients had been diagnosed with HIV, 5 had chronic kidney disease (CKD)  and we decided 



 

 

to include four patients with colorectal cancer who had been treated with abdominoperineal 

resection. Clinical and sociodemographic characteristics for each group are reported on Table 

1. 

 

ICI Rigidity Test 

As mentioned before the CompED test includes an ICI rigidity test, CDDUS and 

biothesiometry. The ICI test was considered positive for ED if the rigidity score was less than 

50% at the tip of the penis, 59 patients (31.2%) had a rigidity score below 50%,   median 

axial rigidity was 60% (IQR 30-100), Subgroups with the lowest rigidity percentage were 

DM median 35% (IQR 22.5-100), CAD median 40% (25-95), CKD median30 (IQR 20-80).  

Bivariate analysis for axial rigidity showed a statistically significant relation with age 

p=0.015, time since ED diagnosis P=0.021, DM p=0.027. Decision tree multivariate analysis 

chose age ≥ 44.5 years, time since ED diagnosis ≥ 34 months, IIEF <12.5 with 95% 

sensitivity, 14% specificity, 21% positive predictive value (PPV) and 91% negative 

predictive value (NPV ) to predict an abnormal result (<50%).  Tumescence had a statistically 

significant association with time since ED diagnosis p=0.047 and DM p=0.001. At the 

decision tree, being diabetic and older than 59.5 were the factors that best predicted an 

abnormal result; 97% sensibility, 11% specificity, 21% PPV and 94% NPV. (Figure 2.) 

 

Color Doppler Duplex Ultrasound 

The CDDUS was performed in all patients at 5, 10 and 15 minutes of ICI, 54 (28.5%) patients 

had confirmed arterial insufficiency with PSV values below 25 cm/s. Median PSV was  22 

(IQR 15-96.4) cm/s, patients with CAD, DM, RP, IMRT, ADT, HTN, hypothyroidism and 

CKD had a median PSV below 25 cm/s which confirms most of the patients in these 



 

 

subgroups had artheriogenic ED. EDV was also measured, 25 patients (13.2%) had EDV 

greater than 5 cm/s which raised the suspicion of venous leakage, of these, 8 patients had 

venous leak, confirmed with DICC and were offered either dorsal venous ligation or 

hydraulic penile prosthesis implantation. Median EDV was 4 (IQR 3-16) cm/s, the only 

subgroup with a median EDV beyond 5 cm/s was the SCI patients, with a mean 6.4 +/- 1.8 

cm/s, only one patient in this group had a normal EDV which raise the question if denervation 

to the smooth muscle of the tunica albuginea could lead to veno-occlusive dysfunction.  

Resistance Index was calculated, with a mean value of 0.77 +/- 0.176 and taken into 

consideration for the multivariable analysis. 

 

Bivariate analysis of PSV showed a statistically significant relation with age p<0.0001, IIEF-

15 p=0.024, IMRT p=0.002, ADT p=0.014, SCI p=0.020 and APR p=0.045. At the decision 

tree we found age ≥ 53.5 years and subsequently ≥ 71.5 years with an IIEF < 1.5 and time 

since ED diagnosis ≥ 22 months predicted an abnormal PSV (<25 cm/s) with 70% sensibility, 

56% specificity, 28% PPV and 88% NPV. Regarding the EDV measures we found at the 

bivariate analysis a statistically significant prediction capability with time since ED diagnosis 

p=0.014 and SCI p=0.048.  Multivariate analysis and decision trees showed time since 

diagnosis >78 months, hypothyroidism and IIEF<3 predicted with 16% sensibility, 83% 

specificity, 19% PPV and 80% NPV an abnormal EDV result (≥ 5cm/s). We should highlight 

the limited prediction capability of this clinical variables and the test results.  

