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Efficiency of remote blood pressure monitoring in outpatients  
with hypertension: a pilot project in a city ambulatory care clinic

Sharapova Yu. A.1, Starodubtseva I. A.1, Villevalde S. V.2

Aim. In a pilot project, to evaluate the effectiveness of 
remote blood pressure (BP) monitoring in outpatients 
followed up for hypertension (HTN).
Material and methods. A total of 1,121 patients (707 
women and 414 men) with hypertension were included 
in the pilot project (mean age, 52,0±12,0 years; BP, 
151,4±9,1/96,9±10,3 mm Hg). Patients independently 
measured BP and entered the values into self-management 
paper diaries (n=886), in digital form to their personal 
account (n=200), or transmitted data from BP monitor 
using installed mobile application (n=35). Each of the 
three groups was assessed at baseline and after 6 months. 
We assessed achievement of BP targets, medication 
adherence using the Morisky Green scale, the prevalence 
of patients with fixed-dose antihypertensive therapy, and 
the ambulance call rate. 
Results. Prior to the study, 15,2% (n=171) of hypertensive 
patients regularly monitored their BP. After 6 months, the 
mean systolic BP decreased from 151,4±9,1 to 135,5±10,1 
mm Hg (p<0,01), diastolic BP — from 96,9±10,3 to 85,8±6,3 
mm Hg (p<0,01). The proportion of patients adhering to 
treatment (Morisky Green score of 4) increased from 17,9 to 
55,4%, the frequency of prescribing dual antihypertensive 
therapy  — from 25,8 to 43,3%, triple therapy  — from 11,5 
to 22,9%, fixed-dose combinations  — from 25,4 to 51,6%. 
At the same time, the proportion of patients who achieved 

the target BP values increased from 14,5 to 43,1%, while the 
ambulance call rate decreased from 19,3 to 16,9%.
Conclusion. The use of remote BP monitoring methods, 
including BP monitors with automated data transmission, 
increases the prescription rate of combined antihypertensive 
therapy and proportion of patients who achieved the target 
BP, as well as decreases the ambulance call rate.

Keywords: hypertension, remote monitoring, blood pres-
sure, follow-up monitoring.
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Hypertension (HТN) is the main contributor 
(~42%) to cardiovascular disease pattern, being 
simultaneously not only one of the main risk factors 
for complications, but also significantly decreasing 
life expectancy due to premature disability [1]. 
Decrease in systolic blood pressure (SBP) by 10 
mm Hg is associated with a significant reduction 
in risk of coronary artery disease by 20%, stroke 
by 17%, heart failure and all-cause death by 27% 
and 13%, respectively [2]. According to a meta-
analysis by Thomopoulos C, et al. differences in 
SBP levels 12 mm Hg and diastolic blood pressure 
(DBP) 5 mm Hg are associated with significant 
reductions in all unfavorable outcomes, including 
mortality. Blood pressure (BP) decrease, regardless 
of antihypertensive drugs (AHD) taken, is associated 
with a decrease in the risk of stroke and most 
cardiovascular events [3].

Effectiveness of hypertension treatment depends 
not only on the correct and timely diagnosis and 
choice of the optimal treatment strategy, but also on 
patient medical adherence [4]. BP values obtained 
from blood pressure self-monitoring (BPSM) can 
be a valuable addition to office ones in the diagnosis 
of HTN and monitoring the treatment effectiveness. 
BP data recorded in by BPSM correlates more 
strongly with target organ damage and the prognosis 
of the disease than office blood pressure, and its 
predictive value is comparable to the data obtained 
with 24-hour monitoring, after adjusting for sex 
and age [5]. BPSM has been proven to increase 
patient medcial adherence [6]. According to the 
2020 Russian Society of Cardiology guidelines, 
telemonitoring of systemic hemodynamic parameters 
with data transmission to a medical institution 
is recommended for patients with HTN (level of 
evidence, B; class of recommendations, I) [7]. In a 
pilot project based on ambulatory care clinic, the 
aim was to assess the effectiveness of remote blood 
pressure monitoring in achieving target values and 
increasing medical adherence of patients, as well 
as to assess ambulance call rate and changes in 
prescribing fixed-dose combinations.

Material and methods
For remote BP monitoring, including using 

automatic monitors with the function of data 
transmission, on the basis of Voronezh City 
Clinical Polyclinic № 1, 1,121 patients with HTN 
were included. The study was approved by the 
ethics committee of the N. N. Burdenko Voronezh 
State Medical University. There were following 
inclusion criteria: patients with hypertension 
over 18 years of age, signed informed consent, 
dispensary observation due to HTN, regular intake 
of antihypertensives, absence of severe comorbities 

(diabetes with a glycated hemoglobin level >9%, 
Child-Pugh score class B and C liver cirrhosis, 
chronic kidney disease with a glomerular filtration 
rate <30 ml/min/1,73 m2, severe asthma, active 
cancer, mental illness). All patients signed informed 
consent. The clinical characteristics of patients are 
presented in Table 1.

The patients were divided into 3 groups: patients 
who transmitted data from BP monitor using 
installed mobile application (group 1, n=35); those 
who independently measured BP and entered the 
values into personal account (group 2, n=200); those 
who kept a self-management paper diaries (group 3, 
n=886) (Figure 1). 

All patients were trained in the BPSM. It was 
recommended to independently measure blood 
pressure twice a day. Home SBP <135 mm Hg and 
DBP <85 mm Hg were considered as target.

Patients of group 1 received BP monitors A&D 
UA-911BT (Japan) with data transfer via Bluetooth. 
Each monitor had an internal number to identify the 
patient in the healthcare information system (HIS). 
Group 2 patients entered their blood pressure values 
into their personal records 2 times a day before 
they reached their target values, and once they 
reached their target values, they entered them once 
a day. The data entered by the patient in the self-
monitoring diary or transmitted from a smartphone 
were transferred to the HIS server of the medical 
organization and reflected in the patient’s personal 
electronic medical record. The attending physician 
and emergency room physician saw the results of 
the blood pressure measurement in the Tonometry 
module from the automated workstation. The HIS 
automatically calculated the average value of SBP 
and heart rate for a certain time interval. When SBP 
>150 mmHg was measured, a physician received 
an alert message, which ensured prompt decision-
making on treatment adjustments by making an 
appointment with the attending physician. In the 
event of an increase in systolic blood pressure >170 
mmHg, a telephone call was made in advance to 
decide whether or not an emergency treatment was 
required.

Group 3 patients were given a self-monitoring 
diary when they filled in their informed consent. 
Patients were advised to contact the attending 
physician by telephone if their blood pressure 
rose above the tolerance level (individual for each 
patient). The nurse made structured telephone 
contact at least once a week until the patients 
reached their target BP values, clarified their BP 
values and, if necessary, set a date and time for a visit 
to the doctor. The achievement of BP control was 
assessed using BPSM data, including at interim visits 
to the doctor’s office. 
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Treatment adherence was assessed using the 
Moriski-Green scale at face-to-face visits [8]. The 
Moriski-Green scale consists of four items relating 
to the patient’s attitude towards taking medication, 
completed by the patient. Alternatively, the physician 
can read out the questions and mark the answers. In 
the original scale, each item is scored on a “yes” 
or “no” basis, with a “yes” score of 0 and a “no” 
score of 1. Patients with a score of 4 are considered 
committed to treatment, <4 are not committed to 
treatment.

After 6 months of follow-up, the following mea -
sures were analyzed: the achievement of target SBP 
values (<135 mm Hg), adjustments in therapy 
and the number of drugs in the patient needed to 
achieve the target BP values, as well as adherence 
to treatment, changes in the number of emergency 
medical calls due to BP increase.

Results were analyzed using Statistica 10 package 
(Dell Software Company, USA). Descriptive sta-
tistics with calculation of mean values (M), standard 
deviation, and standard error (m) were used. The 
normality of distribution was analyzed using the 
graphical histogram, the Kolmogorov-Smirnov and 
Lilliefors tests, as well as determining asymmetry, 
kurtosis and their standard errors. Univariate and 
multivariate analysis of variance were used as 
methods of statistical analysis to identify differences 
between the mean values. The threshold level of 
statistical significance was 0,05.

Results
Thirteen (1,1%) patients (8 males and 5 females), 

11 of whom were of working age, dropped out of the 
study within 6 months. Five patients dropped out for 
technical reasons (difficulty in entering data) during 
the first month and 5 patients dropped out due to 
employment after reaching the target BP values. 
Four patients were lost in contact (did not answer 
the phone). 

According to the survey, only 15,2% (n=171) of 
patients had self-monitored blood pressure before the 
study. The initial target BP values (<140/<90 mmHg) 

Table 1
Clinical and demographic characteristics 

of patients in the remote BP monitoring group

Parameter Baseline 
Total number of hypertensive patients (n) 1121
Men, n (%) 414 (37,1)
Age, years, М±σ 52±12,0
Body mass index >25 kg/m2, n (%) 774 (69,1)
Smoking >20 cigarettes per day, n (%) 260 (23,2)
Capillary blood glucose >6,1 mmol/L, n (%) 41 (3,7)
Triglycerides >1,7 mmol/L, n (%) 341 (30,4)
Total cholesterol >4,9 mmol/L, n (%) 334 (29,8)
GFR <60 ml/min/1,73 m2, n (%) 18 (1,6)
CAD, n (%) 114 (10,2)
Diabetes, n (%) 47 (4,2)

Abbreviations: CAD — coronary artery disease, GFR — glomerular 
filtration rate.

Personal
account

Mobile app
Server

Automated workstation
of emergency doctor

Automated workstation
of primary care physician 

EMR

Figure 1. Model of remote BP data transmission.
Abbreviation: EMR — electronic medical record.
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were recorded in 14,5% (n=162) of the patients 
according to their outpatient medical records. During 
the 6 months of the study a significant decrease of BP 
was observed in the group of patients with remote BP 
monitoring in general, and the proportion of patients 
who reached the target values of BP increased by 
3 times, which occurred against the background 
of the 1,7-fold increase in the frequency of dual 
AHT, 2-fold increase in triple therapy and 2,5-
fold increase in fixed-dose combinations (Table  2). 
Angiotensin-converting enzyme inhibitors were the 
most frequently prescribed AHD. At the same time, 
there was an increase in the prescription of calcium 
channel blockers by 13%, angiotensin II receptor 
antagonists by 12%, and diuretics by 11% (Figure 2). 
After 6 months, the Moriski-Green score increased 
from 2,15 to 3,18, and the proportion of patients 
committed to AHT was 3,1 times (Table 2). In 
general, remote BP monitoring promoted a more 
aggressive approach to prescribing combined AHT, 
but even with this strategy, only 43,1% of patients 
reached their target BP values.

The use of automatic BP monitors with remote 
data transmission in group 1 was associated with a 
5,4-fold (up to 77,1%) increase in the proportion of 
patients achieving target BP values, a 2,4-fold (up 
to 60,0%) increase in the proportion receiving AHT 
in fixed-dose combinations and a 4,9-fold (up to 
82,9%) increase in medical adherence (Table 3). 

During the follow-up period, 11 patients (all of 
whom filled out paper-based self-monitoring diaries) 
had cardiovascular complications: 8 patients were 
diagnosed with non-fatal ischaemic stroke and 3 with 
non-fatal myocardial infarction. Of the 8 patients 
who had ischaemic stroke, 5 patients had irregular 
BP measurements and were taking combined AHT. 
Six patients had comorbid complications (diabetes, 
chronic kidney disease). Of the 11 patients, 7 
continued to fill out self-monitoring diaries after 
the events and were seen by specialists, while 3 
patients had pronounced cognitive impairment after 
the ischemic stroke. 

During the 6 months of the study compared to 
the same period before the project, the number of 
emergency calls for due to BP increase decreased by 
14,8% (Table 2). 

Thus, the use of remote BP monitoring, including 
remote BP monitors, was associated with improved 
follow-up of patients with HTN over 6 months.

Discussion
The remote patient follow-up model is the most 

relevant and acceptable, aiming to analyze large 
numbers of patients at one time, using automatic 
or semi-automatic mechanisms to summarize 
information. Remote patient follow-up can theo-

retically help to reduce the number of visits 
associated with disease exacerbation as well as 
adverse life-threatening consequences [9]. Based 
on an economic analysis of remote BP monitoring 
in the Russian Federation, the project should be 
considered as not only efficient but also fast-paying, 
fully implementable by regional forces [10]. 

A meta-analysis of the efficacy of remote BP 
monitoring in patients with HTN summarized the 
results of 46 randomized controlled trials, which 
together included 13875 patients. The meta-analysis 
showed that, compared with conventional treatment, 
remote monitoring reduced clinical SBP and DBP by 
3,99 mm Hg (p<0,001) and 1,99 mm Hg (p<0,001), 
respectively. The use of telemonitoring promoted 
BP normalization (relative risk, 1,16; p<0,001) [11]. 
However, a systematic review by Milevski M, et 
al. highlights a number of shortcomings in the use 
of remote BP monitoring. The authors note the 
small size of the evidence base for BP monitoring 
in patients with HTN. The results obtained using 
smartphone apps are also questioned. Errors made 
in the measurement of BP by patients, as well as 

Table 2
Dynamics of the parameters 

of the effectiveness of 6-month remote 
BP monitoring in the general group 

(n=1121)

Parameter Baseline After 
6 months

SBP, mm Hg 151,4±9,1 135,5±10,1**
DBP, mm Hg 96,9±10,3 85,8±6,3**
Achievement of target BP values, 
n (%)

162 (14,5) 484 (43,1)*

Medical adherence, n (%) 201 (17,9) 621 (55,4)*
The proportion of patients who 
are assigned:
— dual AHT, n (%) 290 (25,8) 486 (43,3)*
— triple AHT, n (%) 129 (11,5) 257 (22,9)*
— more than three 
antihypertensives, n (%)

27 (2,4) 67 (5,9)*

— fixed-dose combinations 285 (25,4) 579 (51,6)
The number of patients who 
were visited by the emergency 
medical team with the reason 
“increased blood pressure”,  
n (%)

216 (19,3) 189 (16,9)*

Note: * — p<0,05, ** — p<0,01, the significance of differences bet- 
ween the baseline and achieved values.
Abbreviations: AHT  — antihypertensive therapy, BP  — blood 
pressure, DBP — diastolic blood pressure, SBP — systolic blood 
pressure.
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reduced adherence due to the lack of staff attention 
to the results obtained, according to the authors, play 
against the use of telemedicine in BP monitoring 
[12]. 

The Saratov Research Institute of Cardiology de -
veloped remote BP monitoring technology based on 
mobile phone text messages in 2012, where the ef- 
fectiveness of remote BP monitoring technology in 
HTN patients was evaluated on the basis of clinical 
guideline compliance indicators. The evaluation 
of remote BP monitoring in HTN patients made 
it possible to determine the improvement of the 

performance of the most significant therapeutic 
measures after its implementation [13]. Thus, all 
HTN patients (n=97) began to regularly report BP 
measurement results to their attending physician, 
and physicians, in turn, were more likely to prescribe 
combined AHT (increase from 70% to 82%, p<0,05) 
for uncontrolled BP, which was accompanied by 
a significant increase in the frequency of reaching 
the target BP. At the end of 12-month follow-up, 
mean SBP and DBP was 130,5±10,4 and 81,8±7,3 
mm Hg (p<0,05). According to American research, 
bi-directional automated text messaging is an 

0

10

20

30

Angiotensin-converting
enzyme inhibitors

6 months

Initially

Angiotensin II
receptor antagonists

Beta-blockersCalcium channel
blockers

Diuretics

54

16

28

36

49

27

38

19
22

51

%

40

50

60

Figure 2. Dynamics of the appointment of antihypertensives’ groups.

Table 3
Dynamics of the parameters of the effectiveness 

of 6-month remote BP monitoring in various groups

Parameter Group 1 (n=35) Group 2 (n=200) Group 3 (n=886)
Baseline After 

6 months
Baseline After 

6 months
Baseline After 

6 months
Systolic blood pressure, mm Hg 152±5,2 131,2±8,9 151,3±7,1 132,4±9,2 151,8±6,3 136,8±10,2
Diastolic blood pressure, mm Hg 95,8±10,1 83,1±5,9 96,2±8,8 84,2±6,1 96,5±7,6 86,7±5,9
Achievement of target BP values, n (%) 5 (14,2) 27 (77,1) 29 (14,5) 92 (46,0)* 128 (14,4) 365 (41,1)*
Medical adherence, n (%) 6 (17,1) 29 (82,9)* 36 (18) 118 (59,0)* 159 (17,9) 474 (53,4)*
Proportion of patients received fixed-dose 
combinations, n (%)

8 (25,0) 21 (60,0)* 50 (25,0)* 101 (52,0)* 227 (25,6) 459 (51,8)*

The number of patients who calls for ambulance 
due to BP increase, n (%)

7 (20,0) 4 (11,4) 38 (19,0) 32 (16,0) 171 (19,3) 153 (17,3)*

Note: * — p<0,01, the significance of differences between the baseline and achieved values.
Abbreviation: BP — blood pressure.
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levels have been achieved, especially among working 
patients. A special role in the functioning of the 
project is played by information technology (data 
exchange, telemedicine), training of medical staff 
and patients [17].

The issues of treatment adherence and patient 
motivation for lifestyle changes in the use of remote 
BP monitoring require further research.

A limitation of the study is its non-randomized, 
non-comparative design.

Conclusion
The use of remote BP monitoring methods, 

including BP monitors with automated data 
transmission, increases the prescription rate of 
combined antihypertensive therapy (dual AHT from 
25,8 to 43,3%, triple therapy — from 11,5 to 22,9%, 
and fixed-dose combinations — from 25,4 to 51,6%) 
and proportion of patients who achieved the target 
BP (from 14,5 to 43,1%), as well as decreases the 
ambulance call rate from 19,3 to 16,9%. 

Further 12-month implementation of the project 
will assess the cost-effectiveness of remote BP 
monitoring, including by reducing the ambulance 
call rate.

Relationships and Activities: none.

effective way to collect patient BP data. Text-
message reminders alone are an effective way of 
encouraging patients to record BP measurements 
[14-16]. 

Significant reductions in SBP and DBP by an 
average of 15 mm Hg and 11 mm Hg (p<0,05) at 
six-month follow-up in this study demonstrates the 
effects of remote control and associated changes 
in AHT tactics  — an increase in the proportion of 
patients prescribed dual AHT by 1,7 times, triple 
therapy by 2 times, and fixed-dose combinations 
by 2,5 times. In a study at the Saratov Research 
Institute of Cardiology, the proportion of patients 
using combined AHT increased by 17,1% after one 
year of follow-up, while the proportion of patients 
receiving combination therapy at baseline differed 
significantly (39,2% and 70%), which may have 
affected the achieved SBP and DBP values [13].

The results of this study indicate that the use of 
remote BP monitoring for 6 months is associated 
with a 3,1-fold increase in adherence to AHT. 
In addition, there was a 12,5% reduction in the 
ambulance call rate (Table 2).

The main problematic issues encountered in 
this pilot project are patients’ lack of adherence 
to lifestyle recommendations and insufficient 
adherence to treatment precisely after target BP 
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Short-term outcomes of Ozaki procedure: a multicenter study

Chernov I. I.1, Enginoev S. T.1,2, Komarov R. N.3, Bazylev V. V.4, Tarasov D. G.1, Kadyraliev K. B.5, 
Tungusov D. S.4, Arutyunyan A. V.3, Chragyan A. V.6, Batrakov P. A.4, Ismailbaev A. M.3, Tlisov B. M.3, 
Weymann A.7, Pompeu M. B. O. Sá8, Zhigalov K.7

Aim. To analyze the short-term outcomes of Ozaki pro -
cedure.
Material and methods. This retro-prospective multicenter 
study included 724 patients with aortic valve (AV) disease, 
who underwent AV neo-cuspitization (AVNeo) from 2015 
to 2019. The register included 395 (54,5%) men and 329 
(45,5%) women. The median age of patients was 63 (57-67) 
years (minimum age, 10 years; maximum age, 83 years). 
A total of 496 (68,6%) patients had aortic stenosis, 44 
(6%) — aortic regurgitation, 184 (25,4%) — aortic stenosis 
and regurgitation. Infective endocarditis as a cause of AV 
disease was diagnosed in 23 (3,2%) patients. NYHA class 
III-IV heart failure was in 348 (48%) patients. Atrial fibrillation 
was registered before surgery in 141 (19,5%) patients.
Results. In total, 314 (43,4%) patients underwent a single 
intervention (AVNeo), while the remaining 410 (56,6%) 
patients underwent combined operations. Access to the heart 
was performed through a median sternotomy in 687 (95%) 
patients, and in 37 (5%) patients through a ministernotomy. 
The median cardiopulmonary bypass time was 130 (110-130) 
min, while the myocardial ischemic time — 104 (86-122) 
min. In-hospital mortality was 1,6%. The maximum and mean 
pressure gradient after surgery were 10,9 (7,4-14,8) mm 
Hg and 5,3 (3,5-7,3) mm Hg, respectively. The AV effective 
orifice area (EOA) and indexed EOA after surgery were 3 
(2,5-3,9) cm2 and 1,6 (1,3-2) cm2/m2, respectively. Thirteen 
(1,8%) patients received a pacemaker. Acute renal failure 
was recorded in 4 (0,5%) patients, stroke — in 3 (0,4%), and 
sternal infection — in 10 (1,4%).
Conclusion. The Ozaki procedure is feasible and repro-
ducible, has good short-term outcomes with excellent 
hemodynamic parameters. Further research is needed to 
assess long-term results.

Keywords: Ozaki procedure, aortic valve neo-cuspitization, 
aortic valve.
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Aortic valve (AV) replacement is the gold standard 
in the treatment of AV disease. There are cases that 
lead to a prosthesis-patient mismatch after AV replace-
ment with both mechanical and biological prosthe-
ses, especially in patients with a small aortic annulus 
(AA) [1]. In 2011, Ozaki Sh, et al. [2] reported on 
their method of AV neo-cuspitization (AVNeo), ie, AV 
replacement with glutaraldehyde-treated autologous 
pericardium (Figure 1), using special templates (Fi -
gure  2). Consi dering that this technique is new and 
not many centers perform this operation, in 2019 we 
created the Russian AVNeo register to assess short- and 
long-term outcomess. Our first short-term results were 
published with 170 patients after AVNeo [3]; a little 
later, the results of surgical treatment of patients with 
small AA with good short-outcomes were reported [4]. 
In this study, we want to analyze the short-term out-
comes of the register, to find out if AVNeo is an accep-
table and reproducible technique.

Material and methods
Study design. We performed the retro-pro spective 

multicenter study of patients with AV disease selected 
for the Ozaki procedure. The study was approved by 
the local ethics committee of each participating 
institution.

Echocardiographic data. All patients under went 
AV echocardiography before and after surgery. The 
maximum and mean AV gradient, the effective ori-
fice area (EOA) (Figure 3), aortic regurgitation (AR) 
degree, including structural, Doppler, quantitative 
and qualitative parameters recommended by the 
American Society of Echocardiography [4], was 
assessed. For the classification of prosthesis-patient 
mismatch, guidelines for visualization of artificial 
heart valves were used [5].

