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Erectile dysfunction

Definition: persistent inability to achieve or maintain
penile erections of sufficient value
to engage in satisfactory sexual activity

NIH Consensus Conference. Impotence. NIH Consensus
Development Panel on Impotence. JAMA 1993.270:83-90.

Prevalence: 50% of the male population
between 40 and 70 years

Feldman HA, Goldstein 1, Hatzrichristou DG, Krane EJ,
McKinlay |B. Impotence and its medical and psychosocial
correlates: results of the Massachusetts Male Aging Study.
] Urol 1994:1511:54-61.

GP: 1-5 new cases per month

European Association of Urology. Guidelines on male sexual
dystunchon: erectile dysfunction and premature ejaculation

Arnhem, Netherlands: European Association of Urology;
2008



Organic causes of erectile dysfunction
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Organic causes of erectile dvsfunction

Mainly based upon
VASCULAR INSUFFICIENCY / DAMAGE
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Penile colour-Doppler ultrasound (PCDU):
++specific diagnostic test for «primary ED»

Diagnostic workup of male ED
225  Guidelines for the diagnostic evaluation of ED

Clinical use of validated questionnaire retated to ED may help 10 assess all sexual function 3 B
domains and the effect of a specific treatment modality.
Physical examination is needed in the initlal assessment of men with ED to identify undedying |4 B
medical conditions that may be assoclated with ED.
Routine laboratory tests, Including glucose-lipid profile and total testosterone, are requied to |4 B
identify and treat any reversibie risk factors and Wfestyle tactors that can be modified.
Specific diagnostic tests are indicated by only a faw conditions. 4 B

Table 5: Indications for specific diagnostic tests

Primary ED (not caused by onganic disease of psychogenic disorder).

Young patients with a history of pehic or perineal trauma who could benefil from potentially curalive vascular
| SUrgery.

Patients with panile deformities that might require surgical correction, e.g., Peyronie’s disease, congenital
curvature

Patients with complax psychiatric of psychosaxual disorders.

Patients with compilex endocring disondars.

Specific tests may be Indicated at the request of the patient or his partner.

Medicolegal reasons, e.g., implantation of penile prosthesis, sexual abusa.

Guidelines on

Male Sexual
Dysfunction:

Erectile dysfunction and
premature ejaculation
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alum AIUM Practice Guideline for the Performance of an

Ultrasound Examination
in the Practice of Urology

O 2010 by (P Amdrican IndSeuie of Liasound in Modong

AIlUM /AUA
2011

D. Penile Guideline devwsioped n colaborabon with the Amencan Urnological Associalion.

1. Indications

Indications fora penile ultrasound examination include but are not limited to-

+ Evaluation of erectile dysfunction; P

« Evaluation of priapism;
« Evaluation of dorsal vein thrombosis;
Evaluation of penile fibrosis and penile curvature;

L]

Evaluation of abnormal findings on physical exmamination of the phallus or urethra;

« Evaluation of penile tumors;

L]

Evaluation of a urethral stricture, diverticulum, or cyst;

Evaluation of a calculus or foreign body of the phallus or urethra; and

-

Evaluation of penile trauma.

Evaluation of ED requires the use of color-Doppler imaging
before and after pharmacostimulation



Which patients should be investigated?

The Role of Penile Color-Duplex Ultrasound for the Evaluation of
Erectile Dysfunction

Antonio Aversa, MD, PhD.* and Lelio Mario Sarteschi, MD' J Sex Med 2007;4:1437-1447

Summary of the diagnostic utilization of PCDU

Table 1 Frequent etiologies of ED as diagnosed by
penile blood flow studies (from [8], modified)

Etiology of ED Use of D-PCDU Reference
Arteriogenic Y Pescatori et al. [21]
Venogenic Y/N* Lue et al. [34]
Psychogenic Y/N Aversa et al. [32]
Neurogenic Y Broderick [23]
Hypogonadism Y Corona et al. [4]
Peyronie’s disease Y Kendirci et al. [59]

"¥Y/N means that the diagnostic utility of D-PCDU for those etiologies is not
considered evidence-based.
ED = erectile dysfunction; D-PCDU = dynamic penile color-duplex ultrasound.