 

 

 

 



 

 

Biothesiometry Test 

Pallesthetic sensibility of the pudendal afferent pathways was measured with a 

biothesiometer, we used the Breda nomogram which proposed to use cut-off values according 

to age groups. If glans or shaft test results were above the proposed nomogram cut-off values, 

we suspected the patient could have neurogenic ED. To our surprise 52 patients (27.5%) had 

abnormal biothesiometry values according to their respective age group. 3 (1.5%) in the 17-

30 years old, 6 (3.1%) in the 31-40 years old, 8 (4.2%) in the 41-50 years old, 10 (5.2%) in 

the 51-60 years old, 16 (8.4%) in the 61-70 years old and 9 (4.7%) in the 71-80 years old.  

The subgroups with higher biothesiometry results were CAD mean 11,4 +/-7,4, RP mean 

8.23 +/- 7.69, IMRT mean 8.0 +/- 6.5 and SCI with the highest mean value 10.2 +/- 8.7. 

Results are shown on Table 2.  

 

At the bivariate analysis we found statistically significant prediction capability for age 

p<0.0001, penile curvature p=0.01, pelvic trauma p=0.008, RP p=0.012, ADT o=0.023, SCI 

p=0.027 and HIV p=0.0002. Decision tree showed that at the shaft biothesiometry patients 

older than 69.5 years had a probability of nearly 100% to have an abnormal result, with 70% 

sensibility, 35% specificity, 21% PPV, 83% NPV. 

 

All variables multivariate analysis showed that the factors that best predicted to have an 

abnormal result in any of the three tests  were  IIEF-15 Domain A < 14 (Same cut-off value 

as described in other studies), being older than 70 years and to have a past medical history 

of RP or  IMRT; with 89% sensitivity.  

 



 

 

 

Treatment Decision-Making 

Treatment decision making was eased by the CompED test, given the good results shown in 

the test and that neurogenic or vasculogenic ED was discarded, 42 (22.2%) of patients were 

offered a second trial of PDE5I with a daily dose combined with a demand dose. Eighty-five 

(44.9%) were recommended to continue with ICI injections and 62 (32.8%) were offered 

surgery which could include dorsal venous ligation to patients with confirmed venous leak 

and penile prosthesis if artheriogenic ED was confirmed or if the patient did not accept penile 

venous surgery (Table 3.). We found that surgical decision making was aid greatly with the 

CompED test, given that all the information necessary to make the decisions was available 

after the test. 

 

At the Pearson correlation coefficient test for treatment decision-making we found only a 

strong correlation between axial rigidity and tumescence to decide either for PDE5I, ICI or 

surgical management (Correlation= 0.72). (Supplementary Figure 1) 

 

Regarding treatment decision-making, multivariate analysis and decision tree for PDE5I 

determined that a RI ≥ 0.8, age ≥ 59.5 years predicted well that patients were offered this 

kind of treatment with 63% sensitivity, 97% specificity, 82% PPV, 91% NPV. ICI therapy 

decision-making was influenced by a tumescence <59%, IIEF ≥ 6.5, age <43 years;  with 

86% sensitivity, 77% specificity, 76% PPV and 87% NPV. Surgical treatment decision-

making had a much branched decision tree; the best predictor for penile venous surgery was 

an EDV ≥ 9.25 cm/s; the decision to offered a penile prosthesis was majorly influenced by a  



 

 

RI <0.74, age ≥60.5 or tumescence< 35 % but the best predictor was to have a PSV < 17.5 

cm/s; with 92% sensitivity, 86% specificity, 92% PPV and 86% NPV. (Figure 3) 

 

The multivariate analysis and decision tree for all offered treatments showed that tumescence 

<59.5%  play an important role in the decision of penile prosthesis implantation; age ≥ 51.5 

years and  IIEF <6  to preferred ICI therapy and an EDV < 5.85 cm/s to continue with IPD5 

(daily and on demand), with 80% sensitivity, 90% specificity, 69% PPV and 91% NPV. 

(Figure 3.) 

