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Abstract. Algorithm of diagnostics of erectile dysfunction in patients with arterial hypertension and dynamics of
arterial blood pressure against the background of androgenic deficiency. Vintoniv O.R., Popadynets LR.,
Hrodzinskyy V.I., Melnyk S.V., Herych P.R., Halipchak .M. In recent years, the requirements for the level of the
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life quality have increased significantly,; an integral part of it is the sexual harmony, which in men largely depends on
sexual desire and erectile function. According to the results of modern scientific studies, there is no doubt that erectile
dysfunction in men is closely connected with the cardiovascular diseases, obesity, diabetes mellitus and other
comorbidities. This problem can also be caused by systematic psycho-emotional overload, deterioration of the
environmental conditions, harmful factors of production, uncontrolled use of medicines, inflammatory processes in the
genital organs, the growth of somatic diseases. The vast majority of works concerning “male menopause” is reduced to
the effectiveness of hormone-replacement therapy in erectile dysfunction, while only few research works are devoted to
the study of the connection between somatic pathology and androgen deficiency. There is a negative correlation
between total testosterone level and systolic blood pressure. According to the research results of some scientists, it was
Jfound that 38% of patients with arterial hypertension had androgen deficiency, confirmed in the laboratory, which is
significantly higher than in patients of the same age category with normal blood pressure. These dominant factors exert
and increase the influence on each other, which must be taken into account in modern therapeutic practice. The study of
the formation of comorbid conditions in men with low levels of androgens is of particular importance, as the knowledge
of pathophysiological mechanisms can prevent their development and progression. The aim of this investigation was to
study the state of penile vascular blood flow in men with arterial hypertension with erectile dysfunction, using color
Doppler imaging with pharmacological induction of erection. The indicators of daily monitoring of arterial pressure
and arterial stiffness in men with arterial hypertension of the Il degree against the background of androgen deficiency
or at normal testosterone levels and ways of correction of erectile dysfunction in these patients were also evaluated.

