
ORIGINAL RESEARCH

Holter Monitoring (24-Hour ECG) Parameter
Dynamics in Patients with Ischemic Heart Disease
and Lower Urinary Tract Symptoms Due to Benign
Prostatic Hyperplasia

Dmitrii N. Fiev . Andrey Z. Vinarov . Dmitrii G. Tsarichenko .

Phillip Yu. Kopylov . Yuri L. Demidko . Abram L. Syrkin .

Leonid M. Rapoport . Yuri G. Alyaev . Pyotr V. Glybochko

Received: February 4, 2019 / Published online: May 30, 2019
� The Author(s) 2019

ABSTRACT

Introduction: This study examined the
dynamics of 24-h electrocardiogram (ECG)
monitoring parameters (Holter monitoring) in
patients with ischemic heart disease (IHD)
before and after conservative or surgical treat-
ment of patients with voiding and storage lower
urinary tract symptoms (LTS) due to benign
prostatic hyperplasia (BPH).
Methods: A total of eighty-three 57 to 81-year-
old (mean age 70.4 ± 5.75 years) patients with
LUTS/BPH and accompanying IHD were exam-
ined and treated at the Institute of Urology and
Human Reproductive Health and Clinic of
Cardiology of Sechenov University. All patients

received recommended cardiac therapy at least
6 months before inclusion in the study.
Results: Our study demonstrated that there is
correlation between voiding and storage LUTS/
BPH and Holter-detected cardiac impairments
in patients with IHD/BPH. These data make it
possible to consider LUTS/BPH (voiding and
storage) as a factor in the additional functional
and psychological load on the activity of
patients with ischemic heart disease. Improve-
ment of voiding and storage LUTS due to BPH
and objective parameters of urination (Qmax) in
patients treated with alpha-1 adrenoceptor
blocker tamsulosin correlated with improve-
ment of 24-h ECG monitoring parameters
(Holter monitoring) in 72% of patients.
Improvement of 24-h ECG monitoring param-
eters (Holter monitoring) 1 month after trans-
urethral resection of the prostate (TURP) in
IHD/BPH patients and indications for surgical
treatment was observed in 65.7%. Negative
dynamics of the Holter-based ECG was not
registered in patients who were operated on.
Conclusion: Holter monitoring helps to iden-
tify groups of patients in whom urinary
impairments caused by prostatic hyperplasia
negatively affect the course of IHD. Restored
urination (either conservatively or operatively)
in patients with BPH in 72% of cases decreased
the number of fits of angina, thus influencing
favourably the course of IHD.
Trial Registration: ClinicalTrials.gov Identifier:
NCT03856242.
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INTRODUCTION

The frequency and severity of the ischemic
heart disease (IHD) and lower urinary tract
symptoms (LUTS)/benign prostatic hyperplasia
(BPH) increase with aging [1].

The correlation between frequency and
severity of IHD and frequency and severity of
LUTS/BPH has been presented already. Karatas
et al. reported that patients with LUTS/BPH
have a considerably higher prevalence of car-
diovascular disease than the general population
in old age without LUTS. LUTS/BPH causing
nocturia-induced sleep disturbances, arterial
blood pressure variability, and increased sym-
pathetic activity may be an insidious risk factor
for IHD. An understanding of the impact of
LUTS/BPH may produce a new approach to
treatment [2].

Wehrberger et al. examined 2092 patients
and determined that the 10-year risk for IHD in
men with severe, moderate and mild LUTS was
15.9%, 10.6% and 8.8%, respectively (p\0.01
[3].

Gacci et al. demonstrated that the presence
of moderate to severe LUTS significantly
increased the risk of cardiovascular events in
male subjects (p\0.001) [4].

Patients with LUTS/BPH and IHD may
experience cardiac pain during obstructed uri-
nation [5–7].

METHODS

A total of eighty-three 57- to 81-year-old (mean
age 70.4 ± 5.75 years) patients diagnosed with
IHD and accompanying LUTS/BPH were exam-
ined at the Institute of Urology and Human
Reproductive Health and Clinic of Cardiology
of Sechenov University.

All patients had LUTS with the International
Prostate Symptom Score (IPSS) of 8 or more. The
severity of BPH symptoms and patients’ quality
of life were assessed by means of the IPSS and
QoL questionnaires. Uroflowmetry was used to
determine the degree of impairments of urina-
tion. Prostate volume and amount of residual
urine were measured during transabdominal
ultrasound examination (if necessary also tran-
srectal ultrasound), as well as digital rectal
examination and blood analysis for prostate-
specific antigen (PSA) and, if indicated, biopsy
of the prostate to rule out cancerous prostatic
lesion. In all patients the prostate was enlarged
([30 cc) according to ultrasound measure-
ments and obstructive urination was deter-
mined according to uroflowmetry
(Qmax\12 ml/s).