How to perform PCDU




Penile anatomy

Superficial dorsal vein /" T

Deep dorsal vein _
Dorsal artery ‘

Helicine artery

Cavernosal artery Pudendal
Buck’s fascia internal
Bulbourethral artery arery

The British Journal of Radiclogy, &5 (2011}, 5659-578

The Role of Penile Color-Duplex Ultrasound for the Evaluation of
Investigation of erectile dysfunction Erectile Dysfunction

DV PATEL, ME Chil, FRCR, J H-lﬁlLLS. M@ 85, FRCR and U PATEE., ME Chl, FRCR Antorss Aversa, MWD, PRD.* and Lefio Manio Sarfeschi, MDP






Trasversal scan




B-mode

Color-Doppler




Longitudinal scan

Layers of cavernous artery

Cavernous artery




—— Cavernous artery
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Single origin
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How to perform PCDU

» Basal

» Dynamic

® standard pharmacostimulation
Alprostadil (PGE1) 10 mcg

® re-dosing

=Trimix (Alprostadil 10 mcg + phentolamine 1 mg + papaverine 30 mg)
Risk of prolonged erections or priapism 10% vs 1 %
(Seyam et al.. Int J Impot Res 2005:17:346-53)

-Bimix (Alprostadil 10 mcg + phentolamine 2 mg or chlorpromazine 2.5 mcg)



How to perform PCDU

1.Position sample volume at the peno-scrotal junction

Doppler sonography of deep L=
cavernosal artery of the penis: variation
of peak systolie velocity according to
sampling location.

% H Kimn, | 5 Paick, 5 E Lee, B | Choi, K M Yeon and M C Han

J Ultrasound Med. 1594 Aug;13(8):591-4

Reduction of peak systolic velocity (PSV)
in distal sites, related to
increase in intracavernosal pressure
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How to perform PCDU

2.Position sample volume according to the flow direction

We suggest to position it in a linear part of the cavernosal artery
(avoid “corkscrew regions™)
immediately after artery bending in the cavernous body, becoming linear

.5 MHZ G 48% PW F 6.3 WHZ G 50K
P50 Hz2 PRF 8.5 kHzZ
;2 : PRC &

FF &5 HE

ESTICOL LASZ3 I

¥l 48 .3 Cm/5







How to perform PCDU

3.Verity sampling main penile artery Kim et al., J Ultrasound Med 1994; 13:591-4)
(Avoid dorsal artery or ramifications)

Jarow et al., Invest Radiol 1993:;28:806-10

4.Angle of insonation > 40 and <60 °
Gill, Ultrasound Med Biol 1985; 11:625-41

S.Monitor PSV for at least 20 minutes
-Highest PSV after 5 minutes Gill. Ultrasound Med Biol 1985: 11:625-41
-22% = 1-18 minutes

6.Avoid anxiety = false positive



Qualitative analysis

High resistance vessels = rest muscles (es. PCDU basale)
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Low resistance vessels = afferent cerebral vessels and parenchymal organs




Qualitative analysis
1.Evaluation of cavernosal arterial diameter

At rest 0.3-0.7 mm=> After PGE1: 1 mm  (Wahl et al., Int J Impot Res, 1997)

2.Evaluation of cavernosal artery ramifications with Power-Doppler

Ty

Ramification reduction: diffuse arteriolar damage
# B #

3.Red—=>blue colour shift in transversal scan

4.Evaluation of dynamic PCDU phases



1.Evaluation of cavernosal arterial diameter

Reduction in CV diseases; small dilation after PGE1



2.Evaluation of cavernosal artery ramifications

Reduction in CV diseases (e.g. diabetes)




3.Red =2>blue color shift

Diastolic phase longer than systolic:
After PGE1, when PSV increases and EDV decreases:
apparent inversion of flow



4.Dynamic PCDU phases: physiology of erection

Veins become

comprossed
and stop
draining blood




Dvnamic PCDU ph asSes °  Pateletal, BIR, 2012
" *  Aversa & Sarteschi, J Sex Med , 2006

