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Editor’s Welcome

Dear colleagues! 

In the 10th issue of the International Heart and Vascular Disease Journal, there are leading article, review, original ar-

ticles and the results of V International Forum of Cardiology and Internal Medicine.

The leading article of the issue is dedicated to investigation of arrhythmias and their etiological factors in pregnant 

women. The results of clinical study demonstrate that complex cardiac rhythm abnormalities can develop both in pregnant 

women with pre-existing cardiovascular pathology and in patients without organic lesions of internal organs and metabolic 

disorders.  

Review article of this issue presents the work of the group of authors from USA where they discuss the latest technologies 

and possible use of extracorporal membrane oxygenation in adult patients with respiratory system diseases.  

In “Original articles” of the 10th issue section we published four papers. The first work investigates characteristics of cen-

tral aortic blood pressure in normotensive students considering present risk factors and the authors propose the approaches 

for development of preventive environment in universities. The article of Bolotova E.V.and coauthors studied the frequency of 

cardiovascular disease and chronic kidney disease risk factors in 300 patients with chronic obstructive pulmonary disease. 

The next work is dedicated to investigation of methods of coronary atherosclerosis risk prognosis in patients with obesity.  

For this reason 85 male patients with I-III grade obesity without clinical manifestations of angina and atherosclerosis of other 

localizations underwent coronary angiography and multispiral computer tomography of coronary arteries. The article of Ko-

sheleva O.A. and Zhuravleva O.A. represents the results of clinical study dedicated to antihypertensive therapy and metabolic 

effects of different combined therapy schemes in patients with arterial hypertension and diabetes mellitus. 

V International Forum of Cardiology and Internal Medicine, organized by the “Cardioprogress” Foundation, was held in 

Moscow in March 29-31, 2016. Forum involved more than 1500 participants from the subjects of Russian Federation and 

from near abroad countries. Scientific program of the Forum included 60 scientific workshops, clinical lectures, round-table 

discussions, educational seminars for doctors, clinical case presentations and poster sessions. The results of this Forum are 

present in this issue of the Journal. 

I invite everybody to collaborate with the journal. We are waiting for your original papers, review articles, discussions, 

opinions about problems, treatment and prophylaxis recommendations.

 

Rafael G. Oganov
Editor-in-Chief

President of the “Cardioprogress” Foundation
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Summary 
Objective
To investigate the features of arrhythmias and define possible etiological factors of their development in pregnant 
women. 
Materials and methods
133 patients (average age 27,1±5,7 years) during II-III trimesters of pregnancy were investigated, 113 of them had 
complex arrhythmias, 20 women had normal sinus rhythm. Depending on presence or absence of arrhythmia and 
cardiovascular pathology all patients were divided into three groups. Group I (n=62) included women with arrhyth-
mias and organic lesions of cardiovascular system: congenial or acquired heart disease, cardiomyopathies, post-
myocarditis cardiosclerosis. Group II (n=51) included patients with idiopathic arrhythmias, control group (n=20) 
included almost healthy women with normal sinus rhythm. 
Results
According with 24hour ECG monitoring, arrhythmias of III-IV classes (classification of Lown B. и Wolff N., 1971) 
were registered with the same frequency in both groups of patients. At the same time maximal number of ven-
tricular extrasystoles was detected in the group of “idiopathic” heart rhythm lesions and the biggest number of 
supraventricular extrasystoles was found in the Group I of patients. Pregnant women with mitral valve prolapse 
had significantly lower frequency of supraventricular extrasystoles, but at the same time the occurrence of ven-
tricular extrasystoles was comparable with main observation groups. 
Conclusion
Complex arrhythmias arise both in pregnant women with concomitant cardiovascular pathology and in women 
without organic lesions of organs and metabolic processes.  It requires precise dynamic observation of these 
patients. 
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Introduction
Currently there is no official statistical information 
about arrhythmia frequency in pregnancy, but ex-
isting data demonstrate that in 1976-1978 cardiac 
rhythm and conductivity abnormalities were reg-
istered in 5,0% of pregnant women, and in the next 
decades this number increased up to 11,3% [1], and 
in 1990 arrhythmias occurred in 7-15,7% of pregnant 
women [2]. Documented maternal mortality from pri-
mary arrhythmias hasn’t been registered yet, at the 
same time experts say that arrhythmias can be letal, 
and British Confidential Study of cardiac mortality 
identified 9% of these cases as “sudden adult cardiac 
death” syndrome [3]. 

At the same time there are some evidences about 
arrhythmia development in patients with hemody-
namic lesions and significant anatomic changes in 
cardiovascular system (CVS) [4, 5]. Pregnancy with 
its hemodynamic, hormonal, vegetative and meta-
bolic changes can become a proarrythmogenic fac-
tor especially considering the fact that “female heart” 
is basically predisposed to arrhythmias. first of all it 
is related to gender features of electrophysiological 
processes in heart. In 1920 Bazett H.C. noticed that 
females have higher heart rate (HR) than males on 
electrocardiogram (ECG), that they have longer QT in-
terval on electrocardiogram, that remains relatively 
long after HR correction comparing with males [6].   
Villareal R.P. with coauthors demonstrated that 10-20 
seconds more long QT interval, and these differences 
become more significant during menstruation [7]. 
Apart of these, women  have smaller QRS complex 
duration and voltage, P wave and PR interval dura-
tion shortening [8,9]. Non specific changes of repo-
larization occur more often in women [10]. At first 
instance, these differences can be explained with ini-
tially smaller dimensions of heart in women, but they 
persist even after correction of heart mass and body 
weight. These results can be explained with the influ-
ence of female sex hormones on potassium and cal-
cium channels. In particular, it was found that estro-
gens lead to QT duration increase by influencing fast 
and slow sodium channels current and sodium-calci-
um exchanges [9]. This exploration was lately proved 
with other studies that demonstrated how vegetative 
nervous system takes part in cardiac rhythm regula-
tion [11-12]. Gender features can be related not only 
to electrophysiological processes, but also to ar-

rhythmia’s character. Several epidemiological stud-
ies found out that supraventricular tachycardia with 
narrow QRS complex that develops according with 
re-entry mechanism in atrioventricular node, is twice 
more frequent in women than in men [13, 14], and in 
contrary, supraventricular tachicharia that appears 
due to re-entry mechanism in atrioventricular node 
with the presence of additional conductive path is 
twice more frequent in men [15]. Unfortunately spe-
cific studies that would investigate cardiac rhythm 
abnormalities and define possible etiological factors 
of their development have not been made still. This 
problem was chosen as the aim of this work. 

Materials and methods
133 women in II and III trimester of pregnancy (aver-
age age 27,1±5,7 years) were included in this study 
after signing the informed consent. All patients were 
admitted to cardiological department of Moscow City 
Hospital №63. Apart of routine examination and labo-
ratory diagnostics that included blood tests for elec-
trolytes (sodium, potassium) and thyroid gland hor-
mones (triiodothyronine(T3), thyroxin (T4), thyrotropic 
hormone (TTH)) patients underwent two-dimension-
al and Doppler echocardiography (EchoCG) in M-,  
B-, and continuous wave modes with “Logic-400” 
machine, 24-hours Holter ECG monitoring, using 
“Medilog Prima” and “Schiller MT-200”. 

Statistical analysis was performed using “Bio
statistics. Version 4.03” software. We used standard 
approaches of variation statistics and Student’s test 
for estimation of paired comparisons. Differences 
were considered significant if p-value was < 0.05. 

Results 
113 of 133 patients were diagnosed with complex ab-
normalities of cardiac rhythm (main group) and 20 
women had normal cardiac rhythm (control group). 
According with patients’ history, 84 (63,2%) women 
didn’t have bad habits, 49 (36,8%) women used to 
smoke in past or continued to smoke during preg-
nancy, and the amount of cigarettes smoked for day 
varied from 2 to 30, average pack-year number was 
5,3±1,8. Almost one half of patients had burdened 
family history of cardiovascular diseases and meta-
bolic abnormalities: arterial hypertension of one or 
two parents occurred in 55,6% of cases, myocardial 
infarction or stroke of one or two parents appeared in 
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8,2% of cases, obesity – in 33,1% of cases, diabetes 
mellitus – in 4,5% of cases. 

Women didn’t complain of palpitations, intermit-
tence before the beginning of current pregnancy. 
Starting from the middle of the I trimester or initial 
part of the II trimester patients with arrhythmias 
started to feel intermittence, “sinking heart”, palpi-
tation, sometimes paroxysmal, weakness, increased 
fatigability, and manifestation of these symptoms led 
to additional examination. Patients were divided into 
three groups according with the presence or absence 
of arrhythmia or other cardiovascular pathology. The 
group I (n=62) included women with cardiac rhythm 
abnormalities and organic changes of CVS. The group 
II included 51 patients with arrhythmias and without 
observed organic changes of CVS, endocrine system, 
gastrointestinal tract, thus their arrhythmia was clas-
sified as “idiopathic”.  The third (III) group (n=20) was 
considered as a control, it included almost healthy 
women with normal sinus rhythm and the same du-
ration of gestation as the patients of first two groups. 

According with the results of clinical and instru-
mental examination, in the I group such organic 
changes of CVS were present: hypertrophic cardio-
myopathy without left ventricle efferent tract obstruc-
tion (n=3), open oval foramen (n=3), dilatation cardio-
myopathy without the signs of cardiac insufficiency 
(n=4), mitral valve insufficiency of rheumatic etiology 
(n=4), ventricular septal defect that was not treated 
surgically (n=6), corrected Fallot’s tetrad (n=1) and 
postmyocarditis cardiosclerosis (n=10). Mitral valve 
prolapse (MVP) was present in many patients (n=30), 
and I grade mitral regurgitation was found in 9 cases 
and II grade mitral regurgitation was found in 21 case. 

Analysis of the results of 24-hours Holter ECG 
monitoring included several parameters: main pace-
maker, average heart rate (HR) (day/night/24 hours), 
number of supraventricular extrasystoles (SVES, 
during hour and during 24 hours),  number of ven-
tricular extrasystoles (VES, during hour and during 
24 hours), and VES class according with Lown B. 
and Wolff N. classification in Ryan-McKenn modifi-
cation. According with these results, the number of 

extrasystoles during 24 hours varied from 8 thou-
sands to 50 thousands in pregnant women with ar-
rhythmia,  couplets (13-80 during 24 hours) and trip-
lets (3-150 during 24 hours) were registered in some 
women (n=6 and 4 respectively), 5 women had runs 
of ventricular tachycardia (1-5 during 24 hours) with 
HR varying from 156 to 229 beats per minute. These 
cardiac rhythm abnormalities resembled to II-IV 
class of Lown B.-Wolff N. classification. There were 
no statistically significant differences in VES grada-

tion between the groups of pregnant women with ar-
rhythmia, but the difference of VES and NVES number 
was considered statistically significant.  The biggest 
amount of VES was registered in the group of “idio-
pathic” arrhythmias, and the biggest number of NVES 
was found in the group of organic cardiac pathology. 
Group of healthy patients was characterized with nor-
mal sinus rhytm and single NVES (Table 1). 

Taking into account high number of patients with 
MVP and its high occurrence in population in general, 
it was particularly interesting to check the character 
of arrhythmias in this category of pregnant women. 
We distinguished this group of patients from the 
group of women with arrhythmias and background 
cardiovascular pathology (Table 2).

Pregnant women with MVP had SVES significantly 
less frequently than patients of other groups; practi-
cally, there was just one patient who had 1000 SVES 
during 24 hours. But the number of VES was com-
parable with the results of the group of “idiopathic” 
arrhythmias. 

Table 1. Cardiac rhythm abnormalities according with 
24-hours Holter ECG monitoring in the groups of patients 

(М±SD)

Characteristic Group I
(n=62)

Group II
(n=51)

Group IΙΙ
(n=20)

VES class, Lown B. and 
Wolff N classification 2,9±1,6 2,1±1,8 2,4±1,3

VES number/24 hours. 4300±300 6200±530 1), 3) 500±40 1), 2)

SVES number/
24 hours 3800±300 2000±1501), 3) 600±50 1), 2)

Comment: 1) — р<0,05 in comparison with Group1; 2) — р<0,05 in 
comparison with Group ΙΙ; 3) — р<0,05 in comparison with group III.

Table 2. SVES/VES ratio in groups of pregnant women with different pathologies (М±SD)

Extrasystole 
character

Average number during 
24 hours

Organic cardiac pathology 
(except MVP)

(n=32)
MVP

(n=30)
«Idiopathic» arrhythmias

(n=51)

SVES 1870+290 
(max. 17 200)

3900+380 
(max. 13 000)

70+11 1), 2) 
(max. 1000)

1800+220 1) 
(max. 17 200)

VES 5160+320 
(max. 15 750)

3200+240 
(max. 8000)

5300+430 1) 
(max. 15 000)

6200+540 1) 
(max. 15 750)

Comment: 1) — р<0,05 in comparison with organic cardiac pathology; 2) — р<0,05 in comparison with «idiopathic» arrhythmias.
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Discussion
Rich experience of modern clinical cardiology dem-
onstrates that the reasons of cardiac rhythm abnor-
malities are very different and still poorly studied. 
Patients with changed hemodynamics, hormonal 
status, general and water-salt metabolism and in-
creased load of CVS have high risk of arrhythmia 
development, and all these predisposing factors are 
present in pregnant women. Gestation period is char-
acterized with physiologically increased activity of 
renin-angiotensin-aldosterone system, that raises up 
circulating blood volume mostly increasing plasma 
volume up to 40%.  The most significant hemody-
namic characteristic during pregnancy is increased 
stroke volume (SV), that increases up to 30-45% in 
rest state comparing with its values before preg-
nancy.  SV growth increases cardiac output (CO), that 
reaches maximum during 26-32 week of pregnancy 
being increased up to 33-50% comparing with initial 
levels. Physiological tachycardia that develops during 
pregnancy raises up HR by 15-20 beats per minute 
by the end of pregnancy comparing with initial levels. 
12-34% decrease of peripheral vascular resistance 
occurs during pregnancy [16]. Our study demon-
strated that these hemodynamic factors can lead to 
arrhythmias in patients with organic lesions of CVS.  
More than that, important factor of CVS adaptation to 
pregnancy is systemic vasodilation  caused not only 
by increased nitrogen oxide (NO) and other vasodilat-
ing factors secretion,  but also by increased levels of 
estrogens and progesterone, that increase adrenore-
ceptors’ sensitivity to hormones of sympathoadrenal 
system.  Starting from the beginning of pregnancy 
and up to delivery time reactivity of β-receptors in-
creases and reactivity of α-receptors decreases, that 
is necessary to reduce contractive activity of myo-
metrium and provide the carrying of pregnancy [17]. 
β-receptor density in myometrium increases due to 
progesterone action. β-receptor activation can lead to 
arrhythmia development, as it was shown in previous 
studies [18, 19]. Probably so-called “idiopathic ar-
rhythmias” are mostly caused by proarrhythmogenic 
effect of sympathoadrenal system, functional condi-
tion of which increases being influenced by female 
sexual hormones. 

Increased ectopic activity is also related to vegeta-
tive dysfunction in patients with MVP, that traditionally 
is considered  as a normal and not requiring therapy 
especially without hemodynamically significant mi-
tral regurgitation. It is known that MVP is character-
ized with genetically determined defect of collagen 

synthesis and lowered levels of intratissular magne-
sium concentration. In case of magnesium deficiency 
fibroblasts produce defective collagen of mitral valve 
cusps. Clinically MVP often manifests with abnormal 
vegetative regulation of cardiac rhythm that is reg-
istered with more than 70% frequency [21]. During 
pregnancy even almost healthy women can develop 
the symptoms of such vegetative dysfunction like hy-
persympathicotonia [22], and patients with MVP can 
have more prominent symptoms which can lead to 
lowering the quality of life and, from the point of view 
of the authors, influence intracardiac hemodynamics, 
and in case of other risk factors presence they can 
also provoke resistant ventricular tachiarrythmias. 

Thus, the results of the study indicate that complex 
cardiac rhythm abnormalities in pregnant women de-
velop as the consequence of cardiovascular pathol-
ogy that includes congenital and acquired valvular 
disease, postmyocarditis cardiosclerosis, MVP with 
moderate regurgitation,  or they appear in women 
without organic changes of internal organs and meta-
bolic processes, that requires precise dynamic obser-
vation of these patients, and in case of hemodynamic 
instability or developing life-threatening arrhythmias 
it is necessary to start well-timed adequate therapy. 

Conflict of interest: None declared.

References
1.	 Eliseev OM, Arrhythmias in pregnancy. Do need and possible to 

treat? Ther. Arch. 1989; 61 (8): 131-138. Russian 

2.	 Shabala TB, Pregnancy, childbirth, the fetus and the newborn 

in women with impaired cardiac arrhythmias: avtoreferat dis-

sertation of candidate of medical sciences. Kiev. 1990; 24. 

Russian 

3.	 Adamson DL, Piercy CN. Managing palpitations and arrhyth-

mias during pregnancy.  Heart. 2007; 12 (93): 1630–36.