 

 

Complications 

Regarding complications, all patients were routinely checked after the CompED test, if they 

presented a persistent erection for more than one hour, 3 cc of 1% lidocaine, and 1: 100.000 

epinephrine, (0.03 mg/ml) were injected intracavernously. None of our patients returned to 

the ER due to priapism, we had no penile hematomas or injection site infections.  

 

 

 

DISCUSSION 
 

ED is an under-reported disease which affects over 70% of men screened for ED on initial 

questioning, despite these fact physicians surveyed in different countries were found to be 

reluctant to approach the subject of ED with their patients.(4,7,16,50) Rakovac in her article 

named “Erectile dysfunction: they don’t talk, we don’t ask” reported 124 men with DM who 

attended routine outpatient visits and were screened for ED or whether they have been asked 



 

 

about it. 80% of patients reported they had never been asked about ED by a doctor before 

and only 58.9% were screened during the study period.(51) Mulhall et al found a  decrease 

in ED diagnosis or treatment in very old age men, they concluded it  may reflect the absence 

of a sexual partner, lack of interest in sexual activity, insufficient bother to seek help or a 

decreased likelihood that physicians ask very old men about the presence of ED.(4,7) 

 

Many guidelines had proposed similar frameworks for the evaluation and management of 

ED, all agreed that ED could be an early symptom of occult DM or CVD.(5,28)(10,13–15,20) 

The first step should be a full medical, phycological, personal and sexual history and 

thorough clinical examination, self-administered validated questionnaires could be used to 

assessed the severity of ED (IIEF-5, IEEF-15), all men should undergo a fasting lipid profile, 

glucose level and testosterone levels.(4,5,7,16,28,50) Specialised testing are reserved for 

patients who wish to know the aetiology of their ED, history of pelvic, perineal or genital 

trauma, young patients with lifelong ED, patients unresponsive to medical therapies who may 

be considered for surgical treatment.(5,28,50) Special tests include the ones mentioned 

earlier such as NPTR, CDDUS, DICC, ICI, most of these tests are carried out separately and 

sometimes they could be time consuming and most of the time they could not get a solid 

conclusion to guide the treatment of ED. The reason after the CompED, was to design a 

specialised test that includes neurologic, vascular and ICI rigidity testing in a single test and 

visit to the andrology clinic hoping to improve the assessment and treatment decision-making 

in patients with ED, time saving and reducing the complication rate of each test separate. 

 

Penile vibratory innervation is positively correlated with sexual response, biothesiometry 

became increasingly popular in the early 1990s given that it showed promise as a versatile, 



 

 

office-based, non-invasive evaluating sensory capacity test in patients with erectile 

dysfunction.(34,52)(29)  There is not a standardized method for biothesiometry and due to 

differences in how biothesiometry is performed, it has been difficult to describe a universal 

standard of what constitutes a normal biothesiometry.(29,52) Breda et al evaluated 350 men, 

aged 17 to 80-years-old with normal sexual anamnesis and without neurological pathology 

with penile and index finger biothesiometry to assessed pallesthetic or vibration sensitivity 

of the pudendal afferent pathway involved in erectile function. They reported a nomogram 

of normal penile biothesiometry values in this healthy population in age ranges.(34) A more 

novel application of biothesiometry were described by Wiggins et al, he presented the penile 

sensitivity ratio (PSR) which was a ratio between glans/finger (PSR G/F), glans, shaft/finger 

(PSR GS/F), and PSR glans, shaft/finger, thigh (PSR GS/FT) they concluded the PSR is an 

standardized biothesiometry  parameter and it correlates with diminished reported penile 

sensitivity.(52) In our study we found that 52 (27.5%)  patients, had abnormal biothesiometry 

values. Subgroups with the highest values were CAD, RP, IMRT and SCI. Bivariate analysis 

confirmed age ≥ 69.5 years, pelvic trauma, RP, ADT, SCI and HIV to have a statistically 

significant prediction capability to have an abnormal test result.  

