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ABSTRACT

A review of modern methods of diagnosis and treatment of vasculogenic erectile dysfunction is presented. Data regarding
the diagnostic value of noninvasive and invasive diagnostic techniques are displayed: stamp test, Snap-Gauge test, use of the
RigiScan and Androscan-MIT systems, intracavernous injections of vasoactive drugs, Doppler ultrasound of penile vessels, pe-
nile angiography, and magnetic resonance arteriography. The advantages and disadvantages of each of these tests are shown.
The main directions of conservative and surgical treatment of vasculogenic erectile dysfunction are presented. Notably, early
detection of erectile dysfunction with the prescription of appropriate treatment can improve the quality of life of patients and
prevent life-threatening complications of cardiovascular conditions.
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COBPEMEHHbIe MeToAbl AUArHOCTUKU U JieYeHUA
BaCKY/IOreHHOM 3PeKTU/IbHOU AUCHYHKLMUM
P.P. Annes, A.W. Heitmapk, A.B. [laBbinoB

AnTaiickuii rocynapCTBEHHbIN MeAULMHCKUIA YHuBepcuTeT, bapHayn, Poccus

AHHOTALNA

MpencraBneH 0630p COBPEMEHHbIX METOAO0B AMArHOCTUKW W NIeYEHNUS BACKYNIOreHHOM 3peKTUIbHON AMCHYHKLMK. [puBeaeHb
AaHHble 0THOCUTESNTHO AMarHOCTUYECKOM LIEHHOCTM HEMHBA3MBHBIX M MHBA3MBHbIX AMArHOCTUYECKUX METOAMK: MapOyHOro TecTa,
CHan-laiimk-Tecta, cucteM RigiScan u AngpockaH-MUT, BHYTpUKaBEPHO3HbIX MHBEKLMIA Ba30aKTUBHbIX MpenapaTos, ybTpa-
3BYKOBOV Aionnneporpadum cocyfoB NoJoBOro YieHa, aHruorpadum nosoBoro YneHa, MarHUTHO-pe30HaHCHOM apTepuorpadmm.
lMoKa3aHbl NpeuMyLLIeCTBa M He0CTaTKW KaXAaoro 13 3Tux TecTos. [lpeacTaBneHbl OCHOBHbIE HANpPaBAeHNs NeveHns NaLveHToB
C BACKYJIOreHHOW 3PeKTUNBHOM AMCPYHKLUMEN KaK KOHCepBaTUBHbIE, TaK U Xupyprisdeckue. [oguepKHYTO, YTO paHHee BbisB-
NeH1e HapyLLEHUA 3PEKTUIBHON (YHKLMM C Ha3HAYeHMEM COOTBETCTBYIOLLETO JIEYEHUS! MOXKET He TONbKO YAYYLLMTb KayecTBo
JU3HU NaLMEHTOB, HO W NPeLOTBPATUTb XU3HEYTPOXKatoLLMe OCIIOXHEHWUSA CO CTOPOHbI CepAeYHO-COCYAMUCTON CUCTEMBI.

KntoueBble cnoBa: 3pekTUnbHas AMCHYHKLMS; yNbTpa3ByKoBas gonnneporpadus; AnapockaH-MUT; TeCT HOYHbIX NEHWIBHBIX
TYMECLIEHLMNA.
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INTRODUCTION

Erectile dysfunction (ED) refers to the inability to
achieve or maintain an adequate erection of the penis
for satisfactory sexual intercourse [1]. The prevalence
of ED is high and increases with age, rising from 13.8%
in men aged 30-40 years to nearly 100% in men aged
>70 years [2, 3].

The most common causes of ED are neurogenic and
vascular factors, which worsen with age and are often as-
sociated with conditions such as hypertension, diabetes,
atherosclerosis, dyslipidemia, and metabolic syndrome.
Vascular factors primarily affect local erectile function,
whereas neurogenic factors can impair all levels of the
nervous system [4, 5].

This review aims to examine modern diagnostic meth-
ods for vasculogenic (vascular) ED.

NONINVASIVE METHODS FOR
ASSESSING ERECTILE DYSFUNCTION

Postage stamp test

Developed in 1980, the postage stamp test is a simple
method for evaluating erectile strength [6]. Four post-
age stamps with a combined width of 5 inches (12.7 cm)
are wrapped around the penis. The overlapping part is
sealed by folding the stamps to half their width. During
the test, tearing of the stamps is considered a sign of
an erection. This method is still used clinically to differ-
entiate psychogenic ED from organic ED [7]. The method
is simple, inexpensive, and safe. However, because the
stamps are torn during the measurement, it does not al-
low for continuous monitoring of nocturnal penile tumes-
cence (NPT), limiting its use. Moreover, because the test
requires sufficient erection strength to tear the stamps,
the results can vary based on the degree of erection
achieved [8].

Snap-Gauge test

The Snap-Gauge test uses an adjustable band with
three snap fasteners that can be secured around the pe-
nis. The fasteners have release strengths of 0.2, 0.34,
and 0.45 kg, which correspond to intracavernous pres-
sures ranging from 90 to 160 mmHg. The test evalu-
ates the strength of an erection based on the release of
fasteners. However, erroneous results are observed in
15.5% of healthy young men, limiting the test's reliability
for continuous monitoring [9]. Furthermore, a previous
study reported a weak correlation between Snap-Gauge
test results and NPT monitoring [10].

The analog measurement methods mentioned above
have limitations in terms of data quantification. Further-
more, they can only capture one or at most a single in-
stance of erection, lacking the capability for continuous
or repetitive measurements.
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Digital measurements

The advent of digital measurement methods using
computers and electronic sensors has enabled continu-
ous monitoring of penile conditions. The RigiScan sys-
tem, introduced in 1985, is a device capable of monitoring
NPT and penile rigidity simultaneously [11]. The device
comprises two inelastic loops fitted around the penis
and connected to a microcomputer for data process-
ing, facilitating real-time measurement of penile rigi-
dity. Although extensively used in clinical research and
regarded as effective and accurate [12-18], the size
and weight of the device — along with the requirement
to attach it to the hip — can disrupt sleep and affect test
outcomes.

The Russian equivalent device Androscan-MIT, in-
troduced in 2019, evaluates NPT by tracking changes
in penile diameter and rigidity. This device comprises a
sensor capable of obtaining 20 measurements and soft-
ware installed on a personal computer. The device is ac-
tivated contactless after the patient is registered in the
program, indicating the start and end times of the test.
Upon completion, digital data are transferred to a com-
puter and visualized as graphs [19]. The duration of the
analyzed period is defined as 8 h of good-quality sleep.
The device allows the recording of changes in penile di-
ameter and the duration of each tumescence, with the
results displayed in a diagrammatic form. The findings
of the study are highly informative, as they used both
quantitative and qualitative methods to identify the vas-
culogenic forms of ED. The device can be easily oper-
ated by patients with minimal skills, making it suitable
for home use.

INVASIVE EXAMINATION TECHNIQUES

Intracavernous administration of vasoactive drugs
was the first proposed method for diagnosing vascular
ED, laying the foundation for further advances in this
field [20]. In 1982, Virag [21] reported that papaverine
injection into the corpora cavernosa induced an erec-
tion lasting for 2-15 min. Since then, papaverine, along
with phentolamine and alprostadil, has been widely used
for diagnosing and treating vascular ED [22-24]. Intra-
cavernous injections of vasoactive drugs were initially
considered as the first-line treatment for ED before the
introduction of oral phosphodiesterase type 5 (PDE5) in-
hibitors. However, these injections are still relevant in
certain clinical situations. Moreover, they play a crucial
role in diagnosing vascular ED [24]. Ten minutes after
the injection, the penis length, circumference, and an-
gle relative to the thigh (while standing) are measured.
An angle >90° with an erection lasting >30 min indi-
cates normal vascular function, whereas an angle <60°
indicates possible vascular ED. If the angle is between
60° and 90°, further diagnostic evaluation is required.
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Additionally, insufficient erection 15 min after injection
indicates impaired arterial inflow, whereas rapid erection
followed by quick subsidence indicates venous occlusion
issues [25].

Despite their diagnostic utility, intracavernous injec-
tions have side effects, including pain, priapism, penile
fibrosis, and long-term refractoriness, limiting their
clinical use [26]. Therefore, most researchers recom-
mend combining these injections with other diagnostic
methods [27-31].