4.	 Rossi L, Thiene G. Mild Ebstein’s anomaly associated with supra-

ventricular tachycardia and sudden death: Clinicomorphologic 

features in three patients. Am. J. Cardiol. 1984; 53: 332–334.

5.	 Pressley JC, Wharton JM, Tang AS, et al. Effect of Ebstein’s 

anomaly on short- and long-term outcome of surgically treated 

patients with Wolff-Parkinson-White syndrome. Circulation. 

1992; 86: 1147–55.

6.	 Bazett HC. An analysis of the time-relations of electrocardio-

grams. Heart. 1920; 7: 353-70.

7.	 Villareal RP, Woodruff AL, Massumi A. Gender and Cardiac 

Arrhythmias. Tex Heart Inst J 2001; 28: 265-75.

8.	 Okin PM, Roman MJ, Devereux RB, Kligfield P. Gender differ-

ences and the electrocardiogram in left ventricular hypertro-

phy. Hypertension. 1995; 25: 242-9.



7Pregnancy as the risk factor of arrhythmias

9.	 James AF, Choosy SC, Hancox JC. Recent advances in un-

derstanding sex differences in cardiac repolarization. Prog 

Biophys Mol Biol. 2005. Disponible en: www.sciencedirect.com

10.	 Rautaharju P, Kooperberg C, Larson J, Lacroix A. Electro

cardiographic abnormalities that predict coronary heart 

disease events and mortality in postmenopausal women. 

Circulation. 2006; 113: 473-80.

11.	 Stramba-Badiale M, Locati EH, Martinelli A, Courville J, 

Schwartz PJ. Gender and the relationship between ventricular 

repolarization and cardiac cycle length during 24-h Holter re-

cordings. Eur Heart J. 1997; 18: 1000-6.

12.	 Linde C. Women and arrhythmias. Pacing Clin Electrophysiol 

2000; 23: 1550-60.

13.	 Josephson ME. Paroxysmal supraventricular tachycardia: an 

electrophysiologic approach. Am J Cardiol 1978; 41: 1123-6.

14.	 Josephson ME, Kastor JA. Supraventricular tachycardia: 

mechanisms and management. Ann Intern Med 1977; 87: 346-

58.

15.	 Puranik R, Chow CK, Duflou JA, et al. Sudden death in the 

young. Heart Rhythm. 2005; 2: 1277-82.

16.	 Dewhurst’s Textbook of Obstetrics and Gynaecology for 

Postgraduates. Ed. C.R. Whitfield; 2002, 2012 p. Russian 

17.	 Sandström B. Adrenergic beta-receptor blockers in hyperten-

sion of pregnancy. Clin Exp Hypertens 1982; 1: 127–141. 

18.	 Stryuk RI, Buhonkina YM, Chijova GV, Course of pregnancy, de-

livery, and perinatal outcome in women with congenital heart 

disease. Far Eastern medical journal 2010; 1: 46-48. Russian 

19.	 Stryuk RI, Mkrtumyan AM, Kusova AB, Is there a relationship 

between arrhythmia and thyroid function in pregnant women? 

Effective pharmacotherapy 2012; 6: 30-33. Russian 

20.	 Drenthen W, Boersma E, Balci A, Moons P et al., Predictors of 

pregnancy complications in women with congenital heart dis-

ease. Eur Heart J 2010; 31: 2124–32.

21.	 Pak LS, Zaviyalova AI, The use of magnesium preparations in 

patients with mitral valve prolapse. Difficult Patient 2014; 12: 

24-28. Russian 

22.	 Stryuk RI, Arrhythmias in pregnancy. M. GEOTAR-Media, 2009; 

215 p. Russian 



International Heart and Vascular Disease Journal
Volume 4, Number 10, June 2016

Journal of the Cardioprogress Foundation
REVIEW ARTICLE

Extracorporeal Membrane Oxygenation 
in Respiratory Diseases in Adults

Rajapriya Manickam, Ravi Manglani, Lisa Paul,  Wilbert S. Aronow, MD*
Lincoln Medical Center,  New York Medical College/Westchester Medical Center, NY, USA

Authors:
 Rajapriya Manickam, MD, Division of Pulmonary, and Critical Care Medicine, Lincoln Medical Center, 
NY, USA;
Ravi Manglani, MD, Division of Pulmonary, and Critical Care Medicine, Lincoln Medical Center, NY, USA;
Lisa Paul,  MD,  Division of Pulmonary, Critical Care, and Sleep Medicine, New York Medical College/
Westchester Medical Center, Valhalla, NY, USA; 
Wilbert S. Aronow, MD, FCCP, FACC, FAHA, Division of Cardiology, New York Medical College/
Westchester Medical Center, Valhalla, NY, USA.

Abstract 
Extracorporeal membrane oxygenation (ECMO) was first used in adults in 1972 in a young patient with post-
traumatic acute respiratory distress syndrome (ARDS).   The technology is derived from the cardiopulmonary 
bypass machine used for cardiac surgery, modified for a longer-term support of respiratory and/or cardiac func-
tion. There are two major types of support that may be provided with ECMO, veno-venous ECMO (VV-ECMO) and 
veno- arterial ECMO (VA-ECMO). The former is used in patients with good cardiac function, in an effort to support 
lung function, while the latter is used in patients with poor cardiac function, in an effort to support the failing 
heart. Significant advances continue to be made in the field of extracorporeal life support (ECLS) and the modal-
ity promises to supplement the management options available for the niche role in management of patients with 
severe cardiac and respiratory disease. In this review,  we discuss the latest developments and usage of ECMO in 
respiratory diseases in adults.
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Extracorporeal membrane oxygenation, respiratory diseases, adults 
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Introduction
Extracorporeal membrane oxygenation was first used 
in adults in 1972 in a young patient with post-trau-
matic acute respiratory disease syndrome (ARDS)  
[1]. The technology arose from cardiopulmonary by-
pass machine used for cardiac surgery but modified 
for longer-term support of respiratory and/or cardiac 
function. Its initial progress was plagued by various 
complications that ranged from finding the compat-
ible pump mechanisms, to hemolysis, to blood clot-
ting within the tubing,  to finding a suitable method of 
oxygenation of the extracted blood. 

Most of the complications were related to the oxy-
genators. Initially used oxygenators were the simple, 
less expensive bubble oxygenators where blood is ex-
posed directly to gas. The direct blood-gas interface 
caused blood trauma and protein degradation,  lead-
ing to hemolysis, platelet destruction, and microem-
boli [2, 3]. These systems were eventually replaced 
with membrane oxygenators, where the blood is sep-
arated from gas by a semi-permeable membrane, 
mimicking human lung and fewer complications [4, 
5, 6]. This was a major step in advancement of the 
technology and with the subsequent improvement in 
membrane material facilitated safer extracorporeal 
oxygenation for prolonged period of time 

A large randomized controlled trial [7] conducted 
in 1974 did not show significant difference in mortal-
ity between ECMO versus conventionally treated adult 
ARDS patients and dampened the initial enthusiasm 
about ECMO. Technology advances and the 2009 H1N1 
influenza pandemic spurred the interest on ECMO as 
a rescue therapy, especially for young patients with 
ARDS  who were failing conventional therapy [8]. This 
review article is aimed to familiarize readers about 
ECMO, its indications,  its utility, possible complica-
tions,  and gives a glimpse of possible future direc-
tions of care especially in pulmonary disease.

Overview 
ECMO refers to the process of long-term extracorpo-
real support for oxygenation while the failing heart 

or lung rejuvenates. This is achieved by draining de-
oxygenated blood via a cannula  to an external circuit 
of primed tubing to a membrane oxygenator which 
oxygenates the blood and a centrifugal pump which 
returns the oxygenated blood back into the circula-
tion. Although there are various other components in 
the circuit,  the main ones are the oxygenator and the 
pump. Typically,  the blood flow through the circuit is 
at the rate of 100ml/kg/minute and requires place-
ment of large bore cannulas, usually 21-24 French for 
adults. Another significant fact is that CO2 removal is 
more efficient than oxygenation because of the solu-
bility and diffusion properties of CO2 relative to O2

There are two major types of support that may be 
provided with ECMO (Table 1), Veno-venous ECMO 
(VV-ECMO) and veno- arterial ECMO (VA-ECMO). 

VV-ECMO
In VV- ECMO, blood is extracted from a large vein into 
the ECMO circuit where gas exchange takes place. 
The oxygenated blood is then pumped back into the 
venous system, which then passes through the right 
atrium,  and the patient’s heart pumps the oxygenat-
ed blood through the pulmonary and then to the sys-
temic circulation. As it requires the patient’s native 
heart to pump the blood through the circuit, VV-ECMO 
can be used only in patients with good cardiac func-
tion to support the lungs. It does not provide support 
to maintain cardiac output.

Vessel cannulation may be done in several ways, 
ranging from a femoral-jugular approach, to a bi-
femoral setting, or to a single bicaval double lumen 
cannula.  The oxygenated blood from ECMO mixes 
with the deoxygenated blood in the right atrium. The 
systemic oxygen tension will be low and will depend 
on the cardiac output and the hemoglobin concentra-
tion of the patient. One of the major technical prob-
lems in VV-ECMO is recirculation. As the oxygenated 
blood from the circuit is sent back to a vein, some 
of the oxygenated blood can directly go back to the 
draining cannula without going to the systemic cir-
culation. A 30% recirculation is generally considered 

Table 1. Types of ECMO
VV- ECMO VA-ECMO

Cannulation type
— Blood drained from vein and returned to vein

Vein: jugular-femoral, right atrium -femoral, femoral-
femoral, saphenous-saphenous

— Blood drained from vein and returned to artery.
Vein: internal jugular, femoral artery: femoral, axillary, subclavian, 

aorta
Circuit Connected in series with heart and lung Connected in parallel to heart and lung
Cardiac Support yes No
Cardiac effects Preload: decreased. Afterload: increased May reduce right ventricular afterload. No other hemodynamic effects
Arterial PaO2 60–150 mmHg 45–80 mmHg
Indications Cardiogenic shock Respiratory failure with preserved cardiac function
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acceptable and more commonly seen with single site 
double lumen cannula where the entry and exit point 
are close to each other. Factors that can increase the 
recirculation percentage are position of the cannula 
(distal to the right atrium), higher pump flow, and low 
cardiac output.  

VA-ECMO
In VA- ECMO, deoxygenated blood is drained into the 
circuit for oxygenation and ventilation,and returns 
into the systemic circulation on the arterial side. Thus, 
VA- ECMO bypasses the heart as well as the lungs, 
providing both hemodynamic and respiratory sup-
port while allowing the native lung and heart to rest 
and heal. The VA- ECMO mode is similar to the con-
ventional cardiopulmonary bypass used for cardiac 
surgeries but adopted for a longer period of support. 
Cannulation can be central or peripheral.  In periph-
eral cannulation, blood is drained from the proximal 
femoral or jugular vein and returned via the carotid 
or femoral or axillary artery.  The cannulas used are 
smaller than the central cannulation and can be done 
emergently at bedside. Central cannulation usually 
requires sternotomy or thoracotomy and blood is 
drained from near the right atrium and returned to 
the proximal ascending aorta. It is a preferred option 
when used immediately after cardiopulmonary by-
pass as the same cannulas can be connected to the 
VA-ECMO circuit. 

The cannula position, diameter and length,  along 
with the patient’s venous filling, vascular resistance, 
and pump speed play an important role in the over-
all blood flow and the hemodynamics. A proportion of 
the blood flow (~15-20%) can continue to go through 
the lungs during a VA-ECMO. Therefore, in a patient 
with poor lung function, the proportion of blood go-
ing through the lungs, which are not adequately oxy-
genated, mix with well-oxygenated blood provided by 
the ECMO circuit in the aorta. Hence,  in the  case of 
peripheral VA ECMO, the coronary arteries, cerebral 
blood vessels,  and proximal branches of the aorta 
may receive blood with lower oxygen content. Thus,  
the decision on the location of the cannulas assumes 
an important role in VA-ECMO [9] in patients with 
poor lung function.

Indications in Respiratory Diseases ARDS
Extracorporeal life support (ECLS), particularly 
VV-ECMO,  has been used as a rescue therapy in pa-
tients with severe ARDS. Though some studies have 
shown improvement in mortality among ARDS patients 

over the years, it is still unacceptably high in severe 
ARDS at 40-52% [10,11]. ECMO started to gain popu-
larity as a rescue therapy in this population since the 
2009 H1Ni influenza pandemic. The exact indications 
for ECMO have varied across institutions. Broadly,  it 
is indicated for refractory hypoxemia on conventional 
ventilation therapy, severe acidosis,  and hypercapnia. 
The Murray score is a scoring system that includes the 
chest roentgenogram , PaO2/FiO2 ratio, positive end-
expiratory pressure (PEEP),  and compliance to stratify 
these patients [12]. According to ELSO (extracorpore-
al life support organization) guidelines for adult with 
ARDS [13], ECMO is indicated when despite the opti-
mal care for 6 hours or more, the predicted mortal-
ity risk is >80% which is associated with a PaO2/FiO2 
<150 on FiO2>90% and/ or a Murray score of 3-4. ECMO 
should be considered when the mortality risk is >50% 
which is associated with a  PaO2/FiO2 <150 on Fio2>90% 
and/or a Murray score of 2-3. As of July 2012 [14], the 
overall survival in adult patients on ECMO for respira-
tory failure in the past five years ranged from 53% to 
61% which is similar to other recent studies [15]. 

While considering ECMO in patients, one of the 
most important considerations is the reversibility of 
the pulmonary disease.  Other pre-ECMO character-
istics of the patients like advanced age, high ICU se-
verity score, multiorgan dysfunction, immunocom-
promised status, and poor neurological status nega-
tively impact ECMO outcome [15,16]. Various studies 
have shown that the earlier the patient placed on 
ECMO, the better the outcome [17, 18, 19, 20, 21]. 
Ventilator associated lung injury (VILI) is a significant 
cause of morbidity and mortality in ventilated patient 
[22, 23], and reduction in the duration of mechanical 
ventilation prior to ECMO minimize ventilator associ-
ated lung injury and that possibly explains the sur-
vival benefit. The ventilator setting while the patient 
is on ECMO (Table 2) is minimal and lung protective, 
helps the lung to rest,  and reduces VILI. 

Low volume ventilation prevents VILI in ventilated 
patients. The problem while on low volume ventilation 
will be the raising of PCO2 and acidosis. With the help 
of extracorporeal CO2 removal (ECCO2R) technique,  

Table 2. Ventilator settings while on ECMO
Peak inspiratory pressure 20–25 cm H2O

Positive end-expiratory 
pressure 10–15 cm H2O

FIO2 <0.5
Respiratory rate 8–10 breaths/min
Tidal volume 3–4ml/kg
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this problem can be overcome. Combining ECCO2 R 
with low tidal volume ventilation could prove to be the 
best strategy for management of severe ARDS pa-
tients. 

Current Evidence
The results of the smaller studies and the first US 
ECMO multicenter randomized controlled trial con-
ducted by the National Heart and Lung institute in 
1974 were discouraging and did not show measur-
able mortality benefit [24, 25]. In this study, the sur-
vival in both conventional and ECMO groups was very 
poor, only around 10%. These studies were conducted 
when ECMO technology was primitive. We did not have 
much understanding in the management of ARDS and 
was receiving high tidal volume ventilation. However 
subsequent studies in neonates and children showed 
a mortality benefit,  and it was widely accepted and 
used in a pediatric population[26, 27].

Some centers continued to work on ECMO in adult 
populations,  and over a period of time,  various ob-
servational studies demonstrated safe and successful 
application of ECMO in critically ill adults [28, 29].  The 
survival rate recorded in the ELSO registery [30] was 
41% in 1995,  and overall 197 patients had received 
ECMO for ARDS at that time. This was comparable to 
European studies published in that time period [31] 
where around 850 patients received ECMO between 
1992-1999. The better outcome with recent studies 
is attributed to the advanced technology in ECMO as 
well as the use of low tidal volume lung protective 
strategies. Morris et al [32] conducted a randomized 
clinical  trial  in 1994, which also  did not show a mor-
tality benefit as compared with standard therapy.  In 
spite of all the controversies, ECMO gained popularity 
as a rescue therapy for severe ARDS adult patients 
during the 2009 H1N1 influenza pandemic [33, 34, 35]. 

The landmark trial was the CESAR trial [Con
ventional ventilator support vs Extracorporeal mem-
brane oxygenation for Severe Adult Respiratory fail-
ure] [36] concluded in 2006 and published in 2009. It 
is the major randomized control trial and the first in 
the literature to show a mortality benefit in patients 
who were transferred to an ECMO. A total of 180 pa-
tients were randomized 1:1 to two groups.  A control 
group continued to receive the conventional ventila-
tion therapy at tertiary care centers,  while the in-
tervention group was referred to an ECMO center for 
consideration of ECMO. Among the 90 patients that 
were transferred to a center with ECMO capabilities, 
only 68(75%) patients received ECMO and of which, 

63% (57/90) patients survived to six months without 
disability, compared to 47% (41/87) of those that re-
ceived conventional therapy (RR 0.69%, 95%CI 0.5-
0.97, p=0.03). 