Beside undergoing interviews (in the pres-
ence of angina, the patients filled in the Seattle
Angina Questionnaire, SAQ), the patients were
subjected to measurement of arterial pressure
on both arms, biochemical blood analysis
(measuring the level of triglycerides, choles-
terol, if necessary, high-, low- and very-low-
density lipoproteins) and standard 12-lead
electrocardiogram (ECG). In order to verify the
diagnosis of IHD, all patients underwent
detailed examination in the setting of a cardi-
ology hospital. The following studies, if indi-
cated, were performed: treadmill, stress
echocardiography, coronarography and spiral
computed tomography of the coronary arteries.
All patients received recommended cardiac
therapy at least 6 months before inclusion in
the study.

The key method in our study was 24-h ECG
(Holter) monitoring using the Schiller MT 200
device (Switzerland). Deciphering the data of
24-h ECG monitoring, we examined the
dynamics of the ST segment and changes in the
cardiac rhythm during urination, which was
registered by the patient by pressing the button
on the device and keeping a diary, and overall
during the whole period (24 h) of Holter
monitoring.

All patients were included in the study
according to following inclusion criteria.
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Inclusion Criteria

(1) Patient’s consent; (2) absence of severe
comorbidity hampering the ability to carry out
the study (mental disorders, musculoskeletal
system diseases, oncological diseases); (3) LUTS/
BPH, with a total score by IPSS of 8 or more;
(4) Qmax according to uroflowmetry less than
12 ml/s; (5) prostate enlargement ([30 cc)
according to ultrasound measurements; (6)
functional class II–IV angina of effort; (7) non-
ST segment depression postinfarction car-
diosclerosis, (8) receiving recommended cardiac
therapy at least 6 months before inclusion in
the study.

Exclusion Criteria

(1) Presence of suprapubic drainage; (2) long-
term pharmacological therapy of LUTS/BPH
(alpha adrenoceptor blockers, 5-alpha-reductase
inhibitors and others)—for the groups of
patients receiving conservative treatment of
BPH; (3) patients after surgical treatment of
prostatic hyperplasia (TURP or simple prostate-
ctomy); (4) urinary bladder stones; (5) acute
urinary retention; (6) changes on the ECG
hampering its interpretation (complete left
bundle branch block, cicatricial changes after
endured myocardial infarction, permanent
form of ciliary arrhythmia); (7) acute forms of
ischemic heart disease.

Criterion for Withdrawal

Voluntary refusal of the patient to undergo
further treatment or follow-up.

Depending on the results of primary Holter
monitoring (HM) and the method of correction
(pharmacological or surgical) of LUTS/BPH, all
patients were divided into three groups:

Group 1 (n = 20) Included patients in whom
primary HM revealed ECG alterations appearing
or deteriorating during urination. To improve
impaired urination, all group 1 patients, along
with recommended cardiotropic therapy,
received tamsulosin 0.4 mg once daily (in the
morning) for 1 month—the whole period of
follow-up and treatment.

Group 2 (n = 28) Patients who had HM-de-
tected significant ECG alterations; however, the
alterations were unrelated to the act of urina-
tion as compared with group 1. To improve
impaired urination, these patients, along with
the recommended cardiac therapy, received
tamsulosin 0.4 mg once daily (in the morning)
for the whole period of follow-up and
treatment.

Group 3 (n = 35) Consisted of patients with
severely obstructed urination (I-PSS[25) and
IHD found to have pronounced impairments.
Like in group 2, HM demonstrated significant
changes in the ECG unrelated to the act of
urination.

Surgical treatment comprised transurethral
resection of the prostate (TURP).

After a month of conservative treatment we
evaluated the subjective symptomatology by
the IPSS and QoL scales, performed
uroflowmetry, ultrasound examination of the
prostate and the volume of residual urine,
standard ECG and repeat 24-h ECG monitoring
with registration of the time of urination. All
patients filled in the SAQ again.

The subjective symptomatology of patients
in group 3 was evaluated at 1 month after sur-
gery and continuing cardiac therapy by the IPSS
and QoL scales. The uroflowmetry, ultrasound
examination of the prostate and the volume of
residual urine, standard ECG and repeat 24-h
ECG monitoring with registration of the time of
urination were performed. All patients filled in
the SAQ again. The data were processed using
the methods of descriptive statistics, Student’s
t test for paired values, in the programme BIO-
STAT [8].