METHODS OF DIAGNOSIS OF ARTERIAL
ERECTILE DYSFUNCTION

Doppler ultrasound

Doppler ultrasound was used for the first time to
diagnose vasculogenic ED in 1980 [32]. In 1985, Lue et
al. [33] introduced a combination of Doppler ultrasound
with intracavernosal injection of vasoactive drugs to eval-
uate penile hemodynamics. Subsequently, several studies
have optimized this method. Currently, this procedure is
the first-line diagnostic method for diagnosing vascular
ED to determine its subtype and severity [34, 35].

The International Society for Sexual Medicine rec-
ommends three primary indicators for assessing blood
flow in patients with ED: peak systolic velocity, terminal
diastolic velocity, and resistive index. A peak systolic
blood flow rate <25 cm/s indicates arterial vasculogenic
ED [36].

Despite its diagnostic value, Doppler ultrasound
has limitations. The procedure is complex, labor-inten-
sive, expensive, and requires highly skilled specialists
[37, 38]. Moreover, Doppler ultrasound requires maxi-
mum relaxation of the penile smooth muscles to reflect
the actual state of vascular function during the study,
which can be challenging under stress [39, 40]. These
limitations can lead to false positives, necessitating
repeated administration of vasoactive drugs. However,
there is no consensus on the optimal drug and dosages
[41-43]. Audiovisual sexual stimulation has also been re-
ported to enhance erection before Doppler ultrasound or
after intracavernous injections [35]. Doppler ultrasound
is a widely recognized first-line method for diagnosing
vascular ED. However, differences in the qualifications of
specialists, the absence of standardized protocols, reli-
ance on medications, and the use of audiovisual sexual
stimulation during the procedure contribute to significant
variability in the results.

Selective penile angiography

While Doppler ultrasound is effective for the pre-
liminary assessment of vascular function, its results
are variable and limited to the evaluation of blood flow
without providing anatomical information about the pe-
nis [44]. Selective penile angiography, considered the
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gold standard for diagnosing vasculogenic ED [45],
overcomes these limitations. This method accurately
visualizes the penile vascular network, facilitating the
identification of traumatic arterial injuries, anatomical
abnormalities, occlusive diseases, and collateral circu-
lation [46]. It is typically used in younger patients with
suspected arterial ED when revascularization surgery
is considered [47].

Despite its diagnostic advantages, penile angiography
has several drawbacks, including its invasiveness, high
costs, and need for postoperative monitoring. The proce-
dure also requires skilled endovascular surgeons to can-
nulate small internal arteries, further limiting its routine
application.

Magnetic resonance arteriography

Magnetic resonance arteriography (MRA) is a rela-
tively new diagnostic tool that provides both anatomical
and functional assessments of penile blood flow [48, 49].
MRA is particularly useful for evaluating penile vascular
health in patients with post-traumatic ED, penile frac-
tures, and Peyronie's disease, particularly when planning
for penile prosthetics [49, 50].

According to Armenakas et al. [50], MRA offers bet-
ter visualization of the proximal iliac and genital arteries
but is less effective for distal genital and penile arteries.
Consequently, traditional selective angiography remains
superior to three-dimensional (3D-MRA) in assessing
distal arterial function, and 3D-MRA is not recommended
for routine preoperative planning for revascularization.
Nonetheless, MRA’s noninvasive nature and ability to
generate high-resolution, multivariate evaluations make
it a viable alternative for patients with contraindications
to angiography.

TREATMENT OF PATIENTS WITH
ERECTILE DYSFUNCTION

Clinical guidelines recommend PDE5 inhibitors as the
first-line therapy for ED [51]. PDE5 inhibitors block the
enzyme responsible for reducing cyclic guanosine mono-
phosphate levels, promoting smooth muscle relaxation,
and improving blood flow during sexual stimulation [52].
These drugs are effective for both organic and psycho-
genic ED, but side effects, such as headaches, facial
flushing, nasal congestion, visual impairment, and indi-
gestion, may occur.

Intracavernous injections of vasoactive drugs are
considered second-line treatment for ED. This treat-
ment is indicated when oral therapy proves ineffective
or intolerable or when a patient prefers a more reli-
able and predictable erection. Alprostadil injections are
effective in cases where sildenafil has failed. The ef-
fectiveness of intracavernous administration of pros-
taglandin E1 is reported to be between 70% and 80%,
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with the primary side effect being pain during injec-
tion [29]. Contraindications for this treatment include
significant anatomical defects of the penis or cavernous
bodies, diseases predisposing to priapism (e.g., sickle
cell anemia and myeloid leukemia), and mental health
disorders.

NONPHARMACOLOGICAL METHODS
OF TREATMENT OF ERECTILE
DYSFUNCTION

Low-intensity extracorporeal shockwave therapy

Low-intensity extracorporeal shockwave therapy
(Li-ESWT) involves the transfer of low-intensity acous-
tic energy (<0.2 MJ/mm?) to differentiate tissue types,
similar to traditional extracorporeal shockwave litho-
tripsy used for treating urolithiasis. The first study on
the use of this method for treating ED was published in
2010 [53]. The authors reported improved hemodynam-
ics in the corpus cavernosum without side effects under
the influence of Li-ESWT. Clinical application was pre-
ceded by experimental studies showing improved blood
flow in soft tissues. Since then, Li-ESWT has been widely
used to treat ED, particularly of vascular and neurogenic
origins.

Most studies have shown a long-term positive effect
of Li-ESWT on erectile function, as confirmed by im-
provements in the International Index of Erectile Func-
tion and the Erection Hardness Scale [54, 55]. Li-ESWT
is believed to promote neovascularization, tissue regen-
eration (including nerve regeneration), and inflamma-
tion reduction [56], potentially improving erectile func-
tion. However, some researchers have reported only a
moderate effect of Li-ESWT on erectile function, noting
that treatment efficacy decreases as the severity of ED
increases [57-59]. Due to conflicting results and a lack
of standardized treatment protocols regarding intensity,
frequency, and duration, Li-ESWT remains an experimen-
tal approach, requiring further clinical trials and stan-
dardization.

Vacuum erectile devices

Vacuum erectile devices are a nonsurgical treatment
option for patients with ED. These devices consist of a
vacuum cylinder and a local negative pressure pump,
which draws blood into the cavernous bodies to induce
an erection. The first vacuum pump for enhancing erec-
tions was patented in 1917 [60]; however, it was only
in 1989 that the Food and Drug Administration in the
United States registered it as a medical device for trea-
ting ED [61]. Since then, many similar devices have been
developed and are used as primary therapy for challeng-
ing organic ED. The efficacy of vacuum erection devices
has been validated in several experimental and clinical
studies [62-64].
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SURGICAL TREATMENT OF ERECTILE
DYSFUNCTION

Achieving an erection suitable for successful sexual
intercourse requires adequate arterial blood flow and a
functional venous occlusion mechanism in the cavernous
bodies of the penis. Disruptions in blood supply or venous
occlusion mechanisms are common causes of ED and can
result from conditions such as hypertension, diabetes, ath-
erosclerosis, and dyslipidemia as well as surgical interven-
tions, particularly radical prostatectomy, which can impair
penile innervation [65, 66]. Surgical treatment is a viable
option for patients with ED caused by arterial insufficiency.

Penile prosthetics

Penile prosthesis implantation has been a surgical op-
tion for ED treatment since 1973 [67]. This procedure is typ-
ically performed in patients in whom other ED treatments
have failed. Various types of implants are continuously
improved to make them more reliable, safe, and durable.
The three-component inflatable penile implants closely
mimic the natural erection process, allowing the penis
to become erect and then return to a flaccid state when
deactivated. These prostheses are associated with one of
the highest patient satisfaction rates among implantable
medical devices (85%—90%) [68], and over 90% of patients
achieve normal sexual activity following phalloprosthe-
sis [69]. Penile prosthetics have also proven highly effec-
tive in patients with ED secondary to Peyronie’s disease [70]
and those who have undergone radical prostatectomy [71].

CONCLUSION

This review discusses the primary methods of diagnos-
ing and treating vasculogenic ED. Current clinical guidelines
recommend Doppler ultrasound of the penile vessels as an
instrumental diagnostic method although its recommenda-
tion is classified as level C with level 5 evidence) [51]. Other
diagnostic tests have yet to be incorporated into clinical
guidelines and require further validation of their effective-
ness. The interpretation and significance of the NPT test in
men with various forms of ED remain unclear.