End points. The primary endpoints were in-hos-
pital mortality and hemodynamic echocardiographic 
after AVNeo. Secondary endpoints were postopera-

tive complications: arrhythmias requiring permanent 
pacing; stroke; infectious complications; acute renal 
failure (requiring hemodialysis).

A total of 724 patients were included in the 
registry, who were operated on from 2015 to 2019 
(Figure 4). Among the patients, as shown in Table 1, 
there were 395 (54,5%) men and 329 (45,5%) 
women. The median age of the patients was 63 (57-
67) years. The minimum age was 10 years and the 
maximum age was 83 years (Figure 5). Most of the 
patients were over 60 years old.

The most common causes of AV dysfunction 
were aortic stenosis — 496 (68,6%) patients, AR — 
44 (6%), aortic stenosis and AR  — 184 (25,4%) 
patients. Infective endocarditis as a cause of AV dis-
ease was diagnosed in 23 (3.2%) patients. Manifested 
class III-IV heart failure occurred in 348 (48%) 
patients. Every fifth patient has a history of atrial 
fibrillation. The number of valves was estimated 
in 664 patients, and bicuspid AV was diagnosed in 
106 (16%) patients. Preoperative echocardiography 
revealed the median AA of 21 (20-24) mm, systolic 
pulmonary artery pressure (SPAP) of 32 (25-40) mm 
Hg, SPAP >25 mm Hg in 521 (72%) patients, left 
ventricular ejection fraction of 60 (53-67)%. Patient 
baseline characteristics and risk factors are presented 
in Table 1.

Statistical analysis. Statistical processing was per-
formed using the IBM SPSS Statistics 26 software 
package (Chicago, IL, USA). All quantitative vari-
ables were analyzed for the distribution type using 
the Kolmogorov-Smirnov test. Central tendencies 
and scattering of quantitative traits, having a nor-
mal distribution, were described as the mean and 
standard deviation (M±SD). In the case of a non-
normal distribution, this was presented as median 
(interquartile range of the 25th and 75th percentiles) 
and Me (Q1-Q3). In most samples, a nonparametric 
distribution was revealed.

Figure 1. One of the Ozaki procedure stages: excision of the 
glutaraldehyde-treated pericardium for the AV replacement.

Figure 2. Template and sizers for Ozaki procedure (www.avneo.
net).
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Figure 3. Aortic valve effective orifice area after Ozaki procedure. 

Figure 4. Number of patients included in the registry.
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Table 1
Initial characteristics 

of the patients and risk factors

Demographic AVNeo-724
Age, years (Me (Q1-Q3)) 63 (57-67)
Men/women, % 54,5/45,5
BMI, kg/m2 (Me (Q1-Q3)) 29,1 (25,5-32,9)
BSA, m2 (M±SD) 1,9±0,2
NYHA class of HF (Me (Q1-Q3)) 2 (2-3)
NYHA class III-IV HF, n (%) 348 (48)
Comorbidity, n (%)
Coronary artery disease 353 (48,7)
Prior myocardial infarction 75 (12,9)  

out of 583 available
Diabetes 137 (19)
Chronic renal failure 5 (0,7)
COPD 36 (5)
Peripheral artery disease 43 (6)
AF 141 (19,5)
Prior open-heart surgery 23 (3,2)
Percutaneous coronary interventions 35 (5,4) из 643
Pacemaker or ICD 5 (0,9) из 582
Indications for surgery, n (%)
Severe AS 496 (68,6)
Severe AR 44 (6)
AS and AR 184 (25,4)
IE 23 (3,2)
Echocardiographic data
LVEF, % (Me (Q1-Q3)) 60 (53-67)
PASP, mm Hg (Me (Q1-Q3)) 32 (25-40)
PASP >25 mm Hg, n (%) 521 (71)
AA diameter (Me (Q1-Q3)) 21 (20-24)
Aortic valve morphology, n (%)
Bicuspid 106 (16) из 664

Abbreviations: ICD — implantable cardioverter defibrillator, AR — 
aortic regurgitation, AS — aortic stenosis, CAD — coronary artery 
disease, BMI  — body mass index, IE  — infective endocarditis, 
BSA  — body surface area, PASP  — pulmonary artery systolic 
pressure, LVEF  — left ventricular ejection fraction, AF  — atrial 
fibrillation, COPD  — chronic obstructive pulmonary disease, 
CRF — chronic renal failure, HF — heart failure, NYHA — New York 
Heart Association.

Results
Peri- and postoperative data. In total, 314 (43,4%) 

patients underwent an isolated AVNeo, and the 
remaining 410 (56,6%) patients underwent combined 
interventions. Access to the heart was performed 
through a median sternotomy in 687 (95%) patients, 

and in 37 (5%) patients through a mininotomy. 
The median extracorporeal circulation time was 
130 (110-130) min, and the time of myocardial 
ischemia was 104 (86-122) min (Table 2). Inhospital 
mortality rate was 1,6% (Table 3). Thirteen (1,8%) 
patients received a pacemaker. Acute renal failure 
was diagnosed in 4 (0,5%) patients, stroke  — in 3 
(0,4%), sternal infection  — in 10 (1,4%) (Table 3).

Postoperative echocardiography. The maximum 
and mean AV pressure gradients after surgery 
were 10,9 (7,4-14,8) mm Hg and 5,3 (3,5-7,3) 
mm Hg, respectively. AV EOA and EOA index 
after surgery were 3 (2,5-3,9) cm2 and 1,6 (1,3-
2) cm2/m2, respectively. One (0,1%) patient had 
a moderate patient-prosthesis mismatch and one 
(0,1%) had a pronounced one. After the AVNeo, 
11 patients (1,5%) had moderate AR and 1 (0,1%) 
had severe AR. A patient with severe AR underwent 
AV replacement before discharge from the hospital 
(Table 4).

Discussion
Autologous pericardium has been regularly used 

since the early cardiac surgery. In 1963, Bjoerk VO 
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Table 2
Intraoperative parameters

Parameters AVNeo
Operation duration, min (Me (Q1-Q3)) 279 (243-327)
Cardiopulmonary bypass time, min 
(Me (Q1-Q3))

130 (110-130)

Myocardial ischemic time, min (Me (Q1-Q3)) 104 (86-122)
Median sternotomy, n (%) 687 (95)
Mininotomy, n (%) 37 (5)
Isolated intervention on AV, n (%) 314 (43,4)
Combined interventions, n (%) 410 (56,6)
CABG 207 (28,6)
Ascending aorta replacement 184 (25,4)
Carotid endaterectomy 12(1,6)
Mitral valve surgery 70 (9,6)
Tricuspid valve surgery 29 (4)

Abbreviations: AV — aortic valve, CABG — coronary artery bypass 
grafting.
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Figure 5. Age of patients included in the registry.

and Hultquist G [6] performed AV replacement by 
creating valves from the autologous pericardium. 
In 2011, Ozaki Sh, et al. [2] reported on their 
method of AV neo-cuspitization (AVNeo) with glu-
taraldehyde-treated autologous pericardium, using 
special templates treated. There is also a website 
(www.avneo.net), which contains useful informa-
tion related to AVNeo. AVNeo can be considered 
an attractive option due to its low cost, universal 
indications without any restrictions related to the 
AA size and need for anticoagulation, as well as 
potentially excellent hemodynamic parameters after 
surgery. The most important results of our study 
were low mortality rate (1,6%) (Table 3). Accor-
ding to Fallon JM, et al. [8], after AV replacement 
with various prostheses, the frequency of moder-
ate and pronounced patient-prosthesis mismatch 
occurs in 54% and 11% of cases, respectively. The 
same authors [7] have shown that any “patient-
prosthesis” mismatch significantly reduces long-
term survival and increases the rehospitalization 
rate for both heart failure and reoperations. Accor-
ding to our data, only in 0,1% of cases there was a 
moderate and pronounced patient-prosthesis mis-
match (Table  4). The multicenter study [4] from 
our registry has been published: AVNeo (Ozaki 
procedure) in patients with AA ≤21 mm. The mean 
AA diameter was 19,8±1,1 mm. The maximum 
and mean pressure gradients after surgery were 
11,8±5,9 mm Hg and 7,3±3,5 mm Hg, respectively. 
EOA and EOA index averaged 2,5±0,4 cm2 and 

1,3±0,3 cm2/m2 after surgery, respectively. Accord-
ing to our registry, the AA diameter before surgery 
was measured in 458 patients, of which 256 (56%) 
patients had AA ≤21 mm. Rosseikin EV, et al. 
[8] compared mininotomy and complete median 
sternotomy during Ozaki procedure. The duration 
of the operation and cardiopulmonary bypass was 
longer in the mininotomy group, but the groups 
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did not differ in myocardial ischemic time. There 
were also no significant differences in other end-
points. In our study, mininotomy was performed in 
5% of cases. Several studies [9, 10] have reported 
excellent results with Ozaki procedure in children. 
Currently, our registry includes 12 (1,6%) patients 
under 18 years of age. Shigeyuki Ozaki [11] over 
12 years from April 2007 to March 2019 operated 
>1100 patients. The mean age of the patients was 
67,7±14,9 years. In general, the long-term survival 
rate within 12 years was 84,6%. Freedom from 
reoperation rate was 95,8%.

Study limitations. The main limitation of this 
study was the lack of medium- and long-term 
outcomes. We plan to monitor patients to obtain 
long-term results.

Conclusion
The Ozaki procedure is feasible and reproducible, 

has good short-term outcomes with excellent 
hemodynamic parameters. Further research is need-
 ed to assess long-term results.

Relationships and Activities: none.

Table 3
Postoperative results

Parameters AVNeo-724
In-hospital mortality, n (%) 12 (1,6)
Pericardiocentesis, n (%) 8 (1,1)
Permanent pacemaker implantation, n (%) 13 (1,8)
Stroke, n (%) 3 (0,4)
AV IE, n (%) 0 (0)
Superficial and deep wound infection, n (%) 10 (1,4)
ARF, n (%) 4 (0,5)
Mechanical ventilation time, h (Me (Q1-Q3)) 12 (9-15)
Hospital stay, days (Me (Q1-Q3)) 13 (10-16)

Abbreviations: AV — aortic valve, IE — infective endocarditis, ARF — 
acute renal failure.

Table 4
Postoperative echocardiographic parameters

Parameters AVNeo-724
Peak AV gradient, mm Hg (Me (Q1-Q3)) 10,9 (7,4-14,8)
Mean AV gradient, mm Hg (Me (Q1-Q3)) 5,3 (3,5-7,3)
Grade II-III AR, n (%) 12 (1,6)
AV EOA, cm2 (Me (Q1-Q3)) 3 (2,5-3,9)
AV EOA index, cm2/m2 (Me (Q1-Q3)) 1,6 (1,3-2)
Moderate patient-prosthesis mismatch, n (%) 1 (0,1)
Pronounced patient-prosthesis mismatch, 
n (%)

1 (0,1)

LVEF after surgery, % (Me (Q1-Q3)) 60 (52-68)
Abbreviations: AV — aortic valve, AR — aortic regurgitation, EOA — 
effective orifice area, LVEF — left ventricular ejection fraction.

1.  Sá MPBO, de Carvalho MMB, Sobral Filho DC, et al. Surgical aortic 
valve replacement and patient-prosthesis mismatch: a meta-analysis 
of 108 182 patients. Eur J Cardio-Thoracic Surg. 2019;56:44-54. 
doi:10.1093/ejcts/ezy466.

2.  Ozaki S, Kawase I, Yamashita H, et al. Aortic valve reconstruction 
using self-developed aortic valve plasty system in aortic valve dis-
ease. Interact Cardiovasc Thorac Surg. 2011;12:550-3. doi:10.1510/
icvts.2010.253682.

3.  Arutyunyan V, Chernov I, Komarov R, et al. Immediate outcomes of 
aortic valve neocuspidization with glutaraldehyde-treated autolo-
gous pericardium: A multicenter study. Brazilian J Cardiovasc Surg. 
2020;35(3):241-248. doi:10.21470/1678-9741-2020-0019.

4.  Sá MPBO, Chernov I, Marchenko A, et al. Aortic Valve Neocuspidization 
(Ozaki Procedure) in Patients with Small Aortic Annulus (≤21 mm): A 
Multicenter Study. Struct Hear. 2020:1-7. doi:10.1080/24748706.2020.
1792595.

5.  Lancellotti P, Pibarot P, Chambers J, et al. Recommendations for the 
imaging assessment of prosthetic heart valves: a report from the 
European Association of Cardiovascular Imaging endorsed by the 
Chinese Society of Echocardiography, the Inter-American Society 
of Echocardiography, and the Brazilian. Eur Hear J  — Cardiovasc 
Imaging. 2016;17:589-90. doi:10.1093/ehjci/jew025.

6.  Bjoerk Vo, Hultquist G. Teflon and pericardial aortic valve prostheses. 
J Thorac Cardiovasc Surg. 1964;47:693-701.

7.  Fallon JM, DeSimone JP, Brennan JM, et al. The Incidence and 
Consequence of Prosthesis-Patient Mismatch After Surgical Aortic 
Valve Replacement. Ann Thorac Surg. 2018;106:14-22. doi:10.1016/j.
athoracsur.2018.01.090.

8.  Rosseikin EV, Kobzev EE, Bazylev VV. Minimally invasive Ozaki tech-
nique. Angiol Sosud Khir. 2019;25(3):142-55. (In Russ.) doi:10.33529/
ANGI02019319. 

9.  Wiggins LM, Mimic B, Issitt R, et al. The utility of aortic valve 
leaflet reconstruction techniques in children and young adults. 
J Thorac Cardiovasc Surg. 2020;159:2369-78. doi:10.1016/j.
jtcvs.2019.09.176.

10.  Baird CW, Sefton B, Chávez M, et al. Congenital Aortic and Truncal 
Valve Reconstruction Utilizing the Ozaki Technique: Short term 
Clinical Results. J Thorac Cardiovasc Surg. 2020. doi:10.1016/j.
jtcvs.2020.01.087.

11.  Ozaki S. Ozaki Procedure: 1,100 patients with up to 12 years of follow-
up. Turkish J Thorac Cardiovasc Surg. 2019;27(4):454. doi:10.5606/
tgkdc.dergisi.2019.01904.

References



15

ORIGINAL ARTICLES

15

SIRENA score for in-hospital mortality risk assessment in patients with acute 
pulmonary embolism

Ehrlich A. D.1,2, Barbarash O. L.3, Burns S. A.3, Schmidt E. A.3, Duplyakov D. V.4,5

Aim. To create a new prognostic scale for in-hospital 
mortality risk assessment in patients with pulmonary 
embolism (PE).
Material and methods. The study was carried out on the 
basis of Russian register of acute pulmonary embolism 
SIRENA.
Results. Based on the Russian register of acute pulmonary 
embolism SIRENA (n=609; women — 50,7%; mean age — 
63,0±14,5 years), independent predictors of in-hospital 
death were determined: left ventricular ejection fraction 
<40%, immobilization in the last 12 months, creatinine 
clearance <50 ml/min, syncope as a PE symptom, cyanosis 
at admission. Each of these factors with a value of 1 became 
a component of the novel SIRENA score. At the score of 
0, 1, 2, 3 and more, in-hospital mortality was 3,1%, 7,0%, 
16,7% and 40,0%, respectively. Mortality with a SIRENA 
score <2 (low risk) was 5,0%, and with a score ≥2 (high 
risk) — 24,3% (relative risk (RR), 4,87; 95% confidence 
interval (CI), 2,97-7,98; p<0,001). Predictive sensitivity 
and specificity for in-hospital mortality were 62,7% and 
78,5%, respectively. The area under the ROC curve was 
0,76 (95% CI, 0,69-0,83), which did not differ significantly 
from sPESI score — 0,73 (95% CI, 0,66-0,80). With a high 
risk for sPESI and SIRENA, the mortality was 27,1%, which 
was significantly higher compared to patients with a high 
risk only for sPESI — 13,9% (RR, 1,94; 95% CI, 1,36-2,82; 
p<0,001), but did not differ significantly compared with 
patients at high risk according to SIRENA score — 24,3% 
(RR, 1,11; 95% CI, 0,75-1,65; p=0,78).

Conclusion. Based on the Russian register of acute pul-
monary embolism, the SIRENA score was developed, which 
has a high accuracy (sensitivity, 62,7%; specificity, 78,5%) 
in predicting in-hospital mortality.

Keywords: pulmonary embolism, register, SIRENA score, 
outcomes, risk stratification.

Relationships and Activities: none.

1Pirogov Russian National Research Medical University, 
Moscow; 2Bauman City Clinical Hospital № 29, Moscow; 
3Research Institute for Complex Issues of Cardiovascular 
Diseases, Kemerovo; 4Samara State Medical University, 
Samara; 5V. P. Polyakov Samara Regional Clinical Cardiology 
Dispensary, Samara, Russia.

Ehrlich A. D.* ORCID: 0000-00003-0607-2673, Barba-
rash O. L. ORCID: 0000-0002-4642-3610, Burns S. A. ORCID: 
0000-0003-1002-1895, Schmidt E. A. ORCID: 0000-0003-
3215-2140, Duplyakov D. V. ORCID: 0000-0002-6453-2976.

*Corresponding author: 
alexeyerlikh@gmail.com

Received: 23.11.2020 
Revision Received: 06.12.2020 
Accepted: 15.12.2020 

https://russjcardiol.elpub.ru ISSN 1560-4071 (print)
doi:10.15829/1560-4071-2020-4231 ISSN 2618-7620 (online)

For citation: Ehrlich A. D., Barbarash O. L., Burns S. A., Schmidt E. A., Duplyakov D. V. SIRENA 
score for in-hospital mortality risk assessment in patients with acute pulmonary embolism. Russian 
Journal of Cardiology. 2020;25(S4):4231. (In Russ.) doi:10.15829/1560-4071-2020-4231



16

Russian Journal of Cardiology 2020; 25 (S4) 

16

55 (9,0%) — chronic kidney disease, 54 (8,9%) — chro- 
nic obstructive pulmonary disease.

When included in the register, the proportion 
of patients with systolic blood pressure (BP) <100 
mm Hg was 11,8%, the proportion of patients 
with tachypnea (respiratory rate >30 bpm)  — 
2,8%, the proportion of patients with tachycardia 
(heart rate >110 bpm)  — 17,7%, the proportion 
of patients with reduced oxygen saturation (SpO2 
<90%) — 20,2%.

Cyanosis with PE signs was detected in 176 
(30,2%) patients. Lower limb asymmetry and edema 
was observed in 217 (35,6%) and 223 (36,6%) 
patients, respectively.

Shortness of breath was the most common 
manifestation of PE. Five hundred forty (90,4%) 
patients complained about it. One hundred seventy-
eight patients (29,8%) had chest pain as the main 
symptom, and 179 (30,0%) had syncope.

The sPESI score was assessed in 586 (96,2%) 
patients, while a low risk of death (sPESI score of 0) 
was found in 205 (33,7%) patients.

Thrombolytic therapy during hospitalization 
was carried out in 152 patients with PE (25,0%). 
Five hundred sixty patients (92,0%) received 
anticoagulant therapy in the hospital, while pa -
renteral anticoagulants were used in 474 (77,8%) 
patients and oral anticoagulants — 457 (75,0%) pa -
tients.

During the hospitalization (media, 11 days; 1-3 
quartiles, 7-15 days), 60 patients died. Mortality rate 
was 9,9%.

Creation of a predictive score. Univariate regres-
sion identified 52 factors associated with death 
du ring hospitalization, which were studied using 
multivariate regression. The results of this analy-
sis identified independent predictors of in-hospital 
death (Table 1).

Subsequently, to create a prognostic score, it was 
decided to consider each of the independent pre-
dictors of death as one of the components of a no- 
vel score. It was decided to compare the accuracy 
of two possible models: the more complex (when 
each score component was assigned a value approxi-
mately equal to its odds ratio) and the simplified 
(when each score component was assigned a value 
of 1). Areas under the ROC curve values for a com- 
plex and simplified model did not differ signifi- 
cantly (Figure 1). Therefore, for practice it was advi- 
sable to  use a simplified model (SIRENA score  — 
Table 2).

Predictive value of the SIRENA score. The rela-
tionship between various values of the SIRENA 
score and in-hospital mortality rate is shown in Fi  - 
gure 2, It can be seen that increased SIRENA score is 
associated with increased in-hospital mortality rate. 

Modern treatment of pulmonary embolism (PE) 
according to the European Society of Cardiology 
guidelines [1] involves risk stratification. The 
currently used risk stratification is based on clinical 
manifestations of the disease, echocardiographic 
data, assessment of myocardial necrosis markers, 
and also on the assessing combined risk using the 
pulmonary embolism severity index (PESI) or its 
simplified version (sPESI) [2]. At the same time, the 
practical use of the PESI or sPESI scores shows that 
some important factors, undoubtedly associated with 
the prognosis, remain outside this index, which can 
reduce the accuracy of risk stratification.

The aim was to create a new prognostic scale 
for in-hospital mortality risk assessment in patients 
with PE.

Material and methods
The study was based on the Russian register of acute 

pulmonary embolism SIRENA. The peculiarities of 
register organization, inclusion and exclusion criteria, 
as well as the main results are described in detail in 
previous publications [3]. Inclusion in the register was 
carried out sequentially for 12 months from April 2018 
to April 2019 in 20 hospitals in 15 cities of Russia. 
The creation of a predictive scale was not the primary 
aim of the register and the analysis was performed 
retro  spectively.

Statistical analysis. Independent predictors of 
in-hospital mortality became components of the 
novel prognostic score. The identification of these 
factors was carried out by univariate and multivariate 
regression analysis. Since the register protocol did not 
provide assessing the full PESI score, the predictive 
value of the new score was compared with the sPESI 
score. Comparison of prognostic scores was carried 
out by assessing the areas under the ROC curves.

Results
Characteristics of patients. The register included 

609 patients (women — 50,7%, mean age — 63,0±14,5 
years, minimum-maximum  — 19-94 years). In the 
past, PE was in 56 (9,2%) patients, deep vein throm-
bosis — in 118 (19,4%) patients. During the 12 months 
preceding hospitalization, 95 patients (15,6%) under-
went surgery, 77 (12,6%) had a long period of im -
mobilization, 25 (4,1%) had limb fractures, 18 (3,0%) 
had myocardial infarction, 19 (3,1%) took oral con-
traceptives.

One hundred four patients (17,1%) had a history of 
cancer, of whom 36 (34,6%) had distant metastases, 
and 34 (32,7%) patients received treatment for an 
active cancer at the time of PE.