Pedepar. ANroputmM AiarHOCTHKH epeKTHIbHOI nMcYHKUII B maumieHTiB 3 apTepiajbHOI0 rimepTeH3iclo Ta
AUHAMIKa apTepiaJbHOr0 THCKY Ha (¢oHi anaporenHoro aedinuty. BinTonis O.P., Ilomaguneus L.P.,
I'pomsincekuii B.I., Measnuk C.B., T'epuu ILP., Tagimuak LM. B ocmanni poku 3HauHo 3pocau 8umocu 00 pieHs
AKOCMI HcUmmsl, Hegi0'€EMHOI0 YACIUHOIO K020 € CeKCYAIbHA 2APMOHIsA, AKA 8 HON0BIKI8 3HAYHOIO MIPOI 3aNedHCUmb
610 cmamegozo noms2y il epekmuibHoi yHKYii. 32i0HO 3 pe3yTbmamamu Cy4acHUX HAyKoGUX O0CHIONCEHb, He GUHUKAE
CYMHIGIB, WO epeKmuibHa OUCQYHKYIL 8 UONO0BIKIE MICHO NO8'A3aHA 3 CEPYeBO-CYOUHHUMU 3AX60PIOGAHHIMU,
OJHCUPIHHAM, YYKPOBUM Oiabemom ma iHwumMy cynymuimu namono2iamu. L{a npobaema maxooic modxce bymu 3ymMosnenda
CUCMEMAMUYHUMU NCUXOEMOYTIHUMU NEPEBAHMAICEHHIAMU, NOSIPULEHHAM eKONOTUHUX Y MO8, WKIOTUBUMU YUHHUKAMU
BUPOOHUYMBA, 6E3KOHMPOTILHUM BUKOPUCTHAKHAM MEOUUHUX NPEnapamis, 3anaibHumMu npoyecamy Cmamesux opeanie,
3DOCMAHHAM COMAMUYHUX 3aX80prosans. Ilepesasicna binvuticms pobim cmoco8HO «HON06IH020 KAIMAKCY» 3600UMbCs
00 eghekmusHOCmMI 3aMICHOI 20PMOHANLHOI mepanii npu epeKMunbHil OUucQyuKyii, mooi 5K BUBUEHHIO 38 3KV
comamuyHoi namonozii 3 AHOPOSEHHOK HEeOOCMAMHICIIO NPUCEIUeHI NOOOUHOKI 00CHiodceHHs. Bidsnauaemuvcs
He2amueHUll KopenayiiuHull 36 30K Midc PiGHEM 3A2aNbHO20 MeCMOCMePOHy Ma CUCHONIYHUM aPMePIanbHUM MUCKOM.
32iono 3 pesyabmamamu 00CNiONHCEHb OeAKUX GueHux, gusaeneno, wo 38% nayienmis 3 apmepianvHolo 2inepmensicio
manu Oeghiyum anHopozeHis, AKUl NiOMEepoNCcy8ascs 1adOPaAmopHo, wo OOCMOGIPHO Gulye, HidC y nayienmie miei e
8iK060I Kame2opii 3 HOPMANbHUM pieHeM apmepianrbHoco mucky. Lli O0omiHysanbHi uyuHHUKU 30iUCHIOIOMb MaA
NOCUNIOIOMb B8NIUE 00UH HA 0OHO20, WO 0008 A3K080 He0OXIOHO 8pAX08Y6aAmU 8 CYYACHIN MepanesmuyHitl npaKxmuyi.
Ocobnugozo 3HauenHs HaAOYBAE BUBUEHHA QOPMYBAHHA KOMOPOIOHUX CMAHIE ) YON0BIKI6 3i 3HUNCEHUM pIigHeM
AHOPO2eHi8, OCKIIbKU 3HAHHS RAMOQIZI0N02IYHUX MEXAHIZMIE MOodice 3anobiemu ix po3gumky i npozpecysannio. Memoio
Yb020 00CHIONCEHHS OYI0 BUUEHHS CMAHY NEHLIbHO20 CYOUHHO20 KPOBOMOKY 8 YONO0BIKI8, X6OPUX HA ApmMepianibHy
2INepmensio 3 epeKmuibHOI0 OUCHYHKYIEIO, ULIAXOM KOIbOpo8oi Ooniepozpaii 3 GapmarkoniociuHow [HOYKYIE
epexyii. Taxooic oyiniosanucs NOKA3HUKU 00606020 MOHIMOPUHSY APMEPIATIbHOZ0 MUCKY Ma AHCOPCMKOCHI apmepill y
Y01106iKi6 3 apmepianbHoio cinepmensieto I cmynens na @owi anopozcenno2o degpiyumy abo npu HOPMATbHOMY DI6HI
mecmocmepoHy ma WXy KOpekyii epekmuibHol Ouc@yHKYii 6 yux nayicHmie.

According to the World Health Organization esti-
mates, there is approximately 40% of people
worldwide who have high blood pressure (BP).
Arterial hypertension (AH) is one of the leading
causes of mortality worldwide and increases the risk
of overall mortality by 4.5 times in men and by 2.0
in women. High blood pressure significantly
increases the risk of coronary heart disease, stroke,
as well as heart and kidney failure, leads to the
vascular and eye damage [6, 15]. The presence of
AH not only increases the risk of overall mortality,
but also significantly affects life expectancy,
reducing it by 9 years in men and by 7 — in women.
Male gender is considered as an independent risk
factor for hypertension. According to the

120

EUROASPIRE 1V study, the prevalence of AH
among men is consistently higher compared to the
female population [5, 6, 11].

Cardiovascular diseases and sexual health have
the same common risk factors (AH, diabetes mel-
litus, dyslipidemia, obesity and smoking) and com-
mon mechanisms of pathological changes
development (endothelial dysfunction, subclinical
inflammation and atherosclerosis) [3, 16].