 

ICI therapy was considered the first line treatment for ED until the introduction of PDE5I by 

Pfizer in 1998.(2,16,32,43) It remains as an important second line treatment for ED 

recommended by all guidelines.(5,28) It is useful not only in the treatment of ED but in the 

workup and diagnosis of the disease.(32,43) ICI could be used to performed CDDUS and 

measured the PSV, EDV, and RI and to perform a rigidity and tumescence test.(32) There 

has been a lot of discussion of whether axial rigidity and tumescence of the penis could be 

accurately measure or if radial rigidity should be the standard of care when assessing penile 



 

 

rigidity.(5,28,37–42,53) The RigiScan® device used for the NPTR and daily rigidity 

measurements works by periodically applying a 113 g traction force to two loops surrounding 

the penile shaft  during a tumescence measurement, and applying a 280 g traction force when 

the penile circumference increases by 1 cm above the baseline and this displacement in the 

loops is converted in to a rigidity percentage, if the loops are displace by ≥2.2 cm the patient 

has 0% rigidity, on the contrary  100% rigidity corresponds to no displacement of the 

loops.(5,28,37–40) Based on clinical observation, 55–60% base rigidity and a 50% tip 

rigidity has been found to be adequate for satisfactory vaginal intercourse.(5,28,37–40) Some 

studies have tried to disprove the efficacy of the devices using radial compression to measure 

resistance to buckling of the penis arguing that buckling can only be measured by axial 

loading axial rigidity, not radial penile deformation. (37,38,40) Assuming radial rigidity is 

dependent not only in penile geometry and erectile tissue properties but in tunical surface 

wall tension properties.(37,38,40) Timm et al reported that hoop stress and axial stress have 

a constant relationship independent of the length to diameter ratio rather than as an isotropic 

beam, they conclude that  there is enough data to prove  validity and desirability of using 

radial compression methods to assess penile rigidity(38) In the CompED study  59 patients 

(31.2%) had an axial rigidity <50%, subgroups with lowest rigidity scores were DM, CAD, 

CKD.  Bivariate analysis, age, time sin ED diagnosis and DM predicted with statistically 

significance to have an abnormal test. Multivariate analysis showed that age ≥ 44.5 years, 

times since ED diagnosis ≥ 34 months, IIEF <12.5,  were the greatest predictors with  95% 

sensitivity. 

 

A more refined assessment of penile hemodynamics could be achieved with 

CDDUS.(4,28,30,35,36,44) The aim is to evaluate the inflow and outflow of blood through 



 

 

the cavernosal arteries after ICI. Several parameters had been described to distinguish arterial 

insuffiency and veno-occlusive disfunction.(30,32,35,36,44,54) PSV is the most accurate 

indicator of arterial disease. Arterial insufficiency is diagnosed when the PSV is less than 25 

cm/sec, with 92% accuracy.(30,35,36) Veno-occlusive ED shows a persistent EDV over 5 

cm/sec during all phases of erection, and flow in the DDV is visible on Doppler US during 

all phases. (5,30,35,36,55) 

 

Altinbas et al assessed 88 patients with CDDUS, elastography and the erection hardness score 

(EHS) and found that 57% of the patients had abnormal CDDUS findings and they classified 

their patients accordingly as  normal (PSV>30, EDV < 5 cm/s),  borderline for arterial 

insufficiency (PSV 25-30 cm/s, EDV < 5 cm/s),   arterial insufficiency (PSV < 25 cm/s)   and 

venous insufficiency (EDV > 5 cm/s). They found good correlation between EHS, IIEF-5 

scores in patients with arterial failure.(35) Chen et al evaluated diagnostic accuracy of 

CDDUS parameters for veno-occlusive ED and found the best diagnostic specificity (70.6%), 

sensitivity (91.7%), and accuracy (84.9%), were achieved with continuous blood flow signals 

in the deep dorsal vein, PSV > 30 cm/s, EDV > 5 cm/s and peak velocity (PV) of the dorsal 

vein > 3 cm/s.(45) In our study 54 (28.5%) patients had confirmed arterial insufficiency with 

PSV values below 25 cm/s. Patients with CAD, DM, RP, IMRT, ADT, HTN, 

Hypothyroidism and CKD had  median PSV values below 25 cm/s.  SCI patients had in most 

cases an EDV value above 5 cm/s, this was confirmed in the bivariate and multivariate 

analysis.  