One hundred forty-two patients (23,3%) had a hi - 
story of heart failure, 116 (19,0%) — atrial fibrillation, 
400 (65,7%) — hypertension, 90 (15,2%) — diabetes, 
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Due to the small number of patients with SIRENA 
score of 4 and 5, in Figure 2, data on patients with 
score ≥3 are combined. At the same time, the diffe- 
rence between patients with 0 points and those with 
1 point was insignificant (relative risk (RR), 2,24; 
95% confidence interval (CI), 0,93-5,39), while 
between patients with 1 and 2 points and between 
patients with 2 and ≥3 points, the differences were 
significant (RR, 2,39; 95% CI, 1,24-4,59 and RR, 
2,40; 95% CI, 1,38-4,16, respectively).

The ROC-curve value for the SIRENA score in 
relation to in-hospital mortality was 0,76 (95% CI, 
0,69-0,83). The predictive sensitivity and specificity 
for high risk on the SIRENA score were 62,7% and 
78,5%, respectively.

According to the ROC-curve, a cut-off point was 
found for dividing the SIRENA score into the low 
risk (0-1 points) and high risk (≥2 points) categories 
for death during hospitalization. An almost five-fold 
significant difference in in-hospital mortality rate 
between high and low risk values on the SIRENA 
score was shown (RR, 4,87; 95% CI, 2,97-7,98; 
P<0,001 (Figure 3).

Comparison of the predictive value of SIRENA 
and sPESI scores. In the study group, among 205 
patients with low risk on the sPESI score (0), 7 
people died during hospitalization (3,4%), and among 
380 patients with high risk (≥1), 53 people died 
(13,9%) (RR, 4,09; 95% CI, 1,89-8,82; p<0,001). The 
proportion of patients whose risks on the SIRENA 
and sPESI scores coincided (i.e., were either high 
or low on both scores) was 55,1%. The area under 
the ROC-curve for the sPESI score for in-hospital 
death was 0,73 (95% CI, 0,66-0,80). The difference 
with the similar parameter of the SIRENA score was 
insignificant (Figure 4).

In patients with high risk on both scores 
(sPESI+SIRENA), the mortality rate during hos -
pitalization was 27,1%, which was significantly higher 
compared with patients at high risk only for sPESI — 

Table 1
Independent predictors of in-hospital mortality 

in patients included in the SIRENA register

Factors OR 95% CI Р
Left ventricular ejection fraction <40% 5,734 1,627-20,205 0,007
Immobilization in the previous 12 months 4,999 1,523-16,406 0,008
Creatinine clearance <50 ml/min 4,833 1,793-13,026 0,002
Syncope as a pulmonary embolism symptom 2,833 1,043-7,697 0,041
Cyanosis on admission 2,330 1,106-4,911 0,026

Note: creatinine clearance calculated using the Cockcroft-Gault equation. 
Abbreviations: CI — confidence interval, OR — odds ratio, PE — pulmonary embolism.
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Figure 1. Areas under the ROC curves for the simplified and 
complex versions of the SIRENA score.
Abbreviation: CI — confidence interval.

Table 2
SIRENA* score

Factors Points
Left ventricular ejection fraction <40% 1
Immobilization in the previous 12 months 1
Creatinine clearance <50 ml/min 1
Syncope as a pulmonary embolism symptom 1
Cyanosis on admission 1

Note: * — total score is summed up.
Abbreviation: PE — pulmonary embolism.
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13,9% (RR, 1,94; 95% CI, 1,36-2,82; p<0,001), but 
did not differ significantly in comparison with patients 
with high risk on the SIRENA score — 24,3% (RR, 
1,11; 95% CI, 0,75-1, 65; p=0,78) (Figure 5).

Discussion
In the presented study, an attempt was made to 

create a new prognostic score to determine the risk 
of in-hospital mortality rate due to PE. The problem 
of predicting short-term outcomes in pulmonary 
embolism is quite relevant, since understanding the 
degree of risk is not only empirical knowledge, 
but also an important link in determining the 
management of patients.

Currently, the generally accepted prognostic 
model is the PESI and sPESI scores, which are the 
most accurate in comparison with other prognostic 
scores [2, 4-6]. At the same time, it is quite obvious 

that the sPESI score is not ideal and universal, 
since all possible factors of an unfavorable prognosis 
cannot be included in it (as in any other score). 
Therefore, the search for new opportunities to 
improve prognosis in patients with PE is of great 
clinical importance.

The data obtained in the SIRENA register is an 
important source of information on the management 
of patients with PE in Russian hospitals. But the 
prognostic score based on these results may become 
applicable not only in Russia, but also in other 
countries, since the main characteristics of the 
patients included in the SIRENA register were quite 
typical.

The novel prognostic score was created in the 
traditional way, by identifying independent predictors 
of deaths during hospitalization. It is interesting to 
note that most of the identified factors, on the one 
hand, can quite traditionally be associated with 
a poor prognosis in patients with cardiovascular 
diseases (reduced left ventricular ejection fraction, 
syncope, cyanosis, renal dysfunction). On the other 
hand, it should be noted that they do not directly 
coincide with risk factors in sPESI score (age, 
history of cancer or cardiopulmonary disease, low 
blood pressure, low blood oxygen level, tachycardia). 
The coincidences between some components of the 
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Figure 2. Relationship between different values of the SIRENA 
score and in-hospital mortality rate.

Figure 4. Areas under the ROC curves for in-hospital mortality for 
the SIRENA and sPESI scores.
Abbreviation: CI — confidence interval.

Figure 3. In-hospital mortality rate, depending on the high or low 
risk on the SIRENA score.
Abbreviations: CI — confidence interval, RR — relative risk.
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SIRENA and sPESI scores are only indirect (reduced 
blood oxygen level and cyanosis; cardiopulmonary 
disease and low left ventricular ejection fraction). 
This is probably why, in the studied group, the 
coincidence of death risk indicators between the 
scores was found only in 55% of patients, and 
the combination of high risk on both scores was 
associated with a significantly higher risk of death 
compared to patients who had a high risk on only 
one score.

An important prognostic component of the 
SIRENA score is syncope as a PE symptom. This 
is a well-known factor of poor prognosis, indirectly 
ref lecting both the volume of the pulmonary artery 
lesion and right ventricular volume overload [7], 
as well as early in-hospital death [8]. In addition, 
syncope is an important diagnostic marker for PE. 
At the same time, such an obvious risk factor as low 
blood pressure was not selected in the SIRENA score. 
At first glance, this may seem like a disadvantage of 
the SIRENA score, but in fact it is advantage. After 
all, low blood pressure in PE is almost always an 
independent, separate factor of very high risk, and 
the presence of low blood pressure often does not 
require any other risk assessment. The fact that the 
blood pressure value is not taken into account in the 
SIRENA score gives it the potential to be more in 
demand in clinical practice.

In general, the combination of independent risk 
factors made up the SIRENA score even without 
using the numerical odds ratio values. Each of the 
score components has the same quantity, which 
is undoubtedly convenient for practical use. A 
specially conducted comparative analysis showed no 
advantages of a more complex score version.

The analysis of the predictive value of SIRENA 
score showed high sensitivity and specificity in 
predicting in-hospital mortality: 62,7% and 78,5%, 
respectively. At the same time, the area under the 
ROC-curve for the SIRENA score was quite high 
and practically coincided with this parameter in 
the sPESI score. Comparison of the SIRENA and 
sPESI scores showed that adding the SIRENA score 
to sPESI significantly increases the effectiveness of 
predicting a fatal outcome, while, on the contrary, 
adding the sPESI to the SIRENA score not increase 
its predictive accuracy. This may indicate a slightly 
greater practical value of the SIRENA score.

Study limitations. The creation of a predictive 
score was not the primary aim of the SIRENA 
register.

The assumption of a high predictive value of 
the novel score and its comparison with the sPESI 
should be validated with independent samples, 
preferably with a large number of patients.

Direct comparison of the SIRENA and sPESI 
scores may be limited, since the sPESI score was 
studied for 30-day outcomes, while the SIRENA 
score was studied for in-hospital events so far.

For further use of the SIRENA score, it is 
necessary to understand its predictive value for more 
distant outcomes (not just in-hospital outcomes), 
and in addition, determine the place of the score in 
decision-making on patient treatment.

Conclusion
Based on the Russian register of acute pulmonary 

embolism, the SIRENA score was developed, which 
has a high accuracy (sensitivity, 62,7%; specificity, 
78,5%) in predicting in-hospital mortality.

Figure 5. In-hospital mortality rate in patients at high risk according to the sPESI, SIRENA score and their combination.
Abbreviations: CI — confidence interval, RR — relative risk.
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The novel SIRENA score includes the following 
components: 1) left ventricular ejection fraction 
<40%; 2) immobilization in the previous 12 months; 
3) creatinine clearance <50 ml/min; 4) syncope as a 
PE symptom; 5) cyanosis upon admission. The new 
SIRENA score is not inferior in predictive accuracy 

to the sPESI score recommended by the European 
Society of Cardiology guidelines, and the addition 
of the SIRENA score to the sPESI increases the 
predictive accuracy.
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Change of concentration of biochemical markers of dysfunction  
of endothelium at intake of  inhibitors of tyrosinekinase of I and II generations 
at patients with a chronic myeloid leukemia as risk factor of development  
of cardiovascular complications

Naumova K. V.1, Davydkin I. L.1, Lomaia E. G.2, Stepanova T. Yu.1, Kuzmina T. P.1, Zammoyeva D. B.2

Aim. Identification of interrelation of endothelial dysfunc-
tion at patients with chronic myeloid leukemia (CML), the 
accepting inhibitors tyrosine of kinases (TKI) I and the II 
generations (TKI1 and TKI2 respectively), and development 
of arterial hypertension. 
Material and methods. Examination of 137 patients with 
CML in the chronic phase (CP) is conducted, the median of 
age — 47 years. 24 of them were with for the first time the 
verified diagnosis of CML and earlier did not accept TKI, 
they have made group of control. Other patients accepted 
TKI: 39 patients — imatinib 400 mg/day, 36 — dasatinib 100 
mg/day, 38 — nilotinib 800 mg/day) more than 6 months. 
In biochemical analysis of blood indicators of lipidic range 
were defined. Level detection of ET-1 and VEGF was made 
by means of enzyme immunoassay. To all patients measure-
ment of the heart rate (HR) and the arterial blood pressure 
(ABP) on both hands at an interval of 2 minutes from previ-
ous was once taken. 
Results. In group of patients from CML accepting nilo-
tinib authentically significant increase in levels of systolic 
and diastolic ABP (р<0,001) in comparison with group of 
control, with group of the patients accepting imatinib and 
dasatinib is noted. The most serious changes of lipidic 
range are noted at the patients accepting nilotinib. In all 
groups statistically significant increase in level of C-reac-
tive protein, fibrinogen, homocysteine, endothelin-1 and 
VEGF in comparison with group of control is revealed. The 
most expressed changes are found in group of the patients 
accepting nilotinib, values of parameters of C-reactive pro-
tein, fibrinogen, homocysteine, endothelin-1 and VEGF are 
changed authentically (р<0,001) and statistically signifi-
cantly differ in comparison with group for the first time of 
the revealed patients with CML and groups of reception of 
imatinib and dazatinib. 
Conclusion. As a result of the conducted research 
endothelium variation of a function at patients from CML 
accepting TKI1 and TKI2 is revealed. The above-stated 

indicators can be used as additional diagnostic criteria for 
assessment of risk of development of arterial hyperten-
sion in patients with CML at reception of TKI. 

Keywords: chronic myeloid leukemia, cardiotoxicity, endo-
thelial dysfunction.
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Within the last decades there was progress in 
treatment of oncological pathology, the amount 
of drugs for anticarcinogenic therapy which are 
aimed at the alarm ways connected with cellular 
proliferation has increased (for example, inhibitors 
of tyrosinekinase (TKI)). Thanks to modern 
chemotherapy, the considerable results concerning 
duration and quality of life of patients [1] are 
achieved. However, modern anticarcinogenic 
therapy leads to serious side effects, in particular 
from cardiovascular system  — to cardiotoxicity, 
which can be shown by development of arterial 
hypertension, disturbances of rhythm, heart failure, 
changes on ECG, dysfunction of left ventricle [2-5].

The chronic myeloid leukemia (CML) represents 
the myeloproliferative new growth caused by 
activation of oncogene of BCR-ABL1 [6]. Frequency 
of CML increases with age and by estimates in 
the Russian Federation is 0,7 cases on 100 people 
[7]. TKI are basis of treatment of CML [8]. In the 
first line and the subsequent therapy use imatinib, 
nilotinib and dasatinib; bosutinib is shown for 
patients with resistance or intolerance to the previous 
therapy of TKI. Ponatinib is used at patients with 
mutation of T315I or at other mutations for which 
there is no other therapy of TKI [9]. Significant 
progress in development of TKI has led to increase 
in life expectancy and to improvement of quality of 
life of patients [1]. However, an important place is 
given to the development of adverse events (AEs) 
and comorbidity during therapy.

Safety of therapy is important for sick CML 
at constant uses of TKI that it is connected with 
requirement of continuous treatment [10]. In spite 
of the fact that the majority of AEs initially arise at 
early stage of treatment, emergence of some adverse 
events including clinically significant cardiovascular 
and metabolic, it is possible months or even years 
later has begun therapies [11]. The median of age, 
sick CML in the Russian Federation makes 49 years 
therefore these patients can have associated diseases 
and risk factors which increase probability of the 

mediated toxicity TKI during prolonged treatment 
[12]. 

Dysfunction of endothelium to which leads 
oxidizing stress and inf lammation is the patho-
physiological cornerstone of development of the 
majority of car diovascular diseases: the permeability 
of vascular wall for lipoproteins changes, there is 
activation of molecules of adhesion of leukocytes 
and moving of leukocytes to arterial wall [13]. 
Reduction of products and/or availability of ni -
trogen oxide (NO) and also imbalance between 
the vasodilators and vasoconstrictors developed 
by endothelium is characteristic of development 
of endothelial dysfunction [14]. On model of 
endothelium of rats, it is shown that increase in 
NO, endothelin-1 (ET-1) and other inf lammatory 
markers can be induced by hyperhomocysteinemia 
[15]. Homocysteine is minor product of numerous 
biological processes in human body and, being 
raised, can be connected with heavy atherosclerosis 
and thrombotic occlusion [16]. ET-1 is the most 
powerful vasoconstrictor identified today, making 
extremely strong reduction of number of blood 
vessels of mammals of in vitro, including arteries  
and veins of the person [17]. The vascular endothe- 
lial growth factor (VEGF) has pro-angiogenic ac- 
ti   vity and also increases permeability of vessels 
and is necessary in human body for forming and 
maintenance of endothelial permeability [18].

However, the problem of diagnostics of en -
dothelial dysfunction as predictor of arterial hy -
pertension at oncohematological patients remains 
poorly studied that is of special interest for scientists.

Purpose of the study. To reveal interrelation 
of endothelial dysfunction at patients with CML, 
the accepting TKI I and the II generations, and 
development of arterial hypertension.

Material and methods
Examination of 137 patients with CML in 

chronic phase aged from 30 till 50 years on the 
basis of hematology unit of clinic of Samara State 

For citation: Naumova K. V., Davydkin I. L., Lomaia E. G., Stepanova T. Yu., Kuzmina T. P., Zam-
moye  va D. B. Change of concentration of biochemical markers of dysfunction of endothelium 
at  intake of in  hibitors of tyrosinekinase of I and II generations at patients with a chronic myeloid 
leukemia as risk factor of development of cardiovascular complications. Russian Journal of Cardiology. 
2020;25(S4):4219. (In Russ.) doi:10.15829/1560-4071-2020-4219
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Medical University, the Institute of Experimental 
Medicine and Biotechnologies Samara State 
Medical University, Almazov National medical 
research center of the Ministry of Health of the 
Russian Federation. The diagnosis of CML (ICD 
X C92.1 code) has been established according to 
the recommendations of the European Society 
LeukemiaNet (2013) on the basis of results of 
clinical laboratory researches and detection of 
Ph-chromosome and/or gene of BCR-ABL [19]. On 
the basis of the above-stated criteria also the disease 
phase has been established.

Inclusion Criteria: 
1. Patients with Ph-positive chronic myeloid 

leukemia in chronic phase prior to treatment or the 
accepting inhibitors of tyrosinekinase of I (TKI1) 
imatinib and the II (TKI2) generations (dasatinib, 
nilotinib).

2. Existence of the informed consent of the 
patient to participation in research.

3. Patients aged 30 to 50 years.
Exclusion Criteria:
1. Acute disorder of cerebral circulation within 6 

months before inspection.
2. The postponed myocardial infarction.
3. Existence of diabetes mellitus of I, II types.
4. Existence of chronic disease of kidneys of the 

I-V stage
5. Existence of coronary heart disease with its 

clinical manifestations (the II-IV functional class).
6. Existence of idiopathic hypertension of the III 

degree prior to therapy of TKI.
7. Existence of other oncological diseases.
8. Inflammatory diseases in aggravation stage.
The number of men has made  — 64 (47%), 

women — 73 (53%). The median of age of patients 
has made 47 years (30-50). All patients have been 
divided into four groups. 39 patients accepting 
imatinib in dose of 400 mg/day have entered into the 
first group; in the second  — 36 patients accepting 
dasatinib in dose of 100 mg/day; in the third  — 38 
patients accepting nilotinib in dose of 800 mg/day; 
in the fourth (group of control) — the patients with 
for the first time the revealed diagnosis of CML 
who have not begun to accept TKI. The median of 
reception of TKI has made 25±5,84 months. 

At all patients the anamnesis of course of disease, 
its duration, duration of reception of TKI in detail 
became clear. For calculation of the index of body 
weight (BMI) growth and weight was measured. To 
all patients routine researches were carried out: the 
bulk analysis of blood (BAB) on Sysmex KX-21N 
hemanalyzer (Roche Diagnostics, Switzerland), the 
biochemical analysis of blood including research of 
lipidic range, markers of system inflammation  — 
the C-reactive Protein (CRP), fibrinogen, markers 

of endothelial dysfunction  — homocysteine, endo-
thelin-1 (ET-1), angiogenesis marker  — vascular 
endothelial growth factor (VEGF). Level detection 
of ET-1 and VEGF was made by means of en -
zyme immunoassay. For definition of ET-1 set 
(BIOMEDICA GRUPPE) for quantitative definition 
of human big endothelin (1-38) in blood serum, 
measurement range has been used: 0,02-3 pmol/L. 
The VEGF level was determined by set (eBioscience) 
for quantitative definition of human soluble receptor 
of 1 vascular endothelial growth factor (sVEGFR1) in 
serum samples by method of enzyme immunoassay.

To all patients measured the heart rate (HR). 
Mea surement of the arterial blood pressure (ABP) 
was taken once by means of the auscultatory 
sphygmomanometer on both hands, repeated 
measurement of the ABP was taken in 2 minutes 
from previous.

The data obtained during the research pro cessed, 
using the standard Microsoft Excel pro gram and 
package of the certified SPSS 13.0 and Stat Soft 
Statistica 6.1 programs, the following mathematical-
statistical methods have been applied: Kolmogorov-
Smirnov’s criterion for assessment of normality of 
distribution of values, standard descriptive statistics 
(average, standard error of average, median, mini-
mum, maximum), non-parametric Mann-Whitney 
U-test for comparison of quantitative indices, rank 
correlation coefficient of Spearman’s for interre-
lation research between quantitative characters. 
Distinctions considered statistically significant at 
р<0,05 [20].

The research has been executed according to 
standards of appropriate clinical practice (Good 
Clinical Practice) and the principles of the Helsinki 
declaration. The study protocol was approved by the 
ethical committee of Samara State Medical University.

Results 
The specified groups of patients have been 

inspected. It is most characteristic of the patients 
accepting nilotinib 800 mg/day there was periodic 
increase in arterial blood pressure (mainly in the 
morning). In detail clinical and demographic 
characteristics of sick CML are provided in table 1. 
In the relation of the gender and age characteristic 
it should be noted bigger number of women in each 
group, than men without statistically significant 
distinctions on age. Among patients in the groups 
receiving TKI statistically significant distinctions on 
BMI, duration of disease and reception of therapy of 
TKI were not observed (Table 1). 

At the patients accepting imatinib 400 mg us 
statistically significant differences in the values 
of Psys and Pdias, the values of the lipid profile from the 
control group.
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control group and the first group, an increase in the 
level of TGs (1,38±0,11 mmol/l, p<0,05) compared 
with the control group and AC (3,11±0,17, p<0,05) 
compared with the control group.

In the group of patients with CML taking nilotinib 
at a dose of 800 mg/day. There was a statistically 
significant increasing in systolic and diastolic blood 
pressure levels (Psys 143,21±4,78 and Pdias 91,84±5,46 
mm Hg, p<0,001) compared with the control group 

In the group of patients with CML receiving 
dasatinib at a dose of 100 mg/day a statistically 
significant increase in systolic blood pressure values 
was found (Psys 132,41±5,19 mm Hg, p<0,05) 
compared with the control group and the group of 
patients taking imatinib 400 mg/day.

Significant changes in the lipid profile were 
also detected: an increase in the level of VLDL 
(0,72±0,08 mmol/l, p<0,05) compared with the 

Table 1
Clinical and demographic parameters of patients with CML

Indicators 1st group  
(CML + Ima 400 mg, 
n=39)

2nd group  
(CML + Dasa 100 mg, 
n=36)

3rd group  
(CML + Nilo 800 mg, 
n=38)

Control group  
(n=24)

Sex (men/women), n (%) 18 (46) 21 17 (47) 19 18 (47) 20 11 (46) 13
Age, Me 47 [30; 50] 47 [30; 50] 48 [30; 50] 46 [30; 50]
BMI, Me±SD 25,46±3,17 26,81±4,63 26,34±4,08 24,72±4,91
Duration of disease, Me±SD, 
month.

42±4,36 44±4,73 47±6,28 -

Duration of therapy, Me±SD, 
month.

26±3,82 23±4,61 24±4,39 -

HR, per min 75,23±6,29 72,84±4,77 74,65±5,48 73,53±4,16
Psys, mm Hg 127,67±6,25 132,61±6,79*/^ 143,05±4,78**/^^/## 124,78±5,81
Pdias, mm Hg 86,56±4,54 85,39±4,58 91,84±5,46**/^^/## 83,23±5,15
TC, mmol/l 4,89±0,14 4,91±0,18* 6,27±0,22**/^^/## 4,81±0,17
LDL, mmol/l 3,07±0,27 3,12±0,18 4,33±0,28**^^^/## 3,06±0,13
VLDL, mmol/l 0,61±0,14 0,72±0,08*/^ 0,92±0,17**/^^/## 0,61±0,13
HDL, mmol/l 1,21±0,15 1,20±0,11 1,16±0,12**/^^/## 1,19±0,07
TGs, mmol/l 1,36±0,12 1,38±0,11* 1,85±0,07**/^^/## 1,33±0,08
AC 3,03±0,23 3,11±0,17* 3,94±0,27**/^^/## 2,99±0,14

Notes: */**/*** — significance of difference with the control group ^/^^/^^^ — sign imost differences compared to group 1, #/##/### — 
significance of differences compared with group 2. * — p<0,05, ** — p<0,001. 
Abbreviations: CML — chronic myeloid leukemia, Ima 400 mg — imatinib at a daily dose of 400 mg, Dasa 100 mg — dasatinib at a daily 
dose of 100 mg, Nilo 800 mg — nilotinib at a daily dose of 800 mg, BMI — body mass index, HR — heart rate, Psys — systolic arterial 
pressure, Pdias — diastolic blood pressure, LDL — low density lipoproteins, VLDL — very low density lipoproteins, HDL — high density 
lipoproteins, TGs — triglycerides, AC — atherogenic coefficient.