There are two major criticisms to the above study. 
The intervention in the CESAR trial was. referral to 
a center with ECMO capabilities rather than treat-
ment with ECMO, and actually 25% of the interven-
tion group did not actually receive ECMO. The other 
major criticism is that the study did not dwell on the 
management of the patients in the conventional ven-
tilation arm, and it is unclear as to how many patients 
received low tidal volume lung protective ventilation.

The Australia and New Zealand ECMO Influenza 
Investigators [33] reported their experience in treat-
ing the 2009 outbreak of H1N1 Influenza infection that 
led to a number of young otherwise healthy patients 
developing severe ARDS. Among 201 intensive care 
unit patients in the study, 68 (30%) received ECMO. 
The mortality in this group was 21% (14 patients), 
compared with 9% on the non-ECMO group. This ac-
companies other papers that failed to show a mortal-
ity benefit [36, 37]. Meanwhile, other studies showed 
a mortality benefit [39, 40]. This conflicting evidence 
necessitated a large multicenter randomized con-
trolled  trial that can prove or disprove the benefit of 
ECMO.

The French group REVA (Research Network on 
Respiratory Failure and Artificial Ventilation) is con-
ducting the EOLIA study (ECMO to rescue Lung Injury 
in ARDS), an international multicenter randomized 
controlled  trial in patients with severe ARDS, which 
is an attempt to provide better evidence.  Patients are 
promptly randomized into ECMO and conventional 
therapy groups in which the limitations of the CESAR 
trial are addressed.  The results of this study are ea-
gerly awaited.

Chronic Obstructive Pulmonary Disease
In chronic obstructive pulmonary disease (COPD), in-
vasive mechanical ventilation is associated with many 
complications including ventilator associated pneu-
monia, dynamic hyperinflation of lungs, ventilator de-
pendence, and impaired delivery of aerosolized medi-
cations[41, 42]. A modality of ECLS includes extracor-
poreal carbon- dioxide removal (ECCO2 R) that helps 
remove carbon dioxide (CO2) from the circulation.  
ECCO2R is an intermediate level of ECLS with little 
technical difference than the complete ECLS provided 
by ECMO. The blood flow is lower (0.3-0.5litres/min) 
and able to remove ~25% of CO2. It has been shown 
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to reduce the need of invasive mechanical ventilation 
(IMV) and has also been used to assist removal of CO2 
in patients already on mechanical ventilation, in an 
effort to reducethe  number of days on the ventilator 
and intensive care unit stay.

A pump-less ECCO2 R A-V circuit has been used to 
prevent mechanical ventilation in patients in severe 
exacerbations of COPD [43, 44]. This modality has 
also been used as a supportive therapy for patients 
who are already on mechanical ventilation to facili-
tate early extubation, early mobilization and physio-
therapy, even while on ECCO2 R [45, 46, 47]. A fea-
sibility pilot study was done to assess the possibility 
of early extubation and early ambulation in patients 
receiving mechanical ventilation using single site 
ECCO2R, with excellent results. Further studies are 
required to define the criteria and the patient popula-
tion that would most benefit from this modality.

ECMO as a Bridge to Lung Transplant
Lung transplant waiting lists are increasing,  and 
there is severe paucity of suitable organ donors. 
Patients with end- stage lung disease awaiting trans-
plant who are failing medical management  need a 
bridge until a donor becomes available. ECMO helps 
transitioning of care before, during and after the 
transplant procedure. The initial concept of bridging 
originated with left ventricular assist devices (LVADs) 
for cardiac transplant [48, 49]. Initial studies of pa-
tients on ECMO had poor perioperative outcomes [50]. 
Recently, ECMO has been used safely in patients dur-
ing transplant and aid their recovery [51-52]. ECMO 
and ECCO2 R modalities have been used to reduce 
the need for mechanical ventilation and help partici-
pate in rehabilitation and physiotherapy, which has 
further improved outcomes. It also helped to avoid 
ventilator-associated complications [53].

Experiences from large academic centers and 
from international centers have come in throughout 
the last decade, with many showing improved survival 
and favorable outcomes. The university of Kentucky 
and the university of California successfully bridged 
31 patients as of 2013 and achieved a  80% 3-year 
survival [54]. The university of Pittsburgh has used 
ECMO as a bridge for 31 patients with 25 surviving 
to transplant. This group  demonstrated a 74% sur-
vival in the ECMO group [55]. A French group reported 
their experience with lung transplant with ECMO in 36 
patients with 30 making it to transplant. The 2-year 
survival was reported as 60.5% but outcomes in pa-
tients with cystic fibrosis was significantly better than 

in those with idiopathic pulmonary fibrosis (IPF). This 
observation suggests that ECMO outcomes may vary 
depending on the underlying etiology of the  lung dis-
ease [56].

Extracorporeal Cardiopulmonary 
Resuscitation
Extracorporeal cardiopulmonary resuscitation 
(E-CPR) is the term used for institution of ECLS dur-
ing cardiopulmonary resuscitation to help return of 
spontaneous circulation (ROSC). A growing body of 
evidence suggests the utility of ECLS in cardiopulmo-
nary resuscitation  in improving outcomes and survival 
in patients with intra-hospital cardiac arrests (IHCA) 
and out of hospital cardiac arrests (OHCA)[57, 58, 59, 
60]. In prospective observational trials of IHCAs, sur-
vival to discharge varied from 20% to 32%, with p val-
ues of <0.0001 and 0.002 respectively [57, 58] with a 
good neurological outcome. Similarly, out of hospital 
arrests also showed comparable outcomes, with sur-
vival of 29.2% at 3 months and a p value of 0.018 [57]. 

The recently published prospective pilot study, The 
CHEER trial [61] was carried out for refractory IHCA 
and OHCA in Australia. These patients had a ROSC 
of >30 minutes with an initial rhythm of ventricular 
fibrillation. The reported survival rates were 54% with 
13 out of 24 patients surviving to hospital discharge. 
Further studies are ongoing, so that we can further 
delineate the patient populations with the most ex-
pected survival benefit.

Pulmonary Hypertension and Pulmonary 
Embolism
ECLS has been used as an emerging therapy in pa-
tients with severely decompensated right ventricular 
(RV) failure and pulmonary hypertension of various 
etiology. ECMO may be implemented briefly to sup-
port the patient while medical management is being 
optimized during a crisis or as a bridge for lung trans-
plant [62]. Commonly, VA- ECMO is applied, which will 
decompress the right ventricle, leading to reduction 
in right ventricular  pressures and also preferentially 
shunts the blood into the ECMO circuit leading to bet-
ter oxygenation and ventilation [63]. It can provide a 
bridge to successful lung transplantation in World 
Health Organization group I pulmonary artery hyper-
tension  patients with end-stage cardiopulmonary 
failure. A retrospective review of use of ECMO for 
massive pulmonary embolisms in 21 patients dem-
onstrated improvement in survival to 62% when used 
along with conventional medical management [64]. 
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This improved survival has been supported by other 
published cases [65].

Future Directions
The most important implication of ECLS is early mo-
bilization, early rehabilitation and early physiother-
apy, which has time and again showed to positively 
impact clinical outcomes [66, 67]. This, along with 
reduced ventilator requirements and hence less as-
sociated complications like VILI will prove to be more 
beneficial to select groups of patients [68, 69]. As of 
now, ECLS is being used only in select centers as a 
rescue therapy for refractory respiratory failure, 
cardiogenic shock and as a bridge to lung and heart 
transplant. Advancements in technology in manufac-
turing of circuitry will lead to compact consoles and 
ambulatory ECMO machines as a destination therapy 
for end stage lung disease. The expanding utility of 
ECLS is rapidly encompassing all forms of respiratory 
failure from various causes and severe right ventricu-
lar failure.

Weaning of ECMO 
Weaning from ECMO is a crucial step,  and there are 
no standard protocols as of yet. It is basically pro-
vider dependent and usually based on some rough 
guidelines from scientific societies. Weaning from VA 
ECMO and VV ECMO are different. However the most 
basic requisite before weaning is the recovery of the 
lung and or cardiac function significantly so that the 
lung and or cardiac rest is no longer needed. 

In VV ECMO, weaning is a process where contribu-
tion of ECMO to gas exchange (oxygenation and CO2 
removal) is progressively decreased while the native 
lung takes over its function. The actual circuit blood 
flow need not be altered to assess the pulmonary 
function. The clinical parameters that can indicate 
recovery of pulmonary function [9] are (a) progressive 
increase in SaO2 above SvO2, (b) improvement in SaO2 

for a given circuit gas flow or a reduced gas flow, (c) 
improvement in respiratory mechanics - lung com-
pliance, airway resistance, (d) radiological improve-
ment. ELSO guidelines indicates that when the na-
tive lung can support 50-80% total gas exchange at a 
moderate ventilator setting (FiO2 <0.6-0.5, low PEEP) 
ECMO discontinuation can be considered. Weaning 
from VV ECMO (Table 3) is performed by progres-
sively decreasing the gas flow to the oxygenator. At 
zero flow, if the patient able to maintain stable he-
modynamic and ventilator parameters for 4-24hours 
(varies from center to center) then the patient can be 

effectively off of ECMO. Extracorporeal support can 
be then discontinued and decannulated. The goal is 
to resume mechanical ventilation with ventilator set-
tings that are less injurious and can maintain good 
oxygenation and ventilation, which would have been 
impossible prior to initiation of ECMO. Weaning is 
generally possible in ARDS after 7-10 days on ECMO.

If the patient is on VA-ECMO and the indication of 
ECMO is for cardiac causes, the myocardial recov-
ery is required before weaning can be initiated. The 
parameters need to be monitored in these patients 
are (a) return of pulsatile arterial pressure wave-
form for 24hrs, hemodynamic stability with baseline 
mean arterial pressure greater than 60 mmHg in the 
absence or with low doses of catecholamine (b) de-
creasing central venous and/or pulmonary pressures 
(c) improvement of pulmonary function, PaO2/FiO2 
<100mmHg. Weaning in VA ECMO is carried out by re-
ducing blood flow through the circuit hourly. Once the 
blood flow is as low as 1-2 liters/minute and the pa-
tient has been hemodynamically stable for few hours, 
surgical decannulation may be carried out. Doppler 
echocardiography parameters help in assessing car-
diac function while weaning. 

Successful weaning from ECMO depends on the 
underlying cause, it’s reversibility, associated comor-
bidities, and severity of organ dysfunction at the time 
of ECMO initiation.  

Complications on ECMO
Application of ECMO is associated with number of 
complications. A specialized center with extensively 
trained personnel and well-experienced staff is re-
quired to implement it safely to demonstrate the 
survival benefit. Improvement in technology and 
the circuit has decreased complications rate over 
the past decade.  The Extracorporeal Life Support 
Organization (ELSO) database14 gives us the rates of 
complications of patients on ECMO and guidelines to 
follow for their management. Complications can be 
broadly classified as physiological and mechanical 
(Table 4).

The most common complications among them are  
clot formation and bleeding. As blood passes through 

Table 3. Weaning VV-ECMO in respiratory failure

• �Sweep gas flow set  
at 0 L/min

• �FiO2 set at 0.21 on the 
membrane

• �Pump flow not modified

The device may be withdrawn if
— PaO2 >60 mmHg, SaO2 >90 %
— FiO2 on the ventilator <60 %
— Inspiratory plateau pressure 
<30 cm H2O
For at least 1–2 hours and up to 
12 hours
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the circuit, activation of clotting factors and emboli is a 
major concern. Anticoagulation is usually done by hep-
arin drip, maintaining activated thromboplastin time 
of 1.5 times normal values. The reported incidence is 
12-17%. Localized bleeding from the cannula inser-
tion site (16%) or from the surgical site (17%) is com-
mon and can be managed with simple compression. 
Major bleedings like intracranial bleeding is reported 
in 3.9%, pulmonary and gastrointestinal bleeding re-
ported in 8% and 5%, respectively. The hematologic 
consequences of an ECMO circuit include hemolysis, 
acquired von Willebrand factor deficiency, and throm-
bocytopenia contributes to the bleeding and thrombot-
ic risks. After hematological adverse effects,  infection 
remains the significant problem with a reported rate is 
21.3%. The other potential complications are encepha-
lopathy, renal dysfunction, and liver injury.

 The complications of VA-ECMO are similar to VV- 
ECMO, with added possible complications (a) pulmo-
nary hemorrhage (b) cardiac thrombosis and (c) limb 
ischemia from peripheral arterial cannulation.  When 
the left ventricular  contractility is poor, the left ven-
tricle continues to dilate from persistent preload and 
the left ventricular end-diastolic pressure  increas-
es. This in turn increases the pulmonary pressure 
causing pulmonary hemorrhage. With VA- ECMO the 
pulsatility of the blood flow is lost,  and blood stag-
nates in the aortic root ,increasing the risk of cardiac 
thrombosis and  systemic emboli. 

Ethical Considerations
The patients’ families must be extensively educated 
about the process of ECMO and counseled about the 
possibility of unfavorable outcomes, in spite of the ex-
traordinary measures being taken to maintain life  Even 
after a successful recovery from ECMO, the neurologi-
cal outcome may still be poor. End of life discussions 
must be held, either with the patient, or with health 
care surrogates. The goal of care should be well estab-
lished as families may wish to continue therapy even if 
the treating team feels that the patient’s condition has 
progressed to an irreversible state. Daily updates and 
clear discussion about the prognosis with patients and 
their families help in avoiding such situations.

Conclusions
Every day, significant advances continue to be made 
in the field of ECLS. The modality promises to supple-
ment the management options available for severe 
cardiac and respiratory disease. More widespread 
data from multiple centers are needed to add to cur-
rent knowledge and help us understand its  role in 
management of different patient populations and its 
potential indications.
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Summary
Objective
To investigate the profile of cardiovascular risk factors (CVRF) in young students and to estimate the influence of 
these factors on central aortic blood pressure (CABP), to discuss possible ways of CVRF correction using univer-
sity media for spreading information and motivation ideas. 
Materials and methods
80 students underwent the estimation of aortic rigidity parameters and presence of CVRF with complex diagnostic 
software. 
Results
Systemic and latent hypertension was diagnosed more frequently in risk factor carriers. Frequency of false hy-
pertension occurrence didn’t depend on risk factors (RF) presence.  In case of normotension RF presence was as-
sociated with higher values of augmentation index. This study also presents data of the Center of Students’ health 
about introduction of real and network forms of mass, group and personalized preventive work among young 
students using obtained information about possible health hazards. 
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Conclusion
Despite the young age and short anamnesis of CVRF presence students demonstrate preclinical but distinct le-
sions of aortic wall as the one of the most important target organs. It is necessary to introduce more actively the 
CVRF screening together with CABP estimation into the work of the centers of students’ health in order to start in 
time early preventive interventions. 

Key words: 
Screening, risk factors, students, premorbid diagnostic, preventive intervention. 

Experience of several countries that managed to ob-
tain real reduction of initially high cardiovascular (CV) 
mortality, demonstrates that CV risk factors (CVRF) 
correction has more significant impact on achieving 
such results comparing with coronary heart disease 
(CHD), arterial hypertension (AH) and their complica-
tions treatment [1, 2].

In clinical practice this approach is implemented 
through creation of mass diagnostics of the system of  
risk factors (RF) and preclinical lesions in population 
and particularly in its active part [3, 4]. Examination 
of young students in the centers of students’ health 
(CSH) or in students’ polyclinics [5,6] looks enough 
promising [7, 8]. 

Risk groups formation in young persons allows to 
start early correction of identified hazards with pre-
ventive interventions of different levels including the 
school of students’ health [9]. This approach requires 
elaboration of reasonable screening aiming to esti-
mate effectively the profile of significant RF and as-
ymptomatic changes of target organs [10.11]. It has 
been identified that  for successful screening it is 
necessary to take into account the age of examined 
persons [12], their social [8] and psychophysiological 
status [13, 14]. and also constitutional and anthropo-
metric features [15]. 

Pathogenetic continuum of main cardiovascu-
lar diseases (CVD) in this age corresponds to very 
early prenosological changes of target organs [16].  
Because of this young age gives a good chance to 
slow down the CVD development and prevent their 
unfavorable income. This preventive strategy seems 
to be the most effective one although its prospective 
results are delayed in time. But the diagnostic step 
of prophylaxis in young age group as the initial ele-
ment of mass health examination is undoubtedly not 
elaborated enough [6]. Technologies of preventive in-
terventions in organized groups of young people are 
also formed in noticeably low level [7, 8]. 

The aim of this study is to estimate the influence 
of CVRF on the central aortic blood pressure (CABP) 

and its augmentation index (Aix) and to design the ap-
proach of these factors correction according with the 
university informational and motivation resources. 

Materials and methods
This study demonstrates the results of complex ex-
amination of 80 students of Stavropol State Medical 
University (SSMU) (39 males, 41 females), that was 
performed on the base of SSMU CSH during second 
stage of  mass health examination of students. The 
age of students was 19-22 years. 