L.At rest 2.After PGEI

-High resistance -Decreasing resistance

(smooth muscle contraction) (SIMO0th muscle relaxation and vascular dilation)
-intracavernosal -Increasing IP and veno-occlusive mechanism

pressure (IP) IP X <<PAD TP e PPy e IP > PAS
17-25 mmHg 25-40 mmHg 43-63 mmHg 63-83 mmHg 83-105 mmHg
1
73'mmHg
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Phase 1 Phase 2 Phase 3 Phpse 4 Phase 5
-Rigidity



Investigation of erectile dysfunction

DV PATEL, miacha, Fach, ) HALLS, mBes, FRCR and U PATEL, meChe, FRCR




Quantitative analysis

® Peak systolic velocity (PSY)
® End diastolic velocity (EDY)
® Systolic rise time (SRT)

® Acceleration time (AT) PSV-EDV/SRT

® Resistance Index (R1) PSV-EDV/PSVY




Quantitative analysis

e Peak systolic velocity (PSY)
e End diastolic velocity (EDY)
® Systolic rise time (SRT)

® Acceleration time (AT) PSV-EDV/SRT

® Resistance Index (R1) PSV-EDV/PSVY




Quantitative analysis

® Peak systolic velocity (PSY)
> 35 ¢cm/s normal arterial tlow (Wahl et al., Int J Impot Res, 1997)

< 25 cm/s severe arterial insufficiency (Cornud et al., BJU Int, 2000)
(Benson et al., AJM Am J Roent, 1993)
e End diastolic velocity (EDV) > 5 em/s veno-occlusive dysfunction

® Systolic rise time (SRT) > 110 msec: arteriopaty (Oates et al., J Urol, 1995)
® Acceleration time (AT)

® Resistance Index (R1) < .75 veno-occlusive dystunction; > 0.90 normal




Dynamic PCDU: PSV and CV risk

Male Sexuality and Cardiovascular Risk. A Cohort Study in

i i i i sex NV T7:1918-1927
Patients with Erectile Dysfunction J Sex Med 2010;7:1918-1927

Glovanni Corona, MD,*™ Matteo Monami, MD, ™ Valentina Boddl,* Micheala Cameron-Smith, MD,"
Francesco Lofti, MD,® Giulia da Vita, MD.* Cecilia Melani, MD,* Daniela Balzi, MD,"
Alessandra Sforza, MD.* Glanni Forti, MD," Edoardo Mannuccl, MD," and Maric Maggl, MD*

N = 1687 consulting for ED (age 52.9 + 12.8 years)

During a mean follow-up of 4.3 + 2.6 years, 139 MACE observed, 15 of which were fatal

Figure 4 Risk of incident major car-
diovascular events (MACE) as derived
from Kaplan Mayer curves, according
to erectile dysfunction (ED) sewverity
(difficulties in achieving an erection
sufficient for penetration in <50%., mild
ED; 50-75%, moderate ED, and
>79%, severe ED; see ref. [1]) or to
different degrees of penile vascular
insufficiency (dynamic peak systolic
velocity PSY, =35, 35-25 or < 25 cm/ v 200 r= am
second). Follow-up (year) Follow-up (yrars)
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2.2.3.2 Infracavemous infection test

The intracavernous injection test gives limited information about vascular status. A positive test is a rigid
erectile response (unable to bend the penis) that appears within 10 min after the intracavernous injection

and lasts for 30 min (21). This response indicates a functional, but not necessarily normal, erection, and the
erection may coexist with arterial insufficiency and/or veno-occlusive dysfunction (22). A positive test shows
that a patient will respond to the intracavernous injection programme, The test is inconclusive as a diagnostic
procedure and duplex Doppler study of the penis should be requested, if clinically warranted.

2.2.3.3 Duplex uitrasound of the penis

A Eeak sﬁnllc blood flow > 30 cm/s, an end-diastolic velncrtz of < 3 cm/s and a resistance index > 0.8 are

generally considered normal (21). Further vascular investigation Is unnecessary when a Duplex examination is
normal.