Table 2
Comparative data of indicators of markers of damage of endothelium at patients with CML

Indicators 1st group  
(CML + Ima 400 mg, 
n=39)

2nd group 
(CML + Dasa 100 mg, 
n=36)

3rd group  
(CML + Nilo 800 mg, 
n=38)

Control group  
(n=24)

СRP, mg/ml 2,12±0,26** 3,06±0,26**/^^ 5,41±0,32**/^^/## 1,46±0,25
Fibrinogen, g/l 3,48±0,22* 4,02±0,17**/^^ 4,07±0,16**/^^/## 3,17±0,16
Homocysteine, µmol/l 9,53±0,31 10,80±0,39 10,93±0,28**/^^ 9,32±0,26
Endothelin-1, pmol/ml 0,16±0,04* 0,32±0,02**/^^ 0,89±0,05**/^^/## 0,04±0,02
VEGF, pg/ml 54,78±7,54** 109,86±12,97**/^^ 165,36±11,44**/^^/## 35,53±6,59

Notes: */**/*** — significance of the difference with the control group, ^/^^/^^^ — significance of the difference in comparison with group 
1, #/##/### — significance of the difference in comparison with group 2. * — p<0,05, ** — p<0,001. 
Abbreviations: CML — chronic myeloid leukemia, Ima 400 mg — imatinib at a daily dose of 400 mg, Dasa 100 mg — dasatinib at a daily 
dose of 100 mg, Nilo 800 mg — nilotinib at a daily dose of 800 mg, CRP — C-reactive protein, VEGF — vascular endothelial growth factor. 
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AC (3,9±0,27, p<0,001), a statistically significant de    - 
crease in HDL (1,16±0,12 mmol/l, p<0,001) in 
comparison with control groups, patients taking 
imatinib 400 mg/day, patients taking dasatinib 100 
mg/day.

Data on studying of markers of damage of endo-
thelium are in detail provided in table 2.

It should be noted that a statistically significant 
increase in CRP, fibrinogen, homocysteine, ET-1 

with a group of patients taking imatinib 400 mg/day 
and dasatinib 100 mg/day. The most serious changes 
in laboratory parameters were also noted in the group 
of patients taking nilotinib 800 mg/day. In the group 
of patients with CML receiving nilotinib at a dose 
of 800 mg/day, a statistically significant increase in 
total cholesterol (6,27±0,22 mmol/l, p<0,001), LDL 
(4,33±0,28 mmol/l, p<0,001), VLDL (0,92±0,17 
mmol/l, p<0,001), TGs (1,85±0,07 mmol/l, p<0,001), 

Table 3
Correlation interrelations between markers of lipidic range and markers of damage of endothelium

Indicators Drug Homocysteine, µmol/l Endothelin-1, pmol/ml VEGF, pg/ml
TC Ima400 0,92*** 0,54*** 0,96***

Daza100 0,83*** 0,49** 0,84***
Nilo800 0,61*** 0,67*** 0,22

LDL Ima400 0,67*** 0,45** 0,62***
Daza100 0,31* 0,38* 0,35**
Nilo800 0,43** 0,39* 0,81***

VLDL Ima400 0,80*** 0,36* 0,77***
Daza100 0,82*** 0,28 0,81***
Nilo800 0,88*** 0,94*** 0,28

HDL Ima400 0,88*** 0,63*** 0,92***
Daza100 0,84*** 0,51*** 0,89***
Nilo800 0,87*** 0,94*** 0,36**

TGs Ima400 0,94*** 0,58*** 0,98***
Daza100 0,93*** 0,59*** 0,98***
Nilo800 0,97*** 0,93*** 0,43**

AC Ima400 0,92*** 0,57*** 0,95***
Daza100 0,92*** 0,58*** 0,98***
Nilo800 -0,02 0,92*** -0,14

Notes: * — p<0,05, ** — p<0,01, *** — p<0,001.
Abbreviations: Ima 400 mg — imatinib at a daily dose of 400 mg, Dasa 100 mg — dasatinib at a daily dose of 100 mg, Nilo 800 mg — 
nilotinib at a daily dose of 800 mg, VEGF — vascular endothelial growth factor, TC — total cholesterol, LDL — low density lipoproteins, 
VLDL — very low-density lipoproteins, HDL — high density lipoproteins, TGs — triglycerides, AC — atherogenic coefficient.

Table 4
Correlational interrelation between markers of endothelial damage and values of Psys and Pdias

Indicators Drug Homocysteine, µmol/l Endothelin-1, pmol/ml VEGF, pg/ml
Psys Ima400 0,96*** 0,57*** 0,98***
Pdias 0,82*** 0,44** 0,85***
Psys Daza100 0,75*** 0,62*** 0,77***
Pdias 0,93*** 0,66*** 0,96***
Psys Nilo800 0,76*** 0,84*** 0,31*
Pdias 0,90*** 0,83*** 0,42**

Abbreviations: Ima 400 mg — imatinib at a daily dose of 400 mg, Dasa 100 mg — dasatinib at a daily dose of 100 mg, Nilo 800 mg — 
nilotinib at a daily dose of 800 mg, VEGF  — vascular endothelial growth factor, Psys  — systolic blood pressure, Pdias  — diastolic blood 
pressure. 
Notes: * — p<0,05, ** — p<0,01, *** — p<0,001.
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kers of damage to the vascular endothelium in 
patients with CML and hypertension is undoubted 
interesting. 

Cardiovascular AEs apparently related to the 
peculiarities of the action of TKI. There is an 
opinion that the inhibition of various TKI targets 
contributes to their different toxicity profiles 
[9]. All TKI inhibit a number of kinases, but 
in different values. Compared with most other 
TKI, dasatinib has a higher inhibitory effect 
against the Src family kinases, the Bruton tyrosine 
protein kinase and the alpha receptor for growth 
factor platelet receptor (PDGFRα); nilotinib is a 
derivative of imatinib and also inhibits PDGFR 
and c-Kit; Bosutinib has a higher inhibitory effect 
against Src-family kinases; Ponatnib has a higher 
inhibitory effect against PDGFRα, c-Kit and 
VEGFR-2 [22-26]. 

The spectrum of potential cardiovascular and 
metabolic toxicity associated with TKI therapy 
varies from chronic pathology to potentially life 
threatening and includes heart failure, prolonged 
QT interval, arterial hypertension, thrombosis, 
peripheral arterial occlusive disease, hyperlipidemia, 
hyperglycemia [11]. So, in patients taking nilotinib 
800 mg/day the highest levels of Psys and Pdias among 
all groups are noted, which, probably like other 
adverse events, is associated with the spectrum 
of nilotinib inhibited kinases. The analysis of the 
lipid profile in patients with newly diagnosed CML 
and patients receiving TKI of I and II generations 
showed significant changes, especially in patients 
taking nilotinib 800 mg/day. These patients 
showed a statistically significant increase in total 
cholesterol, LDL, VLDL, TGs, a statistically sig -
nificant decrease in HDL cholesterol, and, as a 
result, a significant increase in atherogenicity was 
found. Patients taking dasatinib 100 mg/day are 
shown less significant but statistically significant 
changes — an increase in total cholesterol, VLDL, 
TGs and AC. Such disorders of the lipid profile are 
consistent with literature data [11]. 

Arterial hypertension serves as an activator of 
oxidative stress, which is accompanied by tissue 
damage and initiates endothelial dysfunction. En -
dothelial dysfunction initiates further deve  lopments 
leading to changes in the content of vasoactive 
substances, inf lammatory reactions and vascular 
remodeling, which, in turn, leads to the pathology 
of target organs [27]. Currently, one of the most 
studied vasoactive mediators is ET-1 and VEGF, 
the prognostic significance of which is confirmed 
in blood diseases [28]. A rat’s endothelial model 
showed that hyperhomocysteinemia can increase 
the levels of ET-1 and other inf lammatory mar-
kers [15].

and VEGF levels was found in all groups of patients 
with CML treated with ITK compared with the 
control group. The most explicied changes were 
found in group 3 patients, the parameters of CRP, 
fibrinogen, homocysteine, ET-1 and VEGF changed 
significantly (p<0,001) and statistically significantly 
different compared with the control group, 1 and 
2 groups. Changes in the content of biochemical 
markers ref lect endothelial dysfunction. Particularly 
noteworthy is the increase in CRP and ET-1 and 
VEGF, which reflects the unity of the inflammation 
process. 

Correlation analysis was carried out with the 
purpose to reveal interrelations of indicators of 
lipidic range and markers of damage of endothelium 
at the patients accepting ITK. Close interrelations 
have been revealed in 1, 2 and 3 groups between 
indicators of lipidic range and markers of damage, 
among them have been chosen homocysteine, 
Etendotelin-1 and VEGF (Table 3).

Besides, we carried out a correlation analysis 
of  markers of damage to the endothelium and le -
vels of Psys and Pdias, during which the close inter-
relation of indicators was revealed (Table 4).

Patients 3 groups accepting nilotinib 800 mg/day 
had the clinical features characterizing them as group 
of persons with high arterial blood pressure. In 
24±4,39 months of reception of nilotinib, patients 
had the arterial hypertension of 1 degree revealed 
at 38,42% of persons. The highest rates of lipidic 
profile in interrelation with markers of damage 
of endothelium can demonstrate development of 
system inflammatory process. 

Thus, in all groups statistically significant 
correlations of indicators of lipidic range and markers 
of damage of endothelium have been revealed, at the 
same time especially significant interrelations were 
defined at patients from CML accepting nilotinib 
800 mg a day. In the last group of patients the share 
of patients with arterial hypertension, markers of 
endothelial dysfunction and disturbances of lipidic 
exchange in comparison as with other groups of 
patients was authentically higher.

Discussion
It is known that cardiotoxicity is one of the 

most dangerous AEs resulting from therapy 
of oncological diseases and can inf luence life 
expectancy. Minimizing of risk of the cardiovascular 
complications caused by different types of therapy 
is vital for patients. Therefore patients need to place 
emphasis on early detection and assessment of risks 
of cardiovascular diseases at purpose of drugs TKI 
with CML [21] .

The studying of lipid profile disorders in 
combination with changes in the content of mar- 
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Before starting treatment of TKI, each patient 
needs to evaluate cardiovascular and metabolic 
risk factors, which, together with an understanding 
of the toxicity profiles of each TKI, will help 
determine the most appropriate drug. Regular 
monitoring and early recognition of AE during 
treatment will help reduce endothelio-toxicity [11], 
and modification of an aggressive risk factor with 
the onset of prophylactic treatment can prevent 
undesirable cardiovascular events. Appropriate 
treatment choices along with the prevention and 
treatment of TKI-related toxicity can help prevent 
premature cessation of therapy and optimize long-
term results in patients with CML. 

The team of authors acknowledges that the 
study had a number of limitations, given the small 
sample size, a multi-dimensional analysis was not 
carried out. However, we found it possible to 
present the obtained data, since from our point 
of view, it is necessary to trace the association of 
hypertension in changes in endothelial function 
in patients with CML when using TKI and the 
development of cardiovascular complications in the 
patients observed. Further monitoring of patients 
with CML receiving TKI will allow developing 
tools for predicting cardiovascular events that are 
available for actual clinical practice in patients with 
CML before prescribing or during the treatment of 
TKI.

Conclusion
As a result of the conducted research endothelium 

variation of a function at patients from CML 
accepting TKI1 and TKI2 is revealed. The above-
stated indicators can be used as additional diagnostic 
criteria for assessment of risk of development of 
arterial hypertension in patients with CML at 
reception of TKI. It will promote early identification 
of complications from cardiovascular system that, in 
turn will allow to improve the forecast of course of 
disease and quality of life of patients.

Relationships and Activities. The authors declare 
no conflict of interest.

Analysis of the data obtained during the study of 
endothelial function revealed the following patterns: 
a significant change in fibrinogen and CRP levels 
depending on the applied TKI, also significantly 
changed ET-1 and VEGF, the homocysteine 
level was significantly different in patients taking 
800 mg/day nilotinib in comparison with newly 
diagnosed patients with CML and patients taking 
imatinib 400 mg/day. However, the level of 
fibrinogen was within the reference values (2-4 g/l) 
and was slightly increased in the dasatinib group 
of 100 mg/day. and nilotinib 800 mg/day. The 
obtained data are confirmed in a  study of patients 
with CML and in a number of other works [29]. 
An increase in CRP levels (p<0,02) in patients with 
CML using hydroxurea, interferon-α and imatinib 
therapy is confirmed in the study of Humlova Z, 
et al. in 2010 [30]. According to Fossard G, et al. 
(2016) comparing the level of homocysteine in 
patients using imatinib and nilotinib, it was 13,9 
µmol/l and 12,20 µmol/l, respectively, the author 
did not note interconnections between the level of 
homocysteine and the type of cardiovascular event. 
However, after conducting a ROC analysis, the 
authors determined a homocysteine threshold of 
13,95 µmol/l, which can select patients with a high 
risk of morbidity [31]. 

Data on changes in the concentration of ET-1 
in the serum of CML patients in the literature have 
not been found. In a research by Chand R, et al. 
(2016) it was noted that the highest serum VEGF 
levels were observed in CML (1011,5±789,09 pg/
ml), which indicates the maximum angiogenic 
potential in this disease. Another important sign 
was a significant decrease in the level of VEGF in 
the serum after treatment of CML (294,84±401,17 
pg/ml, p=0,037). This is shown the importance of 
angiogenesis in the pathogenesis of hematological 
malignant neoplasms [32].

Identified in the course of the study, the 
interrelation between lipid profile indicators and 
endothelium damage markers ref lects the unity of 
the inflammation process resulting from the use of a 
number of TKI preparations.
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Coronavirus disease 2019 in a patient with CADASIL syndrome: a case report 

Zaslavskaya E. L.1, Zaslavsky L. G.1, Baranova E. I.1,2, Alekseeva A. M.1, Markov N. V.1, Zagidullin N. Sh.3

We present a case report of a patient with a previously 
identified cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL), 
who was admitted due to coronavirus disease 2019 (COVID-
19), confirmed by polymerase chain reaction and computed 
tomography. Examination and treatment of these patients 
presents certain difficulties due to the large number of 
thromboembolic complications caused by a combination of 
congenital and infectious angiopathies. CADASIL syndrome 
and COVID-19 were manifested by the progression 
of neurological symptoms and increasing cognitive 
impairment. During therapy, there was a positive change 
with a gradual regression of these disorders.

Keywords: CADASIL, SARS-CoV-2, COVID-19, stroke, co -
ro  navirus disease, anticoagulants.
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Сerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy 
(CADASIL) is a rare genetic disorder with auto -
somal dominant inheritance caused by a mutation in 
NOTCH-3 gene, located on the 19p13 chromosome. 
This disease is characterized by a low prevalence: 
there are 2-5 cases per 100 thousand people 
worldwide; however, its incidence in different 
populations may differ [1].

 Clinically, CADASIL syndrome is most often 
manifested by recurrent ischemic episodes leading to 
dementia, gait abnormalities, urinary incontinence, 
pseudobulbar palsy, migraine (with and without 
aura), and epileptic seizures. Migraine with aura 
is an early characteristic feature of CADASIL, 
occurring in 20-50% of patients with an average age 
of 30 years. Transient ischemic attacks and lacunar 
strokes in CADASIL occur in 60-85% of patients 
aged 50-60 years. Cognitive impairment is often 
an early manifestation of CADASIL syndrome. 
Epileptic seizures develop in 5-10% of patients [2].

The coronavirus disease 2019 (COVID-19) 
caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) poses a serious threat 
to humanity and is associated with a wide range of 
clinical respiratory syndromes ranging from mild 
upper respiratory tract symptoms to life-threatening 
progressive viral pneumonia [3]. Patients with severe 
COVID-19 are characterized by respiratory failure 
and progressive hypoxemia, which often require 
respiratory support. Chest computed tomography 
(CT) in patients with COVID-19 reveals numerous 
ground glass opacities, predominantly round, 
of varying length with or without consolidation, 
which meet Berlin criteria for acute respiratory 
distress syndrome [4]. The hallmarks of COVID-
19 include vascular disease caused by endothelial 
dysfunction and other factors. COVID-19 is also 
characterized by coagulopathy, which manifested 
by skin abnormalities, indicating thrombotic 
microangiopathy, as well as diffuse alveolar damage 
due to fibrin thrombi formation; laboratory changes 
in these patients are characterized by increased levels 
of D-dimer and ferritin [5].

Much of our knowledge regarding strokes 
associated with SARS-Cov-2 or those aggravated 
by a viral infection is based on data from a series of 
single-center cases, and there are no clear algorithms 
for treating these patients. Efforts are under way 
to improve diagnosis, risk factors and treatment 
approaches in patients with COVID-19-related 
strokes.

We present a case report of a patient with 
CADASIL syndrome and moderate COVID-
19  — a combination of congenital and infectious 
angiopathies.

Case report
Female patient aged 56 years was admitted to 

the infectious diseases’ hospital with a previously 
identified CADASIL syndrome, confirmed COVID-
19, and bilateral viral multisegmented pneumonia. 
Upon admission, the patient complained about 
severe weakness and low-grade fever.

Medical history. It is known that since 2010 
memory loss and gait abnormalities have appeared. 
Since 2010, sensory aphasia, motor apraxia, impaired 
right-left orientation, finger agnosia, pseudobulbar 
palsy, bilateral pyramidal insufficiency, mild bilateral 
cerebellar ataxia have been diagnosed. In 2015, at the 
Research Centre for Medical Genetics in Moscow, 
she was examined for mutations in the NOTCH3 gene 
(CADASIL Syndrome). The heterozygous mutation 
c.548G> T (p.Cys183Phe) was revealed, which 
confirmed a CADASIL. Subsequent admissions 
to the neurological clinic showed progression of 
neurological symptoms, increasing cognitive 
impairment (Montreal Cognitive Assessment 
score of 21, Mini-Mental State Exam score of 17, 
Frontal Assessment Battery of 6). Severe cognitive 
impairments were diagnosed in 2020 (frontal-
subcortical dementia). Duplex ultrasound of the 
brachiocephalic arteries revealed no atherosclerotic 
plaques and no intima-media thickening (Figure 1). 
In 2019, electroencephalography revealed abnor-
malities within the disorganized type. There was no 
epileptiform activity.

Using polymerase chain reaction, Herpes and 
Borrelia were not revealed in cerebrospinal f luid 
(CSF) and blood. Any rheumatic disease and 
antiphospholipid syndrome were not revealed. 
Oligoclonal IgG bands in serum and CSF was not 
revealed, while free light chains, kappa and lambda 
in serum and CSF were not elevated. Myelin basic 
protein and anti-aquaporin antibodies were in 
normal range. Analysis for HIV, HBsAg, HCVAb, 
RW in CSF and blood were negative.

With regular courses of neurometabolic therapy, 
irregular intake of NMDA receptor antagonists 
and acetylcholinesterase inhibitors, no significant 
positive dynamics was observed. Since 2019, the 
patient has been receiving continuous therapy: 
perindopril (5 mg) + indapamide (1,25 mg); 
atorvastatin (10 mg); metformin (850 mg); akatinol 
memantine (10 mg); levetiracetam (500 mg).

Development of COVID-19. Seven-eight days before 
hospitalization, the patient developed weakness, 
decreased appetite, cognitive impairment, and low-
grade fever. At admission to the infectious diseases’ 
hospital, moderately grave condition was noted. 
Temperature of 38,0 C. Pulse: 97 bpm, rhythmic, 
satisfactory filling, symmetrical. Blood pressure: 
115/70 mm Hg. Respiration: spontaneous, efficient, 



31

CLINICAL CASE

Figure 1. Carotid ultrasound. 
Note: common carotid artery, internal carotid artery, and external 
carotid artery are patent throughout; diameters are sufficient; 
velocity parameters are within normal limits (in the common caro- 
tid artery, the blood flow rate was 80,0 cm/sec, external carotid 
artery — 48,0 cm/sec; internal carotid artery — 42,0 cm/sec). The 
intima-media thickness was 0,08 cm.

Figure 2. Brain MRI. 
Note: MRI picture of multiple focal discirculatory abnormalities 
in the brain; numerous post-ischemic lacunar cysts, periventricular 
areas of leukoaraiosis; expansion of CSF spaces.

Table 1
Changes in haematological parameters

Parameters Reference value Day 8 Day 12 Day 17 Day 19
RBC, 1012/L (3,7-4,7) 5,0 4,3 4,8 4,9
Platelets, 109/L (150-400) 191 190 348 327
WBC, 109/L (4,00-8,80) 8,34 5,94 11,25 7,13
Neutrophils,% (46,0-72,0) 82,7 58,1 56,7
Lymphocytes,% (18,0-40,0) 11,2 33,4 32,7
Creatinine, mmol/L (0,053-0,097) 0,081 0,059 0,78
CKD-EPI GFR, ml/min/1,73 m2 (>90,0) 68,8 96,7 79
Ferritin, µg/L (11,0-307,0) 296,0 317,0 304,0
Troponin I (high-sensitivity), ng/ml <0,005 0,003 0,001 0,001
D-dimer, µg/L (FEU) (<500) 541 485 467
Fibrinogen, g/L (1,80-3,50) 6,69 5,70 5,42
Procalcitonin, µg/L (<0,0000) 0,1113 0,0966 0,0700

Abbreviations: GFR — glomerular filtration rate, RBC — red blood cells, WBC — white blood cells.

Table 2
Arterial blood gas changes

Parameters Reference value Day 8 Day 10 Day 18
рН (7,350-7,450) 7,600 7,520 7,500
рСО2, mm Hg (35,0-45,0) 31,0 37,0 31,0
рО2, mm Hg (80,0-100,0) 53,0 72,0 57,0
HCO3act, mmol/L (21,0-28,0) 30,4 30,2 24,2
BE (ecf), mmol/L 8,8 7,3 1,0
O2 SAT, % 92,0 96,0 92,0
tCO2, mmol/L 31,4 31,3 25,2
Hematocrit, % (34,0-52,0) 43,0 45,0 39,0
Potassium, mmol/L (3,50-4,50) 2,70 4,40 3,50
Sodium, mmol/L (135,0-148,0) 131,0 144,0 132,0
Ionized calcium, mmol/L (1,12-1,32) 1,01 1,10 1,12
Lactate, mmol/L 1,30 1,8 2,00
Biomaterial Without О2 therapy With О2 therapy Without О2 therapy 
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rhythmic. Respiratory rate of 21 breaths per minute 
and SpO2 92% were recorded. Patient communication 
was significantly limited due to dementia. It was 
impossible to assess the patient’s sense of smell, eye 
movements, visual fields, and sensitivity. Pupils D=S. 
Slow photoreaction was noted. Convergence was not 
appreciated. End-position nystagmus with extreme 
abduction of the eyeballs was revealed. Corneal 
reflexes were preserved. Trigeminal neuralgia was 
not detected. Swallowing was not disturbed. Reduced 
pharyngeal reflexes and dysarthria were determined. 
Symptoms of oral automatism were caused. The 
palmar grasp reflex on the right was revealed. Upper 
limb muscle tone was increased in a pyramidal pattern. 
Diffuse muscle wasting. Muscle strength cannot be 
reliably assessed due to cognitive deficit. Brisk biceps 
and knee reflexes, D>S; triceps, carporadial, Achilles 
reflexes, D=S. Abdominal reflexes were preserved. 
Bilateral Babinski reflex was presented. Pain response 
was preserved on both sides. Coordination tests could 
not be assessed. Meningeal signs were not revealed. 