Androgen deficiency is considered as an im-
portant factor in the occurrence and progression of
cardiovascular disease [1, 17]. The prevalence of
testosterone deficiency among men older than 45
years is 12-38.7%, and among patients with
hypertension — 42.4%. Testosterone deficiency is

Licensed under CC BY 4.0
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considered to be a predictor of future cardiovascular
events in men with AH, and the development of
symptoms of erectile dysfunction (ED) may precede
the onset of cardiovascular pathology 2-3 years
before its manifestations, that has the social
importance [4].

There is more and more evidence that ED may be
an early manifestation of coronary and peripheral
vascular disease. The development of ED is faci-
litated by the same factors that activate athero-
sclerosis, namely: arterial hypertension, dyslipi-
demia, diabetes mellitus, smoking [12].

Currently, the prevalence of ED among men of
different age is estimated as 10%, and in the group
of men aged 40-70 years, it reaches 52% [7].
Approximately 150 million people worldwide suffer
from this progressive disease. According to the
WHO, every tenth man over the age of 21 suffers
from erectile dysfunction, and every third man over
the age of 60 is not able to perform sexual
intercourse at all [2].

ED can affect both physical and psychosocial
health, significantly impairs the quality of life (QL)
of patients and their partners; thus, it should be
considered not only as a QL problem, but also as a
potential warning sign of cardiovascular disease [8].

The available data indicate a negative effect of
low testosterone level on the development and
progression of cardiovascular diseases in men [15].
Therefore, this problem is extremely relevant and
requires a thoughtful medical approach.

According to the Order of the Ministry of Health
of Ukraine Ne330 dated 15.06.2007, the diagnostic
program of ED includes: 1) interrogation and survey
using IIEF questionnaires (International Index of
Erectile Function); 2) examination; 3) laboratory
tests: blood glucose level; lipid profile; level of
testosterone, prolactin, estradiol, follicle-stimulating
and luteinizing hormones; 4) test with local negative
pressure (LNP); 5) rheophallography at rest; 6)
dopplerography of cavernous vessels at rest and after
pharmacological loading (intracavernous administra-
tion of 2 ml of Papaverine Hydrochloride) [8].

Of all causes of sexual disorders, vascular ED
makes up 70%. After excluding the endocrine and
psychogenic nature of the disease, based on conven-
tional tests, in order to diagnose arterial ED, a test
with Sildenafil and visual erectile stimulation during
ultrasound of penile blood flow is performed [13].

The objective of the study — to investigate the
state of penile vascular blood flow in men with AH
with sexual disorder using color Doppler imaging
with pharmacological induction of erection,
evaluation of daily blood pressure parameters and
artery stiffness in men with AH of the II degree, and

21/ Vol. XXVI/ 2

lipid profile against the background of androgen
deficiency or normal testosterone level and ways to
correct ED in these patients.

MATERIALS AND METHODS OF RESEARCH

We have performed color Doppler imaging of the
vessels of the penis with pharmacological induction
of erection in men with sexual disorders against the
background of arterial hypertension. Patients whose
total score, according to the questionnaire, corres-
ponded to the presence of symptoms of testosterone
decline, were included into the study for further
determination of total testosterone (TT). All persons
studied were performed daily blood pressure moni-
toring (DMBP) [15] and assessment of arterial
stiffness using the BPLab Vasotens system (using
oscillometric method) [13].

Research methods: general clinical, anamnestic,
biochemical, special sexological, ultrasound, socio-
logical and statistical. Bibliosemantic, analytical-
synthetic, comparative analyses were also used in
the work.

There were examined 110 patients. Age of pa-
tients was 35-66 years, body weight averaged
76.9+5.4 kg; body mass index — 25.7+2.2 kg/m’.
The control group consisted of 20 healthy men.

The concentration of total, bioavailable testos-
terone was determined using enzyme-linked immu-
nosorbent assay (Hema system, Spain).

Studying the state of lipid metabolism, the level
of total cholesterol, triglycerides, HDL cholesterol
and b-lipoproteins in the blood serum were deter-
mined using reagents "Human" (Germany) on the
Stat Fax analyzer. The coefficient of atherogenicity
was determined according to the formula of A.M.
Klimov: coefficient of atherogenicity = (total cho-
lesterol — HDL cholesterol)/HDL cholesterol [9]. All
the results obtained were compared with the
corresponding age norms of these indicators.