All procedures performed in the study were
in accordance with standard clinical care and
were in accordance with the I. M. Sechenov First
Moscow State Medical University IRB and with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
The study was approved by I. M. Sechenov First
Moscow State Medical University IRB Protocol
Record 03-19 and was registered on Clini-
calTrials.gov (NCT03856242). Informed con-
sent was obtained from all individual
participants included in the study.
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RESULTS

Group 1 (n = 20)

The group 1 patients’ age varied from 63 to
79 years (mean 68.6 ± 4.94 years).

Cardiovascular diseases in group 1 patients
are listed in Table 1. Eighteen (90%) patients
from this group received recommended cardiac
therapy which was started at least 6 months
before inclusion in the study and did not
change during 1-month follow-up.

For the treatment of LUTS/BPH all patients
in group 1 received tamsulosin 0.4 mg once a
day in the morning during 1 month. All of
them showed improvement of subjective and
objective symptoms of voiding dysfunctions.
Mean values of the subjective and objective
parameters of urination before and after therapy
with tamsulosin 0.4 mg are given in Table 2 and
Fig. 1.

Fourteen of the 20 patients (70%) from this
group were found to have ‘‘angina of effort’’ and
they filled in the SAQ before and after tamsu-
losin therapy. Table 3 and Fig. 2 show the
parameters of the SAQ in patients with positive
dynamics (n = 9) and without dynamics (n = 5)

of the clinical course of ‘‘angina of effort’’ in
patients with improved urination.

As can be seen from Table 3 and Fig. 2, the
mean value of the SAQ total score in nine
patients with ‘‘angina of effort’’ significantly
improved from 64.7% ± 5.1% before treatment
to 72.5% ± 5.7% (p\ 0.02) after 1 month of
tamsulosin administration. The remaining five
patients (Table 3) with ‘‘angina of effort’’ during
the initial HM had ST segment depression, sev-
ere cardiac pathology and demonstrated no
significant change of the SAQ score for angina
(p = 0.1). Three of them were operated on.

According to the follow-up HM in 15
patients the improvement of urination was
associated with positive dynamics of Holter-
derived ECG, manifesting as either disappear-
ance of urination-related HM changes (n = 14)
or a decrease in the degree of these changes
(n = 1). Also, all 15 patients were found to have
a decreased number of ST segment depressions
and the number of supraventricular extrasys-
toles (SVE) and ventricular extrasystoles (VE) in
absolute terms (Table 4).

In one patient with initial ST segment
depression at the moment of urination of up to
3.1 mm, ST segment depressions were preserved

Table 2 Dynamics of subjective and objective parameters
of urination before and on the background of therapy with
tamsulosin in group 1 patients (n = 20)

Parameters
of LUTS/
BPH

Before
treatment

After treatment p

IPSS 17 (10–22) 13.5 (8–22) 0.001

QoL 5 (3–6) 3 (2–4) 0.003

Qmax 10.3 (9.1–13.1) 12.7 (10.2–14.7) 0.0001

Qmean 4.8 (4.1–5.3) 5.3 (4.8–6.4) 0.0001

RU 60 (45–75) 32.5 (25–45) 0.068

IPSS International Prostate Symptom Score, QoL quality
of life related to LUTS, Qmax peak urinary flow rate
measured by uroflowmetry (ml/s), Qmean average urinary
flow rate measured by uroflowmetry (ml/s), RU volume of
residual urine in the urinary bladder on ultrasonography
(measured in millilitres)

Table 1 Cardiovascular diseases in group 1 patients

Cardiovascular diseases Quantitative
assessment (n = 20)

Number Percentage

Postinfarction cardiosclerosis 10 50

FC II angina of effort 6 30

FC III angina of effort 8 40

Ventricular extrasystole 5 25

Supraventricular extrasystole 8 40

Paroxysmal ciliary arrhythmia 5 25

First-degree atrioventricular block 3 15

Left anterior bundle branch block 2 10

Stage II arterial hypertension 6 30

Stage III arterial hypertension 7 35
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Fig. 1 Mean value of subjective and objective parameters of urination before and after therapy with tamsulosin 0.4 mg in
patients of the first group: a IPSS; b QoL; c Q max; d Q mean; e RU
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at 1 month after treatment with tamsulosin;
however, they were not more than 1 mm.