Using questioning and anthropometry we per-
formed screening of such RF like hereditary pre-
disposition of diabetes mellitus (DM), cancer, early 
CVD, office AH/prehypertension (PH), excessive body 
weight (EBW), dyslipidemia and hyperglycemia (test-
stripes for express-diagnostics), smoking (smoke 
detector “SmokeCheck”; “Micro Medical Ltd.”,  Great 
Britain), the presence of infection nidus, improper 
feeding according with the questionnaire of National 
Research Center for Preventive Medicine(NRCPM) 
[17], hypodynamia according with the World Health 
Organization (WHO) questionnaire [18] and low stress 
tolerability according with student questionnaire of  
U.V.Shcherbatykh [19].

We performed also the comparative analysis of the 
parameters of central and peripheral blood pressure 
(PB), that have been obtained with particular pro-
grammed diagnostic complex using oscillometric way 
of BP measurement on the shoulder and consequent 
modeling of central pulse wave (CPW). BP levels was 
used as the investigated parameter in two groups of 
students that were formed according with the pres-
ence or absence of other CVRF: 1 group (n=26) – with-
out RF (control group), 2 group (n=54) (main group) – 
with the presence of CVRF like burdened familiar his-
tory, smoking, EBW, improper feeding, hypodynamia 
and low stress tolerability with the average number 
of RF =2,7±0,6. 

We used special operation system for automatic 
tubulation of all parameters of CPW measurement. 
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Apart of traditional brachial artery BP parame-
ters such values like aortic systolic blood pressure 
(SYSao), aortic diastolic blood pressure (DIAao), aor-
tic pulse BP (PPao), average aortic BP (ABPao), dura-
tion of left ventricle ejection period (ED), aortic Aix, 
pulse pressure amplification (PPA), subendocardial 
viability ratio (SEVR). 

We investigated occurrence of hemodynamic vari-
ants of AH/PH based on comparative estimation of 
aortic and peripheral BP values. We identified the 
cases of latent hypertension- isolated elevation of 
aortic BP, false hypertension – isolated elevation of 
brachial artery BP, systemic AH/PH – elevated BP 
in aorta and in brachial artery  and stable normal 
BP[20]. Preclinical changes of vascular wall were 
examined using Aix values of central BP in newly 
formatted groups (53 student with normal BP in to-
tal) taking into account homogeneity of main hemo-
dynamic parameters to exclude the influence of BP 
levels on mentioned parameter of vascular rigidity.  
During formation of groups we took into account the 
age of young patients. For example,  in the control 
group without RF  mentioned above brachial artery 
systolic blood pressure (SBPba) in young females 
was between 100-120 mm Hg. and 110-130 mm Hg 
in young males respectively, and brachial artery dia-
stolic blood pressure (DBPba) was around 65-75 mm 
Hg in both gender groups, because of this we includ-
ed only persons with corresponding levels of BP into 
the main group with the presence of RF. According 
with this the persons with EBW were not included to 
the main group because in all cases it was associ-
ated with higher BP. Thus the study design at the last 
stage was initially performed taking into account the 
task of correct investigation of per se vascular rigid-
ity parameters, so by intentional exclusion of possible 
BP influence on it. According with this, investigated 
groups were comparable in this last parameter. 

The results of students’ examination were ana-
lyzed with “Statistica 6.0” software (“StatSoft Inc”). 
Differences with p<0,05 were considered statistically 
significant. 

Results and discussion
Analysis of biological and behavioral RF in exam-
ined students revealed burdened family history in 37 
(46,3%) persons. Profile of modifiable RF was the fol-
lowing: EBW, smoking and elevated BP were regis-
tered in 17,5%, 18,5% and 16,3% of students respec-
tively. focal chronic infection was found in one fifth of 
all examined students.  Hypodynamia, improper feed-

ing, low stress-tolerability were registered in 35,0%, 
38,7% and 32,5% of students respectively. 

Individual comparative analysis of  the results of 
peripheral and central BP measurements in each ex-
amined person (Table 1) demonstrated, that in the 
group of people without RF systemic PH/AH was reg-
istered in less than 1% of people, and the same value 
in students with present RF 10 times bigger (p<0.01). 
In the last group one of ten students had latent PH/AH 
and this pathology was not present in the group of 
students without RF. These data prove reasonability 
of CVRF screening as a simple but diagnostically in-
formative stage of mass health examination of stu-
dents. The frequency of false PH/AH was almost the 
same in both groups: every one of twelve students 
had it. In the end the amount of students with stable 
normal BP was twice as more in the group without RF 
comparing with the group of RF carriers. 

More frequently AH/PH occurred in students with 
EBW and burdened family history, and they were 
registered simultaneously in major part of students 
with elevated BP. It is necessary to mention also the 
high occurrence of low stress-tolerability in these 
students, that goes along with previously published 
works about personal features of young patients that 
were referred to cardiologist for examination and 
treatment due to the presence of evident primary AH 
[14]. 

In relation to the problem of CV health of young 
people it is relevant to study properties of vascular 
wall taking into account all present RF excluding AH/
PH, so in all normotensive male and female students. 
The results of vascular rigidity characteristics in two 
groups of young males with presence/absence of 
CVRF and comparable initial levels of BP (Table 2a) 
demonstrate prominent differences of central pres-
sure Aix. 

This characteristic in students with favorable 
background correlates with its negative values, and it 
moves to more positive values of the scale in presence 
of RF. But these differences cannot be considered 

Table 1. Occurrence of different types of AH/PH in 
students according with the results of comparative 

peripheral and aortal BP estimation 
AH types All without RF n=26 All with RF n=54

False AH 2 (7,9 %) 4 (7,7 %)
Latent AH —  5 (9,6 %)
Systemic AH 1 (3,8 %) 19 (36,5 %)**
Normotension 23 (88,3) 24 (46,2)

Comment: ** — p<0,01, comparing with the group without RF.
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significant (p=0,08). In young females of both groups 
(Table 2b) this characteristic has positive values, but 
at the same time the carriers of mentioned RF had 
Aix values 5 times bigger than young females without 
CVRF. The differences between the groups of female 
students were statistically significant (p=0,04). Thus, 
the presence of main RF in students promotes the 
loss of vascular wall elasticity in spite of young age 
and short history of presence of these factors. 

These results indicate evident influence of RF on 
the characteristics of peripheral and central hemo-
dynamics of young people. The information about 

association of several AH/PH types with RF supple-
ment significantly the existing data about this prob-
lem in young patients [21]. Quite frequently they 
demonstrate sufficiently frequent diagnostics of iso-
lated CBP abnormalities, and it makes it necessary 
to detect it during mass health examination together 
with traditional measurement of peripheral BP on 
brachial artery. AIx as one of rigidity characteristics 
increases being influenced with other RF in normal 
BP conditions. Until recently these aspects of vas-
cular status in young patients estimated using os-
cillometric method of BP measurement on brachial 

Table 2a. CABP characteristics in young males 
BP characteristics 

measured on brachial 
artery and aorta

Юноши без RF n=11 Юноши с RF n=12

M Me V25 V75 M Me V25 V75

SBPba 116 114 112 125 117,3 116,5 115 122
DBPba 68,9 69 66 72 70,6 71 68 74
ABPba 84,8 85 81 88 87,2 87,5 84 92
PPba 46,8 46 44 50 46,6 48 44 50
HR 73,8 73 67 78 75,2 74 68 79
SBPao 101,8 100 98 107 105,1 104 102 111
DBPao 70,2 70 65 73 71,5 71 68 78
ABPao 84,8 85 81 88 87,2 87,5 84 91
PPao 31,3 31 30 32 33,9 34,5 33 38
SBPba-SBPao 14,4 14 13 17 12,2 10,5 10 16

DBPba-DBPao — 1,3 — 1 — 1 0 — 0,9 — 1 — 1 0

PP-PPao 15,2 16 14 18 13,3 12,5 11 15
Alxao, % — 4,9 — 8 — 12 2 3,9 0 — 5 4
PPA, % 149,9 148 145 158 139 136,5 131 151
ED, mc 280,4 290 255 294 300,9 299,5 269 325
SEVR, % 165,1 160 148 167 165,5 168 135 194

Table 2b. CABP characteristics in young females

BP characteristics 
measured on brachial 

artery and aorta

Young females without RF n=12 Young females with RF n=18

M Me V25 V 75 M Me V25 V 75

SBPba 111,9 113,5 105 117 113,1 117,5 104 118
DBPba 69,8 69 66 74 72 71 69 74
ABPba 85,1 84 82 90,5 86,7 87 83 91
PPba 41,5 40 38 46 40,8 40,5 37 46
HR 71,8 72,5 66 78 74,3 75 67 80
SBPao 101,5 100,5 97 106 103,2 106,5 96 108,5
DBPao 71,4 70 66 77 73,4 72,5 71 79
ABPao 85,1 84 82 90,5 86,7 87 83 91
PPao 29,4 30 26 34 29,3 29 25 34
SBPba-SBPao 10,4 9,5 8 13 9,8 10 9 12

DBPba-DBPao — 1,6 — 2 — 2 — 1 — 1,38 — 2 — 2 — 1

PPba-PPao 12,2 12,5 10 14 11,4 11,5 10 14
Alxao, % 1,5 1,5 — 2 6 7,6* 8 4 12
PPA, % 142,9 140,5 134 153 139,7 139 132 144
ED, mc 305 319,5 282 328 316,6 328 291 341
SEVR, % 134,4 121 116 146 137,8 136,5 122 160

Comment: * — р< 0,05
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artery with consequent CBP modeling appeared only 
in few studies. And mentioned above studies inves-
tigated these CBP characteristics in young normo-
tensive volunteers not considering RF [22]. This af-
fordable approach is particularly relevant for mass 
health examination of Russian students, because one 
recent international study [23] demonstrated more 
high values of cardio-ankle vascular index (CAVI) ob-
tained using volume sphygmograph comparing with 
Japanese students of the same age. The authors con-
sider that more prominent positive linkage between 
CAVI and age of students in Russia comparing with 
Japan can be explained with larger amount of RF in-
fluencing vascular wall. Taken altogether, these data 
prove the necessity of angiologic screening introduc-
tion considering main CVRF during mass health ex-
amination of students. 

It is necessary to develop immediately the system 
of prophylactic interventions in organized groups of 
young people. The existing experience indicates that 
mass health examination of students differs signifi-
cantly from the one of laboring population [5, 24]. for 
example, ECG registration is more reasonable to per-
form in older population comparing with BP monitor-
ing and CBP and Aix measurement. At the same tame 
lipid and carbohydrate metabolism estimations has 
the same importance in both populations. It is also 
necessary to consider that some characteristics have 
age-related properties. Screening data are the ba-
sis for the distribution of students into three health 
groups that predetermine passing through particular 
diagnostic, therapeutical and preventive interventions 
[17, 25]. We organize several motivating and educat-
ing events aiming to form stable positive behavioral 
stereotypes among the students of all health groups 
in the Health Center of SSMU.  To achieve success in 
this work it is important to reach effective interaction 
between different departments of the same universi-
ty. We perform short preventive consulting about the 
basics of healthy lifestyle with every student of the 
first year during initial screening. Advanced personal 
consulting by the interdisciplinary specialists of the 
Center is provided anonymously and in the real mode 
on the base of network technologies and hot-line ser-
vice (phone number is available on the web-page of 
the Center). Special classes for young people of risk 
groups that also use network technologies are orga-
nized on the base of Health School. Students and spe-
cialists of CSH that are involved in the creative process 
of health-preservation created the platform for mass 
health examination surveys according with the CMS 

Lime Survey software (informational system of per-
sonalized examination) and with the help of CSH doc-
tors they adapted electronic online-questionnaires  
that include questions about physical and mental 
health of respondents. We created a website of young 
followers of HLS. Students fill the questionnaires 
about HLS and make a test of their adaptation status 
before the start of classes at the School and after fin-
ishing academic year. This dynamic control of preven-
tive interventions efficacy in the beginning and in the 
end of academic year proved  the increased knowl-
edge of CVRF self-control and improved psychophysi-
ological health resources of the School participants. 
Positive dynamics was more evident in young females 
comparing with young males. This complex of inter-
ventions, that forms health-oriented environment in 
university, not only demonstrates good  results on the 
stage of health-oriented consciousness  formation 
but also helps to practice the skill of mass preventive 
health examination in medical students. This experi-
ence is undoubtedly useful for self-protection and fu-
ture clinical practice of medical students. 

 Conclusions 
Reasonableness of main CVRF screening in young 
people is proved with instrumental evaluation of CBP 
and its Aix. If these factors are present, occurrence of 
systemic AH/PH is 10 times as more. Latent form of 
isolated aortic BP elevation was registered only in RF 
carriers. And false AH/PH is registered almost in one 
out of twelve students independently from RF pres-
ence. 

CVRF presence in normotensive students is as-
sociated with central pressure Aix elevation, and it is 
particularly evident in young females. Thus, in spite 
of the young age and short history of damaging fac-
tors presence, students have preclinical but enough 
distinct lesions of aortic wall, that is one of the most 
prognostically significant target organs.

It is necessary to introduce more actively the tech-
nique of CBP evaluation into the work of CSH in of-
fice format for early detection of vascular remodel-
ing in mass preventive examination in order to make 
risk group formation more differentiated, to provide 
well-timed beginning of preventive interventions and 
objective control of their efficiency. 

From organization point of view students’ medical 
prophylaxis should be performed in close coopera-
tion of CSH, deans, departments, educational and so-
cial work professionals, active students, mass media 
workers and other structures of university. Doctors 
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of CSH specializing in different clinical disciplines 
should be initiators and catalysts of such activity. 
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Summary
Objective
To determine the frequency of risk factors of cardiovascular disease (CVD RF) and chronic kidney disease (CKD) 
among the patients with chronic obstructive pulmonary disease (COPD). 
Materials and methods
We examined 300 patients of the Regional clinical hospital №2 with verified diagnosis of COPD I-IV degree of se-
verity according to the GOLD criteria (2011). We studied the frequency of such RF of CVD and CKD: age > 45 years, 
male gender, arterial hypertension (AH), impaired glucose metabolism, hypercholesterolemia (level greater than 
5.0 mmol/L), body mass index (BMI) > 25 kg/m2, and the frequency and  intensity of smoking,  glomerular filtration 
rate (GFR) calculated with CKD-EPI. 
Results
We identified the high frequency RF of CVD: 100% of patients had RF of CVD, 92,6% of patients had a combination of 
3 or more FR, lowered GFR< 89 mL/min/1,73 m2  was present in 67,3% patients. 96.4% of patients had age over 45 
years, 78,8% of patients were older than 65 years; smoking was detected in 92 % of patients with COPD; hypercho-
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lesterolemia - in 70,3% of cases; AG – in 65,6%; hyperglycemia – in 17,6%; BMI>25 kg/m2  - in 38% of patients with 
COPD. The inverse correlation between BMI and severity of COPD (r= - 0,324, p<0,05); and  the positive correlation 
of cholesterol levels with age and severity of COPD (r=0,241 r=0,198, p<0,05) have been detected. 
Conclusions
Patients with COPD demonstrate the summation of “traditional” RF of CVD,  that is determined by COPD on the one 
hand and on the other  – by existing renal dysfunction.
Key words
Chronic obstructive pulmonary disease, risk factors, cardiovascular disease, chronic kidney disease. 

Introduction
High occurrence of chronic noninfectious diseases 
(CNID) during last decades has acquired epidemic 
sizes and became the leading cause of mortality and 
disability in population thus defining the priorities of 
healthcare and preventive medicine [1, 2]. Chronic ob-
structive pulmonary disease (COPD) has a particular 
position between these diseases. According with the 
prognosis of “Global burden of disease” study, COPD 
will take the third position between mortality causes 
in population, and nowadays it is the only mortal-
ity cause with increasing frequency [3]. It can be ex-
plained with the high presence of comorbid pathology 
in COPD, that is related both to the age of patients 
and the clinical course of COPD, steadily progressing, 
chronic disease of respiratory system with proved ex-
trapulmonary effects. Hypoxia, sympathoadrenal sys-
tem activation, chronic inflammation, oxidative stress 
and developing endothelial dysfunction, caused by 
COPD, create the conditions for wide spectrum of co-
morbid pathologies where cardiovascular diseases 
(CVD) have their particular position [3, 4].It is proved 
that CVD mortality risk in COPD is 2-3 times higher 
and is the cause of death in 50% of mortality cases. 
At the same time it had been recently established 
that chronic kidney disease (CKD) is an independent 
CVD risk factor (RF) and equivalent of coronary heart 
disease (CHD) [5]. Taking into account common RF of 
COPD, CKD and CVD and systemic manifestations of 
COPD, it is possible to consider the presence of kid-
ney dysfunction that increases cardiovascular risk 
in patients with COPD due to existence of cardiore-
nal continuum [5, 6]. At the same time, the question 
of kidney dysfunction occurrence as an independent 
CVD RF is poorly studied. The aim of this study is to 
investigate the occurrence of CVD RF, CKD and fre-
quency of kidney dysfunction in patients with COPD.  