Effective treatment of ED requires identifying its
cause. The vasculogenic form is the most prevalent and
is considered a predictor of cardiovascular disease. Con-
sequently, early detection and treatment of ED can not
only enhance patients’ quality of life but also potentially
prevent life-threatening cardiovascular complications.
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N0NOHUTENBbHAA WUHOOPMALIUA

Bknap, aBTOpPOB. Bce aBTOpbl BHeC/U CYI.I.I,GCTBEHHbIVI
BKNnap B pa3paﬁoTKy KoHuenuuu, npoeeneHue uccnenoBaHuA

REFERENCES

1. Kapsargin FP, Volkova GA, Zukov RA, et al. Analysis of pub-
licly available rehabilitation of erectile dysfunction in young
men. In: Proceedings of the scientific and practical conference
of urologists of Western Siberia: “Issues of diagnostics and treat-
ment of urological diseases” 2004 May 12-13, 2004; Biysk.
(In Russ.)

2. Pushkar DYu, Kamalov AA, Al-Shukri SHh, et al. Epide-
miological study of the prevalence of erectile dysfunction in
the Russian Federation. RMJ. 2012:20(3):112-115. (In Russ.)
EDN: PACUHF

3. Efremov EA, Shekhovtsov SYu, Kastrikin YuV, et al. Di-
agnosis of erectile dysfunction. current state of the problem.
Effective pharmacotherapy. 2019;15(16):38—44. EDN: ZKWQHB
doi: 10.33978/2307-3586-2019-15-16-38-44

4. Meisel RL, Sachs BD. The physiology of male sexual behavior. In:
Knobil E, Neil J, editors. The physiology of reproduction. New York:
Raven Press; 1994. P. 3-96.

5. Saenz de Tejada IS, Angulo J, Cellek S, et al Physiology of erec-
tile function and pathophysiology of erectile dysfunction. J Sex Med.
2005;2(1):29-36. doi: 10.1111/j.1743-6109.04038.x

6. Andersson KE, Wagner G. Physiology of penile erection. Physiol
Rev. 1995;75(1):191-236. doi: 10.1152/physrev.1995.75.1.191

7. Duncan C, Omran GJ, The J, et al. Erectile dysfunction: A glob-
al review of intracavernosal injectables. World J Urol. 2019;37:
1007-1014. doi: 10.1007/s00345-019-02727-5

8. Ghanem H, Raheem AA, Abdel Rahman IFS, et al. Botulinum neu-
rotoxin and its potential role in the treatment of erectile dysfunction.
Sex Med Rev. 2018;6(1):135-142. doi: 10.1016/j.sxmr.2017.07.008
9. Goldstein I, McCullough AR, Jones LA, et al. A randomized,
double-blind, placebo-controlled evaluation of the safety and ef-
ficacy of avanafil in subjects with erectile dysfunction. J Sex Med.
2012;9(4):1122-1133. doi: 10.1111/}.1743-6109.2011.02629.x

10. Madeira CR, Tonin FS, Fachi MM, et al. Efficacy and safety of
oral phosphodiesterase 5 inhibitors for erectile dysfunction: a net-
work meta-analysis and multicriteria decision analysis. World J Urol.
2021;39(3):953-962. doi: 10.1007/s00345-020-03233-9

Tom 14,Ne 2, 2024

DOl https://doiorg/10.17816/uroved630147

ypOﬂOH/ME‘CRME BEJOMOCTH

M MOAFOTOBKY CTaTbW, MPOYNM M OA00pUIN UHANBHYIO BepcUto
nepen, nybnukaumen. JInuHbIM BKNag, Kaxgoro aropa: P.P. Anu-
€B — MOWCK 1 aHanu3 NUTepaTypHbIX AaHHbIX, HanucaHue TeKcTa
pykonucy; A.W. Heiimapk, A.B. [laBblgoB — KoHUenumus uccnepo-
BaHWA, aHanu3 NUTepaTypHbIX AaHHbIX, PeaKTUpOBaHWe TeKCTa
pyKonmcu.

KoHdnuKT unTepecoB. ABTOpbI AeKNapuUpyloT OTCYTCTBUE SAB-
HbIX 1 MOTEHUMaNbHbIX KOH(JIMKTOB MHTEPECOB, CBA3AHHBIX C My-
bMKaumeli HacTosLLel CTaTby.

WUcTouHnk dmHaHcupoBaHus. ABTOpbI 3asBNSAOT 06 OTCYT-
CTBUM BHELUHEro (MHaHCMPOBaHWUS NpU NMPOBELEHUN UCCNeno-
BaHUS.

11. Kang SG, Kim JJ. Udenafil: Efficacy and tolerability in the man-
agement of erectile dysfunction. Ther Adv Urol. 2013;5(2):101-110.
doi: 10.1177/1756287212470019

12. Andersson K-E. Mechanisms of penile erection and basis for
pharmacological treatment of erectile dysfunction. Pharmacol Rev.
2011;63(4):811-859. doi:10.1124/pr.111.004515

13. Argiolas A. Male erectile dysfunction: Chemical pharmacology of
penile erection. Drugs Discov Today Ther Strateg. 2005;2(1):31-36.
doi: 10.1016/.ddstr.2005.05.005

14. Glina S, Fonseca GN, Bertero EB, et al. Efficacy and toler-
ability of lodenafil carbonate for oral therapy of erectile dysfunc-
tion: A phase Ill clinical trial. J Sex Med. 2010;7(5):1928-1936.
doi: 10.1111/}.1743-6109.2010.01711.x

15. Azadzoi KM, Saenz de Tejada I. Diabetes mellitus impairs neu-
rogenic and endothelium-dependent relaxation of rabbit corpus-
cavernosum smooth muscle. J Urol. 1992;148(5-1):1587-1591.
doi: 10.1016/S0022-5347(17)36975-6

16. Azadzoi KM, Kim N, Brown ML, et al. Endothelium-derived
nitric oxide and cyclooxygenase products modulate corpus cav-
ernosum smooth muscle tone. J Urol. 1992;147(1):220-225.
doi: 10.1016/S0022-5347(17)37201-4

17. Angulo J, Cuevas P, Fernandez A, et al. Enhancedthromboxane
receptor-mediated responses and impaired endothelium-depen-
dent relaxation in human corpus cavernosum fromdiabetic impo-
tent men: Role of protein kinase C activity. J Pharmacol Exp Ther.
2006;319(1):783-789. doi: 10.1124/jpet.106.108597

18. Mitidieri E, Cirino G, d'Emmanuele di Villa Bianca R, Sorrentino R.
Pharmacology and perspectives in erectile dysfunction in man. Phar-
macol Ther. 2020;208:107493. doi:10.1016/j.pharmthera.2020.107493
19. Erkovich AA, Aliev RT, Nasedkina TV, et al. Monitoring of noc-
turnal penile tumescence in healthy volunteers by the “Androscan
MIT" registrar to establish reliable normal physiological values
in a multicenter study. Urologiia. 2021;(4):61-67. EDN: LJWKEU
doi: 10.18565/urology.2021.4.61-67

20. Belew D, Klaassen Z, Lewis RW. Intracavernosal injection for the
diagnosis, evaluation, and treatment of erectile dysfunction: A review.
Sex Med Rev. 2015;3(1):11-23. doi: 10.1002/smrj.35



https://elibrary.ru/pacuhf
https://elibrary.ru/zkwqhb
https://doi.org/10.33978/2307-3586-2019-15-16-38-44
https://doi.org/10.1111/j.1743-6109.04038.x
https://doi.org/10.1152/physrev.1995.75.1.191
https://doi.org/10.1007/s00345-019-02727-5
https://doi.org/10.1016/j.sxmr.2017.07.008
https://doi.org/10.1111/j.1743-6109.2011.02629.x
https://doi.org/10.1007/s00345-020-03233-9
https://doi.org/10.1177/1756287212470019
https://doi.org/10.1016/j.ddstr.2005.05.005
https://doi.org/10.1111/j.1743-6109.2010.01711.x
https://doi.org/10.1016/S0022-5347(17)36975-6
https://doi.org/10.1124/jpet.106.108597
https://elibrary.ru/ljwkeu
https://doi.org/10.1002/smrj.35

REVIEWS

21. Virag R. Intracavernous injection of papaverine for erectile failure.
Lancet. 1982;320(8304):938. doi: 10.1016/s0140-6736(82)90910-2
22. Delcour C, Wespes E, Vandenbosch G, et al. The effect of
papaverine on arterial and venous hemodynamics of erection.
J Urol. 1987;138(1):187-189. doi: 10.1016/s0022-5347(17)43041-29
23. Juenemann K-P, Lue TF, Fournier GR Jr, Tanangho EA. Hemo-
dynamics of papaverine- and phentolamine-induced penile erection.
J Urol. 1986;136(1-1):158-161. doi: 10.1016/50022-5347(17)44763-x
24. Montorsi F, Salonia A, Zanoni M, et al. Current status
of local penile therapy. Int J Impot Res. 2002;14(1):S70-81.
doi: 10.1038/sj.ijir.3900808