Thus, the following syndromes were identified: 
cognitive impairment (frontal-subcortical dementia), 
pseudobulbar, sensorimotor aphasia, bilateral pyra -
midal insufficiency, pelvic organ dysfunction of cen -
tral origin, indicating a multifocal vascular process.

According to magnetic resonance imaging (MRI), 
a  picture of multiple focal discirculatory abnorma-
lities in the brain; numerous post-ischemic lacunar 
cysts, periventricular areas of leukoaraiosis. Ex pan -
sion of CSF spaces (Figure 2).

According to chest computed tomography (CT) 
at admission, grade 2 bilateral viral pneumonia 
was revealed. The English National Early Warning 
Score (NEWS) of 6 was detected. Decompensated 
alkalosis (Ph, 7,600) was noted, as well as a decrease 
in oxygen partial pressure to 53,0 mm Hg (Table 1). 
Grade 1 respiratory failure was diagnosed. The 
blood tests showed a high level of C-reactive protein 
(CRP), a slight increase in fibrinogen and D-dimer 
levels. White blood cell count and procalcitonin level 
were within the normal range (Tables 2, 3).

On the 11th day of illness, the maximum level 
of CRP (171,47 mg/L) was noted. Chest CT 
scan revealed glass opacities with multiple foci 
consolidation (both in the peripheral and central 
peribronchial areas) and pronounced reticular 
changes (with predominant localization in the dorsal 
and dorsal-basal parts). The extent of the lung 
tissue damage was 65-70%. The high probability of 
COVID-19 was detected. CT scan meet the criterial 
for grade 2-3 pneumonia. When compared with 
previous image, there was a negative trend.

According to the current temporary guidelines for 
the prevention, diagnosis and treatment of COVID-
19, therapy with hydroxychloroquine in combination 
with azithromycin (hydroxychloroquine 400 mg twice 
a day, then 200 mg 2 twice a day within 6 days + 
azithromycin 500 mg 1 time per day for 7 days) is 
indicated. Taking into account the severe neurological 
deficit, persistence of fever and the need for oxygen 
support, an increase in CRP levels and negative 
dynamics in chest CT, it was decided to abandon 
this treatment regimen in favor of glucocorticoid 
drugs. After 10 days of dexamethasone therapy (12 
mg per day for 10 days, 8 mg per day for 11 days, 4 
mg per day for 12 days, followed by withdrawal of 
glucocorticoids), the fever was stopped, the CRP level 
normalized, and the neurological status improved as 
a slight regression of cognitive impairments  — the 

Table 3
Changes of serum CRP concentration 

Parameter Reference value Day 8 Day 9 Day 10 Day 13 Day 20
C-reactive protein, mg/L (0,01-5,00) 58,24 86,16 171,47 48,02 4,77

Figure 3. Changes of chest CT on the 8th, 14th and 21st days of a vi- 
ral infection.

Figure 4. Head and neck CT angiography. 
Note: carotid artery diameter was not altered; no contrasting 
defects; no pathological tortuosity. The vertebral arteries typically 
depart, enter the C6 transverse foramen, passable, not narrowed, 
the left one is dominant. Intracranial segments of the internal carotid 
arteries, basilar and cerebral arteries are passable, not narrowed. 
The anterior communicating and right posterior communicating 
arteries are well developed. The left posterior communicating 
artery is not developed. There is a diffuse expansion of brain 
ventricles and decrease in periventricular white matter density.
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dothelial dysfunction, intimal thickening, leading 
to arterial wall remodelling. In COVID-19 patients, 
strokes are usually associated with the activation of 
the renin-angiotensin system, procoagulation, and 
massive release of inflammatory cytokines (cytokine 
release syndrome) [7].

Strokes in CADASIL patients tend to damage 
subcortical structures. Brainstem involvement 
is much less common [8]. Interestingly, studies 
on animals have shown that coronaviruses may 
have tropism to the brainstem. At the same time, 
previously conducted studies with a group of 
coronaviruses in preclinical models showed that 
when coronaviruses penetrate into the brain, 
the mortality rate in animals increases, which is 
presumably due to dysfunction of cardiovascular 
centre in the brainstem [9]. Our patient had risk 
factors for vascular disease: obesity, hypertension 
and CADASIL.

The patient’s hypertension was controlled within 
the optimal range, and the CADASIL-related brain 
abnormalities according to MRI remained stable over 
the years, as did the neurological symptoms. It is possible 
that SARS-Cov-2 infection could have contributed to 
the deterioration of CADASIL course  — aggravation 
of neurological symptoms and cognitive functions. It 
should be noted that with timely treatment, the patient 
had a reduced risk of spontaneous thrombosis  — 
D-dimer levels were within normal limits, while the 
blood concentration of C-reactive protein during 
glucocorticoid therapy quickly normalized. Treatment 
with low-molecular-weight heparins in therapeutic 
dosages was also carried out. Neurological and cognitive 
impairments were temporary and most likely associated 
with viral intoxication.

Thus, in patients with a combination of congenital 
and infectious angiopathies and COVID-19, neu -
roimaging is necessary to rule out new foci of cere -
brovascular disturbance. It is recommended that early 
initiation of direct anticoagulant therapy may be 
beneficial in reducing the thromboembolism risk in 
these patients. In the presence of respiratory failure and 
depending on the severity of patients with CADASIL 
and COVID-19, oxygen therapy is recommended to 
reduce hypoxia, which also affects the progression of 
neurological symptoms. Such patients are indicated 
for invasive and non-invasive mechanical ventilation, 
continuous positive airway pressure (CPAP) and bilevel 
positive airway pressure (BiPAP) therapy or high-flow 
nasal cannula oxygen in patients of moderate severity. 
The appointment of a specific antiviral treatment is 
controversial. The appointment of therapy should 
be carried out in accordance with the COVID-19 
guidelines of the Ministry of Health of Russia [10].

Relationships and Activities: none.

comprehension of addressed speech improved. An 
improvement was also noted in fixing the hammer in 
the horizontal direction. With the abolition of oxygen 
support, the increase in lactate level was not observed, 
which indicated the absence of significant tissue 
hypoxia (Table 2). According to chest CT image, in 
the peripheral and central parts of both lungs, lobular 
merging and multilobular areas of glass opacities with 
indistinct contours were preserved. Similar nodular 
compaction in the right upper lobe was identified. 
Transformation of some interstitial infiltrates into 
perilobular reticular compactions, parapleural and 
peribronchovascular areas of consolidation with cord-
like contours was determined predominantly in the 
dorsal-basal areas of both lungs. The extent of lung 
changes decreased in comparison with previous CT 
image (Figure 3).

Taking into account the high risk of intravascular 
thrombosis, the patient received therapy with low 
molecular weight heparins (enoxaparin sodium) at 
a therapeutic dose of 1 mg/kg from the first day 
of hospitalization (bleeding risk was determined 
using the HAS-BLED score). The effectiveness 
of anticoagulant therapy was assessed by CT 
cerebral and chest angiography at the peak of CRP 
concentration. According to head and neck CT 
angiography, data suggestive of stenosis/thrombosis 
were not obtained (Figure  4). No CT signs of 
thromboembolism of the major and intermediate 
pulmonary artery branches were obtained.

Discussion
COVID-19 is a novel disease caused by the 

SARS-CoV-2 virus, characterized by fever, cough, 
myalgia and eventually shortness of breath. Despite 
the characteristic manifestation of COVID-19, 
atypical symptoms such as gastrointestinal distress 
and neurological symptoms, including headache, 
altered mental status, anosmia and seizures, are 
common. Often, severe patients with COVID-
19 develop cardiovascular complications, such as 
myocardial infarction, stroke, but the relationship 
between infection and these complications is 
complex and poorly understood. Herpes viruses, 
such as the varicella-zoster virus, have been 
shown to  invade the vessel wall, causing cerebral 
vasculopathy. In comparison, Cytomegalovirus, 
Chlamydia pneumonie, and other pathogenic or ga -
nisms are closely associated with atherogenesis and 
plaque instability. In addition, recent bacterial or 
viral infections are known to temporarily exacerbate 
pre-existing vascular risk factors for stroke [6]. 
Various COVID-19 reviews have suggested that 
infection create an inflammatory environment that 
predisposes to stroke by activating prothrombotic 
pathways that affect plaque stability, causing en -
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Novel biological markers for the diagnosis and prediction of mortality risk  
in patients with pulmonary embolism

Podlipaeva A. A.1,2, Mullova I. S.1,2, Pavlova T. V.1,2, Ushakova E. V.2, Duplyakov D. V.1,2

Pulmonary embolism (PE) ranks third in the structure of 
death causes among all cardiovascular diseases after 
myocardial infarction and stroke. That is why the timely and 
earliest possible diagnosis of venous thromboembolism is 
of particular importance, which will help improve both short-
term and long-term patient prognosis.
Given the low specificity of current laboratory parameters, 
such as D-dimer, NT-proBNP, cardiac troponin I, there 
is an urgent need to search for new biomarkers that can 
improve the quality of detection and stratification of VTE, 
including PE. A diagnostic and prognostic test for PE must 
be accurate, safe, easily accessible and inexpensive, as well 
as reproducible and non-invasive.
This review presents the currently available literature data 
on the latest laboratory parameters that characterize right 
ventricular dysfunction due to PE and provide an evidence 
base for stratification of the death risk in this category of 
patients.

Keywords: pulmonary embolism, deep vein thrombosis, mar -
kers, outcomes, prognosis.
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One of the forms of venous thromboembolism 
(VTE)  — pulmonary embolism (PE)  — ranks third 
in the structure of causes of death among all 
cardiovascular diseases, being behind the myocardial 
infarction and stroke. From 39 to 115 cases of 
PE per 100 thousand people are registered in the 
world, annually [1]. That is why the timely and the 
earliest possible diagnosis of VTE is having a special 
importance, which will help to improve both short-
term and long-term prognosis of patients.

Diagnosis of PE at the first contact with medical 
personnel may be difficult due to the presence 
of non-specific signs and symptoms, such as 
cough, shortness of breath, tachypnea, hemoptysis, 
chest pain, which can be observed in a number of 
other diseases [2]. In addition to the assessment 
of right ventricular (RV) function by transthoracic 
echocardiography (EchoCG) and computed 
tomographic angiography (CT angiography), have 
been also used the following biological markers  — 
D-dimer, N-terminal pro-brain natriuretic peptide 
(NT-proBNP) and troponin I [3].

For example, the D-dimer is used in clinical 
practice to diagnose acute forms of VTE and predict 
the risk of their recurrences. The D-dimer is the 
product of the splitting of a fibrin clot by plasmin. At 
the same time, it has a high sensitivity — a negative 
result allows to confidently rule out PE in patients 
with a low and medium probability of it, with an 
accuracy of up to 97%. However, the D-dimer has a 
low specificity in the diagnosis of PE, resulting from 
its increase in many physiological and pathological 
conditions (pregnancy, cancer, inf lammatory 
processes, and others) [4].

NT-proBNP is a peptide hormone that is 
produced by cardiomyocytes of the heart ventricles. 
When the RV is overloaded with pressure, the 
myocardium is overstretched and damaged, which 
leads to the release of this hormone and troponin 
I. The level of natriuretic peptides and troponin I in 
blood plasma shows the severity of RV dysfunction 
in acute PE [5, 6].

Heart troponin I, like NT-proBNP, is an 
important predictor of inhospital or 30-day mortality 
[7]. In a meta-analysis by Bajaj A, et al., elevated 
troponin I levels were significantly associated with 
an increased risk of short-term mortality (odds ratio 
(OR), 4,80; confidence interval (CI), 95%, 3,25-
7,08), PE-related mortality (OR, 3,80; CI 95%, 
2,74-5,27), and serious adverse events (OR, 3,65; 
CI, 95% 2,41-5,53) [8].

Considering the insufficient specificity of the 
above-mentioned laboratory parameters, there is an 
urgent need to search for new biomarkers that can 
improve the quality of detection and stratification 
of VTE, including PE. The diagnostic and progno -

stic test for the verification of PE should be ac -
curate, safe, easily accessible and not expensive, 
as well as reproducible and non-invasive [9, 10]. 
However, at present, none of the diagnostic tests 
used meets all these criteria, so it is reasonable to 
further search for appropriate markers. Our review 
presents the currently available literature data on 
the latest laboratory indicators that characterize the 
dysfunction of the RV, which develops because of 
PE, and have an evidence base for the stratification 
of death risk in this category of patients.

Heart-type cytoplasmic fatty acid-binding protein 
(H-FABP)

H-FABP is a cytoplasmic protein with a mass of 15 
kDa that is highly expressed in cells with active lipid 
metabolism. It facilitates the intracellular transport 
of long-chain fatty acids and mainly located in the 
myocardium (~0,5 mg/g), small amounts of it are 
presented in the brain and skeletal muscles. H-FABP 
enters the bloodstream 2 hours after myocardial 
injury, reaches concentration in 6-8 hours, and 
returns to normal within 24-36 hours after previous 
myocardial ischemia. According to a study by 
Kaczynskaya A, et al., cytoplasmic protein exceeded 
cardiac troponin I, NT-proBNP and myoglobin in 
prognosis of 30-day mortality associated with PE. In 
this study, the levels of myoglobin, cardiac troponin 
I, NT-proBNP, and H-FABP were evaluated in 77 
patients with a confirmed PE (mean age, 65,3±16 
years). Hazard ratio analysis showed that plasma 
concentrations of H-FABP, myoglobin, cardiac 
troponin I, and NT-proBNP correlated with 30-day 
mortality. According to the presented multivariate 
analysis, the predictive ability of H-FABP measured 
at admission was even higher than for myoglobin, 
cardiac troponin I, and NT-proBNP [11].

Similar data were obtained in the study of Bajaj A, 
et al., who published the result of a meta-analysis 
of 15 large-scale studies that revealed a direct 
correlation between increased H-FABP levels and 
the risk of 30-day complications, such as the need 
for thrombolytic therapy, endotracheal intubation, 
catecholamine support for hypotension, recurrence 
of PE and mortality. The sensitivity and specificity 
of H-FABP were 71% and 74% for predicting 30-day 
complications, and 90% and 70% for predicting 
30-day mortality, respectively [12].

Another meta-analysis by Dellas C, et al. presents 
a conclusion based on the examination of 1680 
patients with PE, for whom the levels of this protein 
were defined. The authors concluded that H-FABP 
≥6 ng/ml was associated with an unfavorable short-
term outcome (OR, 17,7; 95% CI, 6,0-51,9) and 
all-cause mortality (OR, 32,9; 95% CI, 8,8-123,2) 
[13]. As a result, cytoplasmic protein is mentioned 
as a biological marker of myocardial damage in 
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the recommendations of the European Society of 
Cardiology (ESC) for the diagnosis and conduction 
of patients with PE in the 2014 and 2019 versions [3, 
14]. Thus, H-FABP is an early marker of myocardial 
damage and, therefore, with the help of H-FABP, 
additional prognostic information about acute PE 
can be obtained.

Growth differentiation factor-15 (GDF-15) 
Growth differentiation factor-15, also known as 

macrophage inhibitory cytokine 1, is a protein from 
the superfamily of transforming growth factor-beta 
that is synthesized in the myocardium after ischemic 
and reperfusion injury, as well as during pressure 
overload of the RV. Circulating levels of GDF-
15 have prognostic significance for the patients 
with acute coronary syndrome and heart failure 
[15]. Lankeit M, et al. presented the results of 
a investigation that evaluated the significance of 
GDF-15 in predicting the outcomes of PE. The 
Cox regression model established a nearly 3-time 
increase in the risk of death for the patients with 
elevated levels of GDF-15. Using a multivariate 
logistic regression, laboratory parameters (troponin 
T and NT-proBNP), and EchoCG data, GDF-15 
appeared as an independent predictor of 30-day 
complications (p=0,033). It also showed higher 
levels of sensitivity and specificity (Figure 1, 2)  — 
the area under the curve (AUC) for GDF-15 was 
0,84 (95% CI, 0,76-0,90) compared to 0,72 (95% 
CI, 0,63-0,80) for cardiac troponin T and 0,65 (95% 
CI, 0,56-0,73) for NT-proBNP. Thus, the GDF-
15 in combination with troponin I, NT-proBNP 
and EchoCG with the signs of RV dysfunction can 
increase the reliability of the prognosis assessment. 
Basing on the results of this study, baseline levels of 
GDF-15 were identified as independent predictors 
of long-term mortality (p<0,001). Basing on the 
above-mentioned factors, the authors conclude that 
GDF-15 can be considered as a new promising 
biomarker for stratifying the death risk due to PE 
[16]. However, to include GDF-15 in the list of 
examinations of patients with PE, further research is 
required.

Copeptin
Copeptin is the C-terminal part of provasopressin 

and is a glycosylated polypeptide that consists of 39 
amino acids and contains a leucine-saturated main 
segment. The significance of copeptin has been 
studied for acute conditions such as pneumonia, 
sepsis, heart failure, lower respiratory tract 
infections, gastrointestinal diseases, and ischemic 
stroke [17]. Nickel NP, et al. found out that copeptin 
levels were elevated in patients with pulmonary 
hypertension (PH) [18]. Serum copeptin levels were 
evaluated in a retrospective cohort of 92 untreated 
PH patients and in a second prospective cohort of 
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15 PH patients treated immediately after diagnosis. 
A comparison of the results showed that the levels 
of circulating copeptin were increased for untreated 
patients with PH compared to patients in the control 
group who received therapy (20,1 pmol/L vs 5,1 
pmol/L; p=0,001). Copeptin levels did not correlate 
with hemodynamic parameters, but decreased after 
the start of PH therapy (p=0,001). Elevated copeptin 
levels were associated with the decline of survival 
level (p<0,001) and proved to be an independent 
predictor of mortality (OR, 1,4; 95% CI, 1,1-2,0; 
p=0,02). The result of the study suggests that this 
polypeptide may be a fairly significant prognostic 
marker in the stratification of the death risk for 
patients with acute PE.

In a small study conducted by Kalkan AK, et 
al. (n=90), patients were divided into 2 groups, 
depending on the result of CT angiography: with PE 
(+) (n=47) and without PE (-) (n=43). Copeptin 
levels were higher in the PE (+) group compared 
to the PE (-) group: 7,76±4,4 vs 3,81±1,34 ng/
dl; p<0,001, respectively. Copeptin levels were 
significantly correlated with NT-proBNP (r=0,434, 
p<0,001), D-dimer (r=0,315, p=0,003), and 
troponin I (r=0,30, p=0,004). An inverse correlation 
was also found with arterial blood oxygen saturation 
(r=-0,533, p<0,001) [19]. Thus, the data obtained 
so far shows that copeptin can be considered as a 
promising biomarker that will be used as an addition 
to D-dimer, troponin I, and NT-proBNP in order to 
improve the accuracy of PE diagnosis [20].

Indicators of complete blood count
A complete blood count is one of the most 

common primary diagnostic procedures. This is a 

publicly available, widely used, and low-cost study. 
However, a number of parameters of complete blood 
count, as a rule, are not considered by clinicians in 
the aspect of diagnosing and predicting the risk of 
VTE.

Red blood cell distribution width (RDW)
Red blood cell distribution width is part of a 

complete blood count analysis, which reflects the 
range of changes in the volume of red blood cells. 
The main biomolecular mechanism of RDW-PE 
association is not fully understood, but it is assumed 
that elevated RDW levels correlate with acute 
inflammatory markers and blood viscosity indicators. 
It is believed that such indicators as RDW and the 
number of red blood cells are important factors 
contributing to the formation of such prothrombotic 
conditions as PE and deep vein thrombosis (DVT) 
[21]. 

In 2019, a systematic review was published by 
Hammons L, et al., combining 12 retrospective 
cohort studies that demonstrated that high levels of 
RDW are associated with an increased risk of acute 
PE, severity, and increased mortality in patients with 
PE. However, the comparison of current studies is 
limited due to the lack of common approaches to 
determining the upper limit of RDW (each study uses 
a different reference value of RDW), the formation 
of a sample, a wide range of exclusion criteria 
and the inclusion of various methods used for the 
diagnosis of PE. Despite the above limitations, the 
authors of a systematic review showed that RDW as 
a marker of PE has the right to exist [22]. However, 
considering the presented data, the significance of 
RDW in this area requires further study.
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Mean Platelet Volume (MPV) 
MPV reflects the mean platelet volume. There is 

evidence that MPV is an important variable, since 
larger platelets have a higher thrombotic potential 
[23]. MPV is not used as an independent marker in 
the diagnosis of PE. However, the determination of 
this indicator may be useful for the initial assessment 
of PE risk. Elevated MPV has been recognized 
as an independent risk factor for various clinical 
conditions associated with hypercoagulation. Gulcan 
M, et al. (2012) showed that MPV was significantly 
increased in patients with DVT compared to the 
control group (8,6±0,8 vs 7,7±0,9 f l, respectively; 
p<0,001) [24]. Given that PE is a complication of 
DVT in 50% of cases, MPV may also be directly 
related to PE [25].

Talay F, et al. published a retrospective study 
that included patients with suspected PE. As a 
result of the subsequent sample, 150 patients with 
confirmed PE and 165 patients without PE were 
examined [26]. MPV was significantly higher for 
patients with PE in the conditions of intensive care 
unit than in the control group (9,42±1,22 f l vs 
8,04±0,89 f l, p<0,0001). The area under the curve 
for patients with a clinically suspected PE, according 
to the ROC analysis, was 0,634 (95% CI, 0,596-
0,702, p=0,023) (Figure 3). The result of this study 
demonstrated a moderate relationship between the 
MPV value and PE, if the first was determined at the 
time of admission of the patient.