Materials and methods 
This study involved 300 patient with COPD: 70,4% of 
all patients were males, with average age of 68,51±9,9 

years, average duration of disease 20,9±3,2 years, 
and 29,6% of patients were females with average age 
of 65,95±10,1 years and average duration of disease 
17,2±2,2 years that were admitted to the Regional 
hospital №2 in Krasnodar for diagnostics and treat-
ment. COPD diagnosis was established according 
with the GOLD guidelines (2011). Patients were di-
vided into four groups with comparable age according 
with the COPD degree of severity: 30 patients with I 
degree COPD (14 females, 16 males), 64 patients with 
II degree COPD (24 females, 42 males),  135 patients 
with III degree COPD (25 females, 110 males), 71 pa-
tient with IV degree COPD (10 females, 61 males). 
Average value of forced expiratory volume in 1 sec-
ond (FEV1, % of predicted value)  in the I group was 
85,3±4,3%, in the II group – 66,7±6,2 %, in the III group 
- 46,1±4,5 %, in the IV group – 26,5±3,67 %. We per-
formed comparative analysis of CVD and CBP RF: age 
> 45 years, male gender, arterial hypertension (AH), 
carbohydrate metabolism disorders, hypercholester-
olemia – total cholesterol levels (TC) > 5,0 mmol/L, 
excessive body weight, including obesity – body mass 
index (BMI) > 25 kg/m2 (WHO, 2004), frequency and 
intensity of smoking – pack-year index [2]. To identify 
glomerular filtration rate (GFR) impairment we cal-
culated GFR with CKD-EPI formula (2009, with modi-
fications of 2011) [5, 6, 7]. 

This study was performed according with the stan-
dards of good clinical practice and the Declaration 
of Helsinki principles. The study’s protocol was ap-
proved by local ethic committee. All patients gave 
written informed consent before being included into 
this study. 

Exclusion criteria were the following: decompen-
sation of present chronic diseases and renunciation 
of participation in the study. 

Statistical analysis was performed using varia-
tion statistics in statistical software “Statistica 7,0”. 
Kolmogorov-Smirnov test was used to test the nor-
mality of characteristic’s distribution, distribution was 
considered normal in case of p>0,05. To study statisti-
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cal correlation between different observations we used 
Spearman’s rank correlation coefficient. Student’s 
t-test was used for evaluation of differences between 
two average values in case of normal distribution, in 
case of not normal distribution we used Mann-Whitney 
test. The difference was considered significant if p-
value was less than 0,05. Data are present as average 
value (M )± standard deviation (SD). 

Results 
According with our results, 100% of COPD pa-
tients had CVD RF, and  92,6% of patients had ≥3 RF 
(Image 1). Majority of patients was older than 45 years 
(96,4%, n=289) and 78,8% were considered elderly 
(> 65 years). Smoking was the second most frequent 
RF (92% of patients, n=289) (table 1). Average amount 
of pack-year index was 39,9±6,5 pack-year and it had 
significant correlation with COPD severity (r=0,262, 
р<0,05). Relative number of patients of male gender 
as an unalterable CVD and CKD RF was 70,4%. Pack-
year index, occurrence and duration of smoking were 
significantly higher in men (p<0,05). 

Hypercholesterolemia was detected in 70,3% of 
COPD patients when cholesterol levels >5,0 mmol/L 
was considered liminal. And TC levels higher than tar-
get value of 4,5 mmol/L  were detected in 89,6% of pa-
tients (n=269). Average TC levels was 5,8±1,1 mmol/L. 
We found direct correlation of TC levels and patients 
age and COPD severity (r=0,241, r=0,198, р<0,05). 

Lowered GFR was found in 67,3% of COPD patients. 
37,3% of patients had mild stage of GFR CKD-EPI reduction 

(89-60 mL/min/1,73 m2), 26,7% of patients had moder-
ate GFR CKD-EPI reduction (59-45 mL/min/1,73 m2), 3,3% 
of patients had prominent GFR CKD-EPI reduction (44-
30  mL/min/1,73 m2). Optimal GFR CKD-EPI levels were 
detected only in 10,7% of COPD patients, hyperfiltra-
tion was found in 22% of patients. Together with it, only 
28,6% of patients with COPD had hypercreatininemia 
(creatinine levels > 90 µmol/L), average creatinine lev-
els were around 82,9±22,7 µmol/L. 

AH had the six position between RF and it was 
found in 65,6% of patients. The frequency of concomi-
tant AH was significantly higher in patients with COPD 
IV severity degree comparing with COPD I severity de-
gree (p<0,05), and it had direct correlation with COPD 
severity degree (r=0,387, р<0,05) and it had negative 
correlation with FEV1 values (r=-0,362; p<0,05). The 
frequency of overweight and obesity (BMI > 25 kg/m2) 
was 36%. We found negative correlation between BMI 
and COPD severity (r=–0,324, р<0,05). 

Table 1. Clinical and laboratory characteristics of COPD patients

Characteristic COPD I degree
n=30

COPD II degree
n=64

COPD III degree
n=135

COPD IV degree
n=71

Total
n=300

Gender male/female 16/14 42/22 110/25 61/10 229/71
Age, years 58,2±12,1 65,1±11,9 69,2±9,2 69,2±9,9 66,3±10,3
Smoking, abs. (%) 26 (86 %) 57 (89,1 %) 125 (92,6 %) 68 (95,7 %) 276 (92 %)

Pack-year index, «pack-year» 15,3±7,2 28,2±12,35 44,3±9,8** 48,5±12,7*** 44,8±19,8

FEV1, % of predicted 85,3±4,3 66,7±6,2 46,1±4,5** 26,5±3,7*** 51,5±11,4

BMI, kg/m2 32,4±7,8 27,9±5,8* 25,1±6,7** 21,2±4,1 26,6±6,1
BMI>25 kg/m2, abs. (%) 21 (70 %) 36 (56,3 %) 42 (31,1 %)** 15 (21,1 %)*** 114 (38 %)
Creatinine, µmol/L 93,8±21,2 91,2±17,2 82,1±12,5 75,9±16,8 85,7±8,3
TC, mmol/L 5,2±0,9 5,4±0,8 5,5±0,7 5,9±0,9 5,8±1,1
TC>5,0, mmol/L 15 (50 %) 39 (60,9 %) 95 (70,3 %) 62 (87,3 %) 211 (70,3 %)
GFR,
mL/min/1,73 m2 61,8±18,1 62,9±12,4 69,2±4,3 88,1±6,9 70,2±12,1

DM, IGT, abs, (%) 3 (10 %) 8 (12,5 %) 22 (16,3 %) 22 (26,7 %) *** 55 (18,3 %)
AH I–III st. 12 (40 %) 36 (56,25 %) 97 (71,8 %) 52 (73,2 %)*** 197 (65,6 %)
CHD+AH, abs. (%) 3 (10 %) 35 (54,7 %)* 104 (77 %)** 52 (81,3 %)*** 144 (48 %)

Comment: * — significance of differences between I and II groups; ** — significance of differences between I and III groups;  
*** — significance of differences between I and IV groups.

96,4%
92%

70,4%
70,3% 67,3%

65,6%

36%

17 6%

40.00%

60.00%

80.00%

100.00%

120.00%

20.00%

0.00%

 
        

Age > 45 years

Smoking

Male gender

Hypercholesterolemia

Kidney dysfunction

AH 1-3 stages

BMI > 25 kg/m2

Hyperglycemia 

Image 1. CVD RF occurrence in COPD patients
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Diabetes mellitus (DM) and impaired glucose tol-
erance (IGT) had 8th rank position, their frequency 
was 17,6% in total group. We detected significant dif-
ferences in blood glucose levels between analyzed 
groups, maximal overage values (7,5±2,3 mmol/L) 
were found in IV group. 

We analyzed also the frequency of concomitant 
diseases that have strong influence on COPD pa-
tients’ prognosis. The AH+CHD combination (64,6% 
of patients) was more frequently registered in groups 
of severe and very severe COPD (χ2=19,5; p<0,05), in 
males significantly more frequently than in females 
(χ2=12,3; p<0,05). The evidences of myocardial infarc-
tion (MI) were present in 16% of patients (n=48), MI 
was significantly more frequent in IV group’s patients 
(χ2=18,5; p<0,05). Cardiac rhythm abnormalities 
were found in 51 patients (17%) including 25 persons 
(8,3%) with atrial fibrillation, the frequency of which 
correlated with the age (r=0,241; р<0,05) and COPD 
severity (r=0,241; р<0,05). Previous pulmonary embo-
lism was reported in 16 (5,3%) of patients, acute ar-
rest of cerebral circulation was reported in 2 patients 
with COPD. 

Discussion
High occurrence of CVD and CKD RF in COPD patients 
that reaches 100% is expectable because of systemic 
COPD manifestations [4, 5, 8]. This study demonstrat-
ed the prevalence of people above 45 years (96,4%) 
among these patients that goes along with modern 
ideas about COPD as the disease of the second half 
of life [4, 9]. High percentage of male patients (70.4%) 
is comparable with existing data about higher occur-
rence of COPD in men [4, 9]. The frequency of smok-
ing in this study was higher than average frequency in 
population  (92% and 70,5% respectively) of compa-
rable age (>40 years) and the results of GATS (Global 
Adult Tobacco Survey) (39,1%),(Global Adult Tobacco 
Survey) (39,1%), that was done in 2009 [10]. At the 
same time, these results go along with the data about 
smoking frequency in COPD patients that reaches 
89,6% [11]. Extremely high frequency of this RF is ex-
plained with the fact that smoking, being one of the 
most aggressive CVD RF, is the most significant etio-
logical factor of COPD [4,9]. 

AH occurrence in COPD patients reaches 65,5% 
and it corresponds results of other studies (34-76%), 
demonstrating the influence of systemic COPD mani-
festations on cardiovascular system [4, 9, 12, 13]. 
High frequency of hypercholesterolemia according 
with the results of this study (70.3%) can be indirectly 

indicate the presence of endothelial dysfunction in 
majority of COPD patients, developing as the con-
sequence of smoking or chronic inflammation [4, 9]. 
The occurrence of hypercholesterolemia in healthy 
able-bodied population of Krasnodar was 51,5% that 
is evidently lower than its occurrence in COPD pa-
tients (70.3%) [14]. The frequency of body overweight 
and obesity in studied group of patients was 36% with 
expected minimum of BMI in patients with IV COPD 
degree (21,2±4,1 kg/m2), that is explained with protein 
and energetic insufficiency in patients with severe 
and very severe COPD [15, 16]. The highest number of 
IGT and DM cases was found in patients with IV grade 
COPD (26,7%), here we identified also the highest 
average levels of glycemia (7,5±2,3 mmol/L). These 
numbers  are slightly lower than the ones found in 
other studies (46-57%) [17]. The  frequency of GFR 
reduction less than 89 mL/min/1,73 m2 (67,3%) in 
COPD patients is higher than the same characteris-
tic in able-bodied population of Krasnodar (46,1%). 
Possibly it can be explained with systemic effects of 
COPD [14]. 

Conclusions
High prevalence of main CVD and CKD RF in COPD 
patients was detected in up to 100% of patients, 92,6% 
of patients have combination of ≥3 RF. 

Typical cardiovascular RF accumulate during 
COPD progression and it leads to increased frequency 
and severity of cardiac pathology in patients with se-
vere and very severe COPD. 

Considering the majority of CVD and CKD RF as 
potentially modifiable, their opportune correction in 
order to improve cardiovascular prognosis is highly 
relevant.
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Summary
Objective 
To create a method of coronary atherosclerosis prediction in patients with obesity.
Material and methods
This study involved 85 men, 39-65 years (average age of 47,68±6,65 years) with absence of   clinical manifestations 
of coronary heart disease and  atherosclerosis of other localizations. Patients had the obesity of the I-III degree, 
BMI 36,23±4,31 kg/m² and visceral obesity in case of epicardial fat tissue thickness≥7 mm. 2 groups of comparison 
were identified according with the performed coronary angiography or multislice  spiral computer tomography 
of coronary arteries.  Group I (n=35) included patients with existence of coronary atherosclerosis, Group II (n=50)  
included patients with absence of coronary atherosclerosis. 
Results
As the result of comparison of two groups of an arterial hypertension the existence of carbohydrate violations, 
triglycerides, leptin, adiponectin and C -reactive protein have been identified as possible predictors of coronary 
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atherosclerosis risk. Each predictor received its coefficient of importance after the regression analysis with opti-
mal scaling importance. The size of right classifications as a result of logistic regression was 79,1% that indicates 
a good predictive ability of this regression model. 
Conclusion
 The created scale allows to estimate risk of coronary atherosclerosis in the absence of disease clinical manifesta-
tions, that is important in terms of well-timed preventive actions and the prevention of the disease progression.
Key words
visceral obesity, coronary risk, scale

It has been proved that neurohumoral activity of vis-
ceral fat including epicardial fat tissue has an impor-
tant role in cardiovascular complications (CVC) devel-
opment in patients with obesity [1, 2]. Due to this the 
identification of high coronary risk group considering 
the presence of normal obesity and in particular vis-
ceral one would allow to plan and perform prophy-
laxis interventions in order to prevent CVC with well 
timing. 

At the same time existing scales of coronary risk 
stratification (Framingham, PROCAM, SCORE) do not 
take into account main pathogenetic mechanisms 
that connect obesity and CVC [3-7]. 

The aim of this study is to create probabilistic cal-
culator for coronary atherosclerosis prognosis in pa-
tients with obesity. 

Materials and methods
85 males of 38-65 years (average age 47,68±6,65 
years) without clinical manifestations of stenocardia 
and atherosclerosis were included in this study. All 
patients had I-III grade obesity, body mass index (BMI) 
around 36,23±4,31 kg/m² and visceral obesity accord-
ing with the epicardial fat tissue thickness (EFTS)  >27 
mm.  Patients with severe concomitant diseases, dia-
betes mellitus 2 type (DM-2) and bad quality of echo-
cardiography (EchoCG) visualization were excluded 
from this study. 

During enrollment of the study we measured 
height and weight of patient, quantified BMI accord-
ing with the formula (weight (kg)*height (m2). When 
BMI was ≥ 30 kg/m² patient was diagnosed with nor-
mal obesity. Total cholesterol (TC), triglycerides (TG), 
high density lipids cholesterol (HDLC), low density 
lipids cholesterols (LDLC) and glucose levels were 
measured in all patients. Lipoprotein A (LPA), apoli-
poprotein B (Apo B) and apolipoprotein A1 (apo A1) 
levels were measured with immune precipitation 
method. Leptin, adiponectin, resistin levels and in-
terleukin-6 (IL-6) and tumor necrosis factor-α (TNFα) 
concentration in blood serum were identified using 

enzymoimmunoessay (EIE) kit (BioSource, Belgium). 
C-reactive protein (CRP) concentration was mea-
sured using highly sensitive latex-enhanced immune 
precipitation kit (Thermo Fisher Scientific, Finland). 
Epicardial fat tissue thickness was estimated with 
transthoracic EchoCG and Vivid 5 ultrasound machine 
(General Electrics, USA) with mechanical sector sen-
sor 3,5 MHz. Three cardiac cycles in long parasternal 
position were registered. EFTS was measured behind 
free wall of the left ventricle in the end of systole. on 
the line that was maximally perpendicular to the fi-
brous ring of aortic valve used as an anatomic ref-
erence point [8, 9].  To estimate subclinical coronary 
atherosclerosis we performed selective coronaroan-
giography (CAG) with angiographic machine INNOVA 
3100 (USA) or multislice computer tomography (MCT) 
of coronary arteries (CA) on Aquilion-64 (“Toshiba”, 
Japan) tomography with the proceeding of data at the 
working station VITREA. 

According with CAG and MCT results, we divided 
the patients with epicardial obesity into two groups: 
group 1 with the signs of coronary atherosclerosis 
(n=35) and group 2 (n=50) without signs of coronary 
atherosclerosis. 

STATISTICA 10 and SPSS-21 software were used 
for statistical analysis. 0,05 was taken as the critical 
level of statistical significance during checking of the 
null hypothesis. Normality estimation for quantitative 
characteristics in compared groups was performed 
with Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Descriptive statistical values are present in the text of 
the article as M ± SD in case of characteristic’s nor-
mal distribution, where M is an average value, SD – 
standard deviation, or as Med in case of not normal 
distribution. To compare central group parameters 
we used parametric and non-parametric methods: 
Student’s T-test or Mann-Whitney U-test. To cre-
ate the scale of coronary atherosclerosis prognosis 
and as a regression model we chose Regression with 
Optimal Scaling (CATREG) model that was performed 
with SPSS software. 



30 Veselovskaya N.G. et al.

Results
In order to analyze the relation between coronary 
atherosclerosis with possible predictors we made 
preliminary comparative analysis of two comparison 
groups: group I (n=35) and group II (n=50) in major 
and additional metabolic, neurohumoral risk factors 
(RF) and vascular inflammation markers that after 
were used in current study. 

We defined the list of characteristics that had sta-
tistical relation with dependent variable – the pres-
ence of coronary atherosclerosis, and after formed 
the list of variables for regression analysis. 