25. Wespes E, Delcour C, Rondeux C, et al. The erectile angle:
objective criterion to evaluate the papaverine test in impotence.
J Urol. 1987;138(5):1171-1173. doi: 10.1016/s0022-5347(17)43539-7
26. Brindley GS. Cavernous alpha-blockade: a new technique
for investigating and treating erectile impotence. Br J Psychiatry.
1983;143(4):332-337. doi: 10.1192/bjp.143.4.332

27. Nelson CJ, Hsiao W, Balk E, et al. Injection anxiety and pain in
men using intracavernosal injection therapy after radical pelvic sur-
gery. J Sex Med. 2013;10(10):2559-2265. doi: 10.1111/jsm.12271
28. Burnett AL, Nehra A, Breau RH, et al. Erectile dys-
function: AUA guideline. J Urol. 2018;200(3):633-641.
doi: 10.1016/j.juro.2018.05.004

29. El-Sakka Al. What is the current role of intracavernosal in-
jection in management of erectile dysfunction? Int J Impot Res.
2016;28(3):88-95. doi: 10.1038/ijir.2016.14

30. Hackett G, Kirby M, Wylie K, et al. British society for sexual medicine
guidelines on the management of erectile dysfunction in men-2017.
J Sex Med. 2018;15(4):430-457. doi: 10.1016/j,jsxm.2018.01.023

31. Hatzimouratidis K, Salonia A, Adaikan G, et al. Pharmacotherapy
for erectile dysfunction: recommendations from the Fourth Inter-
national Consultation for Sexual Medicine (ICSM 2015). J Sex Med.
2016;13(4):465-488. doi: 10.1016/j,jsxm.2016.01.016

32. Velcek D, Sniderman KW, Vaughan ED, et al. Penile flow index utiliz-
ing a Doppler pulse wave analysis to identify penile vascular insufficiency.
J Urol. 1980;123(5):669—673. doi: 10.1016/s0022-5347(17)56082-6

33. Lue TF, Hricak H, Marich KW, Tanagho EA. Vasculogenic im-
potence evaluated by high-resolution ultrasonography and pulsed
Doppler spectrum analysis. Radiology. 1985;155(3):777-781.
doi: 10.1148/radiology.155.3.3890009

34. Aversa A, Sarteschi LM. The role of penile color-duplex ul-
trasound for the evaluation of erectile dysfunction. J Sex Med.
2007;4(5):1437-1447. doi: 10.1111/}.1743-6109.2007.00546.x

35. Katlowitz NM, Albano GJT, Morales P, Golimbu M. Potentiation of
drug-induced erection with audiovisual sexual stimulation. Urology.
1993:41(5):431-434. doi: 10.1016/0090-4295(93)90502-2

36. Sikka SC, Hellstrom WJG, Brock G, Morales AM. Standardiza-
tion of vascular assessment of erectile dysfunction: standard op-
erating procedures for duplex ultrasound. J Sex Med. 2013;10(1):
120-129. doi: 10.1111/j.1743-6109.2012.02825.x

37. Cavallini G, Maretti C. Unreliability of the duplex scan
in diagnosing corporeal venous occlusive disease in young
healthy men with erectile deficiency. Urology. 2018;113:91-98.
doi:10.1016/j.urology.2017.11.005

Vol. 14(2) 2024

DOl https://doiorg/10.17816/uroved630147

Urology reports (St. Petersburg)

38. Golijanin D, Singer E, Davis R, et al. Doppler evaluation of
erectile dysfunction — part 2. Int J Impot Res. 2007;19:43-48.
doi: 10.1038/sj.ijir.3901478

39. Hatzichristou DG, Saenz de Tejadal, Kupferman S, et al.
In vivo assessment of trabecular smooth muscle tone, its ap-
plication in pharmaco-cavernosometry and analysis of intracav-
ernous pressure determinants. J Urol. 1995;153(4):1126—1135.
doi: 10.1016/S0022-5347(01)67530-X

40. Saenz de Tejada |, Moroukian P, Tessier J, et al. Trabecular
smooth muscle modulates the capacitor function of the penis. Stud-
ies on a rabbit model. Am J Physiol. 1991;260(5-2):H1590-H1595.
doi: 10.1152/ajpheart.1991.260.5.H1590

41. Arafa M, Eid H, Shamloul R. Significance of phentolamine redos-
ing during prostaglandin E1 penile color Doppler ultrasonography
in diagnosis of vascular erectile dysfunction. Int J Urol. 2007;14(5):
476-477. doi: 10.1111/).1442-2042.2006.01732.x

42. Mulhall JP, Abdel-Moneim A, Abobakr R, Goldstein I. Improving
the accuracy of vascular testing in impotent men: correcting hemody-
namic alterations using a vasoactive medication re-dosing schedule.
J Urol. 2001;166(3):923-926. doi: 10.1016/s0022-5347(05)65865-x
43. Teloken PE, Park K, Parker M, et al. The false diagnosis of
venous leak: prevalence and predictors. J Sex Med. 2011:8(8):
2344-2349. doi: 10.1111/].1743-6109.2011.02298.x

4k, Povelitsa EA, Dosta NI, Bystrenkov AV, et al. Dynamic mul-
tispiral computer contrast angiography a internal pudental ar-
tery — an innovative diagnostic methodof arteriogenny erectile
dysfunction. Innovative technologies in medicine. 2017;5(3):155-166.
EDN: ZOKYTR

45. Montague DK, Jarow JP, Broderick GA, et al. Chapter 1:
The management of erectile dysfunction: an AUA update. J Urol.
2005;174(1):230-239. doi: 10.1097/01.ju.0000164463.19239.19

46. Rajfer J, CananV, Dorey FJ, Mehringer CM. Correlation
between penile angiography and duplex scanning of cavern-
ous arteries in impotent men. J Urol. 1990;143(6):1128-1130.
doi: 10.1016/50022-5347(17)40203-5

47. Bahren W, Gall H, Scherb W, et al. Arterial anatomy and arte-
riographic diagnosis of arteriogenic impotence. Cardiovasc Interven
Radiol. 1988;11:195-210. doi: 10.1007/BF02577004

48. Efremov EA, Zhukov 0B, Shcherbinin SN, et al. Dynamic comput-
erised cavernosography in the diagnosis of veno-occlusive erectile
dysfunction. Urology today. 2012;(4). (In Russ.)

49. Kyzlasov PS, Kasymov BG, Al-Shukri SK, et al. Radiation diag-
nostics of arteriovenous erectile dysfunction: history and develop-
ment. Urology reports (St. Petersburg). 2018;8(1):40—46. EDN: YWJLJI
doi: 10.17816/uroved8140-46

50. Armenakas NA, McAninch JW, Lue TF, et al. Posttraumatic
impotence: magnetic resonance imaging and duplex ultrasound
in diagnosis and management. J Urol. 1993;149(5-2):1272-1275.
doi: 10.1016/s0022-5347(17)36365-6

51. Akhvlediani ND, Bernikov AN, Gvasalia BR. Erectile dysfunction.
Clinical recommendations. 2021. (In Russ.)

52. Korneyev IA. Long-term phosphadiesterase inhibition: uro-
logic perspectives. Effective pharmacotherapy. 2013;(16):14-17.
EDN: QATBGR

203


https://doi.org/10.1016/s0140-6736(82)90910-2
https://doi.org/10.1016/s0022-5347(17)43041-29
https://doi.org/10.1016/s0022-5347(17)44763-x
https://doi.org/10.1038/sj.ijir.3900808
https://doi.org/10.1016/s0022-5347(17)43539-7
https://doi.org/10.1192/bjp.143.4.332
https://doi.org/10.1111/jsm.12271
https://doi.org/10.1016/j.juro.2018.05.004
https://doi.org/10.1038/ijir.2016.14
https://doi.org/10.1016/j.jsxm.2018.01.023
https://doi.org/10.1016/j.jsxm.2016.01.016
https://doi.org/10.1016/s0022-5347(17)56082-6
https://doi.org/10.1148/radiology.155.3.3890009
https://doi.org/10.1111/j.1743-6109.2007.00546.x
https://doi.org/10.1111/j.1743-6109.2012.02825.x
https://doi.org/10.1038/sj.ijir.3901478
https://doi.org/10.1016/S0022-5347(01)67530-X
https://doi.org/10.1152/ajpheart.1991.260.5.H1590
https://doi.org/10.1111/j.1442-2042.2006.01732.x
https://doi.org/10.1016/s0022-5347(05)65865-x
https://doi.org/10.1111/j.1743-6109.2011.02298.x
https://elibrary.ru/zokytr
https://doi.org/10.1097/01.ju.0000164463.19239.19
https://doi.org/10.1016/s0022-5347(17)40203-5
https://doi.org/10.1007/BF02577004
https://elibrary.ru/ywjlji
https://doi.org/10.17816/uroved8140-46
https://doi.org/10.1016/s0022-5347(17)36365-6
https://elibrary.ru/qatbgr