In the remaining five patients, despite
improved urination, ST segment depression
both on the background thereof and generally
was preserved. Two of these patients underwent
coronarography revealing diagnostically signif-
icant stenosis of three coronary vessels. They
were therefore advised to undergo operative
treatment for IHD. Also, these two patients had
stage 3 arterial hypertension, functional class

II–III angina pectoris. One of the five patients
was found to have a history of postinfarction
cardiosclerosis, functional class III ‘‘angina of
effort’’, and aortocoronary bypass grafting. The
remaining two patients had functional class III
angina, stage III arterial hypertension and one
patient also had postinfarction cardiosclerosis
and the other one had a history of aortocoro-
nary bypass grafting.

Group 2 (n = 28)

This group enrolled 28 patients in whom pri-
mary HM detected certain alterations (VE, SVE,
ST segment depression), which did not coincide
with the act of urination. The age of patients
was from 57 to 81 years (mean
71.3 ± 1.1 years). Cardiovascular diseases in
patients of group 2 are listed in Table 5.

Urination improved in all patients of this
group on the background of tamsulosin ther-
apy. Table 6 and Fig. 3 reflect the mean values of
subjective and objective parameters of urination
before and after tamsulosin therapy.

Seventeen of the 28 patients of this group
had ‘‘angina of effort’’, hence they filled in the
SAQ before and after tamsulosin therapy.

Table 3 Dynamics of the scores of the Seattle Angina
Questionnaire in patients of group 1

Min.
score (%)

Max.
score (%)

Mean value
(%)

Before treatment

(n = 9)

31 80 64.7 ± 5.1

After treatment

(n = 9)

34 91 72.5 ± 5.7

Before treatment

(n = 5)

42 54 49.0 ± 2.4

After treatment

(n = 5)

41 52 48.4 ± 0.5

Fig. 2 Dynamics of the scores of the Seattle Angina
Questionnaire in patients of the first group

Table 4 Predominant alterations in HM parameters and
their dynamics before and after treatment of BPH in IHD
patients of group 1

n = 20 Before treatment
of LUTS/BPH

After treatment
of LUTS/BPH

ST segment

depression

(1 mm)

4 0

ST segment

depression

(2 mm)

10 0

ST segment

depression

(3.1 mm)

1 1

SVE 4 0

VE 1 0
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Table 7 and Fig. 4 show the SAQ scores, which
in 11 patients were characterized by a statisti-
cally significant increase (from 61.3% ± 3.2% to
69.6% ± 3.4%; p\0.01) and in six patients
remained unchanged (52.8% ± 2.8% vs
53.5% ± 3.6%; p[ 0.06).

According to the HM findings in this group
of patients (n = 28) various changes on the ECG
(SVE, VE and ST segment depression) did not
coincide with urination. As mentioned above,
all patients of this group demonstrated subjec-
tively and objectively improved parameters of
urination after 1 month therapy with tamsu-
losin (Table 6 and Fig. 3). In 20 patients, it was
also accompanied by positive dynamics of the
Holter-derived ECG. This was characterized by
either disappearance of ST segment depression
(n = 5) or a decrease in the absolute number of
extrasystoles (n = 15), or a decreased degree of
these changes (n = 1). Fifteen patients were
found to have a decrease in the number of ST
segment depressions and the absolute number
of supraventricular and ventricular extrasystoles
(Table 8).

In one patient with ST segment depression,
the latter was also preserved after therapy with

tamsulosin. This patient was diagnosed as hav-
ing subtotal stenosis of the left coronary artery
and multiple stenosis of two other coronary
arteries. The patient continued taking tamsu-
losin until coronary artery bypass grafting was
carried out.

In seven patients the Holter-based ECG
remained without dynamics 1 month after
therapy with tamsulosin (Table 8).

Patients demonstrating no positive dynamics
of the Holter-derived ECG had both more pro-
nounced cardiac pathology and a greater num-
ber of extrasystoles during 24 h of monitoring.
Three of the seven patients, in whom heart
rhythm abnormalities persisted even a month
after tamsulosin therapy, required operative
treatment of IHD. Two of them underwent
surgery at 1 and 1.5 months after they started
taking tamsulosin.

Group 3 (n = 35)

This group comprised patients for whom after
examination for symptoms of IHD and LUTS/
BPH a decision was made on the necessity to
perform operative treatment of BPH. TURP
operation was indicated because of pronounced
urination disorders which were most important
amongst the patient’s complaints. The patients’
age varied from 59 to 77 years (mean
67.5 ± 2.1 years). Cardiovascular diseases in
patients of group 3 are listed in Table 9

Table 5 Cardiovascular diseases in the patients of group 2

Cardiovascular diseases Quantitative
assessment (n = 28)