In a prospective cohort study of Ghaffari S, et 
al., the various parameters of complete blood count 
were also studied, including the MPV. According 
to the ROC analysis, the sensitivity and specificity 
of MPV with a cut-off point of 9,85 f l in predicting 
inhospital mortality was 81% and 50%, respectively. 
This parameter had lower efficacy for long-
term mortality (AUC, 0,54; 95% CI, 0,47-0,61) 
compared to 30-day mortality. Thus, this marker 
has demonstrated its significance in determining 
inhospital all-cause deaths [27]. Perhaps in the 
future, MPV can prove itself to be a simple and early 
marker for predicting the death risk for patients with 
PE, which will become part of the standard protocol 
for the conducting of patients with VTE.

Platelet-to-lymphocyte ratio (PLR) and neutrophil-
to-lymphocyte ratio (NLR)

The pathophysiological response of white blood 
cells to a stress is usually an activation of the sym-
pathetic nervous system and the release of cortisol, 
as well as an increase in the number of neutrophils, 
which is associated with a decrease in the number of 
lymphocytes. This leads to the migration of neutro-
phils to the affected area. PLR and NLR, as surrogate 
markers of inflammation, can be used to study the 
relationship between thrombosis and inflammation 

during VTE. One of the advantages of PLR and 
NLR is that they combine information about primary 
hemostasis and inflammation.

The case-control study by Artoni A, et al., which 
included 486 patients with VTE, demonstrated that 
patients with high PLR or NLR did not have an 
increased risk of VTE complications (OR, 0,89; 
95% CI, 0,46-1,76; OR, 0,69; 95% CI, 0,34-1,39, 
respectively) or cerebral venous thrombosis (OR, 
1,65, 95% CI, 0,68-4,00; OR, 0,39. 95% CI, 0,09-
1,72, respectively). The authors concluded that 
there is no association between PLR and NLR 
values above the acceptable norm and an increased 
risk of venous thrombosis [28]. However, the data 
presented are not sufficient for the widespread use of 
PLR and NLR as markers in the diagnosis of PE, so 
further larger studies in this area are needed.

Surfactant protein A (SP-A) and D (SP-D)
Surfactant is a lipoprotein complex that consists 

of several phospholipids, neutral lipids (90%), 
and specific proteins. Protein components, half of 
which consist of two groups of surfactant-associated 
proteins: hydrophobic  — B (0,7%), C (0,4%), and 
hydrophilic  — A (5,3%) and D (0,6%), make up 
approximately 10% of the lung surfactant [29]. 
Among these proteins, SP-A is the most common 
lung surfactant protein [30, 31]. SP-A is also 
necessary for the structure of tubular myelin. In 
a study made by Liu CP, et al. the SP-A level for 
32 rats was 1,00±0,00 (control group), 0,44±0,18 
(after 24 h), 0,44±0,33 (after 1 week) and 0,52±0,32 
(after 2 weeks), respectively (p<0,05), which is 
conditioned by the developing hypoxia with PE 
[32]. Thus, the level of SP-A protein significantly 
decreased in acute PE.

Reduced SP-A expression in the lungs during 
embolism may be caused by a limited number of 
type II cells and/or reduced SP-A expression of the 
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remaining intact cells. At the moment, however, it is 
difficult to draw conclusions about the significance 
of SP-A in the diagnosis and prediction of PE risk in 
humans.

In addition to SP-A, other proteins have been 
studied, in particular SP-D. Kati C, et al. presented 
a small study in which 3 groups of patients were 
identified: patients with diagnosed non-massive PE, 
submassive PE, and a control group that included 
healthy people. SP-D levels were determined by 
immunof luorescence analysis. There were no 
significant differences in the parameters of this 
protein between the control group and the group 
with non-massive PE, but its level was increased in 
patients with submassive PE [33]. Given the small 
number of patients (n=60), further studies with 
a large number of cases, including patients with 
massive PE, are required.

Thus, qualitative and quantitative changes in the 
lung surfactant, in particular its protein fractions, 
are potential markers of lung damage and can be 
prognostic indicators in patients with PE. In the 
future, it advisable to pay attention to the presented 
biomarkers and conduct additional research in this 
area.

Lipocalin-type prostaglandin D synthase (L-PGDS)
L-PGDS can be considered as a protein with 

a dual function: first, it acts as an enzyme in the 
production of prostaglandin D2, and, secondly, as 
an extracellular transporter, due to its lipophilic 
nature. This marker was first isolated in human 
cerebrospinal f luid in 1961. MicroRNA of L-PGDS 
has been found in myocardial cells, in atrial and 
ventricular endocardial cells, in coronary arteries, 
in smooth muscle cells, and even in arteriosclerotic 
plaques. During the last years, the role of L-PGDS 
has been more frequently studied in the evaluation 
of kidney function as an alternative to creatinine, 
as well as as a possible biomarker of cardiovascular 
diseases.

The prospective study, presented by Mutlu H, et 
al., involved 90 patients who were admitted to the 
emergency department with PE, confirmed by CT 
angiography, as well as 40 healthy volunteers without 
any diseases. L-PGDS levels were measured in 
venous blood. For all patients, the risk of death within 
30 days was calculated according to the PESI index. 
As a result, there were significant differences between 
the levels of L-PGDS in patients with PE and the 
control group (p=0,024), and the 1-month mortality 
rate for patients diagnosed with PE was 20% (n=18). 
The limit value for L-PGDS obtained using the ROC 
curve analysis for 1-month mortality was 815,26 
ng/ml (sensitivity, 83,33%; specificity, 79,17%; AUC, 
0,851; OR, 95% CI, 0,760-0,917; p<0,001). Based on 
this threshold, the logistic regression analysis showed 

that an increase in L-PGDS simultaneously with 
an increase in the PESI class (r=0,512, p<0,001) is 
an independent indicator of death during the first 
month. The obtained result allows us to consider 
L-PGDS for predicting the risk of mortality for 
patients with PE [34].

Circulating and tissue microRNA
MicroRNAs are endogenously expressed RNA 

molecules with a length of 18-22 nucleotides that 
suppress gene expression at the post-transcriptional 
level by binding to the three prime untranslated 
region of the target mRNA. MicroRNAs are 
involved in almost all biological processes  — in 
cell proliferation, apoptosis, and cell differentiation. 
It is known that microRNAs play a role in the 
cardiovascular pathophysiology, including 
hemostatic disorders [35]. There is evidence that 
microRNAs are secreted from cells into human 
biological f luids in both passive and active ways. 
Such microRNAs are called circulating microRNAs. 
The change in the expression profile of certain 
circulating microRNAs ref lects the physiological 
and pathological conditions of cells in which 
microRNAs are modified and secreted into human 
biological f luids, such as blood, urine, cerebrospinal 
f luid, saliva, etc. Circulating microRNAs can be 
found in various forms  — enclosed in exosomes 
or bound to Ago2 proteins. Due to these forms 
of transport, the circulating microRNAs are stable 
and protected from degradation by ribonucleases. 
Therefore, circulating microRNAs are considered 
as new potential biomarkers, interesting in many 
diseases, including VTE.

Xiang Q, et al. analyzed 12 studies in the field 
of VTE diagnostics that studied microRNAs and 
presented the following conclusions. The most 
frequently studied microRNA was miR-134, and 
the combined results of 12 studies on the predictive 
ability of this microRNA with a 95% CI showed 
a sensitivity of 0,82 (0,69-0,91) and a specificity 
of 0,83 (0,68-0,92). The average AUC value for 
the ROC curves was 0,89 (0,86-0,92). For other 
microRNAs, AUC values >0,8, were considered as 
potential diagnostic indicators. These microRNAs 
included miR-1233, miR-145, miR-483-3p, miR-
582, miR-532, and miR-195 [36]. Thus, this 
systematic review allows to pay attention to the 
presented microRNAs in the field of predicting the 
development of PE in a particular patient.

A study made by Kessler T, et al., which included 
a small number of patients (n=30), demonstrated 
that the profile of circulating microRNA-1233 
allows to distinguish PE from ST-segment 
elevation myocardial infarction. MicroRNA-1233 
differentiated patients with PE from patients with 
myocardial infarction and healthy people with 
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sensitivity of 90 and 90% and specificity of 100 and 
92% (AUC, 0,95, p<0,001 and AUC 0,91, p<0,001, 
respectively) [37]. In the study of Lui T, et al., which 
also included a small number of patients (n=90), 
microRNA-221 was determined, the appearance 
of which correlated with the level of NT-proBNP, 
troponin I, and D-dimer [38]. Therefore, some 
microRNAs are possible diagnostic and prognostic 
markers in patients with PE. However, further 
research in this area is required to determine the 
specific microRNAs for PE.

Apolipoproteins СI, CII, CII, and E 
Apolipoproteins are the protein components of 

lipoprotein molecules which characterize the blood 
lipid spectrum. An increase in their concentration 
is associated with an increased risk of arterial 
thrombosis [39]. In addition, apolipoproteins can 
potentially be important in assessing the risk and 
prognosis of VTE, since an increase in the number 
of apolipoproteins affects hemostasis and leads to 
hypercoagulation.

In the study of Orsi FA, et al., a total of 127 
patients with VTE and 299 patients without a history 
of VTE were included. The selection of patients was 
carried out randomly. The level of apolipoproteins 
was determined for all patients. The results showed 
that increased levels of all measured apolipoproteins 
were associated with higher levels of vitamin 
K-dependent blood coagulation factors (FII, FVII, 
FIX, FX, FXI), natural anticoagulants (protein C, 
protein S, antithrombin), and clot lysis time. In 
addition, an increase in coagulation factor VIII 

and von Willebrand factor levels correlated with an 
increase in apoC-III and apoE levels. Age-and sex-
adjusted OR of apolipoproteins E, C-III, CII, and CI 
to the risk of venous thrombosis were 1,21 (95% CI, 
0,98-1,49), 1,19 (95% CI, 0,99-1,44), 1,24 (95% CI, 
0,95-1,61) and 1,06 (95% CI, 0,87-1,30) [40]. The 
authors conclude that the levels of apolipoproteins 
C-I, C-II, C-III, and E are associated with a 
variety of blood apoC-III coagulation factors and 
physiological anticoagulants. At the same time, in 
the work performed by Van Schouwenburg IM, et 
al., the lipid profile parameters were not associated 
with VTE risk [41]. Therefore, this issue remains 
controversial at the moment, and further research is 
required to clarify it.

Thus, according to current clinical guidelines, 
some biological markers (D-dimer, cardiac troponin 
I, NT-proBNP) are important tools for diagnosing 
and predicting the risk of death for patients with 
PE. However, their use has a number of limitations 
and disadvantages, as a result of which, various 
biological molecules are currently being studied 
for the diagnosis of PE. Some of them GDF-15, 
microRNA, MPV, L-PGDS, SP-A, and SP-D  — 
showed good predictive abilities. At the same time, 
many of the biomarkers listed in this review are not 
used in normal clinical practice due to insufficient 
evidence base. Nevertheless, the results presented on 
this topic provide the foundation for larger studies 
and the search for new diagnostic markers.
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Hypertension in pregnancy: controversial issues of national and international 
guidelines

Chulkov V. S.1, Martynov A. I.2, Kokorin V. A.3

Hypertensive disorders of pregnancy, including pre-existing 
and gestational hypertension, preeclampsia and eclampsia, 
complicate up to 10% of pregnancies and represent a sig-
nificant cause of maternal and perinatal morbidity and mor-
tality. Despite some differences in guidelines, there is con-
sensus that severe hypertension and mild hypertension with 
organ dysfunction should be managed. However, achieving 
target values below 160/110 mm Hg remain controversial. 
The review presents current data on definition, classification, 
therapy goals and principles used in hypertensive disorders 
during pregnancy and in the postpartum period in accor-
dance with national and international guidelines.
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Definition and classification
Hypertension (HTN) definition among pregnant 

women has not always been standardized. The 
criterion for HTN in pregnant women is systolic 
blood pressure (BP) (SBP) ≥140 mm Hg and/
or diastolic BP (DBP) ≥90 mm Hg, according to 
the 2000 National High Blood Pressure Education 
Program Working Group on High Blood Pressure in 
Pregnancy guidelines [1]. It is required to con  firm 
the blood pressure increase by at least two mea -
surements [2].

Nowadays there are several HTN forms in preg-
nant women, including chronic HTN, gestational 
HTN, and preeclampsia (PE), as well as PE, caused 
by chronic HTN [3-13].

Chronic HTN is the HTN, diagnosed before 
pregnancy or within the first 20 weeks of its 
development. HTN criterion is the blood pressure 
increase ≥140/90 mm Hg before pregnancy or 
during its first 20 weeks, which does not disappear 
after delivery and tends to persist for >42 days after 
childbirth.

Gestational HTN is defined as an isolated SBP 
increase ≥140 mm Hg and/or DBP increase >90 
mm Hg, when being measured at least 2 times per 
4 hours, developing after the 20th week of pregnancy 
among women, having normal blood pressure before 
pregnancy without proteinuria.

PE is a multisystem disorder, complicating preg-
nancy, childbirth and postpartum period, characterized 
by increase of SBP ≥140 mm Hg or DBP ≥90 mm Hg 
after the 20th week of pregnancy, when measured at least 
2 times per 4 hours among women, who had normal 
blood pressure before pregnancy, combined with one or 
several of the following parameters:

— proteinuria (≥30 mg/mol protein/creatinine 
ratio; ≥300 mg/day; or a test strip value ≥2+);

— kidney damage (creatinine level ≥90 µmol/l);
— liver damage (elevated transaminase levels, 

for example, alanine aminotransferase or aspartate 
aminotransferase >40 IU/l), perhaps with abdominal 
right upper quadrant or epigastric pain (above 
stomach);

— neurological complications (for example, alte- 
red mental status, blindness, stroke, clonus, severe 
headaches and persistent scotoma);

— hematological complications (thrombocyto-
penia  — platelet count <150000/µl, disseminated 
intravascular coagulation, hemolysis);

— uteroplacental dysfunction (for example, 
intrauterine growth restriction, impaired blood f low 
in the umbilical artery by Doppler ultrasound, or 
stillbirth).

PE, caused by chronic HTN, is diagnosed in 
pregnant women with HTN in the event of PE 
symptoms emergence.

The experts from the Russian Society of Car -
diology (RSC) and the European Society of Cardio -
logy (ESC) suggest to consider hypertension, pe rsi -
sting for 6 weeks (42 days) after delivery, which 
corresponds to the postpartum period, to be chronic 
HTN [5, 13], despite the fact that lots of researchers 
support the position, claiming that hypertension 
during pregnancy can be classified as chronic, if it 
persists for >12 weeks after childbirth [14, 15]. In 
addition, it is worth mentioning that ESC guidelines 
include “antenatally unclassifiable hypertension”, 
as that which arises before 20 weeks, but has not yet 
been evaluated after 42 days postpartum for final 
classification [5]. Several recommendations mention 
“white-coat hypertension”, “masked hypertension”, 
HELLP-syndrome (hemolysis, increased liver en -
zymes, low platelet count), eclampsia [4, 6-12]. So     - 
cie  ty of Obstetricians and Gynaecologists of Cana- 
da (SOGC) guidelines (2014) mention chronic and 
gestational HTN with the presence/absence of con- 
comitant diseases [6].

Hypertension degree assessment plays an 
important role in addition to its form determination. 
Blood pressure increase classification in pregnant 
women can be used to characterize the hypertension 
degree in any form.

There are moderate (not severe) and severe hy -
pertension [14]:

— moderate hypertension is diagnosed in the 
event of increased SBP, equal to 140-159 mm Hg 
and/or DBP, equal to 90-109 mm Hg;

— severe hypertension corresponds to SBP ≥160 
mm Hg and/or DBP ≥110 mm Hg.

Some recommendations describe 3 blood pressure 
increase degrees, including mild (140-149/90-99 
mm Hg), moderate (150-159/100-109 mm Hg) and 
severe (≥160/110 mm Hg) [10].

Revealing two hypertension degrees (moderate 
and severe) during pregnancy has a fundamental 
importance for the prognosis, management, 
treatment and obstetrics [11, 12]. Besides this is a 
commonly known fact, that severe hypertension 
during pregnancy is related to high stroke [2, 10] and  
hypertensive encephalopathy risk even at lower 
blood pressure levels, compared to the general 
population [15].

It is worth noting that the American College 
of Obstetricians and Gynecologists (ACOG) 
recognized that revealing hypertension in pregnant 
women contradict the modified diagnostic criteria 
of the American College of Cardiology (ACC) and 
the American Heart Association (AHA), which 
identified stage 1 hypertension at a BP level of 130-
139/80-89 mm Hg and stage 2 hypertension at BP 
level of 140/90 mm Hg [16], which requires the 
diagnostic criteria revision [3, 12]. The remaining 



45

EDITORIALLITERATURE REVIEWS

societies, which published their guidelines after 2017, 
did not change the diagnostic criteria, despite ACC/
AHA guidelines.

Target BP
The target BP levels are values below 160/110 

mm Hg, according to the international guidelines 
[3-10]. The cross-sectional study of over 81 million 
hospitalizations confirmed that hypertensive 
disorders in pregnancy increase the stroke risk by 5,2 
times [17]. In addition, the Control of Hypertension 
In Pregnancy Study (CHIPS) confirmed that severe 
hypertension is related to higher rates of maternal 
mortality, pregnancy loss, premature birth, low birth 
weight, neonatal care 48 hours later and a several 
other adverse obstetric outcomes, compared with 
those in the event of mild hypertension, regardless of 
PE presence [18].

The issue of aggressive treatment of moderate 
HTN remains controversial in various guidelines 
[3, 5, 6, 8, 10, 19]. The differences are caused by 
the lack of data, which clearly confirm obvious 
benefits and risks, when reaching different blood 
pressure levels. Recent Cochrane systematic review 
of antihypertensive drugs in the mild to moderate 
hypertension treatment in pregnancy analyzed 31 
studies with 3485 women. This research compared 
different drugs with placebo or treatment absence. 
In addition, Cochrane systematic review includes 
29 studies with 2774 women, comparing antihyper-
tensive drugs. The current review confirmed that 
antihypertensive drugs halved the women number 
having severe hypertension risk. However, the effect 
on reducing the incidence of obstetric complica-
tions and adverse pregnancy outcomes hasn’t been 
proved. The data obtained are explained by both 
different terminology approaches, as well as small 
samples and heterogeneity of participants [20].

The CHIPS multicenter open-label randomized 
controlled international trial included data of 
approximately 1000 women with chronic and 
gestational HTN (DBP of 90-105 mm Hg or 85-105 
mm Hg when taking antihypertensive drugs), divided 
into 2 groups with less-tight control (target DBP 
<100 mm Hg) and with tight control (target DBP 
<85 mm Hg). The composite primary (pregnancy 
loss or high-level neonatal care for more than 
48 hours during the first 28 postnatal days) and 
secondary outcomes (serious maternal complications 
occurring up to 6 weeks post partum or until hospital 
discharge) were the same in both groups. However, 
it was revealed that severe hypertension more often 
developed in the less-tight control group than in the 
tight one [21]. The experts are still discussing the 
current research results, although two sub-analyses 
confirm that severe hypertension prevention has 
benefits for both mother and child [18, 22].

Today even larger multicenter randomized 
controlled Chronic Hypertension and Pregnancy 
(CHAP) trial is being conducted in the United 
States, including pregnant women with chronic 
HTN, either prescribed or not prescribed with 
monotherapy at a BP level of 140-159/90-104 mm 
Hg. In addition, the results are assessed when target 
BP is <140/90 mm Hg or <160/105 mm Hg in 
antihypertensive therapy group patients. Primary 
results include poor perinatal outcomes within up 
to 2 weeks of postpartum (fetal and neonatal death, 
severe PE, placental abruption and premature birth 
<35th week of gestation) and low birth weight (birth 
weight <10th percentile). About 4700 patients are 
going to participate in the current research, which is 
almost 5 times more than in the CHIPS study [23].

Given the fact that about 75% of CHIPS 
research participants suffered from chronic HTN, 
CHAP results are expected to either confirm or 
disprove its results, although the current researches 
designs are different. If CHAP research results 
ultimately confirm more tight BP control benefits, 
it will be required to make further analysis of the 
blood pressure control safety and benefits during 
pregnancy at the lower BP targets defined in the 
2017 AHA/ACC guidelines on BP control.

Severe HTN treatment
Such drugs as hydralazine, calcium channel 

blockers, methyldopa, urapidil, prazosin, isosorbide 
and even magnesium sulfate in order to lower 
blood pressure were used in pregnant women in 
accordance with various guidelines [24]. Recently, 
intravenous labetalol, hydralazine, calcium channel 
blockers (for example, short-acting nifedipine) and 
methyldopa (not being the most frequently used in 
most countries) have been used more frequently.

There were two meta-analyses on hydralazine 
effectiveness studies, including 35 (n=3573) and 
21 studies (n=893) showed that pregnant women, 
taking calcium channel blockers, compared with 
hydralazine, were less likely to increase blood 
pressure [24, 25]. Besides hydralazine intake is 
related to adverse outcomes increase from both 
women (such as hypotension, caesarean section, 
placental abruption, oliguria) and fetus (effect on 
heart rate (HR) and lower Apgar scores within 
1 minute, compared with other antihypertensive 
drugs [25]).

There was significant reduction in maternal side 
effects in the event of nifedipine intake (relative 
risk (RR), 0,57; 95% confidence interval (CI), 
0,35-0,94), when comparing oral nifedipine with 
intravenous labetalol, according to seven studies 
meta-analysis with the 363 women. But it is worth 
noting that there were no significant differences 
in blood pressure control, maternal morbidity 
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or mortality incidence, or the effect on perinatal 
indicators [26].

Sublingual nifedipine and intravenous nitro -
glycerin were compared in a triple-blind, placebo-
controlled study in a small population (n=34) with 
severe PE, caused by treatment with magnesium sul-
fate. The current study showed a more pronounced 
and rapid antihypertensive response, having less 
variability in the nitroglycerin group and no signifi-
cant changes in fetal heart rate, despite vasodilator 
therapy, with a comparable incidence of side effects 
among fetus and mother in both groups [27].

Thus, all three agents (nifedipine, labetalol, hydra-
lazine) are still included in the international guide-
lines [3-7, 9, 10]. Methyldopa or sustained-release 
nifedipine should be used for oral therapy, in accor-
dance with Russian clinical guidelines (2020). It is 
not recommended to take the diuretics, since PE 
decreases the circulating blood volume. It is recom-
mended to use intravenous magnesium sulfate in 
order to prevent eclampsia and treat seizures [13].

Severe organ dysfunction-free hypertension du -
ring pregnancy is deemed a hypertensive urgency. 
Blood pressure must be reduced to less than 160/110 
mm Hg with an initial decrease of 25% in the first 
hours of treatment and a more gradual decrease in 
subsequent hours. More intense blood pressure de  - 
crease may put contribute to the fetus risk due to 
insufficient perfusion. In contrast, severe hyperten -
sion, related to the organ dysfunction in the pulmo-
nary edema or acute kidney injury form is deemed 
a hypertensive emergency and BP should be reduced 
much faster.

It is required to pay a special attention to sharp 
blood pressure drop prevention, which able to cause 
complications in mother or fetus due to fall below the 
critical thresholds. Elevated blood pressure should 
be reduced to SBP 130-140 mm Hg/DBP 80-90 mm 
Hg at a rate of 10-20 mm Hg every 10-20 minutes.