204

OB30PHI JUTEPATYPHI

53. Vardi Y, Appel B, Jacob G, et al. Can low-intensity extracorporeal
shockwave therapy improve erectile function? A 6-month follow-
up pilot study in patients with organic erectile dysfunction. Eur Urol.
2010;58(2):243-248. doi: 10.1016/j.eururo.2010.04.004

54. Rizk PJ, Krieger JR, Kohn TP, Pastuszak AW. Low-inten-
sity shockwave therapy for erectile dysfunction. Sex Med Rev.
2018;6(4):624-630. doi: 10.1016/j.sxmr.2018.01.002

55. Dong L, Chang D, Zhang X, et al. Effect of low-intensity ex-
tracorporeal shock wave on the treatment of erectile dysfunc-
tion: A systematic review and meta-analysis. Am J Mens Health.
2019;13(2):1557988319846749. doi: 10.1177/1557988319846749

56. Weihs AM, Fuchs C, Teuschl AH, et al. Shock wave treat-
ment enhances cell proliferation and improves wound heal-
ing by ATP release-coupled extracellular signal-regulated ki-
nase (ERK) activation. J Biol Chem. 2014:289(39):27090-27104.
doi: 10.1074/jbc.M114.580936

57. Drury R, Natale C, Hellstrom WJG. Reviewing the evidence for
shockwave- and cell-based regenerative therapies in the treatment
of erectile dysfunction. Ther Adv Urol. 2021;13:17562872211002059.
doi: 10.1177/17562872211002059

58. Daeschler SC, Harhaus L, Schoenle P, et al. Ultrasound
and shock-wave stimulation to promote axonal regenera-
tion following nerve surgery: A systematic review and me-
ta-analysis of preclinical studies. Sci Rep. 2018;8:3168.
doi: 10.1038/s41598-018-21540-5

59. Usta MF, Gabrielson AT, Bivalacqua TJ. Low-intensity extracor-
poreal shockwave therapy in the treatment of erectile dysfunction
following radical prostatectomy: A critical review. Int J Impot Res.
2019;31:231-238. doi: 10.1038/s41443-019-0121-3

60. Patent US No. A16H19/00/29.11.1913. Lederer O. Surgical device.
61. Witherington R. Vacuum constriction device for manage-
ment of erectile impotence. J Urol. 1989;141(2):320-322.
doi: 10.1016/S0022-5347(17)40752-X

CMUCOK JIUTEPATYPbI

1. Kancapruu @.M, Bomnkosa A, 3ykoB PA, n gp. AHa-
13 0bLLeOCTYNHON peabunnTaumn 3peKTUIbHON  AUCHYHK-
UMM Y MOMOABIX MYXYMH. B KH.: HayyHo-npakTuueckas KoHde-
peHuus yponoroB 3anafHoit Cubupu: «Bompockl amarHocTWkm
W NeyeHWs yponoruyeckux 3aboneBaHui»; Mai 12-13, 2004
Buinck.

2. MNywkapb [O.10., Kamanos AA., Anb-LWykpn CX, 1 ap. 3nu-
[,eMUONOrMYecKoe UCCNeloBaHe PacrpoCTpaHEHHOCTU 3pekK-
TURbHOM OuchyHkumm B Poccumiickon ®epepaumn // Pyc-
CKMIN MeanumHckmin xypHan. 2012. T. 20, N°3. C. 112-115.
EDN: PACUHF

3. Edpemos EA, LWexosuos C.H., Kactpukun 10.B., v gp. Quarto-
CTVIKa 3peKTUNbHOM AnchyHKLmm. CoBpemMeHHOe cocTosHve npobe-
Mbl // bdexTvBHas Gapmarotepanms. 2019. T. 15, N2 16. C. 38-44.
EDN: ZKWQHB doi: 10.33978/2307-3586-2019-15-16-38-44

4. Meisel R.L, Sachs B.D. The physiology of male sexual behavior.
B kH.: The physiology of reproduction / E. Knobil, J. Neil, editors. New
York: Raven Press, 1994. P. 3-96.

Tom 14,Ne 2, 2024

DOl https://doiorg/10.17816/uroved630147

ypOﬂOH/M@CRME‘ BEJOMOCTH

62. Diederichs W, Kaula NF, Lue TF, Tanagho EA. The effect of
subatmospheric pressure on the simian penis. J Urol. 1989;142(4):
1087-1089. doi: 10.1016/s0022-5347(17)39001-8

63. Lin H, Wang R. The science of vacuum erectile device in pe-
nile rehabilitation after radical prostatectomy. Trans( Androl Urol.
2013;2(1):61-66. doi: 10.3978/j.issn.2223-4683.2013.01.04

64. Yuan J, Lin H, Li P, et al. Molecular mechanisms of vacuum
therapy in penilerehabilitation: A novel animal study. Eur Urol.
2010;58(5):773-780. doi: 10.1016/j.eururo.2010.07.005

65. Trost LW, Munarriz R, Wang R, et al. External mechanical de-
vices and vascular surgery for erectile dysfunction. J Sex Med.
2016;13(11):1579-1617. doi: 10.1016/}.jsxm.2016.09.008

66. Shauly 0, Gould DJ, Patel KM. Emerging nonsurgical and sur-
gical techniques to treat erectile dysfunction: A systematic review
of treatment options and published outcomes. J Plast Reconstr
Aesthet Surg. 2019;72(4):532-538. doi: 10.1016/j.bjps.2018.12.028
67. Scott FB, Bradley WE., Timm G.W. Management of erec-
tile impotence: Use of implantable inflatable prosthesis. Urology.
1973;2(1):80-82. doi: 10.1016/0090-4295(73)90224-0

68. Hamilton Z, Mirza M. Post-prostatectomy erectile dysfunction:
Contemporary approaches from a US perspective. Res Rep Urol.
2014;6:35-41. doi: 10.2147/RRU.S39560

69. Wang C-M, Wu B-R, Xiang P, et al. Management of male erec-
tile dysfunction: From the past to the future. Front Endocrinol.
2023;14:1148834. doi: 10.3389/fendo.2023.1148834

70. Montorsi F, Rigatti P, Carmignani G, et al. AMS three-piece in-
flatable implants for erectile dysfunction: A long-term multi-institu-
tional study in 200 consecutive patients. Eur Urol. 2000;37(1):50-55.
doi: 10.1159/000020099

71. La Croce G, Schifano N, Pescatori E, et al. Which patient may
benefit the most from penile prosthesis implantation? Andrology.
2022;10(8):1567-1574. doi: 10.1111/andr.13294

5. Saenz de Tejada |.S., Angulo J., Cellek S., et al Physiology of
erectile function and pathophysiology of erectile dysfunction // J Sex
Med. 2005. Vol. 2, N 1. P. 29-36. doi: 10.1111/j.1743-6109.04038.x
6. Andersson K.E., Wagner G. Physiology of penile erection // Physiol
Rev. 1995. Vol. 75, N 1. P. 191-236. doi: 10.1152/physrev.1995.75.1.191
7. Duncan C., Omran G.J., The J,, et al. Erectile dysfunction: A global
review of intracavernosal injectables // World J Urol. 2019. Vol. 37.
P. 1007-1014. doi: 10.1007/s00345-019-02727-5

8. Ghanem H., Raheem AA., AbdelRahman I.F.S., et al. Botuli-
num neurotoxin and its potential role in the treatment of erec-
tile dysfunction // Sex Med Rev. 2018. Vol. 6, N 1. P. 135-142.
doi: 10.1016/}.sxmr.2017.07.008