Number Percentage

Postinfarction cardiosclerosis 12 42.8

FC I angina of effort 0 0

FC II angina of effort 8 28.5

FC III angina of effort 9 32.1

Ventricular extrasystole 14 50

Supraventricular extrasystole 22 78.6

Paroxysmal ciliary arrhythmia 4 14.3

First-degree atrioventricular block 3 10.7

Left bundle branch block 2 7.1

Stage II arterial hypertension 13 46.4

Stage III arterial hypertension 6 21.4

Table 6 Dynamics of subjective and objective parameters
of urination before and after tamsulosin therapy in patients
of group 2 (n = 28)

Parameters
of LUTS/
BPH

Before
treatment

After treatment p

IPSS 17 (12–23) 14 (10–18) 0.0001

QoL 5 (3–6) 3 (2–4) 0.0001

Qmax 10.5 (9.5–13.2) 13.1 (10.8–14.6) 0.0001

Qmean 4.8 (4.2–5.5) 5.2 (4.8–6.6) 0.0001

RU 60 (45–70) 35 (25–45) 0.001
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Fig. 3 Mean value of subjective and objective parameters of urination before and after therapy with tamsulosin 0.4 mg in
patients of the second group: a IPSS; b QoL; c Q max; d Q mean; e RU
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All patients received cardiotropic therapy
before primary HM, and which remained
unchanged until the control examination
1 month thereafter.

In all patients of this group urination
improved 1 month after the TURP. Table 10 and
Fig. 5 reflect the mean values of the subjective
and objective parameters of urination before
and after TURP for prostatic hyperplasia.

Twenty-three patients of group 3 were diag-
nosed as having ‘‘angina of effort’’. The average

value of the total score of the SAQ for ‘‘angina of
efforts’’ demonstrated prior to surgery was
72.5% ± 3.1%. After TURP operation, this
parameter improved to 80.7% ± 3.0%
(p\ 0.02). Nineteen patients felt better mainly
in terms of four items of the SAQ: physical
activity, angina stability, severity and disease
perception. In four patients with angina (two of
them had ST segment depression on HM and
two had SVE) the ECG at control Holter moni-
toring remained unchanged. Neither did their

Table 7 Dynamics of the Seattle Angina Questionnaire
scores in group 2 patients

Min.
score (%)

Max.
score (%)

Mean (%)

Before treatment

(n = 11)

39 76 61.3 ± 3.2

After treatment

(n = 11)

61 77 69.6 ± 3.4

Before treatment

(n = 4)

44 62 52.8 ± 2.8

After treatment

(n = 4)

42 67 53.5 ± 3.6

Fig. 4 Dynamics of the scores of the Seattle Angina
Questionnaire in patients of the second group

Table 8 Predominant impairments of HM parameters
and their dynamics before and after treatment of LUTS/
BPH in group 2 patients with IHD

n = 28 Before treatment of
LUTS/BPH

After treatment
of LUTS/BPH

ST segment

depression

6 1

SVE 12 2

VE 5 4

SVE/VE 5 1

Table 9 Cardiovascular diseases in group 3 patients

Cardiovascular diseases Quantitative
assessment (n = 35)

Number Percentage

Postinfarction cardiosclerosis 11 31.4

FC I angina of effort 4 11.4

FC II angina of effort 7 20

FC III angina of effort 12 34.3

Ventricular extrasystole 21 60

Supraventricular extrasystole 16 45.7

Silent myocardial ischemia 4 11.4

First-degree atrioventricular block 3 10.7

Left anterior bundle branch block 2 5.7

Stage II arterial hypertension 5 14.2

Stage III arterial hypertension 13 37.1
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angina-related quality of life undergo signifi-
cant changes.

In this group, there were no patients in
whom ST segment depression or rhythm disor-
ders coincided with the urination. Apart from
the fact that urination improved in all patients
of this group according to the results of sub-
jective and objective examinations (100%), 23
of them also demonstrated positive dynamics of
the Holter-derived ECG parameters. This was
manifested in either disappearance of episodes
of ST segment depression or their decrease
(n = 16). This was also manifested in a decrease
of the absolute number of extrasystoles in seven
patients (in five with VE and in two with SVE)
(Table 11).

In four patients with initially present ST
segment depression, the latter remained. Of
these, one patient was diagnosed as having ‘‘si-
lent’’ myocardial ischemia, with the remaining
three patients were diagnosed as having
postinfarction cardiosclerosis, functional class
III ‘‘angina of effort’’ and arterial hypertension.

The absolute number of extrasystoles over
24 h in patients in whom their number
decreased on the background of improved uri-
nation, prior to operation, did not exceed 1300.
No positive dynamics of the Holter-based ECG
occurred in six patients with SVE and in two
with VE. The number of extrasystoles in them
prior to operation was more than 1800 over
24 h. These patients had more pronounced car-
diac pathology as compared with those having
positive dynamics of 24-h monitoring of ECG.