Veno-occlusive dysfunction

Failure of adequate venous occlusion
End diastolic velocity (EDY) =35 cm/s

Limitation: lack of speciticity for venous leakage in presence of arterial insutficiency

Causes:

*Tunica albuginea degenerative changes (Peyronie’s disease, diabetes, old age)

*Traumatic injury (penile fracture)

‘Structural alterations in the fibroelastic components of the trabeculae, cavernous
smooth muscle, and endothelium

*Acquired venous shunts (correction of priapism)

*Anxiety
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Basal PCDU



Basal PCDU
Relevant parameters
e Flaccid peak systolic velocity (PSY)

e Flaccid acceleration (|PSY — EDV]/SRT, m/s2)
The slope of the tangent of the systolic rise wavetorm
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Basal PCDU: normal morphology
“mountain”
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Basal PCDU: abnormal morphology
“hill”

LASZ3 I

cm

cm/s
cm/s
cm/s
cm/s
mmHg
mmH
m/s
ms




Basal PCDU: peak systolic velocity (PSV)

Penile Doppler Ultrasound in Patients with Erectile Dysfunction
(ED): Role of Peak Systolic Velocity Measured in the Flaccid State
in Predicting Arteriogenic ED and Silent Coronary Artery Disease

Giovannl Corona, MD,"" Giorgio Fagioll, MD.* Edoardo Mannucci, MD,' Annadina Romeo, MD,*
Massimiliano Rossi, MD,* Francesco Lotti, MD," Alessandra Sforza, MD," Stefano Mositiu, MD,*
Valario Chiarini, MD," Gianni Casella, MD," Giuseppe Di Pasquale, MD," Elisa Bandini, MD."
Gianni Fori, PhD,” and Mario Maggi, PhD"

J Sex Med 2008;5:2623-2634 - ;
N = 1346 pts consulting for ED E ::
(55.0+12.0 years) 2 =
3 14
Basal PSV -

Pynamic PSY {(cm/sec)

Figure 1 Correlation between peak systolic velocity (PSV)
measured both in the flaccid state and dynamic (after pros-
taglandin E1 stimulation) conditions at penile Doppler ultra-
sound (r= 0.513; P < 0.0001). Red circles represent values
of dynamic PS5V < 25 cm/saconds.



Basal PCDU: peak systolic velocity (PSV)

Penile Doppler Ultrasound in Patients with Erectile Dysfunction Tabile 3 Sensativity, specificity, ;Ed accuracy for
(ED): Role of Peak Systolic Velocity Measured in the Flaccid State i - 5w s e b oo et
in Predicting Arteriogenic ED and Silent Coronary Artery Disease Raccid PSV threshold of 13 cm/seconds as derived from

the receiver operating charactenstic cunse analysis in the

whole sample and considedng only subjects who reported
a valid-lor-intromission (VF1) erection (VFI grade 2 and 3;

Gigvannl Corona, MD,*" Giorgio Fagioll, MD,* Edoardo Mannuccd, MD.! Annadina Romeo, MD, ! B0 5% of the whols sampia)
Massimillano Rossi, MD,* Francesco Lottl, MD,* Alessandra Sforza, MD," Stelano Morittu, MD,*
Valaric Chiarini, MD," Gianni Casella, MD," Giuseppe Di Pasquale, MD." Elisa Bandni, MD." Senstity  Spacificity  Accuracy
Gianni Fori, PhD,” and Maro Magg, PhD” i) =) )"
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J Sex Med 2008;5:2623-2634 Subpacts wem VI
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Figure 2 Receiver operating characteristic curves for pathological dynamic (after prostaglandin E1 stimulation) peak systolic
velocity (A < 25 mo/seconds; B < 35 cm/seconds) at penile Doppler ultrasound in relation to peak systolic velocity measured
in the flaccid state.



Penile Doppler Ultrasound in Patients with Erectile Dysfunction
(ED): Role of Peak Systolic Velocity Measured in the Flaccid State
in Predicting Arteriogenic ED and Silent Coronary Artery Disease

Giovannl Corona, MD,"" Giorgio Fagioll, MD.* Edoardo Mannucci, MD,' Annadina Romeo, MD,*
Massimiliano Rossi, MD,* Francesco Lotti, MD," Alessandra Sforza, MD," Stefano Mositiu, MD,*
Valario Chiarini, MD," Gianni Casella, MD," Giuseppe Di Pasquale, MD," Elisa Bandini, MD."