Thus, the list of possible predictors included: 
presence of arterial hypertension (AH), presence of 
carbohydrate metabolism abnormalities (impaired 
fasting hyperglycemia or impaired glucose tolerance 
(IGT)), TG, leptin, adiponectin and CRP. We performed 
receiving operating characteristic (ROC) analysis to 
define threshold levels of quantitative predictors and 
interval variables’ reduction. 

Optimal level of TG that was taken as a cut-off point 
was 1,8 mmol/mL(sensitivity 72%, specificity 66,7%), for 
leptin – 12,8 ng/mL (sensitivity 80%, specificity 64%). 

Cut-off point for  adiponectin was 10 µmol/mL 
(sensitivity 84%, specificity 45%), for CPR cut-off 
point was 5 mg/mL (sensitivity 64%, specificity 76%). 

After obtaining cut-off points we made regression 
analysis with optimal scaling to estimate  significance 
of predictors. These importance coefficients were 
chosen as weight values for creating the scale. For 
each one of 6 predictors included in regression model 
we quantified the points by multiplying absolute value 
of appropriate importance coefficient and 100 and its 
rounding to integer (Table 1). 

Thus we created preliminary version of this risk 
scale (Table 1). We tested if the created regression 
model was adequate by binary logistical regression. 
The value of true classifications was 79,1%, that is 
considered  high enough and indicates of good prog-
nostic ability of this regression model. 

Using this equation, we quantified theoretical val-
ues of subclinical coronary atherosclerosis presence 
probability for each patient. Dispersion diagram that 
reflects this relation is present at Image 1. 

Optimal cut-off value for sum of points according 
with the results of ROC-analysis that allowed to divide 
the patients into two groups was 58 points. Thus, if 
the probability of coronary atherosclerosis is ≥40%, 
its risk can be considered as high (Image 1). 

To make this risk calculator easier to use we cre-
ated its version for MS Excel, MS Office 2010 software 
(Table 2). 

Table 1. Regression analysis results of coronary atherosclerosis predictor significance estimation

Predictor Cut-off values
Standardized coefficients

p-value
Partial 

correlation 
coefficient

Importance 
coefficient Points

Beta Standard error

TG ≥1.8 0.262 0.105 0.015 0.314 0.234 +23
Leptin ≥12.8 0.240 0.147 0.107 0.213 0.246 +25
Adiponectin ≤10.0 0.060 0.087 0.493 0.063 0.043 +4
CRP ≥5.0 0.233 0.128 0.074 0.251 0.222 +22
AH Present 0.189 0.089 0.039 0.233 0.126 +13
Carbohydrate metabolism 
abnormalities Present 0.236 0.102 0.024 0.278 0.129 +13

Comment: Beta-coefficient reflects summarized impact of predictor on response value, partial correlation coefficient reflects independent 
impact of predictor on response value. 

Image 1. Equation and logistic regression function plot that reflects the relation 
between the sum of points and probability of coronary atherosclerosis presence. 
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This calculator contains the data of logistical re-
gression. Numerical characteristics of analyzed 
prognostic criteria for each patient should be put into 
this calculator and the value of prognostic risk would 
automatically appear in percentage format in the “M” 
cell of this table. 

Discussion
In this study coronary atherosclerosis in clinically 
unsuspected patients with visceral obesity was veri-
fied in 35 (41%) of patients. In other studies it was 
identified that 61% of patients of morbid obesity 
group and BMI ≥40 kg/m² without coronary heart 
disease (CHD) clinical manifestations (average age 
50,4±10,0 years, BMI 43,8±4,8 kg/m²) had stenosis at 
least of one CA [10]. Another study that was made 
in Latin American population, where 88,7% of par-
ticipants had obesity and 53,2% of participants had 
metabolic syndrome, identified carotid arteries ath-
erosclerosis signs in 34,8% of cases according with 
the results of Doppler ultrasound scanning [11]. 
Patients with metabolic syndrome that was diag-
nosed according with the ATP III classification and 
without CHD clinical manifestations had CA calcino-
sis in 24,7% of cases [12]. 

In one of Russian studies atherosclerosis plaques 
were found in 35% of patients of 30-55 years with ab-
dominal obesity [13]. 

In our study coronary atherosclerosis predictors 
that are appropriate for risk prognosis were: AH 
presence, carbohydrate metabolism abnormalities 
– impaired fasting hyperglycemia or IGT, TG, leptin, 
adiponectin and CRP. 

The correlation between CRP levels and intima-
media complex thickness in carotid arteries was 
found in one study [14]. Previously the connection 
between CRP and atherosclerotic lesions of CA and 
other peripheral arteries was demonstrated in an-
other study [15]. It was also proved that CRP and 
oxidized LDLC have direct relation to inflammatory 
lesions of arteries in CHD [16]. Another study identi-
fied the association of proinflammatory marker IL-6 

and CA calcinosis [17]. Leptin levels were associated 
with CA calcinosis independently from weight and 
other RF that proves proatherogenic role of leptin 
[18]. It is known that CRP is one of the main chronic 
inflammation markers and it participates directly 
in CA atherosclerosis progression [19]. One study 
demonstrated that visceral fat tissue stimulates 
CRP synthesis [20]. 

Patients with CHD and low adiponectin levels have 
more prominent atherosclerotic CA lesions accord-
ing with CAG results comparing with the patients with 
higher concentrations of this protein [21]. Low adipo-
nectin concentrations in combination with high IL-6 
levels in patients with obesity and metabolic syndrome 
were associated with the risk of cardiovascular dis-
ease development, and the highest risk of DM-2 and 
CHD development was found in patients with the com-
bination of low adiponectin and HDLC levels [22]. Low 
adiponectin concentration had positive correlation with 
the degree of CA calcinosis and asymptomatic stenosis 
that was identified with angiography technique in pa-
tients with DM-2 or without it [23]. 

Conclusions
Investigation of neurohumoral and proinflammatory 
activity of visceral fat tissue proved the connection 
of these factors and coronary atherosclerosis. At the 
same time visceral obesity degree, adipokines and 
proinflammatory markers still haven’t been used in 
any scale of coronary risk estimation that reduces 
significantly the precision of cardiovascular risk eval-
uation in patients with obesity. 

Probabilistic calculator of coronary atheroscle-
rosis risk prognosis in patients with visceral obesity 
that have been created by the authors of this study al-
lows to take into account main pathogenetic mecha-
nisms that link obesity and coronary atherosclerosis. 
Evaluation of TG, leptin, adiponectin, CRP, presence 
of AH and carbohydrate metabolism disorders in ev-
ery single patient with visceral obesity allows to pre-
dict the presence or absence of subclinical coronary 
artery atherosclerosis with the probability of 79,1%, 

Table 2. MS Excel interface of the risk calculator for sublinical coronary atherosclerosis prognosis 
А B C D F G H I J K М

Predictors TG Leptin Adiponectin CRP AH IGT А0–4.607 B
0.075 Sum of ponts Р (%)

Cut-off values ≥1.8 ≥12.8 ≤10.0 ≥5 1 (0) 1 (0)
Weight points 23 25 4 22 13 13

Patient’s characteristic

Comments: 1. RF information of each patient should be put to the cells of the table. 2. Probability of coronary atherosclerosis presence (%) 
would appear in «M» cell.
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that is particularly important for early prophylaxis 
and prevention of disease progression. 

Conflict of interest: None declared
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Summary
Objective
To compare three regimen of long-term combined antihypertensive therapy in order to reach target levels of blood 
pressure (BP), dynamics of daily BP profile and metabolic parameters in patients with arterial hypertension (AH) 
associated with diabetes mellitus, type 2 (DM-2). 
Materials and methods
69 patients with the combination of AH and DM-2 completed the treatment course (male/female 22/47; average 
age 57,1±6,5 years). Target BP <130/80 mm Hg. in the group №1 (n=22) was achieved using the combination of per-
indopril arginine, indapamide retard and amlodipine, in the group №2 (n=25) it was reached with the combination 
of valsartan, indapamide retard and amlodipine, and in the group №3 (n=22)– using the combination of amlodip-
ine, indapamide retard and metoprolol succinate. Body weight and the levels of office BP, 24 hour ambulatory BP 
monitoring, parameters of lipid and carbohydrate metabolism were measured before prescription of drugs and 
30-32 weeks after and HOMA index was quantified. 
Results 
The degree of office BP levels reduction didn’t differ in all three groups of patients. Values of systolic BP (SBP) 
and diastolic BP (DBP) “load” for 24 were higher in the patients of the group №3 comparing with the group №1, 
and achieved levels of night SBP were higher than in the group №1 and the group №2. The treatment based on 
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perindopril arginine and amlodipine and not the combination of valsartan and amlodipine led to decrease of body 
weight and HbA1c serum levels. Patients of groups №1 and 2 were united into one common group of therapy based 
on renin-angiotensin-aldosterone system (RAAS) blockers, and after the treatment increased levels of high den-
sity lipids cholesterol (HDL cholesterol) levels (from 1,29±0,2 to 1,45±0,3 mmol/L, p=0,006) and improved glycemic 
control (expressed as HbA1c levels reduction from 8,1±2,2% to 7,0±2,3% (р=0,01)) were detected, and it was pres-
ent in case of unchanged glucose-lowering therapy and was realized in case of three-component regimen (after 
addition of amlodipine). Combination of metoprolol succinate, indapamide retard and amlodipine was considered 
as metabolically neutral in patients with DM-2.
Conclusion
Although all three antihypertensive therapy regimens allow to reach target BP levels in the majority of patients 
with AH+DM-2, the value of night AH correction and metabolic effects of this therapy re not equal. 
Key words
Arterial hypertension, diabetes mellitus, combined therapy, circadian rhythm, metabolic effects.

Introduction
The number of Russian patients suffering from dia-
betes mellitus type 2 (DM-2) is drastically increas-
ing, and it goes along with worldwide tendency [1]. 
Strict control of blood pressure (BP) is a necessary 
condition to improve cardiovascular and renal prog-
nosis of patients with diabetes, and for the majority 
of DM-2 patients combined antihypertensive therapy 
(AHT) is recommended since the beginning of treat-
ment because arterial hypertension pathogenesis 
involves many components in case of associated pa-
thology [2]. Although according with modern guide-
lines, it is possible to choose any drug that allows 
achieving target BP levels, and rennin-angiotensin-
aldosterone system (RAAS) blockers are considered 
preferable only in case of present albuminuria/pro-
teinuria [2, 3], it is not possible to exclude that they 
can have advantages over other antihypertensive 
drugs (AHD) in patients with DM-2 due to their high 
organoprotective potential and favorable metabolic 
effects. β-blockers administration (β-B) in patients 
with diabetes is reasonable due to hyperactivation 
of sympathetic nervous system, but they are known 
to cause unfavorable metabolic shifts, due to it 
their combination with dihydropyridine calcium re-
ceptor blockers (CB) seem to be more promising. 
Up to nowadays it is still unclear if the dynamics 
of 24-hours BP profile characteristics differs after 
achievement of target levels in different therapeutic 
schemes of combined AHT, and possible advantages 
of RAAS blockers and metabolic effects of different 
AGD combinations in patients with DM-2 require fur-
ther investigation.

The objective of this study  – is to perform compar-
ative estimation of three regimen of long combined 
AHT based on two variants of RAAS blockers and 
other AGD in relation to reaching target BP levels, dy-

namics of daily BP profile and metabolic parameters 
in patients with AH+DM-2. 

Materials and methods
Open, randomized, comparative in parallel groups 
trial included patients with AH associated with DM-2. 
Patients with symptomatic AH, acute vascular com-
plications that occurred less than one year before 
inclusion into study, unstable angina, arrhythmias 
requiring special treatment, chronic heart failure > 
than 2 functional class (NYHA), evident peripheral 
atherosclerosis, DM type 1,  clinically apparent dia-
betic nephropathy, severe concomitant diseases, ab-
solute contraindications to investigated drugs. Target 
BP level at the moment of the beginning of this study  
was defined as BP < 130/80 mm Hg. according with 
the previous issue of guideline dedicated to AH di-
agnostics and treatment [4]. After patients signed 
informed consent about participation in this study, 
all their previous AHT except of “emergency” drugs 
was cancelled for the period of 2-3 weeks, and after it 
patients underwent examination Then patients were 
randomized into three groups, in which AHT started 
from perindopril, valsartan or amlodipine respec-
tively. AHT intensity increased in stepwise way: in the 
beginning of treatment patients were administered 
with 5 mg of perindopril arginine (n=23), 80 mg of val-
sartan (n=25) and 5 mg of amlodipine  (n=23). After 
three weeks of treatment if the target levels of PB had 
not been achieved, indapamide retard (IR) in the dose 
of 1.5 mg (in the morning, on an empty stomach) was 
added to the therapy.  After every three weeks if the 
target levels still had not been achieved therapy was 
augmented with: increased daily dose of perindorpil 
up to 10 mg, valsartan - up to 160 mg, amlodipine - 
up to 10 mg; addition of amlodipine 5mg/day to the 
therapy with RAAS inhibitors and then increase of 
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its ose up to 10 mg per day; addition of metoprolol 
succinate to amlodipine, starting from 50 mg per day 
and, if necessary, increasing its dose up to 100 mg. 
Thus, patients of the first group received perindopril 
arginine in combination with IR and amlodipine, pa-
tients of the second group – valsartan, IR and amlo-
dipine, patients of the third group – amlodipine, IR 
and metoprolol succinate. This study included 71 pa-
tients, and 69 patients (male/female – 22/47, average 
age 57,1±6,5 years) – their clinical characterization 
is present in Table 1. Therapy of one female patient 
was cancelled due to development of dry cough, one 
adverse effects of perindopril monotherapy. Therapy 
of another female patient was terminated because of 
shin edema, adverse effect of amlodipine monothera-
py.  Body weight, office BP values, results of 24-hours 
outpatient BP monitoring, lipid, carbohydrate and 
insulin metabolism characteristics and HOMA index 
value were obtained before drug prescription and 30-
32 weeks after the beginning of therapy.  

Statistical analysis was performed using Statistica 
6.0 software (StatSoft Inc, USA). Kolmogorov-Smirnov 
test was used to check the normality of selection. 
Results are present as M±m where M is mean value, 
m – error of mean, or median (Me) or interquantile 
range (Q25-Q75), where Q25 is the 25th quartile, Q75 
is the 75th quartile. Significance of differences was 
controlled with Mann-Whitney test. p=0,05 was taken 
as the critical significance level for hypothesis testing 

Results
Degree of office BP reduction and reached levels did 
not differ in all three groups, BP levels after treat-
ment were 124,5±6,5/76,5±4,9, 125,0±9,2/77,0±4,8 
and  126,5±6,2/76,2±5,7 in groups 1, 2 and 3, respec-

tively). Percentage of patients who reached target BP 
levels was: for therapy based on perindopril arginine 
-95,5%, for therapy based on valsartan – 80%, for 
therapy based on amlodipine – 86,4% (differences are 
not significant).  

If RAAS blockers were not present in therapy 
scheme, 24 hours systolic BP (SBP) reduction was 
not enough, especially at night time: patients of the 
3rd group had higher levels of night SBP comparing 
with its levels after therapy based on RAAS inhibitors; 
the degree of day SBP reduction was more evident in 
the 1st group  (-11,6 (-16,2; -7,9)%) comparing with 
the 3rd group (8,3 (-10,3; -4,2)%, р=0,05). It is worth 
to mention that reached levels of night SAD in case 
of therapy based on amlodipine, IR and metoprolol 
succinate combination were higher than its target 
levels (<120 mm Hg). So, night SAD levels in the 3rd 
group were 120,2+10,9 mm Hg., whereas its levels in 
groups 1 and 2 were 113,9+8,9 и 112,8+13,8  mm Hg, 
respectively. Images 1 and 2 demonstrate the degree 
of day diastolic BP (DBP) reduction (p=0,03) and re-
duction of DBP loads during all studied periods in this 
group were less evident than in the 1st group. More 
than that, comparing groups 1 and 3, we found that 
the frequency of “double” AHT administration in the 
group 1 was higher (59,1% vs 27,3%, р<0,05), and the 
frequency of “triple” therapy in the group 1 was lower 
(39,1% vs 63,6%, р=0,07). So, in case of two drugs 
combination reaching of target BP levels was more 
likely for RAAS blocker and IR combination compar-
ing with IR and CB combination that required addition 
of the third drug for adequate BP control.