 

Xuan et al had compared the Schramek grading system for penile rigidity with CDDUS 

parameters and found that PSV, EDV and RI of the cavernous artery are significantly 



 

 

different among different penile rigidity statuses after ICI, the PSV gradually decreased and 

EDV simultaneously increased, the PSV reflects the function of the cavernous artery and 

EDV reflects the venous return function. They found that RI of the penile cavernous artery 

strongly correlates with the penile rigidity status and proposed it should be considered the 

most valuable hemodynamic parameter to judge penile rigidity status.(44,54)  Resistive index 

(RI) was calculated in our study with a mean RI of 0.77 +/- 0.176  and took into account for 

multivariate analysis, the model determined that a threshold of <0.8  was better in our study 

for treatment decision-making, contrary to the universally recommended 0.7. 

 

Limitations of our study are that despite some of our patients had long follow up intervals, 

some had shorth follow up periods at the time the study was done, which could represent a 

bias in outcomes report. All patients completed both questionnaires the IIEF-15 and the 

MADS, some answered they were not sexually active which was assumed as 1 the lowest 

possible score of the Domain A. The tests were performed on different subset of patients, 

with distinct clinical features and sociodemographic characteristics, which could represent a 

bias when looking for statistically significant differences between all the subgroups.   

 

Statistical limitations of our study were that when performing the multivariate analysis and 

building decision trees to determine which factors could predict positive results at the tests 

in the CompED study; we found that 91.4% of the patients had at least one positive test; this 

for an statistical model makes it hard to distinguish between groups given that it does not 

have a good differentiating capability of the statistical technique.  Decision trees both to 

predict the positivity of a test or to aid in treatment decision-making were simple decision 

trees and it must be taken in to account they could not have a great predictive capacity.  



 

 

Another possible limitation is that our statistical model may be overfitted which is 

an statistical model that contains more parameters than can be justified by the data and 

because the criterion used for selecting the model is not the same as the criterion used to 

judge the suitability of the model and it could fail to predict future observations reliably. 

Strategies to lessen the chance of overfitting are cross-validation of the data, which would 

mean to validate our statistical analysis in a different population but with similar 

characteristics which was not possible in our study.  

 

CONCLUSION 

ED is a high prevalence disease associated with aging, specialized testing should be 

considered in selected patients or patients unresponsive to first line treatment. The CompED 

test stands as a new alternative for the evaluation of patients with ED, being less time 

consuming, aiding in a more accurate determination of the aetiology and guiding treatment 

decision-making. Our findings showed that there are factors that increased the probability to 

have any of the tests within the CompED study positive, which would help to determine the 

ideal candidates for the study; amongst thus, age, IIEF, DM, IMRT, RP, ADT, SCI, APR, 

hypothyroidism, pelvic trauma and HIV. Axial rigidity and tumescence of the ICI rigidity 

test play an important role in treatment decision making as well as hemodynamic parameters 

of the CDDUS, without giving much importance to biothesiometry, regardless special 

subgroups as SCI, pelvic trauma, HIV, RP and IMRT benefit from the biothesiometry and 

include the results in the decision-making algorithm according to our analysis.   

 

 

https://en.wikipedia.org/wiki/Statistical_model
https://en.wikipedia.org/wiki/Parameter
https://en.wikipedia.org/wiki/Model_selection
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TABLES AND FIGURES  
 

 

Table 1. 