Gianni Fori, Phi," and Mario Maggl, PhD”
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Basal PCDU: PSV and CV risk

Penile Doppler Ultrasound in Patients with Erectile Dysfunction
(ED): Role of Peak Systolic Velocity Measured in the Flaccid State
in Predicting Arteriogenic ED and Silent Coronary Artery Disease J Sex Med 2008;5:2623-2634

Giovannl Corona, MD,"" Giorgio Fagioll, MD.* Edoardo Mannucci, MD,' Annadina Romeo, MD,*
Massimiliano Rossi, MD,* Francesco Lo, MD," Alessandra Sforza, MD," Stelano Moritte, MD,'
Valorio Chiarini, MD," Gianni Casela, MD," Giusepps Di Pasguale, MDD, Elisa Bandini, MD.,"
Gianni Forl, PhD,” and Mario Maggl, PhD"

A subset of 20 subjects with uncomplicated

type 2 diabetes

underwent diagnostic testing for

silent coronary heart disease

by means of “adenosine stress myocardial perfusion
scintigraphy™ (SPECT).

Sensitivity

When the threshold of <13 cm/s was chosen,
PS5V before SPECT was predictive of
impaired coronary flow reserve

i 0.0
with an accuracy of 80% 00 02 04 06 08 0

(area under the ROC curve = 0.798+0.10; p<0.05). 1-Specificity

Figure 5 Receiver operating characteristic curve for im-
paired coranary flow resenve at myocardial perfusion scintig-
raphy in relation to peak systolic velocity at penile Doppler
ultrasound measuraed before adenosine administration,



Basal PCDU: “acceleration”

Flaccid Penile Acceleration as a Marker of Cardiovascular Risk in
Men without Classical Risk Factors

Giulia Rastrelli, MD, PhD,* Giovanni Corona, MD, PhD,*! Francesco Lotti, MD,*
Antonio Aversa, MD, PhD,* Marco Bartolini, MD.* Mario Mancini, MD,? Edoarde Mannucci, MD,** and
Mario Maggi, MD*

Figure 4 Relationship between flac-
cid penile acceleration and flaccid
(Panel A) and dynamic (Panel B) peak
systolic velocity. Insets represent the
age-, smoking-, alcohol drinking-, and
body mass index-adjusted data using
all the data as continuous variables.

J Sex Med 2014;11:173-186




Basal PCDU: “acceleration”

Flaccid Penile Acceleration as a Marker of Cardiovascular Risk in
Men without Classical Risk Factors

Giulia Rastrelli, MD, PhD,* Giovanni Corona, MD, PhD,*! Francesco Lotti, MD,*
Antonio Aversa, MD, PhD,® Marco Bartolini, MD.? Mario Mancini, MD,' Edoardo Mannucci, MD,** and

Mario Maggi, MD" ] Sex Med 2014;11:173-186

N = 1903 pts Table 3 Mean values of flaccid acceleration according to

' h nce or pr f several risk f
with a suspected the absence or presence of several risk factors

organic component for ED No Yes P
(54.6111.7 years) Age >55 years 304+1.33 242+122 <0.0001
Family history of diabetes 274+130 256+1.30 0.005
mellitus
Diabetes mellitus 282+1.35 232+1.10 <0.0001

Cardiovascular diseases 280+£1.29 2141120 <0.0001

Body mass index 230 kg/m* 271+1.33 256+1.16 0.032

Blood pressure 2130/850r 3.18+1.36 258+1.28 <0.0001
treatment

Triglycerides 2150 mg/dLor 2.79+1.31 254+1.27 <0.0001
treatment




Basal PCDU: “acceleration” and CV risk

Flaccid Penile Acceleration as a Marker of Cardiovascular Risk in
Men without Classical Risk Factors

Giulia Rastrelli, MD, PhD,* Giovanni Corona, MD, PhD,*! Francesco Lotti, MD,*
Antonio Aversa, MD, PhD,® Marco Bartolini, MD.? Mario Mancini, MD,' Edoardo Mannucci, MD,** and