DISCUSSION

The storage and voiding LUTS due to BPH (fre-
quent and obstructed urination in the day and
night-time, feeling of incomplete bladder emp-
tying, urgency) and psychological problems
associated with this may have a negative impact
on the cardiovascular system (CVS). These
include cardiac arrhythmias, angina pectoris,
sensation of not getting enough air, as well as
cardialgias [9]. Obstructed urination, requiring
additional efforts at the expense of prolonged
tension of abdominal muscles, promotes
increased intra-abdominal pressure, a high
positioning of the diaphragm and breath hold-
ing. Impairment of a patient’s sleep and rest
regimen (due to frequent diurnal and nocturnal
urge to urinate) also negatively influences CVS
function [9–11]. The pathogenesis of reflex
changes of the CVS in patients with BPH may be
presented as follows: long-standing obstruction
of lower urinary tract, induced by BPH, impairs
the primary afferent impulsation from the
genitourinary organs. Alterations in their
intramural nerve fibres and endings underlay
pathological impulsation, leading to formation
of dominant foci of excitation in the cortex and
subcortex, particularly in the hypothalamus
and reticular formation. From here, pathologi-
cal impulses are transferred by efferent path-
ways through the underlying portions of the
CNS and further though sympathetic fibres to
reach vasomotor receptors of the heart. On the
background of atherosclerotic alterations of the
coronary vessels, an inadequate reaction may
occur in the form of vascular spasm, with the
development of angina and respective alter-
ations on the electrocardiogram, as well as
impaired conduction with events of arrhyth-
mia, in particular, extrasystole [6].

Currently, depending on the indications,
most patients with LUTS/BPH receive medical
care in the scope of either conservative treat-
ment (predominantly alpha-1 adrenoceptor
blockers are administered) [12] or operative
interventions (various modifications of trans-
urethral endoscopic or open interventions)
[13, 14]. Early adenomectomy in patients with
BPH contributes to (promotes) complete

Table 10 Dynamics of subjective and objective parameters
of urination before and after operation in patients of group
3 (n = 35)

Parameters Before
treatment

After treatment p

IPSS 18 (12–22) 14 (10–18) 0.0001

QoL 5 (3–6) 3 (2–4) 0.0001

Qmax 10.5 (9.5–13.5) 12.8 (10.8–14.6) 0.0001

Qmean 4.8 (4.2–5.3) 5.2 (4.8–6.7) 0.0001

RU 60 (45–70) 35 (25–45) 0.001
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Fig. 5 Mean value of subjective and objective parameters of urination before and after surgery (TURP) in patients of the
third group: a IPSS; b QoL; c Q max; d Q mean; e RU
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elimination of alterations of the central
haemodynamics and myocardial contractility,
including normalization of arterial pressure and
renin secretion [6, 9, 10, 15–20]. The obtained
findings suggest that patients with prostatic
hyperplasia along with irreversible alterations
in the CVS also have reversible, reflex, disap-
pearing changes after adenomectomy [5, 6, 21].

The findings of our study demonstrated that
BPH-related urination disorders (LUTS/BPH)
have an impact on the CVS function in patients
with IHD/BPH. Holter-detected cardiac impair-
ments in patients with IHD and BPH, especially
during urination, make it possible to consider
obstructive and irritative symptomatology in
BPH as a factor in the additional load on the
activity of the CVS. This compels us to look
differently at how quality of life is affected in
this cohort of patients suffering from both BPH
and IHD as compared with those having either
BPH or IHD alone.

According to the data of HM, at the moment
of urination, 24% of patients were found to
experience ischemia manifesting itself as ST
segment depression and arrhythmia in the form
of SVE and VE. The findings of retrospective
analysis demonstrated that these alterations
occurred at the height of the urge to urinate. In
the majority of patients (76%) at the moment of
urination and some time prior to it, negative
dynamics of ECG was not revealed. Apparently,
this was related to appropriately selected car-
diotropic therapy or inconsiderable severity of
cardiac pathology.

The alpha-1 adrenoceptor blocker tamsu-
losin improved the subjective and objective

parameters of urination (LUTS/BPH) in patients
with IHD, as shown by the HM findings, and
improved the course of IHD in 72% of patients.
However, in the remaining 28% of patients the
parameters of ECG after the course of treatment
with alpha-1 adrenoceptor blockers do not
change, despite improved urination. Appar-
ently, this is associated with more pronounced
cardiac pathology in these patients. Mention
should also be made that none of our patients
with IHD refused to take alpha-1 adrenoceptor
blockers. They were found to have no pro-
nounced hypotensive response, increased
intensity and frequency of cardiac pain, nor
cardiac arrhythmia on the background of taking
alpha-1 adrenoceptor blockers.