9. Goldstein I, McCullough AR., Jones LA, et al. A randomized,
double-blind, placebo-controlled evaluation of the safety and efficacy
of avanafil in subjects with erectile dysfunction // J Sex Med. 2012.
Vol. 9, N 4, P. 1122-1133. doi: 10.1111/}.1743-6109.2011.02629.x
10. Madeira CR,, Tonin F.S,, Fachi MM, et al. Efficacy and safety of
oral phosphadiesterase 5 inhibitors for erectile dysfunction: a network



https://doi.org/10.1016/j.eururo.2010.04.004
https://doi.org/10.1016/j.sxmr.2018.01.002
https://doi.org/10.1177/1557988319846749
https://doi.org/10.1074/jbc.M114.580936
https://doi.org/10.1177/17562872211002059
https://doi.org/10.1038/s41598-018-21540-5
https://doi.org/10.1038/s41443-019-0121-3
https://doi.org/10.1016/s0022-5347(17)39001-8
https://doi.org/10.1016/j.eururo.2010.07.005
https://doi.org/10.1016/j.jsxm.2016.09.008
https://doi.org/10.1016/j.bjps.2018.12.028
https://doi.org/10.1016/0090-4295(73)90224-0
https://doi.org/10.2147/RRU.S39560
https://doi.org/10.3389/fendo.2023.1148834
https://doi.org/10.1159/000020099
https://doi.org/10.1111/andr.13294
https://elibrary.ru/pacuhf
https://elibrary.ru/zkwqhb
https://doi.org/10.33978/2307-3586-2019-15-16-38-44
https://doi.org/10.1111/j.1743-6109.04038.x
https://doi.org/10.1152/physrev.1995.75.1.191
https://doi.org/10.1007/s00345-019-02727-5
https://doi.org/10.1016/j.sxmr.2017.07.008
https://doi.org/10.1111/j.1743-6109.2011.02629.x

REVIEWS

meta-analysis and multicriteria decision analysis // World J Urol. 2021.
Vol. 39, N 3. P. 953-962. doi: 10.1007/s00345-020-03233-9

11. Kang S.G., Kim J.J. Udenafil: Efficacy and tolerability in the man-
agement of erectile dysfunction // Ther Adv Urol. 2013. Vol. 5, N 2.
P. 101-110. doi: 10.1177/1756287212470019

12. Andersson K.-E. Mechanisms of penile erection and basis for
pharmacological treatment of erectile dysfunction // Pharmacol Rev.
2011. Vol. 63, N 4. P. 811-859. doi:10.1124/pr.111.004515

13. Argiolas A. Male erectile dysfunction: Chemical pharmacology of
penile erection // Drugs Discov Today Ther Strateg. 2005. Vol. 2, N 1.
P. 31-36. doi: 10.1016/j.ddstr.2005.05.005

14. Glina S., Fonseca G.N., Bertero EB,, et al. Efficacy and toler-
ability of lodenafil carbonate for oral therapy of erectile dysfunction:
A phase lll clinical trial // J Sex Med. 2010. Vol. 7, N 5. P. 1928-1936.
doi: 10.1111/}.1743-6109.2010.01711.x

15. Azadzoi KM., Saenz de Tejada I. Diabetes mellitus impairs neuro-
genic and endothelium-dependent relaxation of rabbit corpuscaver-
nosum smooth muscle // J Ural. 1992. Vol. 148, N 5-1. P. 1587-1591.
doi: 10.1016/S0022-5347(17)36975-6

16. Azadzoi KM., Kim N., Brown M.L, et al. Endothelium-derived
nitric oxide and cyclooxygenase products modulate corpus caverno-
sum smooth muscle tone // J Urol. 1992. Vol. 147, N 1. P. 220-225.
doi: 10.1016/S0022-5347(17)37201-4

17. Angulo J, Cuevas P., Fernandez A., et al. Enhancedthromboxane
receptor-mediated responses and impaired endothelium-dependent
relaxation in human corpus cavernosum fromdiabetic impotent men:
Role of protein kinase C activity // J Pharmacol Exp Ther. 2006.
Vol. 319, N 1. P. 783-789. doi: 10.1124/jpet.106.108597

18. Mitidieri E., Cirino G., d'Emmanuele di Villa Bianca R., Sor-
rentino R. Pharmacology and perspectives in erectile dysfunc-
tion in man // Pharmacol Ther. 2020. Vol. 208. ID 107493.
doi:10.1016/j.pharmthera.2020.107493

19. Epkosvy AA, Anves P.T.,, HacearkuHa T.C., v ap. MOHUTOPWHI HOY-
HbIX MEHWIbHBIX TYMECLIEHLIWIA Y 310pOBbIX [06POBOSLLIEB PEMVCTPaTo-
POM MEHUNbHBIX TyMeCLeHUMA «AHapockaH MUT» ans yctaHoBneHws
[J0CTOBEPHbIX MPaHML, HOPMODU3MOMOrMYECKUX 3HAYEHIA NapaMeTpoB
nprbopa B YCMOBMSX MHOMOLIEHTPOBOIO WccrieoBaHmna // Ypororus.
2021.N2 4. C. 61-67. EDN: LJWKEU doi: 10.18565/urology.2021.4.61-67
20. Belew D, Klaassen Z., Lewis R.W. Intracavernosal Injection for
the diagnosis, evaluation, and treatment of erectile dysfunction: A re-
view // Sex Med Rev. 2015. Vol. 3, N 1. P. 11-23. doi: 10.1002/smrj.35
21.Virag R. Intracavernous injection of papaverine for
erectile failure // Lancet. 1982. Vol. 320, N 8304 P. 938.
doi: 10.1016/s0140-6736(82)90910-2

22. Delcour C., Wespes E., Vandenbosch G., et al. The effect of pa-
paverine on arterial and venous hemodynamics of erection // J Urol.
1987.Vol. 138, N 1. P. 187-189. doi: 10.1016/s0022-5347(17)43041-29
23. Juenemann K.-P., Lue T.F.,, Fournier G.R. Jr, Tanangho E.A.
Hemodynamics of papaverine- and phentolamine-induced pe-
nile erection // J Urol. 1986. Vol. 136, N 1-1. P. 158-161.
doi: 10.1016/s0022-5347(17)44763-x

24. Montorsi F., Salonia A, Zanoni M, et al. Current status of local
penile therapy // Int J Impot Res. 2002. Vol. 14, N 1. P. S70-81.
doi: 10.1038/sj.ijir.3900808

Vol. 14(2) 2024

DOl https://doiorg/10.17816/uroved630147

Urology reports (St. Petersburg)

25. Wespes E., Delcour C., Rondeux C., et al. The erectile angle: objec-
tive criterion to evaluate the papaverine test in impotence // J Urol.
1987.Vol. 138, N 5. P. 1171-1173. doi: 10.1016/s0022-5347(17)43539-7
26. Brindley G.S. Cavernous alpha-blockade: a new technique for
investigating and treating erectile impotence // Br J Psychiatry. 1983.
Vol. 143, N 4. P. 332-337. doi: 10.1192/bjp.143.4.332

27. Nelson C.J.,, Hsiao W., Balk E., et al. Injection anxiety and
pain in men using intracavernosal injection therapy after radical
pelvic surgery // J Sex Med. 2013. Vol. 10, N 10. P. 2559-2265.
doi: 10.1111/jsm.12271

28. Burnett AL, Nehra A, Breau RH. et al. Erectile dysfunc-
tion: AUA guideline // J Urol. 2018. Vol. 200, N 3. P. 633—641.
doi: 10.1016/}.juro.2018.05.004

29. El-Sakka A.l. What is the current role of intracavernosal injection
in management of erectile dysfunction? // Int J Impot Res. 2016.
Vol. 28, N 3. P. 88-95. doi: 10.1038/ijir.2016.14

30. Hackett G., Kirby M., Wylie K., et al. British society for sexual
medicine guidelines on the management of erectile dysfunc-
tion in men-2017 // J Sex Med. 2018. Vol. 15, N 4. P. 430-457.
doi: 10.1016/j.jsxm.2018.01.023

31. Hatzimouratidis K., Salonia A., Adaikan G., et al. Pharmaco-
therapy for erectile dysfunction: recommendations from the Fourth
International Consultation for Sexual Medicine (ICSM 2015) // J Sex
Med. 2016. Vol. 13, N 4. P. 465-488. doi: 10.1016/j,jsxm.2016.01.016
32. Velcek D., Sniderman K.W., Vaughan E.D., et al. Penile flow
index utilizing a Doppler pulse wave analysis to identify penile
vascular insufficiency // J Urol. 1980. Vol. 123, N 5. P. 669-673.
doi: 10.1016/50022-5347(17)56082-6

33. Lue TF,, Hricak H., Marich K.W., Tanagho E.A. Vasculogenic im-
potence evaluated by high-resolution ultrasonography and pulsed
Doppler spectrum analysis // Radiology. 1985. Vol. 155, N 3.
P. 777-781. doi: 10.1148/radiology.155.3.3890009