TR N J Sex Med 2014:11:173-186
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Basal PCDU: “acceleration”,
Sex and Testosterone

Flaccid Penile Acceleration as a Marker of Cardiovascular Risk in
Men without Classical Risk Factors

Giulia Rastrelli, MD, PhD,* Giovanni Corona, MD, PhD,*! Francesco Lotti, MD,* : A T1-17 3
Antonio Aversa, MD, PhD.* Marco Bartolini, MD.S Mario Mancini, MD,? Edoardo Mannucci, MD.** and 4 S¢x Med 2014;11:173-186

Mario Maggi, MD*
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Hyperiension

Driabetes

Body mass index =35 ky/m?

Age = 55 years
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Basal PCDU: cut-off of acceleration
predictive of MACE

Flaccid Penile Acceleration as a Marker of Cardiovascular Risk in
Men without Classical Risk Factors

Giulia Rastrelli, MD, PhD,* Giovanni Corona, MD, PhD,*! Francesco Lotti, MD *
Antonio Aversa, MD, PhD,® Marco Bartolini, MD.? Mario Mancini, MD,' Edoardo Mannucci, MD,** and

Maric Maggi, MD" J Sex Med 2014;11:173-186

ol 8 N = 1903 pts
with a suspected
organic component for ED

]_'_I; (54.6+11.7 years)

o Subset N= 622
in longitudinal sudy
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Follow-up (vears) .
During a mean follow-up of 4.1 £ 2.6 years, 126

MACE, 14 of which were fatal, were observed,
1.17 m/s2 predictive of MACE



Basal PCDU: cut-off for “reduced”acceleration

N = 588 consulting for ED with previous CVD

Acceleration
predicting

PSV <13 cm/s
in CVD patients

1.90 cm/s

Sens. 76%

Spec. 77%
Accuracy 84.1+2.1%
p<0.0001
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Summary:
Basal PCDU diagnostic parameters
indicative for ED

e PSV<13cm/s

® Acceleration < 1.90 cm/s (unpublished)

e Acceleration < 1.17 ecm/s =2 predictive for MACE =2 stress test



Basal PCDU in ED evaluation:

Pros our expcerience

l.Accuracy similar respect to dynamic PCDU in ED diagnosis

2.Prediction of cardiovascular risk

3.Less time consuming (no dynamic evaluation, no explanation of drugs-related risks)
4.Less expensive (no use of drugs, i.e. Alprostadil)

5.No drug-related injection risks (priapism. pain, emorragy, secondarv Peyronie’s
disease)

Cons

1.Needs more experience

-small, not dilated arteries

~difficult to perform in subjects with severe vascular diseases (diabetes, previous
MACE)

2.Less qualitative information (dynamic phases, veno-occlusive dysfunction, arterial
secondary ramifications, corpora cavernosa)



La Peyronie disease

Incidence 2-3% (1.5% < 40 years)

Pain (flaccid or erection), penile bending, palpable nodule

Bending (direction, severity)

Tunica albuginea alteration (thickness)

Septum thikness

Hypoechoic (activity) or hyperechoic (calcification) plaques
Microcalcifications

Fibrous areas of corpora cavernosa

Penis morphology (notch, bottleneck alteration)

Cavernosal arteries evaluation: frequently associated




Bending evaluation

Posifion 1 Position 2 Position 3




Tunica albuginea thickness

ESTICOL LASZS

.15 cm




Septum thickness




Hypoechoic plaque

World J Urol (2004) 22; 365 367
00 10, 1007/ s(H34 5-004-042 4 -x

TOPIC PAPER

P. Fornara - H.-P. Gerbershagen

Ultrasound in patients affected with Peyronie’s disease






Microcalcifications




Fibrous areas of corpora cavernosa




Penile notch

Painful Penile Indura-
tion: Imaging Findings
and Management!

Alrehede Herralodto, MY « Peermo Pavdaca, ALY « Ciiovaimn Senafing, MIY
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Penis bottleneck morphology

/
Figure 1 Figure 2
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