Positive dynamics of the Holter-derived ECG
1 month after operative intervention for BPH
was observed in the majority (65.7%) of patients
with IHD. Negative dynamics of the Holter-
based ECG was registered in none of the
patients who were operated on.

In our opinion, it is also very important that
restoration of normal urination is accompanied
by the patient’s psychoemotional background.
The patient does not have to wake up in the
night to urinate, thus violating his rest regimen,
to worry before each urination about how the
urine will pass, or to many times a day hurriedly
look for a place in a public facility to relieve
himself. This, without doubt, has a beneficial
effect on the course of IHD in this cohort of
patients.

CONCLUSIONS

Impaired urination in LUTS/BPH patients is an
additional load on the CVS and worsens the
course of IHD. Holter monitoring makes it
possible to identify groups of patient in whom
urinary impairments caused by prostatic
hyperplasia negatively affect the course of IHD.
Restored urination (either conservatively or
operatively) in patients with BPH in 72% of
cases decreased the number of fits of angina,
thus influencing favourably the course of IHD.

All the factors mentioned above should be
known and taken into consideration during
examination and therapeutic decision-making

Table 11 Predominant changes during HM and their
dynamics before and after treatment of BPH in group
three patients with IHD

n = 28 Before treatment
of BPH

After treatment
of BPH

ST segment

depression

20 4

SVE 8 2

VE 7 5
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in patients with IHD and LUTS/BPH by both the
urologist and cardiologist.

Limitations of the Current Study

The genetic analysis of the patients included in
this study was not provided. It could be
important to investigate gene abnormalities for
the cardiovascular and prostate diseases. At
present, the information regarding coexisting
diseases in the selected patients and their pre-
vious treatment history is absent.

ACKNOWLEDGEMENTS

We cordially thank the patients and the partic-
ipants of the study.

Funding. No funding or sponsorship was
received for this study or publication of this
article.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Disclosures. The authors Fiev Dmitrii Niko-
laevich, Vinarov Andrey Zinovievich, Tsar-
ichenko Dmitrii Georgievich, Kopylov Fillip
Yurievich, Demidko Yuri Leonidovich, Syrkin
Abram Lvovich, Rapoport Leonid Moiseevich,
Alyaev Yuri Gennadievich, Glybochko Pyotr
Vitalievich have nothing to disclose.

Compliance with Ethics Guidelines. All
procedures performed in the study were in
accordance with standard clinical care and were
in accordance with the I.M. Sechenov First Mos-
cow State Medical University IRB and with the
1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. The
study was approved by I.M. Sechenov First Mos-
cowStateMedicalUniversity IRBProtocolRecord
03-19 and was registered on ClinicalTrials.gov
(NCT03856242). Informed consentwas obtained

from all individual participants included in the
study.

Data Availability. The datasets generated
during and analyzed during the current study
are available from the corresponding author on
reasonable request.

Open Access. This article is distributed
under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits any noncommercial
use, distribution, and reproduction in any
medium, provided you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons license, and
indicate if changes were made.

REFERENCES

1. Zakaria L, Aristotelis GA, Shabsigh R. Common
conditions of the aging male: erectile dysfunction,
benign prostatic hyperplasia, cardiovascular disease
and depression. Int Urol Nephrol. 2001;33:283–92.

2. Karatas OF, Bayrak O, Cimentepe E, Unal D. An
insidious risk factor for cardiovascular disease:
benign prostatic hyperplasia. Int J Cardiol.
2010;144(3):452. https://doi.org/10.1016/j.ijcard.
2009.03.099.

3. Wehrberger C, Temml C, Gutjahr G, et al. Is there
an association between lower urinary tract symp-
toms and cardiovascular risk in men? A cross sec-
tional and longitudinal analysis. Urology.
2011;78(5):1063–7. https://doi.org/10.1016/j.
urology.2011.05.065.

4. Gacci M, Corona G, Sebastianelli A, et al. Male
lower urinary tract symptoms and cardiovascular
events: a systematic review and meta-analysis. Eur
Urol. 2016;70(5):788–96. https://doi.org/10.1016/j.
eururo.2016.07.007.

5. Popov AI. State of the cardiovascular system in
patients with prostatic adenoma. Gen Med.
1973;9:62–4 (in Russian).

6. Popov AI. Dynamics of certain parameters of the
cardiovascular, haemocoagulation systems and
lipid metabolism in patients with prostatic ade-
noma. Synopsis of thesis for acquisition of the
academic degree of Ph.D. in Medical Sciences.
Minsk; 1975 (in Russian).