Doppler imaging was performed in the longi-
tudinal and transverse planes at the level of the
proximal, middle third of the penis. Doppler imaging
of the penis made it possible to visualize the deep
artery of penis in longitudinal section, to visualize
the superficial and deep dorsal veins on the surface
of the penis in the form of a tubular structure that
easily changes in diameter when compressed by a
sensor, to obtain the Doppler spectrum of blood flow
from the cavernous arteries at rest and during
pharmacological erection induction [13].

The study determined the main Doppler parameters
— peak (maximal) systolic velocity (PSV), end (termi-
nal) diastolic velocity (EDV) and resistance index (RI).

The first stage was performed without erectile
stimulation and was defined as basic one. Baseline

121



CLINICAL MEDICINE

maximum systolic velocity less than 25 cm/s was
considered as reduced (in the phase of swelling).
After the first stage, it was the second one — scan-
ning after intracavernous administration of papa-
verine hydrochloride at a dose of 2.5 ml.

The statistical processing of the obtained data
was carried out using the statistical analysis package
Statistica 6.0. (License — FreeBSD). Changes in
parameters were considered to be reliable at p<0.05.
Significance of differences of mean values was
determined using the Student criterion [14].

RESULTS AND DISCUSSION

We have noted a negative correlation between
TT concentration and systolic blood pressure (SBP).
There were 43% (n=42) of patients who had bioche-
mically confirmed low testosterone level. The
overall MASSQ score in this group was significantly
higher compared to those with normal testosterone
level. There was a decrease in the concentration of
TT with age. The group of patients with low TT
levels was characterized by significantly higher
values of SBP and pulse blood pressure (PBP)
according to DMBP. The daily blood pressure
profile in the androgen deficiency group was charac-
terized by a predominance of ‘“non-dipper” [4, 11].
Multiple regression results showed an association
between testosterone level and SBP values in both
groups, while the correlation between testosterone
and diastolic blood pressure values was not statis-
tically significant. The correlation between TT and
pulse wave velocity was strong in each group.

According to the results of the study, hypertrigly-
ceridemia was detected in people with blood pres-
sure: the level of triglycerides was 1.93+0.07 mmol/I

and 1.2540.06 mmol/l in the control group. Indi-
cators of B-lipoproteins in patients with AH were
3.85+0.64 mmol/l. In the control group, these values
were 2.06+£0.47 mmol/l. The atherogenic coefficient
was significantly higher in men with arterial
hypertension against the indices of control group
3.04+0.86 mmol/l and 1.83+0.62, respectively.

Therefore, according to the results of this study,
it was found that lipid metabolism is the basis for the
occurrence of atherosclerosis, obliterating endar-
teritis and arterial hypertension.

The study revealed a decrease in TT in patients
with AH — 10.40+3.49 nmol/l, while in the control
group these values were 16.88+4.01 nmol/l of the
same age category.

Taking into account the results of our study, the
influence of atherosclerotic lesions of the intima of
blood vessels on testosterone secretion by Leydig’s
cells cannot be excluded.

When performing color Doppler imaging, as a
norm we have taken the indices: PSV 25 cm/s and
more, EDV up to 5 cm/s and less, RI 0.85 and more.

Baseline PSV values in almost healthy men were
in the range of 43+0.90 cm/s. Basic examination of
patients with ED against the background of AH, has
revealed normal PSV in only 9 patients out of 100
examined. Further pharmacological induction of
erection in these patients was not performed.

In 72 patients PSV index was lower than 25 cm/s
(Table 1): 20-24 cm/s in 21 patients, 15-19 cm/s in
24 patients, 10-15cm/s in 20 patients and
less than 10 cm/s in 7 patients.