ESC and RSC recommend to use nitroglycerin as 
an intravenous infusion in the event of preeclampsia 
complicated with pulmonary edema [13, 28]. Blood 
pressure should be reduced by about 30 mm Hg 
within 3-5 minutes, then it should be reduced until 
reaching the target blood pressure <140/90 mm Hg 
[29]. Its appliance duration should not exceed 4 
hours due to the negative effect on the fetus and the 
cerebral edema risk in mother.

It is recommended to immediately prescribe 
magnesium sulfate to prevent seizures for patients 
with PE, suffering from organ dysfunction (for 
example, severe hypertension and proteinuria or 
hypertension and neurological complications) or 
eclampsia [3, 12]. This recommendation was based 
on randomized, placebo-controlled Magpie Trial 
with more then 10000 women received magnesium 

sulfate or placebo with BP >140/90 mm Hg and 
proteinuria of at least 30 mg/dL. Magnesium sulfate 
intake resulted in PE risk reduction by 58% as well 
as maternal mortality reduction, compared with 
placebo [30]. The current data were confirmed 
by another research, which shown that eclampsia 
incidence in women with severe PE was lower with 
magnesium sulfate intake, compared with patients, 
taking the calcium channel blocker nimodipine [31].

Magnesium sulfate intake data for eclampsia 
prevention in women with PE without organ 
dysfunction are more contradictory and show a large 
number of patients (~100), requiring treatment to 
prevent one eclampsia case [3, 8].

Moderate (non-severe) HTN treatment
It is recommended to first take methyldopa, 

labetalol and nifedipine in cases of moderate (non-
severe) hypertension [3-10]. There are differences 
in guidelines due to lack of data on a particular drug 
benefits to prevent adverse outcomes of the mother 
and fetus [3-7, 9-13].

It is recommended to take methyldopa as the first 
line agent for blood pressure control in accordance 
with American, Canadian, European, Australian/
New Zealand and Russian guidelines [3-5, 9-13, 
32, 33]. This drug has been studied since the 1960s 
and has long-term safety data among children, 
whose mothers took it during pregnancy [34]. The 
prospective cohort study, evaluating pregnancy 
outcomes in the first exposure trimester, showed that 
its intake was not accompanied by teratogenic effects, 
but there was a higher spontaneous miscarriages 
and preterm birth rate [33]. It is worth noting that 
methyldopa is inferior to calcium channel blockers 
and beta-blockers in the severe hypertension 
prevention (RR, 0,70; 95% CI, 0,56-0,88, 11 studies, 
638 women) and may be associated with a higher 
caesarean section rate (adjusted RR, 0,84; 95% 
CI, 0,84-0,95, 13 studies, 1330 women), according 
to Cochrane review on the antihypertensive drugs 
intake for mild and moderate hypertension [20]. 
However, CHIPS subanalysis showed that those 
women, who regularly took methyldopa, had bet -
ter primary and secondary outcomes, including 
neonatal weight, lower rates of severe hypertension, 
PE and preterm birth, compared to those, who 
took labetalol [35]. In addition, methyldopa intake 
was related to fewer adverse outcomes in children, 
including respiratory distress syndrome, seizures and 
sepsis, compared with oral labetalol, according to 
retrospective cohort study [36]. Thus, methyldopa 
remains the drug to decide whether to take or not, 
until getting more convincing evidence that it is 
better than other antihypertensive agents.

Oral labetalol is deemed the first-line drug for 
moderate hypertension during pregnancy in accor-
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dance with international guidelines [3-7, 9], while 
being actually the only first-line drug, recommended 
by British guidelines [10]. Approximately 75% of 
women responded positively to oral labetalol mono-
therapy in a prospective observational research [37]. 
Earlier randomized studies, comparing it with meth-
yldopa, failed to find out its safety or efficacy bene-
fits [38, 39], while another study showed a borderline 
labetalol superiority in the prevention of protein-
uria, severe hypertension and hospitalizations during 
pregnancy. Besides it is worth noting that labetalol 
was independently associated with fewer cumulative 
maternal and perinatal adverse events [40]. In addi-
tion, the study comparing outpatient BP values in 
pregnant women, regularly taking oral labetalol or 
sustained-release nifedipine showed that the labe-
talol group had a more frequent DBP decrease below 
80 mm Hg, which may be related to worse uteropla-
cental perfusion [41]. As for β-blockers (BB), they 
are deemed first-line drugs in Canada (acebutolol, 
metoprolol, pindolol, propranolol) [4]. Australian/
New Zealand guidelines include oxprenolol as the 
first line mild treatment within pregnancy [10]. 
However, there are some controversies regarding 
teratogenicity and BB effect on the body weight of 
newborns. Atenolol is known to cause intrauterine 
growth retardation [41], and many communities 
do not recommend its use [3, 10-12]. Cochrane 
review (2013) on oral BB for the mild and mode-
rate hypertension in pregnant women (12 studies, 
1346 women), compared to treatment absence or 
placebo showed an increased low birth weight 
risk (RR, 1,36; 95% CI, 1,02-1,82) [42]. How-
ever, a recent retrospective cohort study showed 
that there was no association between BB intake 
and fetal cardiac abnormalities given the appro - 
priate maternal age, body mass index and comor-
bidities [43]. In addition, an international cohort 
study, which included >15000 women, who regu-
larly took BB in the first trimester of pregnancy, 
did not reveal a significant increase in a risk of 
congenital malformations (RR, 1,07; 95% CI, 0,89-
1,30) [44]. In contrast to the current data, another 
cohort study, which included >10000 women, who 
took BB in late pregnancy period, showed higher 
neonatal bradycardia and hypoglycemia risk (RR 
>1) among patients of BB group (labetalol, meto-
prolol and atenolol), except for neonatal bradycar-
dia in those, who took metoprolol (RR, 0,59; 95% 
CI, 0,32-1,09) [45].

Calcium channel blockers, in particular long-
acting nifedipine, are first-line drugs in most gui -
delines [3-7, 9, 10]. It is worth noting that pro -
spective cohort study has demonstrated a minimal 
teratogenicity profile with calcium channel blockers 
in the first trimester [46]. Besides it was found out 

that they were superior over methyldopa in terms 
of blood pressure control and safer than labetalol in 
terms of target blood pressure achievement [20]. One 
of randomized controlled clinical trials compared 
oral nifedipine versus labetalol in pregnant women 
with chronic HTN. Finally, it was revealed that there 
was a more pronounced decrease in central aortic 
pressure (by 7,4 mm Hg) with a comparable decrease 
in peripheral blood pressure in both arms, as well as 
a slight increase in intensive care unit hospitalization 
and side effects in newborns among the participants, 
regularly taking nifedipine [47].

It is worth noting that data on amlodipine 
(another dihydropyridine calcium channel blocker) 
are very limited. It was concluded that amlodipine 
does not provide a teratogenic effect in the first 
trimester of pregnancy [48], while a small pilot 
study, comparing amlodipine with furosemide 
for chronic HTN treatment, did not reveal any 
differences between them on maternal or perinatal 
outcomes [49].

Postpartum HTN
Blood pressure normalizes during the first days 

after delivery (29-57%, during the first three days; 
50-85%, during the first week) among most women 
and the normalization time depends on a particular 
health status [50]. There is a danger of increased 
blood pressure, which requires careful blood 
pressure monitoring during the first 5-7 day after 
childbirth, due to physiological circulating blood 
volume increase. According to the study with 151 
women, 5,7% of them suffer from PE or eclampsia 
after childbirth [50]. Another study showed that 55% 
of cases were de novo of total number of patients 
(n=22), who joined the emergency department with 
PE within 4 weeks after delivery [51]. Postpartum 
hypertension, in addition to hypertensive disorders 
during pregnancy, may be caused by iatrogenic 
causes, including intake of non-steroidal anti-
inflammatory drugs, hypervolemia (after regional 
anesthesia), pain (with inadequate analgesia) and 
anxiety [52, 53].

All antihypertensive drugs, taken by a nursing 
mother, are excreted in breast milk, but most of them 
are present there in very low concentrations, except 
for propranolol and nifedipine, which concentration 
in milk is similar to the concentration in maternal 
plasma [5, 28].

It is recommended to go through antihypertensive 
therapy in order to reach the target SBP and DBP values 
below 160 mm Hg and 110 mm Hg, respectively, with 
the possible use of urapidil and sodium nitroprusside 
for severe postpartum hypertension treatment [10, 
54, 55]. It is recommended to start therapy with 
the preferred use rapid-acting drugs (nifedipine, 
nitroglycerin, sodium nitroprusside intravenously) in 
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severe hypertension or vascular crises (>150-160/100-
110 mm Hg for >15 minutes or an isolated increase 
in DBP >120 mm Hg with target organ damage) [3, 
56]. Any classes of antihypertensive drugs can be used 
for the postpartum hypertension treatment, according 
to the Russian clinical guidelines on hypertension in 
adults. However, methyldopa should be avoided due 
to postpartum depression risk. It is worth noting that 
the current issue in our country is complicated by 
the fact that almost all drugs have contraindications, 
which makes it difficult to prescribe drug correction 
within lactation. In the current aspect, non-drug 
hypertension treatment methods in this category of 
patients are of clinical interest.

Blood pressure correction device AVR-051 (OOO 
Inferum, Yekaterinburg, Russian Federation, the 
registration certificate № RZN 2016/3776 dated 

March 31, 2016) non-invasively effects the distal 
dermatome areas, located on the left forearm, by 
a low frequency pulsed electrical current within 5 
minutes twice per day [57].

Our aim was to assess non-invasive percutaneous 
electrical stimulation effect on blood pressure and its 
safety in postpartum women.

Working hypothesis was as follows: AVR-051 use 
in addition to standard antihypertensive therapy 
improves blood pressure control within 14 days after 
delivery.

Inclusion criteria:
1) age from 18 to 44 years old,
2) hypertension (increased blood pressure 140/90 

mm Hg according to at least two measurements with 
at least 4 hours interval),

3) signed consent.

Table 1
General characteristics 

of parturient women in both groups

Group 1 (n=8) Group 2 (n=8)
Age, years 32,3±4,2 33,1±3,6 
Primigravida, n 2 0
Miscarriage, n 2 5
Prior PE, n. 2 0
Anemia, n 3 1
Obesity, n 1 1
Chronic HTN, n 3 3
Gestational HTN, n 4 4
PE, n 1 1
Term birth, n 7 8
Preterm birth, n 1 0
Operative delivery, n 1 1
Methyldopa, n 7 4
Methyldopa in combination with nifedipine, n 1 4
Blood pressure achievement <140/90 mm Hg, day 3,5±1,5 12,6±1,6
Complete antihypertensives’ withdrawal 3 0

Abbreviations: HTN — hypertension, PE — preeclampsia. 

Table 2
Blood pressure and heart rate values 

in postpartum women in the compared groups

Parameter Group 1 Group 2
Day 1 Day 7 Day 14 Effect Day 1 Day 7 Day 14 Effect 

SBP 141,5±8,2 129,3±4,4 122,3±4,8 -19,2 143,6±7,6 141,2±5,8 133,3±5,4 -13,3
DBP 90,9±3,0 80,5±3,1 79,5±2,3 -10,4 93±3,5 87,5±4,8 86,0±4,3 -7
HR 84,3±6,2 80,1±6,1 78,8±3,8 -5,5 86,3±3,5 80,0±5,7 79,3±6,5 -6,3

Abbreviations: DBP — diastolic blood pressure, SBP — systolic blood pressure, HR — heart rate.
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Exclusion criteria:
1) associated clinical conditions (including 

strokes, myocardial infarction, etc.),
2) acute fevers,
3) severe vital organs dysfunctions,
4) damage to skin sites affected by the device.
Research algorithm
1. 1-3 days after delivery:
— selecting patients, obtaining informed 

consent, briefing, obtaining AVR-051 devices and 
blood pressure self-monitoring diaries.

2. Within 14 days after delivery:
— AVR-051 device appliance 2 times per day 

(morning and evening), blood pressure self-mo-
nitoring diaries with a schedule, phone monitoring. 
The maximum procedures course duration was 
14 days.

Clinical trial results and their evaluation 
The exposure group consisted of 8 women with 

various hypertension forms who were subject to non-
invasive percutaneous electrical stimulation with 
AVR-051 device in addition to antihypertensives’ 
intake.

The comparison group consisted of 8 women of 
the same age and comorbidities with hypertension 
who took antihypertensive drugs, but were not 
subjected to AVR-051 device use (Table 1).

In the first group, 7 cases of pregnancy resulted 
in timely delivery with the healthy children birth 
and just 1 patient (with PE) required emergency 
caesarean section at a period of 36th-37th weeks, 
which resulted in normal child birth. In the second 
group, 7 pregnancies were timely completed and just 
one patient required emergency caesarean section 
at the 38th week due to PE and normally positioned 
placental abruption. The mothers continued 
monotherapy with methyldopa (dopegyt) at a dose 
of 500 to 1000 mg or combined with prolonged 
nifedipine at a dose of 30 to 60 mg once a day.

The blood pressure and heart rate dynamics 
among mothers in the comparison groups is shown 
in Table 2.

There were following conclusions as the result of 
AVR-051 use for 2 weeks in women in labour with 
moderate hypertension:

1) target blood pressure levels achievement 
<140/90 mm Hg was observed by 3th-5th days of the 
postpartum period, in contrast to the comparison 

group, where the current indicators was ensured just 
by 10th-14th days due to the standard approach;

2) antihypertensives’ dose minimization, mainly 
methyldopa (250-500 mg) among 5 out of 8 women 
in labour and with subsequent complete refusal to 
take the drug after 14 days of follow-up by 3 women. 
It turned to be impossible to reduce the dose, which 
were often prescribed in the combination form, in 
comparison group; 

3) positive SBP and DBP dynamics after 1 week 
in the experimental group and no significant changes 
in comparison group;

4) device safety among postpartum women due 
to the absence of side effects in all cases.

Further research in order to assess the current 
method effectiveness of BP control in postpartum 
women is required.

Conclusion
The International Society for the Study of 

Hypertension in Pregnancy (ISSHP) has been actively 
studying various approaches to the hypertension 
issue among pregnant women since 1998 [58]. It 
is worth noting that there are still discrepancies in 
the blood pressure measuring rules, the proteinuria 
criteria and even the terminology used to classify 
hypertensive disorders during pregnancy [3-13]. 
So, this confirms the need for further research in 
order to reach a consensus on approaches to various 
hypertension forms diagnosis and treatment in 
pregnant women. Generally, there is a consensus 
on the approaches to the management of pregnant 
women with severe and moderate hypertension with 
organ dysfunction, despite the differences of various 
international communities. However, target BP levels 
in pregnant women remain a matter of debate. It is 
required to develop targeted personalized strategies 
for the management of pregnant women with various 
hypertension forms, in addition to studies with direct 
comparisons of different antihypertensive drugs.
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Increased natriuretic peptides not associated with heart failure

Chaulin A. M.1,2, Duplyakov D. V.1,2

Natriuretic peptides (NPs) are key diagnostic and prognostic 
biomarkers for patients with heart failure (HF). The main 
mechanism for increasing serum NP levels, which is 
characteristic of heart failure, is secretion in response to 
myocardial wall distention. At the same time, according to 
Russian and foreign literature, an increase in NPs is reported 
in a number of many other conditions that are not associated 
with HF. The study of these causes and mechanisms is 
necessary to improve the differential diagnosis of HF.
This article discusses the mechanisms of increasing NPs and 
their diagnostic value in heart failure, as well as a number 
of other conditions, such as acute coronary syndrome 
and coronary artery disease, atrial fibrillation, exercise, 
kidney failure, taking cardiotoxic drugs (chemotherapy) 
and sacubitril/valsartan. The article also provides data on 
identifying NPs in non-invasively obtained biological fluids 
(urine and oral fluid).

Keywords: natriuretic peptides, heart failure, exercise, 
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ВIntroduction. Biochemistry 
and physiology of natriuretic peptides

Laboratory diagnostics of cardiovascular diseases 
(CVD) is an integral component of a treatment 
and prevention strategy aimed at early diagnosis, 
improving the duration and quality of li fe of patients. 
The search for new laboratory CVD biomarkers 
and clarification of diagnostic potential of old ones 
still remain one of the priority research areas [1]. 
The current key CVD biomarkers used in routine 
clinical practice include cardiac troponin isoforms 
and natriuretic peptides (NP). For the first time, 
NPs and their properties became known in 1981 
with the studies by de Bold AJ, et al. The peptide 
discovered by them in the atrial myocardium had 
endocrine properties — a natriuretic effect, as a result 
of which it was named atrial NP (ANP) or A-type NP. 
Another historical name for this peptide was auriculin 
because it was found in the atrial appendage. These 
studies initiated a close study of the hormonal role of 
the heart. Subsequently, in 1989, in the ventricular 
cardiomyocytes, brain NP (BNP) or B-type NP was 
found. It got its name due to the fact that its structure 
corresponded to the peptide found earlier in the pig 
brain. And, finally, the third C-type NP (CNP) was 
identified in 1991 also in pig brain [2]. Thanks to 
molecular genetic studies, it became clear that NPs 
are a family of genetically different, but structurally 
related peptides. They have a similar structural 
conformation. ANP and BNP are predominantly 
expressed and secreted by cardiomyocytes (mainly 
atrial), and therefore are of interest as biomarkers in 
patients with CVD. At the same time, C-type NP 
is mainly produced in the central nervous system, 
endothelium, bone tissue and reproductive system, 
and its value in cardiology has not yet been established 
[2, 3]. According to modern concepts, NPs have 
hormonal/endocrine (vasodilation, natriuresis, sup  - 
pression of aldosterone and endothelin) and auto- 
crine/paracrine (antihypertrophic, antifibrotic and 
proangiogenic) effects [3].

NPs are synthesized as preprohormones on the 
ribosomes of the endoplasmic reticulum, after which 
they undergo a number of post-translational changes 
and are converted into mature peptide molecules 
(hormones). The main clinically significant features 
of NPs are presented in Table 1.

The primary stimulus for ANP release from 
cardiomyocytes is atrial wall stretching [4]. Its blood 
plasma level in healthy people is approximately 20 
pg/ml, while in patients with heart failure (HF) it 
is 10-100 times higher [5, 6]. The elimination half-
life is very short (approximately 2 minutes) and 
its clearance mainly occurs in the lungs, liver and 
kidneys, with extraction ratios of 24%, 30% and 
35%, respectively [7, 8].

BNP, unlike ANP, is stored in a minimum 
amount in secretory granules of ventricular 
cardiomyocytes and is secreted immediately in 
large portions after stimulation. Its plasma level in 
healthy people is approximately 3,5 pg/ml and can 
increase more than 100-fold in patients with HF 
[8, 9]. BNP has a precursor, the pro-BNP, which 
is cleaved into active BNP and inactive N-terminal 
pro-brain natriuretic peptide (NT-proBNP). The 
half-life of BNP is approximately 20 minutes, and 
NT-proBNP is approximately 120 minutes, which 
increases its diagnostic value [2]. The clearance of 
BNP depends mainly on neutral endopeptidase, 
while the NT-proBNP clearance depends on renal 
filtration [3, 5].

It has been shown that in patients with HF, the 
BNP level correlates with the severity of HF [2, 3, 
9]. Using NP to confirm the HF and determine the 
prognosis or severity of the disease is regulated by 
the current international guidelines [8, 9].

One of the interesting directions of modern 
research is the study of cardiomarkers’ levels in other 
biological f luids, primarily in urine and oral f luid 
[1]. In this regard, the study of NP in the oral f luid 
may be of particular interest for the non-invasive 
diagnosis of HF. It was shown that the mean level 
of BNP in the oral f luid of patients with HF is 
significantly higher than that of healthy patients. 
Determination of salivary BNP can be a useful 
method for the diagnosis and follow-up of patients 
with HF [10].

Some factors affecting the NP levels 
Large-scale multinational Breathing Not 

Properly study revealed that sex and age factors 
can have a significant influence on the NP levels 
[11]. In addition to biological factors, it depends 
on concomitant diseases such as obesity, coronary 
artery disease (CAD), acute coronary syndrome, 
atrial fibrillation (AF), renal failure, physical 
activity, cardiotoxic effects in the cancer therapy, 
taking sacubitril/valsartan, as well as false positive 
interference factors. Moreover, some conditions 
can either increase or vice versa decrease the NP 
concentration, which can lead to over- or un der -
diagnosis of HF. Below we will sequentially consider 
their impact on the level of NP and also discuss the 
main mechanisms underlying its increase.

It has been shown that body mass index (BMI) 
influences the choice of threshold values in the 
diagnosis of acute HF. Thus, Daniels L, et al. found 
that in the presence of obesity for the HF diagnosis, 
it is desirable to reduce the reference values of NP, 
and with a thin physique, on the contrary, to increase. 
In this study, the relationship between NP and BMI 
was revealed. Thus, the mean BNP levels in thin, 
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overweight and obese patients with acute HF were 
643, 462, and 247 pg/ml, respectively. And in patients 
without HF of a similar physique, the mean values 
were 52, 35, and 25 pg/ml, respectively. In general, to 
maintain the sensitivity of BNP in patients with severe 
obesity, a lower reference value should be used (≥54 
pg/ml), and for thin patients, a higher one (≥170 pg/
ml), which increases the specificity for the diagnosis 
of HF [12]. McCord  J, et al., sudying the effect of 
BMI on NP levels, confirmed the dependence of 
the BNP level on the patient’s weight. At the same 
time, when adjusting data on sex, age, severity of HF 
and kidney injury, BMI accounting did not bring 
additional diagnostic value [13].

A number of studies report that serum NP 
concentration in women is significantly higher than 
in men, however, the specific mechanisms underlying 
these features are still unknown [14-17]. In women, 
NP levels may be influenced by menstrual status, 
menopausal status, or use of hormone therapy [18, 
19]. The most likely causes of sex differences in NP 
levels are thought to be the effects of sex hormones. It 
was reported that estrogens have a stimulating effect 
on NP formation, while androgens, on the contrary, 
inhibit it [14, 17, 20].

In the large study by Lam C, et al. with 4,056 
patients, the serum concentration of NT-proBNP in 
men was significantly lower than in women in similar 
age groups, regardless of menopausal status and 
hormone therapy use. In addition, in women who 
received hormonal contraceptives, NT-proBNP was 
higher than in women who did not take them [16]. 
However, women taking hormonal contraceptives 
had the lowest levels of free testosterone and the 
highest concentrations of sex steroid binding globulin 

(SSBG). In both men and women, NT-proBNP 
increase was associated with a decrease in free 
testosterone and an increase in SSBG. These data 
are consistent with the hypothesis that androgens 
suppress NT-proBNP and suggest that differences 
in free testosterone may largely explain sex and 
hormonal differences in circulating NP levels [14]. 
In other words, there is a direct relationship between 
the NP levels and SSBG, and there is an inverse 
relationship between the NP levels and testosterone.