2084 Adv Ther (2019) 36:2072–2085

https://doi.org/10.1016/j.ijcard.2009.03.099
https://doi.org/10.1016/j.ijcard.2009.03.099
https://doi.org/10.1016/j.urology.2011.05.065
https://doi.org/10.1016/j.urology.2011.05.065
https://doi.org/10.1016/j.eururo.2016.07.007
https://doi.org/10.1016/j.eururo.2016.07.007


7. Erlik D, Valero A, Bizkhan Z. Prostatic surgery and
the cardiovascular patient. Br J Urol.
1968;XL(1):53–61.

8. Glantz S. Primer of Biomedical statistics, 4th edn.
1997. The McGraw-Hill companies, Inc., 320 pp.
ISBN-10:0078642191 ISBN-13:978-0078642197
Translated from English. M. Praktika; 1998 (in
Russian).

9. Efendiev NA, Imamverdiev SB, Salaev RYu, Shakh-
bazov RA, Rzaev AYu, Dzhavadov FG. State of the
cardiovascular system in patients with prostatic
adenoma. Problems of cardiovascular pathology,
issue VI. Baku; 1983. pp. 95–97 (in Russian).

10. Aliev SD. On alterations of cardiovascular system in
prostatic adenoma. Synopsis of thesis for acquisi-
tion of the academic degree of Ph.D. in Medical
Sciences. Baku. 1972 (in Russian).

11. Efendiev NA, Rzaev AYu, Bagirov AM. Adenomec-
tomy of the prostate in patients with ischaemic
heart disease and cardiac arrhythmia. Ischaemic
heart disease (subject collection of transactions).
Baku; 1988, pp. 100–104 (in Russian).

12. Krivoborodov GG, Tur EI. Remote results of using a-
adrenoblocker tamsulosin in men with lower uri-
nary tract symptoms and benign prostatic hyper-
plasia. Urology. 2014;6:47 (in Russian).

13. Vasilchenko MI, Shershnev SP, Zelenin DA, Zagar-
ova VI, Proletarsky AV. Experience with extrau-
rethral transvesical adenomectomy in patients with
prostatic adenoma. Urology. 2012;6:84 (in
Russian).

14. Pushkar DYu, Rasner PI. Lower urinary tract symp-
toms and benign prostatic hyperplasia. Russian

clinical guidelines. Urologiia. 2017;3(Supplement
3):4–18 (in Russian).

15. Haemodynamics, its impairments and methods of
stabilization in adenomectomy in patients over
60 years old. Metodological recommendations,
45 pp. Kharkov; 1977 (in Russian).

16. Dzhavad-Zade MD, Kuliev FA. Alterations in
hemodynamics and myocardial contractility in
patients during operative treatment of prostatic
adenoma. Surgery. 1996;6:75–7 (in Russian).

17. Imamverdiev SB, Azizov VA, Orudzheva RI, Gadi-
maliev FG. Prostatic adenoma in patients with
accompanying hypertension. Azerbaijan Med J.
1989;11:15–9 (in Russian).

18. Minaeva MN. Alterations of arterial pressure in
patients after adenomectomy. Theory and practice
in cardiology (abstracts of papers of conference,
Stavropol, October 23–24, 1975. pp 83–84 (in
Russian).

19. Talaat M. Afferent impulses in the nerves supplying
the urinary bladder. J Physiol (Lond).
1937;89(1):1–13.

20. Watkins AL. Reflex responses on the nictitating
membrane and the blood pressure to distention of
the bladder and rectum. Am J Physiol.
1938;121(1):32–9.

21. Ismailov KA, Knabengof VV. On the problem of the
character of cardiovascular alterations in patients
with prostatic adenoma. Abstracts of papers pre-
sented at II conference of urologists of the
Byelorussian SSR, Minsk, December, 1974. pp 64–66
(in Russian).

Adv Ther (2019) 36:2072–2085 2085


	Holter Monitoring (24-Hour ECG) Parameter Dynamics in Patients with Ischemic Heart Disease and Lower Urinary Tract Symptoms Due to Benign Prostatic Hyperplasia
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Trial Registration

	Introduction
	Methods
	Inclusion Criteria
	Exclusion Criteria
	Criterion for Withdrawal

	Results
	Group 1 (nthinsp=thinsp20)
	Group 2 (nthinsp=thinsp28)
	Group 3 (nthinsp=thinsp35)

	Discussion
	Conclusions
	Limitations of the Current Study

	Acknowledgements
	References