34. Aversa A, Sarteschi LM. The role of penile color-duplex ultra-
sound for the evaluation of erectile dysfunction // J Sex Med. 2007.
Vol. 4, N 5. P. 1437-1447. doi: 10.1111/j.1743-6109.2007.00546.x
35. Katlowitz N.M., Albano G.J.T., Morales P., Golimbu M. Potentiation
of drug-induced erection with audiovisual sexual stimulation // Urolo-
gy. 1993. Vol. 41, N 5. P. 431-434. doi: 10.1016/0090-4295(93)90502-2
36. Sikka S.C., Hellstrom W.J.G., Brock G., Morales AM. Standardiza-
tion of vascular assessment of erectile dysfunction: standard operat-
ing procedures for duplex ultrasound // J Sex Med. 2013. Vol. 10,
N 1. P. 120-129. doi: 10.1111/}.1743-6109.2012.02825.x

37. Cavallini G., Maretti C. Unreliability of the duplex scan in di-
agnosing corporeal venous occlusive disease in young healthy
men with erectile deficiency // Urology. 2018. Vol. 113. P. 91-98.
doi:10.1016/j.urology.2017.11.005

38. Golijanin D., Singer E., Davis R., et al. Doppler evaluation of erec-
tile dysfunction — part 2 // Int J Impot Res. 2007. Vol. 19. P. 43-48.
doi: 10.1038/s}.ijir.3901478

39. Hatzichristou D.G., Saenz de Tejada I, Kupferman S., et al. /n
vivo assessment of trabecular smooth muscle tone, its application
in pharmaco-cavernosometry and analysis of intracavernous pres-
sure determinants // J Urol. 1995. Vol. 153, N 4. P. 1126-1135.
doi: 10.1016/S0022-5347(01)67530-X

205


https://doi.org/10.1007/s00345-020-03233-9
https://doi.org/10.1177/1756287212470019
https://doi.org/10.1016/j.ddstr.2005.05.005
https://doi.org/10.1111/j.1743-6109.2010.01711.x
https://doi.org/10.1016/S0022-5347(17)36975-6
https://doi.org/10.1124/jpet.106.108597
https://elibrary.ru/ljwkeu
https://doi.org/10.1002/smrj.35
https://doi.org/10.1016/s0140-6736(82)90910-2
https://doi.org/10.1016/s0022-5347(17)43041-29
https://doi.org/10.1016/s0022-5347(17)44763-x
https://doi.org/10.1038/sj.ijir.3900808
https://doi.org/10.1016/s0022-5347(17)43539-7
https://doi.org/10.1192/bjp.143.4.332
https://doi.org/10.1111/jsm.12271
https://doi.org/10.1016/j.juro.2018.05.004
https://doi.org/10.1038/ijir.2016.14
https://doi.org/10.1016/j.jsxm.2018.01.023
https://doi.org/10.1016/j.jsxm.2016.01.016
https://doi.org/10.1016/s0022-5347(17)56082-6
https://doi.org/10.1148/radiology.155.3.3890009
https://doi.org/10.1111/j.1743-6109.2007.00546.x
https://doi.org/10.1111/j.1743-6109.2012.02825.x
https://doi.org/10.1038/sj.ijir.3901478
https://doi.org/10.1016/S0022-5347(01)67530-X

206

OB30PHI JUTEPATYPHI

40. Saenz de Tejada I, Moroukian P., Tessier J., et al. Trabecu-
lar smooth muscle modulates the capacitor function of the penis.
Studies on a rabbit model // Am J Physiol. 1991. Vol. 260, N 5-2.
P. H1590-H1595. doi: 10.1152/ajpheart.1991.260.5.H1590

41. Arafa M., Eid H., Shamloul R. Significance of phentolamine re-
dosing during prostaglandin E1 penile color Doppler ultrasonogra-
phy in diagnosis of vascular erectile dysfunction // Int J Urol. 2007.
Vol. 14, N 5. P. 476-477. doi: 10.1111/].1442-2042.2006.01732.x

42. Mulhall J.P., Abdel-Moneim A., Abobakr R., Goldstein I. Im-
proving the accuracy of vascular testing in impotent men: cor-
recting hemodynamic alterations using a vasoactive medication
re-dosing schedule // J Urol. 2001. Vol. 166, N 3. P. 923-926.
doi: 10.1016/s0022-5347(05)65865-x

43. Teloken P.E, Park K., Parker M, et al. The false diagnosis of
venous leak: prevalence and predictors // J Sex Med. 2011. Vol. 8,
N 8. P. 2344-2349. doi: 10.1111/].1743-6109.2011.02298.x

44, MNoeenmua 3.A., [locta H.W., beictpeHkos A.B., n ap. duHamu-
yecKas KOMMbOTepHas KOHTpACTHas aHr1orpadus BHYTPEHHEN Mo-
NIOBOW apTePUM — WHHOBALWIOHHBIA METOA, AMArHOCTVKL apTepuo-
eHHOW 3PEKTUIBHOM ANCHYHKLMM // IHHOBALWMOHHBIE TEXHOMOM K
B MegmumHe. 2017.T. 5, N2 3. C. 155-166. EDN: ZOKYTR

45. Montague D.K., Jarow J.P., Broderick G.A, et al. Chapter 1:
The management of erectile dysfunction: an AUA update // J Urol. 2005.
Vol. 174, N 1. P. 230-239. doi: 10.1097/01.ju.0000164463.19239.19
46. Rajfer J., Canan V., Dorey F.J., Mehringer C.M. Correlation be-
tween penile angiography and duplex scanning of cavernous arter-
ies in impotent men // J Urol. 1990. Vol. 143, N 6. P. 1128-1130.
doi: 10.1016/s0022-5347(17)40203-5

47. Bahren W., Gall H., Scherb W., et al. Arterial anatomy and arte-
riographic diagnosis of arteriogenic impotence // Cardiovasc Interven
Radiol. 1988. Vol. 11. P. 195-210. doi: 10.1007/BF02577004

48. Edpemos EA., Hykos 0., Lepbunmu CH., u agp. InHamu-
YecKasl KOMMbOTEpPHas KaBepHO30rpagus B AMArHOCTUKE BEHO-
OKKJMI03VBHOM 3pEKTUMbHOM AMChYHKUMK // Yponorus ceropHs.
2012. N° 4.

49. Kuiznacos M1.C., KacbimoB B.I, Anb-LLykpu CX., n ap. JlydeBas
[MarHOCTUKa apTepUOBEHO3HOM 3PEKTUIbHON AUCHYHKLMM: UCTO-
pus 1 passutie // Yponorudeckue segomoctv. 2018. T. 8, N° 1.
C. 40-46. EDN: YWJLJI doi: 10.17816/uroved8140-46

50. Armenakas N.A, McAninch JW., Lue T.F, et al. Posttraumatic
impotence: magnetic resonance imaging and duplex ultrasound
in diagnosis and management // J Urol. 1993. Vol. 149, N 5-2.
P. 1272-1275. doi: 10.1016/s0022-5347(17)36365-6

51. Axenegmann H.[L., bepHukos A H., 'Bacanus b.P. IpektunbHas
avcdyHkuma. Knmamyeckune pekoMergaumm. 2021

52. KopHee N.A. InutensHoe mHrmnbmposaHmne docdoamacTepa-
3bl 5 TMNa: ahdeKTbI, NEPCNEKTVBLI NPUMEHEHWS B YPOJIOTMYECKOW
npakTvke // IddexTnBHas GapMakoTepanus. 2013. N2 16. C. 14-17.
EDN: QATBGR

53. Vardi Y., Appel B., Jacob G., et al. Can low-intensity extracorpore-
al shockwave therapy improve erectile function? A 6-month follow-
up pilot study in patients with organic erectile dysfunction // Eur Urol.
2010. Vol. 58, N 2. P. 243-248. doi: 10.1016/j.eururo.2010.04.004
54. Rizk P.J., Krieger JR., Kohn T.P., Pastuszak A.W. Low-intensity
shockwave therapy for erectile dysfunction // Sex Med Rev. 2018.
Vol. 6, N 4. P. 624-630. doi: 10.1016/j.sxmr.2018.01.002

55. Dong L., Chang D., Zhang X., et al. Effect of low-intensity ex-
tracorporeal shock wave on the treatment of erectile dysfunction:

Tom 14,Ne 2, 2024

DOl https://doiorg/10.17816/uroved630147

ypOﬂOH/M@CRME‘ BEJOMOCTH

A systematic review and meta-analysis // Am J Mens Health. 2019.
Vol. 13, N 2. ID 1557988319846749. doi: 10.1177/1557988319846749
56. Weihs AM., Fuchs C., Teuschl AH., et al. Shock wave treat-
ment enhances cell proliferation and improves wound healing by
ATP release-coupled extracellular signal-regulated kinase (ERK)
activation // J Biol Chem. 2014. Vol. 289, N 39. P. 27090-27104.
doi: 10.1074/jbc.M114.580936