Table 1

Characteristics of the main Doppler indices before pharmacologic stimulation (M+m)

Indices of color Doppler imaging Control group

Arterial component Venous component

(n=20) (n=72) (n=19)
PSV (peak systolic velocity), cm/s 43+0.90 15.5+0.26* 19.1+0.26
PDV (peak diastolic velocity), cm/s 4.842.82 4.2+0.26* 6.5+1.38
RI (resistance index) 0.88+1.38 0.72+3.29* 0.65+3.29

Note: * significance of difference between the parameters compared to the CG (p<0.05)

Pharmacological induction of erection with papa-
verine hydrochloride at a dose of 2.5 ml in the group
of almost healthy men was performed in only five
patients (Table 2). They had a full erection during
the 10™-15" minute after stimulation with high
blood flow and complete dilation of the cavernous
arteries on both sides.

122

Among 25 patients who did not have an erection
after its induction, 19 patients had severe venous
insufficiency, PDV was more than 5 cm/s. This was
considered as mixed vascular ED. In 6 other cases
there was not observed venous insufficiency, but
there was significant cavernous fibrosis and damage
of the arteries. In 63 men, after the induction of

Licensed under CC BY 4.0
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erection, a full erection was obtained, but only after
20 minutes (Table 2). Normal values of RI (more than
0.85) and PDV less than 5cm/s after the medicine
administration indicate an arterial type of ED.

A study of the arterial system in papaverine-
induced erection using color Doppler imaging

showed that in men without arterial hypertension,
the peak systolic blood flow rate was 27-59 cm/s for
the right and left cavernous arteries, respectively. In
sexually active men with concomitant AH, the peak
systolic blood flow rate was 24-47 cm/s for the right
and left cavernous arteries, respectively.

Table 2

Characteristics of the main Doppler indices after pharmacologic stimulation
with 2.5 ml of papaverine hydrochloride during the 15™ min (Mm)

Indices of color Doppler imaging Control group

Arterial component Venous Component

(n=5) (n=72) (n=19)
PSV (peak systolic velocity), cm/s 43+0.90 24.5+0.54* 20.1+0.54
PDV (peak diastolic velocity), cm/s 4.8+2.82 3.2+0.32% 6.5+1.38
RI (resistance index) 0.88+1.38 0.86+2.87* 0.67+2.86

Note: * significance of difference between the parameters compared to the CG (p<0.05)

According to the results of the study, a direct
correlation was found between PSV and TT levels in

20

men with arterial hypertension and in patients of the
control group (Fig.).
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25 mm/s; 17,9

16
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15-20 mm/s; 10,3

level of TT
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0-15 mm/s; 7,2
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PSV
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Correlation of the TT and PSV levels in men with arterial hypertension

CONCLUSIONS

1. Study of penile blood flow in papaverine-
induced (at a dose of 2.5 ml) erection using color
Doppler imaging allows us to determine the vascular
causes of ED; gives the possibility to differentiate
arterial or venous type of disorder.

21/ Vol. XXVI/ 2

2. Among the 100 examined men with AH with
sexual dysfunction, arterial type of ED was detected
in 72 patients, which confirmed the role of the state
of the endothelium of the penis vessels in the
mechanism of erection.
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3. One of the reasons for the decrease of TT in
patients with AH may be the deterioration of blood
supply to testicular tissue due to angiopathy. The-
refore, in the treatment of age-related androgen
deficiency in people with AH, the use of medicines
that improve microcirculation is indicated.

4. Color Doppler imaging — is a minimally
invasive method that allows us to diagnose patients
with ED against the background of AH arterial type
ED and, thus, to choose the correct, effective
therapeutic approach to the treatment of these patients.

5. The study showed a high prevalence of
androgen deficiency among middle-aged men with

the II degree of AH. In such patients higher blood
pressure values were observed compared to those of
the same age group, but with a normal level of TT.
Decrease of TT level can be considered as one of the
factors of the increased arterial stiffness in the
presence of AH. Therefore, patients with ED and
AH need careful selection of therapy, taking into
account the common pathogenetic links of the
disease, for the best treatment outcome.
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