 

Comorbidities n Age (Years) Curvature n(%) Follow up (months) MADS (+) n(%) IIEF-15 Domain A
Diabetes n= 22 59 (54.7-74) 5 (22.7) 24 (12-108) 4 (18.1) 6 (1-25)

Coronary artery disease n=7 62 (57-75) 1 (14.2) 24 (18-120) 1 (14.2) 1 (1-25)
Prostate Cancer

1. Radical Prostatectomy n=67 65 (59.5-75) 2 (2.9) 18 (11-108) 4 (5.8) 1 (1-26)
2. IMRT n=33 67 (58-78) 1 (3) 24 (12-192) 0 1 (1-30)
3. ADT n=28 66 (56-78) 2 ( 7.1) 24 (12-108) 0 1 (1-29)

Hypertension n=28 60 (55.7-78) 0 24 (!2-120) 3 (10.7) 2.5 (1-30)
Pelvic trauma n=14 41,5 (32.5-60) 0 24 (12-108) 0 3 (1-26)

Spinal cord injury n=5 44 (42-50)) 0 120 (96-168) 0 9 (1-18)
Hypotiroidism n=14 65 (52.7-74) 1 (7.1) 24 (12-240) 0 6.5 (1-26)

Abdomino Perineal Resection n=4 54 (49.7-58) 0 27 (16.5-108) 0 1 (1-26)
HIV n=25 49 (37-67) 0 24 (12-240) 0 8 (5-24)

Chronic kidney Disease n=5 54 (51-60) 0 24 (7-48) 1 (20) 1 (1-25)
Total n=187 58 (50-78) 13 (6.8) 24 (12-240) 9 (4.7) 6 (1-30)

Table 1. Clinical and Sociodemographic Characteristics

 IMRT=Intensity modulated radiotherapy,  ADT= Androgen deprivation Therapy, HIV= Human immunodeficiency virus.

**Values are reported as median and (IQR)  
 

 

Table 2. 

 

Axial Rigidity Angle (ª) Tumescence PSV EDV Shaft Glans
Diabetes 50 (0-100) 30 (0-80) 40 (10-100) 14 (0-38) 4 (0-9) 5 (3-12) 4 (2-13)

Coronary artery disease 40 (20-95) 30 (20-90) 80 (20-95) 12,5 (9,5- 3,5 (2,5-9,6) 8 (4-25) 4 (2-11)
Prostate Cancer

1. Radical Prostatectomy 50 (27-100) 40 (27,6-95) 70 (29-100) 20 (15,4-92) 3,5 (2,7-13) 6 (7-36) 7 (7,7-40)
2. IMRT 60 (32-100) 30 (29-95) 60 (32-100) 15 (17,7-92) 3,9 (2,7- 6 (5,9-20) 7 (8,5-36)
3. ADT 50 (0-100) 30 (0-90) 60 (0-100) 17 (9,5-50) 4,2 (1,2- 6 (2-20) 6 (2-36)

Hypertension 50 (0-100) 35 (0-90) 80 (10-100) 19 (5-51) 4,1 (1,4-13) 6 (3-25) 5 (2-19)
Pelvic trauma 70 (0-100) 65 (0-100) 85 (0-100) 28 (0-60) 3,8 (1,4-9,5) 6 (3-8) 5 (3-12)

Spinal cord injury 60 (0-100) 70 (0-80) 80 (30-100) 40 (28-96) 6 (3,6-9,5) 8 (3-25) 9 (3-18)
Hypotiroidism 50 (0-100) 40 (0-90) 50 (30-100) 23,5 (12-50) 5,2 (0-8,7) 5,5 (3-28) 5 (3-19)

Abdomino Perineal Resection 75 (50-100) 65 (30-90) 75 (45-100) 35 (25-50) 2,5 (1,6-5,5) 4,5 (3-5) 5 (2-6)
Chronic kidney Disease 30 (20-80) 30 (30-90) 40 (20-90) 12,5 (9,5-25) 3,5 (2,5-7) 5 (4-15) 5 (4-11)