57. Drury R, Natale C., Hellstrom W.J.G. Reviewing the evidence
for shockwave- and cell-based regenerative therapies in the
treatment of erectile dysfunction // Ther Adv Urol. 2021. Vol. 13.
ID 17562872211002059. doi: 10.1177/17562872211002059

58. Daeschler S.C., Harhaus L., Schoenle P., et al. Ultrasound and shock-
wave stimulation to promote axonal regeneration following nerve sur-
gery: A systematic review and meta-analysis of preclinical studies //
Sci Rep. 2018. Vol. 8. 1D 3168. doi: 10.1038/541598-018-21540-5

59. Usta M.F., Gabrielson A.T., Bivalacqua T.J. Low-intensity extra-
corporeal shockwave therapy in the treatment of erectile dysfunction
following radical prostatectomy: A critical review // Int J Impot Res.
2019. Vol. 31. P. 231-238. doi: 10.1038/s41443-019-0121-3

60. Patent US No. A16H19/00/29.11.1913. Lederer O. Surgical
device.

61. Witherington R. Vacuum constriction device for management
of erectile impotence // J Urol. 1989. Vol. 141, N 2. P. 320-322.
doi: 10.1016/S0022-5347(17)40752-X

62. Diederichs W., Kaula N.F., Lue T.F., Tanagho E.A. The effect
of subatmospheric pressure on the simian penis // J Urol. 1989.
Vol. 142, N 4. P. 1087-1089. doi: 10.1016/s0022-5347(17)39001-8
63. Lin H., Wang R. The science of vacuum erectile device in penile
rehabilitation after radical prostatectomy // Transl Androl Urol. 2013.
Vol. 2, N 1. P. 61-66. doi: 10.3978/.issn.2223-4683.2013.01.04

64. Yuan J., Lin H., Li P, et al. Molecular mechanisms of vacuum
therapy in penilerehabilitation: A novel animal study // Eur Urol.
2010. Vol. 58, N 5. P. 773-780. doi: 10.1016/j.eururo.2010.07.005
65. Trost LW., Munarriz R., Wang R,, et al. External mechanical de-
vices and vascular surgery for erectile dysfunction // J Sex Med.
2016. Vol. 13, N 11. P. 1579-1617. doi: 10.1016/j.jsxm.2016.09.008
66. Shauly 0., Gould D.J., Patel KM. Emerging nonsurgical and sur-
gical techniques to treat erectile dysfunction: A systematic review of
treatment options and published outcomes // J Plast Reconstr Aesthet
Surg. 2019. Vol. 72, N 4. P. 532-538. doi: 10.1016/j.bjps.2018.12.028
67. Scott F.B., Bradley W.E., Timm G.W. Management of erectile im-
potence: Use of implantable inflatable prosthesis // Urology. 1973.
Vol. 2, N 1. P. 80-82. doi: 10.1016/0090-4295(73)90224-0

68. Hamilton Z., Mirza M. Post-prostatectomy erectile dysfunction:
Contemporary approaches from a US perspective // Res Rep Urol.
2014. Vol. 6. P. 35-41. doi: 10.2147/RRU.S39560

69. Wang C.-M., Wu B.-R,, Xiang P., et al. Management of male
erectile dysfunction: From the past to the future // Front Endocrinol.
2023. Vol. 14. 1D 1148834, doi: 10.3389/fendo.2023.1148834

70. Montorsi F., Rigatti P., Carmignani G., et al. AMS three-piece
inflatable implants for erectile dysfunction: A long-term multi-insti-
tutional study in 200 consecutive patients // Eur Urol. 2000. Vol. 37,
N 1. P. 50-55. doi: 10.1159/000020099

71. La Croce G., Schifano N., Pescatori E., et al. Which patient may
benefit the most from penile prosthesis implantation? // Andrology.
2022. Vol. 10, N 8. P. 1567—1574. doi: 10.1111/andr.13294



https://doi.org/10.1152/ajpheart.1991.260.5.H1590
https://doi.org/10.1111/j.1442-2042.2006.01732.x
https://doi.org/10.1016/s0022-5347(05)65865-x
https://doi.org/10.1111/j.1743-6109.2011.02298.x
https://elibrary.ru/zokytr
https://doi.org/10.1097/01.ju.0000164463.19239.19
https://doi.org/10.1016/s0022-5347(17)40203-5
https://doi.org/10.1007/BF02577004
https://elibrary.ru/ywjlji
https://doi.org/10.17816/uroved8140-46
https://doi.org/10.1016/s0022-5347(17)36365-6
https://elibrary.ru/qatbgr
https://doi.org/10.1016/j.eururo.2010.04.004
https://doi.org/10.1016/j.sxmr.2018.01.002
https://doi.org/10.1177/1557988319846749
https://doi.org/10.1074/jbc.M114.580936
https://doi.org/10.1177/17562872211002059
https://doi.org/10.1038/s41598-018-21540-5
https://doi.org/10.1038/s41443-019-0121-3
https://doi.org/10.1016/s0022-5347(17)39001-8
https://doi.org/10.1016/j.eururo.2010.07.005
https://doi.org/10.1016/j.jsxm.2016.09.008
https://doi.org/10.1016/j.bjps.2018.12.028
https://doi.org/10.1016/0090-4295(73)90224-0
https://doi.org/10.2147/RRU.S39560
https://doi.org/10.3389/fendo.2023.1148834
https://doi.org/10.1159/000020099
https://doi.org/10.1111/andr.13294

REVIEWS Vol 14(2) 2024 Urology reports (St. Petersburg)

AUTHORS' INFO

*Ruslan R. Aliev, MD; address: 40 Lenina av., Barnaul, Altai
Region, 656038, Russia; ORCID: 0000-0003-4464-9162;
e-mail: ruslanaliev@bk.ru

Alexandr I. Neymark, MD, Dr. Sci. (Medicine), Professor;
ORCID: 0000-0002-5741-6408; Scopus Author ID: 7102411541;
eLibrary SPIN: 4528-7765; e-mail: neimark.a@mail.ru

Andrei V. Davydov, MD, Dr. Sci. (Medicine), Professor;
ORCID: 0000-0001-8212-2623; eLibrary SPIN: 2423-1090;
e-mail: andre1763@mail.ru

* Corresponding author / ABTOp, 0TBETCTBEHHBIV 33 NEpenmMCKy

DOl https://doiorg/10.17816/uroved630147

207

0b ABTOPAX

*Pycnan PomaHoBuy Anues; agpec: Poccus, 656038, Antaickui
Kpaw, bapHayn, np. Jlennna, a. 40; ORCID: 0000-0003-4464-9162;
e-mail: ruslanaliev@bk.ru

Anekcangp Uspaunesuy Helimapk, o-p Mea. Hayk, npodeccop;
ORCID: 0000-0002-5741-6408; Scopus Author ID: 7102411541;
eLibrary SPIN: 4528-7765; e-mail: neimark.a@mail.ru

AHppeii BuktopoBuy [laBbifoB, 4-p MeA. HayK, npodeccop;
ORCID: 0000-0001-8212-2623; eLibrary SPIN: 2423-1090;

e-mail: andre1763@mail.ru



https://orcid.org/0000-0003-4464-9162
mailto:ruslanaliev@bk.ru
https://orcid.org/0000-0003-4464-9162
mailto:ruslanaliev@bk.ru
https://orcid.org/0000-0002-5741-6408
https://www.elibrary.ru/author_profile.asp?spin=4528-7765
mailto:neimark.a@mail.ru
https://orcid.org/0000-0002-5741-6408
https://www.elibrary.ru/author_profile.asp?spin=4528-7765
mailto:neimark.a@mail.ru
https://orcid.org/0000-0001-8212-2623
https://www.elibrary.ru/author_profile.asp?spin=2423-1090
mailto:andre1763@mail.ru
https://orcid.org/0000-0001-8212-2623
https://www.elibrary.ru/author_profile.asp?spin=2423-1090
mailto:andre1763@mail.ru

	Modern methods of diagnosis and treatment of vasculogenic erectile dysfunction

	Abstract

	To cite this article



	Современные методы диагностики и лечения васкулогенной эректильной дисфункции

	Аннотация

	Как цитировать


	Introduction

	Noninvasive methods for assessing erectile dysfunction

	Invasive examination techniques

	Methods of diagnosis of arterial erectile dysfunction

	Treatment of patients with erectile dysfunction

	Nonpharmacological methods of treatment of erectile dysfunction

	Surgical treatment of erectile dysfunction

	Conclusion

	Additional information

	Дополнительная информация

	References

	Список литературы

	Authors' Info

	Об авторах