At the same time, therapeutic regimen based on 
perindopril and amlodipine combination had advan-
tages over the combination of valsartan and amlodip-

Table 1. Clinical characterization of patients completed the therapy (n=69)

Characteristic Group 1 (n=22) Group 2 (n=25) Group 3 (n=22)

Gender (male, female) 5 (22.7 %)/
17 (77.3 %)

11 (44 %)/
14 (66 %)

6 (27.3 %)/
16 (72.7 %)

Average age, (years) 57.1±6.1 58.04±6.9 56.1±6.8
AH duration, years 10 (5–15) 16 (9–30)# 9 (5–15)
DM duration, years 4 (3–8) 9 (3–12) 4 (2–10)
Body mass index, kg/m2 33.3±4.3 32.4±4.4 33.4±4.6
Fasting glucose levels, mmol/L 7.4±2.0 7.7±2.0 7.6±2.1
HbA1с, % 7.8±2.0 8.3±1.8 8.2±1.8
Office SBP, mm Hg 148.3±8.4 150.3±14.3 149.6±12.3
Office DBP, mm Hg 90.5±7.1 89.0±8.6 89.9±8.9
SBP 24h, mm Hg 136.9±9.9 132.3±10.8 138.1±14.7
DBP 24h, mm Hg 82.4±7.5 78.0±6.9# 81.7±11.8
Smoking 3 (13.6) 4 (16 %) 4 (18.2 %)

Comment: — p<0.05: — for comparison of group 1 and 2



36 Koshelskaya O.A. et al.

ine, because it caused better night diastolic AH cor-
rection: duration of diastolic AH at night time was sig-
nificantly more reduced in the group 1 comparing with 
the group 2 (p=0,02). The percentage of patients who 
received amlodipine and its average dose didn’t dif-
fer significantly between two groups: 39,1% in group 
1 vs 48% in group2 and 6,3+3,5 mg/day. vs 6,5+3,3 mg/
day, respectively. It was also documented that antihy-
pertensive effect of the therapy based on angiotensin 
receptor type II antagonists (ARAII) and CB was asso-
ciated with higher heart rate (HR) at night time, com-
paring to the combination of angiotensin-converting 
enzyme (ACE) inhibitors and CB. Individual analysis 
demonstrated that the highest level of HR during 
sleep after treatment was between the patients with 
less prominent degree of 24 hours SBP reduction: 
–6,9 (–10,8; –2,7)% vs  –15,9 (–21,5; –8,6)% (р<0,05).

During estimation of impact of different schemes 
of compined AHT on metabolic characteristics we 
identified that only patients of group1 demonstrated 
significant weight loss from 87,8+11,9 to 85,8+11,4 
kg  (р<0,05) and glycated hemoglobin levels (HbA1c) 
from 7,8+2,0% to 7,2+1,9% (р<0,05) in absence of any 
changes of glucose-lowering therapy, whereas there 
was no such dynamics in other two groups. There was 
only the tendency to HOMA index of insulin resistance 
reduction in the 2nd group from 5,44 (3,4-6,8) to 3,8 
(2,3-5,2) (р=0,07).

To perform sub-analysis that aimed to estimate 
metabolic effects of combined therapy based on RAAS 
blockers, we united the patients who received ACE 
inhibitor and ARAII into one common group (n=47) 
and analyzed the dynamics of lipid and carbohydrate 
metabolism characteristics in this group of patients. 

Image 1. Comparison of BP reduction degree (%) in different therapeutic schemes of combined AHT in patients with AH+DM-2.

Image 2. Comparison of the degree of AH duration reduction (%) with different schemes of combined AHT in patients with AH+DM-2

Comment: arrows indicate 
the differences between the 
degree of delta-DBP-day 
reduction in groups 1 and 3 
(p<0,05).

Comment: black and 
white arrows indicate 
the differences between 
the degree of reduction 
of diastolic AH duration 
at daytime and night in 
groups 1 and 3 (p<0,05), 
blue arrows indicate the 
differences between the 
degree of reduction of night 
diastolic AH duration in 
groups 1 and 2 (p<0,05)
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Combined AHT that included RAAS blockers caused 
improvement of glycemic control that was reflected 
in HbA1c levels reduction from 7,9±2,0 to 7,2±2,0% 
(р=0,01), although there were no changes of glucose-
lowering therapy, and there was also a tendency to 
reduction of initially high median values of HOMA in-
sulin resistance index from 4,1 (2,7-5,9) to 3,8 (2,3-
5,2) (р=0,08). More than that, we identified positive 
changes of lipid-transporting blood components that 
was expressed as a tendency to increase of high den-
sity lipids (HDL) cholesterol concentration in serum 
from 1,26±0,2 to 1,32±0,3 mmol/L (р=0,08). These 
favorable metabolic changes were realized through 
the group of patients who received “triple” therapy 
with addition of amlodipine. Table 2 demonstrates 
that there were no statistically significant changes of 
carbohydrate and lipid metabolism characteristics in 
patients receiving RAAS blockers combined with IR, 
whereas patients who received RAAS blocker togeth-
er with IR and amlodipine demonstrated such evident 
positive metabolic changes like reduction of HbA1c 
serum levels from 8,1±2,2% to 7,0±2,3% (р=0,01), 
change of  ratio of low density lipids (LDL) choles-
terol/HDL cholesterol from 2,4±0,9 to 2,3±1,0 (р=0,05) 
and increase of HDL cholesterol concentration from 
1,29±0,2 to 1,45±0,3 mmol/L (р=0,006). 

Discussion
Diabetes mellitus is an important predictor of bad 
clinical prognosis. Its association with AH goes along 
with early atherosclerosis development, coronary 

heart disease, high frequency of vascular catastro-
phes, cardiac failure and impaired kidney function, 
and because of it the problem of rational AHT and 
organoprotective therapy in this category of patients 
is very important [1, 2]. It is known that modern guil-
delines allow prescription of any AHD for reaching 
target BP levels in patients with DM, and RAAS block-
ers are considered preferable only in case of present 
albuminuria/proteinuria [3]. At the same time there 
are many evidences that RAAS blockers have poten-
tial advantages particularly in patients with diabetes 
due to the presence of high potential of organ protec-
tion and favorable metabolic effects [2-4]. Nowadays 
RAAS blockers and their combination have the big-
gest amount of evidences proving the presence of 
organoprotective properties that do not depend on 
their antihypertensive action and ability to improve 
cardiovascular prognosis in general population of pa-
tients with AH and diabetes [2-13]. The most promis-
ing approaches to improve the prognosis of patients 
with AH+DM-2 are combinations of RAAS blockers 
with dihydropyridine CB or thiazide-like diuretic IR, 
that have synergic antihypertensive, organoprotective 
and metabolic effects and good base of evidences of 
their efficacy in reduction of cardiovascular morbidity 
and mortality [5-10]. It is known that indapamide drug 
form with prolonged release demonstrated metabolic 
neutrality in patients with DM [14]. Combination of di-
hydropyridine CB and β-B in patients with DM is more 
reasonable from pathogenetic point of view but at the 
same time much less studied. 

Table 2. Biochemical characteristic dynamics in different schemes of AHT

Characteristic
RAAS blockers+IR (n=26) (n=26) RAAS blockers+IR+amlodipine (n=20)

Before treatment After treatment Before treatment After treatment
Fasting glycemia, mmol/L 7,6+2,0 7,2+1,9 7,3+2,1 7,5+1,9

Postprandial glycemia, mmol/L 9,5+3,5 9,1+3,0 8,6+3,2 8,3+3,1

Insulin, basal, µU/mL 11,6
(11,0–16,3)

10,9
(9,2–15,2)

13,7
(9,7–19,1)

13,7
(7,9–19,1)

Insulin, posprandial, µU/mL 37,8
(21,8–52,3)

32,6
(19,8–55,2)

29,5
(23,4–43,7)

32,4
(18,1–39,8)

C-peptide, basal, µU/mL 2,8 (2,5–3,4) 2,9 (2,3–3,4) 2,9 (2,3–3,8) 3,9 (2,6–4,3)

C-pepdide, postprandial, µU/mL 7,0 (4,5–8,9) 6,1 (4,3–9,4) 7,7 (5,3–8,9) 6,8 (5,6–7,9)

HbA1с, % 7,9±1,9 7,6±1,8 8,1±2,2 7,0±2,3*

Total cholesterol, mmol/L 4,9+0,9 4,8+0,9 5,2+1,2 5,5+1,5

Triglycerides, mmol/L 1,8+0,7 1,8+0,7 2,0+0,7 1,9+0,7

LDL cholesterol, mmol/L 2,8+0,8 2,7+0,7 3,0+1,1 3,2+1,3

HDL cholesterol, mmol/L 1,24+0,3 1,21+0,3 1,29+0,2 1,45+0,3**
LDL cholesterol/HDL cholesterol, 
standard units 2,4+0,8 2,4+0,8 2,4+0,9 2,3+1,0*

Comment: * — р<0,05: significance of differences between characteristic values achieved with treatment and their initial levels 
показателями; ** -p<0,05: significance of differences between characteristic values achieved with treatment in 2 subgroups.
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This study aimed to perform comparative estima-
tion of efficacy of three therapeutic regimens of long 
AHT based on two RAAS block variants or dihydro-
pyridine CB in relation to reaching target BP levels, 
dynamics of night AH and metabolic characteristics 
in patients with DM-2. It was demonstrated that, al-
though there was no significant difference between 
the frequency of reaching office BP target levels in 
three groups of patients, the percentage of patients 
who received combination of two AHD was signifi-
cantly higher in the group which received combined 
therapy based on ACE inhibitor, comparing with the 
group where patients did not receive RAAS block-
ers. We identified that adequate correction of night 
AH was impossible in absence of RAAS inhibitors. 
Activity of intrarenal RAAS under dihydropyridine CB 
[15] and less prominent antihypertensive action of 
β-blockers at night hours due to naturally impared 
adrenergic activity during sleep can be considered 
as possible reasons of this BP reduction [16]. More 
evident decrease of the frequency of night diastolic 
AH in patients of the 1st group comparing with the 
2nd group can be explained with additional impact of 
ACE inhibitors on kallicrein-kinin system that allows 
the drugs of this class to have more prominent and 
more stable during daytime and night time influence 
on neurohumoral systems and BP regulation [17]. 
Antihypertensive effect of therapy based on com-
bination of ARAII and CB was accompanied with in-
creased HR at night time, especially in patients with 
less evident reduction of 24-hours SBP, that can 
reflect some activation of sympathoadrenal system 
under amlodipine influence that was not compen-
sated with valsartan action. 

These results indicate of metabolic neutrality of 
CB, IR and β-B combination in patients with diabetes, 
since no negative changes of carbohydrate, insulin or 
lipid metabolism were detected. At the same time, 
combined administration of ACE inhibitor, IR and 
amlodipine caused favorable metabolic shifts: sta-
tistically significant improvement of glycemic control 
and weight loss. Results of meta-analysis performed 
by Sharma A., et al. (2001) go along with our data, it 
has been reported that patients who received ACE in-
hibitors lost 0,3-5,3 kg of weight during therapy [18]. 
More evident influence of the therapy based on ACE 
inhibitor and CB combination on HbA1c comparing 
with combined use of ARAII and CB can be explained 
with this possible mechanism: ACE inhibitors poten-
tiate endogenous kinins’ effects and cause second-
ary stimulation of prostaglandins in different organs 

including pancreas [19], that increases transmem-
brane transport of glucose into cells. 

It is necessary to understand which exactly AHD 
combination was responsible for detected improve-
ment of glycemic control and weight loss in patients 
who received ACE inhibitor, IR and amlodipine, and 
to identify if RAAS blockers by themselves have be-
nignant influence on metabolic characteristics in pa-
tients with DM-2. To answer this question we analyzed 
metabolic effects of two-component (without amlo-
dipine addition) and three-component (with addition 
of amlodipine) therapy in united group of patients who 
received perindopril and valsartan. We found out sig-
nificant improvement of glycemic control, tendency to 
increase of antiatherogenic part of blood cholesterol 
and reduced insulin resistance index in the common 
group of RAAS blockers that was realized because of 
patients who received combination of amlodipine with 
RAAS blockers and IR, whereas in absence of amlo-
dipine no significant change of lipid and carbohydrate 
metabolism was detected. Observations of synergic 
positive metabolic effects of RAAS blockers and am-
lodipine go along with existing ideas of clinical ben-
efits of this combination. 

Rubio A.F., et al. found out that normotensive pa-
tients with DM who received combination of ACE in-
hibitor and CB for nephroprotection achieved better 
glycemic control than the same patients who received 
monotherapy with ACE inhibitors [20]. The study of 
Fogari R., et al. (2010) demonstrated that valsartan 
and amlodipine combination improves insulin sen-
sitivity of tissues better than separate therapy with 
each drug [21], and after this it was proposed that 
combined administration of RAAS blocker and CB can 
play an important role in metabolic control of DM pa-
tients due to antihypertensive action of these drugs. 

Conclusion
Our results demonstrate that although all three 
therapeutic regimen of long AHT allow to reach tar-
get BP levels in majority of patients with AH+DM-2, 
their degree of night AH correction and metabolic ef-
fects are not equivalent. Therapeutic scheme based 
on amlodipine, IR and metoprolol succinate combina-
tion is less effective in correction of night systolic AH 
than combination of RAAS blocker, IR and amlodipine. 
Combined administration of ACE inhibitor, IR and am-
lodipine has advantages over combined therapy with 
ARAII, IR and amlodipine in majority of patients with 
DM-2, it promotes weight loss and reduction of HbA1c 
levels. Increased levels of HDL cholesterol and favor-
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able dynamics of glycemic control in case of com-
bined therapy with RAAS blocker, IR and amlodipine 
can be explained with their synergic metabolic effects 
and they can be realized after addition of amlodipine 
to the therapy. 

Study’s limitations
This study has several limitations. First of all, target 
levels of glycated hemoglopin at the moment of inclu-
sion into the study have not been achieved in patients 
of all three groups. At second, only half of patients 
did not receive lipid-lowering therapy with statins at 
the moment of inclusion into the study and did not 
take it constantly during the study that can have an 
impact on estimation of AHT influence on metabolic 
characteristics. 

Conflict of interest: None declared
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Results of V International Forum 
of Cardiology and Internal Medicine

V International Forum of Cardiology and Internal 
Medicine was successfully held in Moscow, Russian, 
in the New building of Russian Academy of Sciences 
Presidium on March 29-31, 2016 . The work of Forum 
has been supported by the Ministry of Healthcare of 
the Russian Federation, the World Heart Federation, 
Moscow City Department of Healthcare, Federal 
State Institution National Research Center for 
Preventive Medicine of the Ministry of Healthcare of 
the Russian Federation, Russian society of Cardiology 
and Foundation for the Advancement of Cardiology 
“Cardioprogress”.

Rafael G Oganov was the chairman of the Forum, 
Mehman N Mamedov was the chairman of organiz-
ing committee and Jurii A Vas’uk was the chairman of 
scientific committee.

Specialized journals and newspapers were re-
sponsible for informational support of V International 
Forum of Cardiology and Internal Medicine.

•	 Cardiovascular therapy and prevention
•	 Cardiology
•	 Russian Cardiologic Journal
•	 �International Heart and Vascular Disease 

Journal
•	 Rational Pharmacotherapy in Cardiology
•	 Polyclinic
•	 Preventive Medicine
•	 Pharmateca
•	 Newspaper “Medical herald”
Forum involved more than 1500 participants from 

58 subjects of Russian Federation and from near 

abroad countries (Azerbaijan, Belarus, Kazakhstan, 
Kirgizia, Latvia, Moldova, Uzbekistan). Informational 
letter of the Ministry of Healthcare of the Russian 
Federation and instruction for Moscow region were 
issued for official specialists’ participation in the work 
of the Forum. All Forum participants and delegates 
registered themselves and received informational 
materials for free. According with the system of con-
tinuous medical education credits Forum participants 
received certificates with 15 credits (points).

Leading specialists from various fields of internal 
medicine: cardiology, neurology, gastroenterology, 
pulmonology, endocrinology, nephrology, rheumatol-
ogy and also general practitioners participated in the 
Forum.

Scientific program of the Forum included two ple-
nary meetings with participation of leading experts 
from Russia and abroad, 54 scientific workshops, 
clinical lectures, round-table discussions, education-
al seminars for doctors, clinical case presentations 
and 4 poster sessions involving 80 poster papers. 
Forum recruited participants from 58 cities and re-
gions of the Russian Federation and other countries. 
Presentations were dedicated to all areas of cardiol-
ogy including healthcare organization in cardiology, 
mass health examination, emergency cardiology, car-
diac surgery, interventional arrhythmology, pediatric 
and adolescent cardiology, risk factors, metabolic 
disorders and closely related topics: endocrinolo-
gy, gastroenterology, nephrology, neurology, family 
medicine, rehabilitology, It is worth to mention that 
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the Forum didn’t raise any conflict of interests and it 
respected ethic aspects of drugs and medical devices 
information presentation. 95% of posters and work-
shops were declared to be independent.

The Forum conducted a workshop of young scien-
tists that involved 7 speakers younger than 35 years 
from various parts of Russia and CIS countries.

10 scientific sessions including plenary meetings 
have been recorded for future use in distant learn-
ing of doctors who were unable to participate in the 
Forum. These materials will be published soon on the 
website of the “Cardioprogress” foundation.

Conference book included 450 abstracts from 58 
cities of the Russian Federation and CIS countries. 
These works were dedicated to studying different 
aspects of somatic disorders: arterial hypertension, 
dyslipidemia, obesity, metabolic syndrome, diabe-
tes mellitus, arrhythmias, ischaemic heart disease, 
chronic heart failure, kidney and gastrointestinal 
tract disorders and chronic obstructive pulmonary 
disease. Special issue of “Cardiovascular therapy 
and prevention” (15 March, 2016) will be dedicated 
to the materials of this meeting, and this information 
also will be published on the official website of the 
“Cardioprogress” foundation (www.cardioprogress.
ru).