Total 60 (30-100) 45 (0-100) 80 (0-100) 23 (0-96,4) 4 (3-16) 6 (2-36) 6 (0-40)

**Values are reported as median (interquartile range)

INTRACAVERNOUS INJECTION  TEST CDDUS BIOTHESIOMETRY

Table 2. Clinical Characteristics of the Complete Study for Erectile Dysfunction

CDDUS= Color Doppler Duplex Ultrasound,  PSV= Peak systolic velocity,  EDV= End diastolic velocity,  IMRT=Intensity modulated radiotherapy,  ADT= Androgen deprivation Therapy

 
 

 

Table 3. 

 



 

 

n PD5I ICI Penile Prosthesis Penile Venous Surgery
Diabetes n= 22 4 (9.5) 5 (5.8) 13 (24) 0

Coronary artery disease n=7 1 (2.3) 2 ( 2.3) 3 (5.5) 0
Prostate Cancer

1. Radical Prostatectomy n=67 6 (14.2) 37 (43.5) 26 (48.1) 1 (12.5)
2. IMRT n=33 4 (9.5) 16 ( 18.8) 14 (25.9) 0
3. ADT n=28 2 (4.7) 14 (16.4) 11 (12.9) 1 (12.5)

Hypertension n=28 3 (7.1) 13 (15.2) 9 (10.5) 0
Pelvic trauma n=14 3 (7.1) 7 (8.2) 2 (3.7) 0

Spinal cord injury n=5 2 (4.7) 1 ( 1.1) 1 (1.85) 0
Hypotiroidism n=14 3 (7.1) 5 (11.9) 6 (11.1) 1 (12.5)

Abdomino Perineal Resection n=4 2 (4.7) 2 (2.3) 0 0
HIV n=25 12 8 (9.4) 2 (3.7) 1 (12.5)

Chronic kidney Disease n=5 1 (2.3) 1 ( 1.1) 3 (5.5) 0
Idiopathic n=4 0 0 0 4 (50)

Total n=187 42 (22.2) 85 (44.9) 54 (28.5) 8 (4.2)

Table 3. Treatment Decision-making

 IMRT=Intensity modulated radiotherapy,  ADT= Androgen deprivation Therapy, HIV= Human immunodeficiency virus, PD5I= Phosphodiesterase type 5 inhibitor, ICI= Intracvernous injections.

**Values are reported as n (%)  
 

 

 

 

 
 

 

Figure 1. A. Room set up for the CompED test. B. Colour Duplex Doppler Ultrasound, with 

high-frequency linear array transducer 7.5 MHz, Penile flow velocities of the cavernosal 

artery were measured (Arrow) C. Biothesiometer manufactured by Bio-Medical instruments, 

Autoinjectors for the ICI (arrow head). 

 



 

 

 
Figure 2. Decision tree of the multivariate analysis to predict a normal (Blue) result or an 

abnormal (Green) result in the ICI rigidity test, which was defined as abnormal (< 50%) and 

normal (≥ 50%) A. Axial rigidity. B. Tumescence. 

 

 

 

 

 



 

 

 
 

Figure 3. Decision trees of the multivariate analysis to predict treatment decision-

making, ICI (Red) PDE5I (Blue) Penile Venous ligation (Green), Penile prosthesis 

(Yellow), None (Grey) A. Decision tree to predict any kind of treatment (PDE5I, ICI, Penile 

prosthesis or venous ligation). B. Surgical treatment decision tree (Penile prosthesis, Penile 

venous surgery) 



 

 

 
Supplementary Figure 1.  Pearson correlation coefficient (PCC) reported through 

dispersion diagrams for pairwise correlation to determine the probability of treatment 

decision-making. P=0.719 between axial rigidity and tumescence, P=0.667 between 

biothesiometry at the shaft and glans and P=0.678 between axial rigidity and angle to predict 

surgical treatment.  

 

 

 