Organizing committee of V International Forum of 
Cardiology and Internal Medicine rewarded 9 scien-
tists and doctors with 6 nominations:

•	 �For contribution to the development of distant 
learning

•	 �For contribution to the development of Russian 
science

•	 For contribution to primary cardiologic service
•	 �For contribution to international collaboration 

with the “Cardioprogress” foundation
•	 �For assistance in the realization of the 

“Cardioprogress” foundation  regional projects
•	 �For assistance in the realization of the 

“Cardioprogress” foundation  regional projects
14 pharmaceutical companies, manufacturers of 

medical devices and medical publishers took part in 
Forum exhibition.

“Cardioprogress” foundation released special offi-
cial newsletter dedicated to the Forum and organized 
its delivery to 3000 mail and 6000 email addresses in 
Russia and CIS countries

Leading federal mass communication media 
and TV channels including Vesti.ru, TASS, Evening 
Moscow, Moscow24, Medportal.ru, Medical newspa-
per and Medical news covered works and results of 
the Forum.

The next VI International Forum of Cardiology and 
Internal Medicine will be held in March 2017.

We would be glad to receive your opinion and sug-
gestions on our e-mail address  inf.cardio@gmail.
com. It would allow us to improve the quality of the 
Forum organization.
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Manuscripts Submitted to Biomedical Journals’, developed 
by the International Committee of Medical Journal Editors 
(ICMJE), and available on the International Heart and 
Vascular Disease Journal website www.cardioprogress.ru, 
in the ‘For Authors’ section.

1.15. Adhering to the standards outlined in this docu-
ment will lead to faster reviewing, editing, and publishing of 
manuscripts accepted for publication. Manuscripts submit-
ted outside the standards on design and formatting for this 
journal may not be accepted by the Editors.

2. General recommendations for 
submission of original scientific works

2.1. The Editors recommend that results of randomized 
controlled trials conform to the ‘Consolidated Standards 

of Reporting Trials’ (CONSORT) guidelines. Information on 
these standards are available on the CONSORT website: 
www.consort-statement.org

2.2. A manuscript should be typed using the Times New 
Roman font (12 points, double spacing; with 2 cm at the top, 
bottom, left and right margins). The length of a manuscript, 
including references, schedules, drawings and tables, 
should not exceed 12 standard typewritten pages (1 page 
is 1800 letters or symbols, including spaces).  A case study 
should not exceed 6 standard pages.  Reviews and lectures 
should not exceed 25 standard pages.

2.3. Manuscripts should be organized as follows: 1) title 
page; 2) structured summary and keywords; 3) list of ab-
breviations; 4) text; 5) acknowledgements (if applicable); 
6) references; 7) names and legends of pictures, tables, 
graphics, and photocopies in the order they appear in the 
manuscript; 8) drawings, tables, graphics, and photocopies 
should be submitted on separate pages in the order they 
appear in the manuscript. Numeration of pages should be-
gin from the title page.

2.4. If the manuscript contains pictures, tables, graphics, 
or photocopies that have been published previously, refer-
ence to the author(s) and publication is necessary. It is the 
Author’s responsibility for determining whether permission 
is required for the duplication of material, and for obtaining 
relevant permission.

2.5. Manuscripts based on reviews of original research 
works should contain the following sections: Introduction 
(reflecting the urgency of a problem and research goals); 
Material and methods; Results; Discussion of the obtained 
results and Conclusion. The text should be clear, brief and 
without repetition.

3. Publication of uncontrolled trials results
3.1. An uncontrolled trial is a research without a control 

group.
3.2. Manuscripts based on uncontrolled trials results 

will be accepted for publication in the ‘Practical Experience’ 
column only if the uncontrolled design of the study is de-
scribed in the Material and methods and Discussion sec-
tions. It is important not to exaggerate the significance of 
results in the Conclusion’ section.

4. Ethical aspects
4.1. Trials should be conducted in accordance with 

principles of “good clinical practice”. Participants of a 
trial should be informed about the purpose and main 
aims of the trial. They must sign to confirm their written 
informed consent to participate in the trial. The «Material 
and methods» section must contain details of the process 
of obtaining participants informed consent, and notifica-
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tion that an Ethics Committee has approved conducting 
and reporting the trial. If a trial includes radiological 
methods it is desirable to describe these methods and 
the exposure doses in the «Material and methods» sec-
tion.

4.2. Patients have the right to privacy and confidential-
ity of their personal data. Therefore, information contain-
ing pictures, names, and initials of patients or numbers of 
medical documents should not be presented in the materi-
als. If such information is needed for scientific purposes, it 
is necessary to get written informed consent from the re-
search participant (or their parent, their trustee, or a close 
relative, as applicable) prior to publication in print or elec-
tronically. Copies of written consent may be requested by 
the Editors.

4.3. Animal trials must conform to the ‘International 
Guiding Principles for Biomedical Research Involving 
Animals’, adopted by the Council for International 
Organizations of Medical Sciences (CIOMS) in 1985.

5. Authorship
5.1. Each author should significantly contribute to the 

work submitted for publication.
5.2. If more than 4 authors are indicated in the author’s 

list, it is desirable to describe the contribution of each author 
in a covering letter. If the authorship is attributed to a group 
of authors, all members of the group must meet all criteria 
for authorship. For economy of space, members of the group 
may be listed in a separate column at the end of the manu-
script. Authors can participate in the submitted manuscript 
in the following ways: 1) contributing to the concept and re-
search design or analyzing and interpreting data; 2) substan-
tiating the manuscript or checking the intellectual content; 
3) providing final approval for the manuscript. Participation 
solely in collection of data does not justify authorship (such 
participation should be noted in the Acknowledgements sec-
tion). Manuscripts should be submitted with a covering letter 
containing the following information: 1)  the manuscript has 
not been submitted to any other media; 2) the manuscript has 
not been published previously; 3) all authors have read and 
approved the manuscript’s content; 4) the manuscript con-
tains full disclosure of any conflict of interests; 5) the author/
authors confirm responsibility for the reliability of the materi-
als presented in the manuscript. The author responsible for 
the correspondence should be specified in the covering letter.

6. Conflict of interests/financing
6.1. It is desirable for authors to disclose (in a covering 

letter or on the title page) any relationships with industrial 
and financial organizations, which might be seen as a con-
flict of interest with regard to the content of the submitted 

manuscript. It is also desirable to list all sources of financ-
ing in a footnote on the title page, as well as workplaces of 
all authors (including corporate affiliations or employment).

7. Manuscript content

7.1. Title page
7.1.1. It should include the name of the article (in capi-

tal letters); initials and last names of the authors; the full 
name of the institution which supported the manuscript, 
together with the city and country, and full mailing address 
with postal code of that institution.

7.1.2. A short title of the article (limited to 45 letters or 
symbols).

7.1.3. Information about the authors, including full 
names (last name, first name, patronymic name, if appli-
cable; scientific degrees and titles, positions at main and 
secondary jobs, including corporate posts).

7.1.4. Full name, full postal address, e-mail address, and 
telephone number of the “Corresponding author” who will 
be responsible for any contact with the Editors.

7.1.5. The manuscript (or the covering letter) should be 
signed by all authors.

7.1.6. It is desirable to provide information about grants, 
contracts and other forms of financial support, and a state-
ment about any conflict of interests.

7.2. Summary
7.2.1. Summary (limited to 300 words) should be at-

tached to the manuscript. It should include the full title of 
the article, last names and initials of the authors, the name 
of the institution that supported the manuscript, and its full 
postal address. The heading of the summary should contain 
the international name(s) of any drug(s) mentioned.

7.2.2. Original studies summary should contain the fol-
lowing sections: Aim, Material and methods, Results, and 
Conclusion. The summary of a review should provide the 
main themes only. A manuscript must contain all data pre-
sented in the summary.

7.2.3. 5-6 keywords of the article should be given at the 
end of the abstract.

7.3. List of abbreviations and their definitions
7.3.1. To conserve space in the journal, up to 10 ab-

breviations of general terms (for example, ECG, ICV, ACS) 
or names (GUSTO, SOLVD, TIMI) can be used in a manu-
script. List of abbreviations and their definitions should 
be provided on a separate page after the structured sum-
mary (for example, ACS – aortocoronary shunting). Only 
words generally accepted in scientific literature should 
be used.
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7.4. Text
7.4.1. Original studies should be structured as follows: 

Introduction, Material and methods, Results, Discussion 
and Conclusion.

7.4.2. Case studies, reviews and lectures may be un-
structured, but it is desirable to include the following 
paragraphs: Discussion and Conclusion (Conclusions and 
Recommendations).

7.4.3. Please, use international names of drugs in the 
title. Exceptions are possible when use of trade names is 
well-founded (for example, in studies of bio- or therapeutic 
equivalence of drugs). It is possible to use a trade name in 
the text, but not more than once per standard page (1800 
symbols including spaces).

7.4.4. You must provide titles and subtitles in the sec-
tions: Methods, Results and Discussion. Each reference, 
image or table should be numbered and specified in order 
of appearance in the text.

7.4.5. All units of measurement should be provided ac-
cording to the International System of Units (SI) system. No 
abbreviations, except standard abbreviations of chemical 
and mathematical terms, are acceptable.

7.4.6. Each image, chart, table, photo, and reference 
must be indicated in order of appearance in the text.

7.4.7. References in the text must be numbered in Arabic 
figures, and provided in square brackets.

7.5. Statistics
7.5.1. All submitted materials may be revised to ensure 

relevance and accuracy of statistical methods and statisti-
cal interpretation of results. The Methods section should 
contain a subsection with detailed description of statistical 
methods, including those used for generalization of data; 
and of methods used for testing hypotheses (if those are 
available). Significance value for testing hypotheses must 
be provided. Please indicate which statistical software was 
used to process results and its version if you use more 
complex statistical methods (besides a t-test, a chi-square, 
simple linear regression, etc.).

7.6. Acknowledgements
7.6.1. The Acknowledgements section or Appendix 

should not exceed 100 words.

7.7. References
7.7.1. Please use separate sheets and double spacing for 

the list of references. Give each source a consecutive num-
ber starting on a new line. The list of references should be 
structured in order of citation. Use Index Medicus to search 
for abbreviations of the names of journals.

7.7.2. All documents referred to in the text, should be 
included in the list of references.

7.7.3. The list of references should not include any dis-
sertations, theses published more than two years ago, or 
information that is impossible to check (local conference 
materials, etc.). If material is taken from a thesis, please, 
mention that in brackets — (thesis).

7.7.4. It is desirable to refer to periodicals with a high 
impact factor, if possible.

7.7.5. In order to increase the citing of authors, translit-
eration of sources in Russian are made in the International 
Heart and Vascular Disease Journal using official coding. 
Names of authors and journals are transliterated by means 
of coding, and semantic transliteration (translation) is used 
for the titles of articles. If a source has an original trans-
literation, the latter is used. The Editors will be grateful if 
authors provide the transliterated variant of the list of ref-
erences. You can use online services: http://translit.ru for 
making transliteration.

7.7.6 Authors are responsible for the accuracy of infor-
mation provided in the list of references.

7.7.7 The list of references should conform to the for-
mat recommended by the American National Information 
Standards Organization (NISO), accepted by the National 
Library of Medicine (NLM) for its databases (Library’s 
MEDLINE/Pub Med database) and updated in 2009. Authors 
should use the official site of the NLM: http://www.nlm.nih.
gov/citingmedicine to find recommended formats for the 
various types of references. Examples of references pro-
vided in accordance with the NLM recommendations are 
given below:

Periodicals
Go AS, Hylek EM, Phillips KA, et al. Prevalence of di-

agnosed atrial fibrillation in adults: national implica-
tions for rhythm management and stroke prevention: 
the Anticoagulation and Risk factors in Atrial Fibrillation 
(ATRIA) Study. JAMA. 2001;285(18):2370-5.

Sources in Russian with transliteration:
Baevskiy RM, Ivanov GG, Chireykin LV, et al. Analiz 

variabel’nosti serdechnogo ritma pri ispol’zovanii razli-
chnyh jelektrokardiograficheskih sistem (metodicheskie 
rekomendacii) [Analysis of heart rate variability using dif-
ferent ECG systems (guidelines)]. Vestnik aritmologii. 
2002;24:65-86. Russian.

Please provide initials after the last names of authors. Last 
names of foreign authors are given in the original transcrip-
tion. Names of periodicals can be abbreviated. Usually such 
abbreviations are accepted by the Editors of those periodicals. 
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These can be found on the Publisher’s site or in the list of ab-
breviations of Index Medicus.

Punctuation in the list of references should be considered. 
A full stop should be put with a space between the name of the 
journal and the year of its release. After the year of release 
a semicolon is put without a space, then a colon follows the 
volume number, and finally page numbers are given. There are 
no indications like ”volume”, ”№”, “pages”. Russian periodi-
cals often have no indication of volume or numbering of pages 
within a year. In this case the number of an issue should be 
specified in brackets.

If the total number of authors exceeds four people, please 
provide the names of the first three authors and put “et al.” 
afterwards. If there are not more than 4 authors, the full list of 
authors should be provided

Chapters in a book
Swanton RH, Banerjee S. Cardiac Failure. In: Swanton 

RH, Banerjee S., editors. Swanton’s Cardiology: A con-
cise guide to clinical practice. 6th ed. Oxford: Blackwell 
Publishing; 2008. p. 255-309.

Sources in Russian with transliteration:
Belenkov YuN. Kardiomiopatii [Cardiomyopathies]. In.: 

Chazov EI, Belenkov YuN., editors. Racional’naja farma-
koterapija serdechno-sosudistyh zabolevanij: Rukovodstvo 
dlja praktikujushhih vrachej [Rationale for drug therapy of 
cardiovascular diseases: A guide for medical practitioners]. 
Moscow: Litterra; 2006. p. 431-452. Russian. 

Reference to a book chapter should be arranged in the fol-
lowing order: authors of the corresponding chapter; name of 
the chapter; «In:»; editors (title authors) of the book; name of 
the book; number of issue, publisher; city of publishing; year 
of publishing; pages of the corresponding chapter. Punctuation 
should be considered. There are no quotation marks.

Books
Sources in Russian with transliteration:
Shlyakhto EV, Konradi AO, Tsyrlin VA. Vegetativnaja 

nervnaja sistema i arterial’naja gipertenzija [The autonomic 
nervous system and hypertension]. St. Petersburg (Russia): 
Meditsinskoe izdatel’stvo; 2008. Russian. 

Websites
Websites should be provided in the list of references, but 

not in the text. References to websites should be made only 
when original text is not available. References should be 
provided in the following way:

WHO. Severe Acute Respiratory Syndrome (SARS) 
[Internet]. [place unknown: publisher unknown]; [updated 

2010 June 1; cited 2010 June 10]. Available from: http://
www.who.int/csr/sars/.

7.8. Diagrams, charts, and figures
7.8.1. Diagrams, charts, and figures should be submitted 

electronically in the following formats: «MS Excel», «Adobe 
Illustrator», «Corel Draw» or «MS PowerPoint». Diagrams, 
charts, and figures must be allocated on separate pages, 
numbered in order of citation, and have names and notes 
if necessary. They must not repeat the content of tables. 
Please indicate the names and units of measurement for 
graph axes. Provide the legend for each graph (denote lines 
and filling). If you compare diagrams, provide significance 
of differences. Do not use 3-D models for histograms. If ap-
propriate, please identify places in the text where you wish 
graphics, figures and graphs to be inserted.

7.8.2. Photographs must be submitted electronical-
ly with a minimum resolution of 300 dots per inch (dpi). 
Microphotos must be cropped so that only main content is 
left. Arrows should be used to show main features. All sym-
bols, arrows and legends on gray-scale illustrations should 
be in contrast with the background.

7.8.3. Size of legends on images and photos should be 
big enough to be legible after compression for publication. 
The optimal size is 12 points.

7.8.4. All abbreviations should be defined either after the 
first citation in a legend, or in alphabetic order at the end 
of each legend. All symbols (arrows, circles, etc.) must be 
explained.

7.8.5. If data was published earlier, it is desirable to pro-
vide written permission from the publisher for the use of 
this data.

7.9. Tables
7.9.1. Tables should be typed with double spacing, have 

numbers in order of citation in the text, and names. Tables 
should be compact and demonstrative. Names of columns 
and rows must reflect the content. Data presented in tables 
should not be repeated in the text or images. Please clearly 
specify units of measurement of variables and form of data 
presentation (M±m; M±SD; Me; Mo; percentiles etc.). All 
figures, sums and percentages must be thoroughly checked 
and correspond to those in the text. Explanatory footnotes 
should be provided below the table if necessary.

7.9.2. Abbreviations should be listed in a footnote under 
the table in alphabetic order. Symbols of footnotes should 
be given in the following order: *, †, ‡, §, | |, ¶, #, **, † † etc.

7.9.3. If a table(s) was published earlier, it is desirable 
to provide written permission from the publisher for use of 
this table(s).
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