NPs in acute and chronic types 
of coronary artery disease

Myocardial ischemia leads to left ventricular (LV) 
systolic and diastolic dysfunction, which leads to an 
increase in NP concentration. In addition, when 
cardiomyocytes die, NPs will also be released into 
the blood. Thus, it should be expected that the 
greater the ischemia degree, the greater the NP 
increase. It is logical to expect that NP will be a 
valuable prognostic biomarker in both the short and 
long term in patients with acute coronary syndrome.

Patients with ST-segment elevation myocardial 
infarction (STEMI) who have serum BNP levels 
>80 pg/ml on admission have a 7,2-fold increase 
in 30-day mortality [21]. The ASSENT-2 and 
ASSENT-PLUS studies reported that the level 
of NT-proBNP at admission was an independent 
marker of one-year mortality in STEMI patients 
receiving thrombolytic therapy [22]. The same was 
observed in STEMI patients who underwent primary 
percutaneous coronary intervention [23-25]. In 
patients with non-STEMI m, the NL levels also 
have a high predictive value in predicting in-hospital 
and six-month mortality [26-28].

Table 1
Characteristics of various NPs

Characteristics ANP BNP NТ-proBNP
Number of amino acid residues 28 32 76
Main location In atria In atria and ventricles In atria and ventricles
Reserve in cardiomyocytes Large (in intracellular 

granules)
Minimal Minimal

Basal cardiac secretion ++ + +
Gene transcription response  
to myocardial stretching

Slow Rapid Rapid

Biological activity Yes Yes No
Half life Short (2 min) Medium (20 min) Long (60-120 min)
Elimination methods Renal filtration, blood 

cleavage by proteases 
Renal filtration, blood 
cleavage by proteases 

Renal filtration, blood 
cleavage by proteases 

Clinical range 0-2000 pg/ml 0-5000 pg/ml 0-35000 pg/ml
Abbreviations: BNP — brain natriuretic peptide, ANP — atrial natriuretic peptide, NT-proBNP — N-terminal pro-brain natriuretic peptide.
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In chronic coronary artery disease, even the 
development of insignificant myocardial ischemia 
led to blood NP increase, while the predictive value 
of NT-proBNP was superior to that of BNP in 
predicting the risk of adverse events [29].

NPs and AF 
It is well known that AF can cause dyspnea in 

the absence of HF and also lead to an increase 
in serum NPs. The PRIDE (ProBNP Investigation 
of Dyspnea in the Emergency Department) study 
included 599 patients who admitted to the emergency 
department with complaints of shortness of breath. 
To confirm/rule out the AF, all patients underwent 
electrocardiography. NT-proBNP levels were deter-
mined. AF was detected in 13% of patients at the time 
of admission, while their mean NT-proBNP level was 
significantly higher than in patients without AF (2934 
pg/ml vs 294 pg/ml, p<0,0001). In patients without 
acute HF and with AF, the mean NT-proBNP level 
was significantly higher than in patients without AF 
(932 vs 121 pg/ml, p=0,02) [30].

In AF patients, it is recommended to use higher cut-
off levels of BNP and NT-proBNP for the diagnosis 
of HF. The BACH (Biomarkers in ACute Heart 
Failure) study, which included 1445 patients with acute 
dyspnea, showed that the diagnostic value of BNP and 
NT-proBNP in acute HF decreased in the presence 
of AF [31]. The BNP threshold of 100 pg/ml had a 
specificity of 40% and 79% for the diagnosis of acute 
HF, respectively, in patients with and without AF. 
In patients with AF, a threshold of 200 pg/ml led to 
a significant improvement in the specificity of HF 
diagnosis compared to the conventional level of 100 
pg/ml, with little sensitivity loss [31].

An inverse relationship was also noted between 
the NP levels and AF, namely, higher concentrations 
of NP are a risk factor for AF [32]. This may be due 
to a decrease in the effective refractory period in 
atrial cardiomyocytes [33].

The onset of AF in the early postoperative period 
is a poor prognostic factor. According to a meta-
analysis with 5 studies, the level of NP can predict 
the risk of postoperative AF [32, 33].

NPs and renal failure
NPs are low-molecular-weight peptides, which 

they can pass through the glomerular filter and 
blood-saliva barrier into the urine and oral f luid, 
respectively [1, 10]. Ng L, et al. found that in 
patients with LV systolic dysfunction, urinary 
NT-proBNP levels were higher than in controls 
[34]. Glomerular filtration disorders, characteristic 
of chronic renal failure (CRF), are accompanied by 
an increase in serum NPs. However, Franz M, et al. 
found that in patients with impaired renal function, 

the NP excretion is increased. The progression of 
renal failure leads to a significant increase in the 
circulating NPs [35].

It has been shown that the BNP threshold for HF 
diagnosis can change if the glomerular filtration rate 
(GFR) is <60 ml/min/1,73 m2. The BNP level in 
patients with GFR <60 ml/min/1,73 m2 was 2-4 times 
higher than in patients with GFR ≥60 ml/min/1,73 
m2 [36, 37]. These findings are consistent with the 
the multinational Breathing Not Properly study of 
1586 patients with acute dyspnea and a GFR <60 ml/
min/1,73 m2. It turned out that the optimal threshold 
values for BNP varied from 70,7 to 225,0 pg/ml for 
GFR ≥90 and <30 ml/min/1,73 m2, respectively 
[38]. Thus, the NP level significantly increases with 
a GFR decrease, which has a significant impact on 
the diagnostic value in HF. It is likely that in patients 
with combination of HF and CRF, higher reference 
values should be used compared to patients without 
CRF. The most likely mechanism responsible for the 
increase in serum levels of NP in CRF is impaired NP 
elimination with urine.

NPs and exercise
Prolonged and intense physical activity can ad -

versely affect the state of cardiomyocytes, as eviden- 
ced by a significant increase in cardiomarkers such as 
heart-type fatty acid-binding protein, copeptin, tro-
ponin I or T, NPs, and some others [39-42]. Schar-
hag J, et al. found a NT-proBNP increase in 81 
of 105 athletes after prolonged endurance exercise. 
The degree of NT-proBNP increase depended on 
the duration and severity of physical activity. The 
greatest increase in the NT-proBNP was observed 
in runners who 100-km running (mean value, 200 
ng/l; 25/75 percentile, 115/770 ng/l). NT-proBNP 
was not associated with exercise-induced increases in 
troponin, but it was positively correlated with exercise 
time [39]. Considering that after a marathon run, 
the normalization of NT-proBNP occurs within 72 
hours, it is assumed that this is based on a transient 
cardiomyocyte metabolism impairment [40]. 

Another hypothetical mechanism is the forma -
tion and release of membrane vesicles, in which the 
cytoplasmic proteins can also escape from the 
cardiomyocyte. A similar mechanism was first de -
scribed by Schwartz P, conducting experiments on 
in vitro isolated cultured cardiomyocytes [43].

Medications affecting the NP levels
Myocardial injury by cardiotoxic drugs, in 

particular, chemotherapeutic agents used in the 
treatment of cancer, is accompanied by serum NP 
increase. NP concentration closely correlates with 
LV ejection fraction and LV global longitudinal 
strain after chemotherapy [44].
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One of the factors contributing to a change 
in cardiomarker concentration is its metabolic 
characteristics, in particular, the half-life. Elimi -
nation of many cardiomarkers, including NPs, is 
carried out by blood filtration in the kidneys. The 
degradation of protein molecules is mediated by 
enzymes inside and outside the cell. To date, it 
is known that NPs circulating in the blood are 
cleaved by neprilysin, which belongs to the class 
of zinc-dependent metalloproteases. When ne -
prilysin is blocked, the BNP molecules are not 
cleaved and circulate in the blood (accumulate) 
longer, and their concentration increases [45, 46]. 
Sacubitril in combination with the angiotensin 
receptor antagonist valsartan inhibits neprilysin, 
thereby increasing the blood concentration of BNP. 
In addition to the diagnostic value, this also has 
a therapeutic effect, since NPs have a beneficial 
effect on the myocardium of HF patients [45]. At 
the same time, the neprilysin does not degrade 
NT-proBNP, therefore, inhibition of neprilisin with 
sacubitril/valsartan does not affect the NT-proBNP 
concentration in any way. Therefore, in patients 
taking sacubtril/valsartan, it is recommended to 
determine NT-proBNP for diagnostics [45, 46].

Reasons for a false 
positive increase in NPs

A false positive increase in NPs may be due 
to the heterophile antibodies [47-49]. The inter -
ference mechanism is associated with the effect 

of heterophile antibodies on the immune reaction 
between the diagnostic anti-NP antibody and the 
corresponding antigen. However, the number of 
cases described in the literature on false positive NPs 
due to heterophile antibodies is significantly lower 
than the number of cases described in terms of the 
effect of heterophile antibodies on cardiac troponins. 
Solter  P, et al. revealed the effect of canine 
heterophile antibodies on enzyme immunoassay in 
the BNP determination [47]. Collin-Chavagnac D, 
et al. described a clinical case of a false-positive 
increase in NPs caused by monoclonal antibodies 
of the IgM class in a 75-year-old patient with 
Waldenstrom macroglobulinemia [48]. In this 
disease, tumor proliferation of B-lymphocytes 
and hypersecretion of monoclonal IgM are noted, 
which cause interference in immunochemical 
laboratory tests. Rheumatoid factor can be another 
reason for a false-positive increase in NPs [49]. 
Additional factors affecting the results of laboratory 
determination of NPs may be preanalytical errors 
leading to hemolysis, lipemia and blood clots [1, 
50, 51]. Such elements adversely affect the optical 
density of the analyzed solution, which is then used 
to calculate the concentration of NPs.

The main reasons and mechanisms for increasing 
the NPs considered above are presented in Table 2.

Conclusion
NPs are valuable biomarkers widely used for the 

diagnosis and prognosis of a number of CVDs. An 

Table 2
Causes and mechanisms for NP increase 

Cause of NP increase Impact and mechanism of increasing NPs
Heart failure Stretching of atrial and ventricular myocardium 
Biological factors:
— Sex
— Age
— BMI

Female patients have higher levels of NPs, presumably due to the stimulating effect of female sex 
hormones and the inhibitory effect of male sex hormones on NP synthesis
Older patients have higher NP levels
Patients with a lower BMI have higher NP levels

CAD and ACS Cardiomyocyte damage and release of cytosolic proteins, including NPs
AF Myocardial ischemia due to imbalance between the oxygen delivery and required volume  

for adequate myocardial function
Renal failure Decrease in GFR leads to decreased elimination of NPs in urine and an increase in the blood serum
Physical exercise Increased myocardial load, transient ischemia, membrane vesicles
Cardiotoxic (chemotherapy 
drugs)

Cardiomyocyte damage and release of cytoplasmic enzymes and proteins, including NPs

Sacubitril/valsartan Sacubitril/valsartan inhibits the neprilisin, which leads to NP accumulation 
False positive causes  
of increase

— Heterophilic antibodies
— Rheumatoid factor
— Preanalytical errors (hemolysis, lipemia, blood clots)

Abbreviations: CAD — coronary heart disease, BMI — body mass index, NPs — natriuretic peptides, ACS — acute coronary syndrome, 
GFR — glomerular filtration rate, AF — atrial fibrillation.
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increased NPs in HF occurs due to cardiac wall stret-
ching, which stimulates the NP secretion by cardio-
myocytes. In addition to HF, there are a number of 
reasons for the increase in NPs, which may be based on 
many other mechanisms not associated with myocardial 

stretching. According to some reports, in addition to 
blood serum, NPs are present in the oral fluid and urine. 
Further study is of both practical and research interest.

Relationships and Activities: none.
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Association of medical staffing and outcomes in cardiovascular diseases

Villevalde S. V., Zvartau N. E., Yakovlev A. N., Solovyeva A. E., Neplyueva G. A., Zaitsev V. V., 
Avdonina N. G., Fedorenko A. A., Endubaeva G. V., Erastov A. M., Karlina V. A., Panarina S. A., 
Soloviev A. E., Pavlyuk E. I., Dubinina M. V., Medvedeva E. A., Shlyakhto E. V.

Raised life expectancy of patients with cardiovascular 
diseases (CVD), due to continuous progress in drug treat-
ment options and widespread use of innovate technologies, 
increase the burden of CVD on healthcare system. The 
development of human resources by highly qualified spe-
cialists is of fundamental importance. For the rational use of 
human resources to achieve the targets of federal project on 
the prevention of cardiovascular diseases, it is necessary not 
only to analyze the actual situation with medical staffing, but 
also the potential effects of staff shortages and imbalances 
on mortality. The review presents evidence of associations 
between staffing and quality of care and CVD outcomes. 
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Prevalence of cardiovascular diseases (CVD) and 
the need for a highly skilled workforce

Recent decades have seen an increase in life 
expectancy at birth from 67,2 years in 2000 to 73,5 
years in 2019 [1]. This is due to significant advances 
in the diagnosis and treatment of many diseases, 
including CVDs. With effective drug therapy and 
close integration of health care with high technology, 
CVDs are less fatal but more prevalent. Coronary 
artery disease (CAD) and stroke have for decades 
shown the highest disability-adjusted life years 
(DALYs) and potential contribution to the loss of 
‘healthy’ life years in the age groups 50-74 years 
and over 75 years [2]. CVDs continue to top the 
list of causes of hospitalization and mortality in the 
population. In the Russian Federation (RF), high 
premature mortality from CVDs, which accounts for 
~50% of all deaths, is one of the most acute public 
health problems [3].

The current burden of CVDs on health systems 
around the world and their projected growth 
are driving the need to develop human resource 
capacity and competencies  — as factors key to 
health promotion, accessibility and quality of care 
(Figure 1) [4]. The cardiac workforce should be 
understood as a team of professionals working 
together to implement the principle of continuity 
of care. However, at the center of the decision-
making system are cardiologists, who interact with 
patients at all stages of the CVD continuum and at 
all stages of care. The widespread use of innovative 
CVD treatment methods and information and 
communication technologies sets high requirements 
for the education, professional competencies and 
skills of the modern cardiologist.

In order to improve the medical infrastructure 
and increase the availability and quality of health 
care and, consequently, to increase life expectancy to 
78 years by 2030, the Russian Government approved 
the national project, the aim of which is reduction 
of CVD mortality to 450 cases per 100000 people 
by 2024 [5]. Its achievement largely depends on the 
availability of qualified specialists in the industry. 
The shortage or uneven territorial distribution 
of specialists involved in the provision of health 
care to patients with CVDs can be critical in the 
implementation of national objectives. Earlier studies 
indicate the prognostic value of hospitalization and 
treatment of CVDs in specialized departments [6, 7], 
which may be associated with their better equipment, 
the possibility of more intensive monitoring, timely 
recognition and treatment of life-threatening 
complications, more frequent prescription of drugs 
with proven effects on the quality of life of patients. 
The present review summarizes the available data 
on the associations of cardiology staffing indicators 

and quality of care parameters and outcomes in car -
diovascular diseases.

Availability of inpatient cardiologists and in-hos -
pital outcomes for CVDs

In acute or decompensated chronic CVDs, the 
availability of highly qualified specialists may be a 
key factor, in addition to the timeliness and profile of 
hospitalization. A shortage of inpatient cardiologists 
can potentially lead to delays in life-saving therapy, 
as well as missed opportunities to improve long-
term outcomes  — stabilization and correction of 
significant risk factors, optimal drug therapy and 
management plans, and patient education.

To assess the potential relationship between 
inpatient staffing and hospital outcomes, various 
indicators have been used  — the availability and 
number of cardiologists, the specialist workload in 
relation to volumes of care per year or the number of 
contractual patients (Table 1).

One of the leading causes of hospital admission in 
CVD patients is decompensated heart failure (HF). 
According to European studies, 32-44% of HF patients 
are hospitalized during the year, most of them over 65 
years of age [8, 9]. The frequency of rehospitalizations 
for HF is associated with mortality and inversely 
correlated with the number of acute care beds in 
the region [10]. In the analysis of the administrative 
database of Japan, among patients hospitalized with 
decompensated HF in hospitals without cardiologists, 
hospital mortality was significantly higher and 
adjusted for significant prognostic factors (sex, age, 
route of hospitalization, HF class, respiratory failure, 
CAD, hypertension (HTN), atrial fibrillation (AF), 
life-threatening arrhythmias, renal failure, shock) 
was 10,7% compared to 5,4%, 7,0% and 7,1% in 
hospitals with a staff of ≥10, 5-9 and 1-4 cardiologists, 
accordingly [11].There are significant differences in 
the practice of managing patients with HF: more 
frequent prescribing of therapy and therapeutic and 
diagnostic interventions in hospitals with better 
provision of cardiologists [11].

Another study demonstrated a 30% reduction in 
the risk of in-hospital mortality for the population 
of patients hospitalized with HF in hospitals with 
the highest ratio of cardiologists to 50 inpatient 
beds [12]. Dividing all hospitals into quartiles, the 
group with the highest score (16,7) compared with 
the lowest (4,4) showed an average 59% increase 
in the use of beta-blockers, a 38% increase in 
angiotensin converting enzyme inhibitors and a 27% 
increase in mineralocorticoid receptor antagonists 
[12]. Thus, better management of patients with 
HF by cardiologists may lead to improved hospital 
outcomes, but also, potentially, by a higher frequency 
of optimal drug therapy, which reduces mortality, to 
improved long-term outcomes.
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It is noteworthy that better inpatient management 
by cardiologists compared to non-cardiologists may 
be associated with a reduced risk of pneumonia, 
septicemia and urinary tract infection, in addition to 
improved survival, as demonstrated in a study using 
propensity score matching depending on age, sex, 
income level, diagnosis, presence of HTN, type 2 
diabetes (T2D), end-stage chronic kidney disease, 
cirrhosis, hyperlipidaemia, Parkinson’s disease, 
number of hospital admissions and frequency of 
emergency department visits [13]. This is particularly 
important in view of the increasing number of 
patients with CVD who have non-cardiac disorders 
at the same time. 

Another large national study in Japan (Table  1) 
has shown that a higher number of cardiologists 
who are certified as specialists is associated with 
lower mortality in patients admitted with a wide 
range of CVDs to an acute care hospital, regardless 
of equipment, patient demographics and variant of 

CVD [14]. However, these associations were more 
pronounced for smaller hospitals. The emergence 
of a relative shortage of specialists in large hospitals 
with an increase in the number of beds and physician 
workload (high “number of beds per certified 
cardiologist” ratio) was accompanied by an increase 
in hospital mortality [14]. In contrast, another study 
(Medicare, USA, 2004-2006) showed a reduction in 
30-day mortality from myocardial infarction (MI) 
and HF when admitted to hospital with a high annual 
volume of medical services for these conditions [15]. 
However, the authors set a volume threshold above 
which there is no reduction in mortality. These 
results emphasize that the number of specialists and 
volumes (which determine specialist experience and 
are important, particularly in percutaneous coronary 
intervention and coronary artery bypass grafting [16, 
17]) are not the only parameters affecting outcomes. 
It is not so much the number as the workload of 
specialists that is fundamental, and this must be 
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Figure 1. Development of human resource capacity and competencies as factors that play a key role in ensuring access and quality 
of CVD health care.
Note: the increasing burden of CVDs is the main factor behind the high demand for qualified cardiac professionals and the growing 
relative and absolute shortage of staff in the system of care for patients with CVDs, which is reflected in the worsening of clinical outcomes 
in patients with CVDs. Strategies to both increase the number of specialists and improve the quality of their training can improve the 
efficiency of the whole system of CVD care. Yellow indicates the main challenges for CVD care, while green indicates ways of addressing 
the identified challenges. 
Abbreviations: CVD — cardiovascular disease, CME — continuing medical education. 
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Table 1
Studies on the impact of the availability of inpatient cardiologists 

on outcomes in patients with MI/acute coronary syndrome, HF 

Author, year  
of publication

Analyzed parameters/sample size Results

Sasaki, et al.,  
Japan, 2014 [11]

Patients with acute heart failure (n=38668) 
admitted to emergency care hospitals (n=546) 
between 2010 and 2011.
In-hospital mortality adjusted for sex and age.

Hospitals with a higher staffing of cardiologists have  
a lower hospital mortality rate (5,4% vs 7,1%, p<0,001  
in the group with >10 cardiologists vs the group with  
1-4 cardiologists).

Kanaoka, et al., 
Japan, 2019 [12]

Patients with HF (n=154290) admitted to intensive 
care unit (n=770) between April 1, 2012 and March 
31, 2014.
Subgroups divided by quartiles according  
to the ratio of the number of cardiologists per 50 
cardiac beds. 
In-hospital mortality.

Reduction in the in-hospital mortality with an increase  
in the ratio of cardiologists per 50 cardiac beds.
For subgroups with an index value of 9,7 (8,8-10,1) 
and 16,7 (14,0-23,8), the HR was 0,81 (95% CI, 0,71-
0,91; p<0,001) and 0,68 (95% CI, 0,59-0,77; p<0,001), 
respectively.

Wu, et al.,  
Taiwan, 2020 [13]

Patients hospitalized for CVDs (n=6264) between 
2008 and 2013.
Hospital mortality.
Risk of complications during hospital admission.

The mortality rate of patients treated by cardiologists 
was lower than in the group of patients treated  
by physicians from other specialties: OR, 0,37, 95% CI, 
0,29-0,47.
The number of complications, such as pneumonia, 
septicemia and urinary tract infection, was higher  
if the treatment was not carried out by cardiologists.

Yoneyama, et al., 
Japan, 2019 [14]

Patients over 18 years of age (n=896171) 
hospitalized for a wide range of CVDs from 
between April 1, 2012 and March 31, 2013.
Certified cardiologists (n=11687).
The specialist workload indicator is the number  
of beds per certified cardiologist.
In-hospital all-cause mortality.

More certified cardiologists were associated with lower 
in-hospital mortality (HR, 0,980, 95% CI, 0,975-0,986; 
p<0,01) regardless of hospital facilities and patient 
characteristics.
Increase in hospital mortality with an increase in number 
of beds per certified cardiologist: HR, 1,012, 95% CI, 
1,008-1,015; p<0,01.

Kulkarni, et al.,  
USA, 2013 [18]

Patients over 65 years of age hospitalized with MI 
(n=171126) and HF (n=352853).
Number of cardiologists per 100000 population 
aged over 65 in 306 regions with hospitals in 2010.
One-month and 1-year mortality risk.

The risk of death within 30 days and 1 year was higher  
in regions with fewer cardiologists: for patients with 
MI, OR was 1,13 (95% CI, 1,06-1,21; p<0,0002) and 1,06 
(95% CI, 1,00-1,12; p<0,0571), respectively; for patients 
with HF, OR was 1,19 (95% CI, 1,12-1,27; p<0,0001)  
and 1,09 (95% CI, 1,04-1,13; p<0,0001), respectively.

Abbreviations: CI — confidence interval, MI — myocardial infarction, HR — hazard ratio, OR — odds ratio, HF — heart failure, CVD — 
cardiovascular disease.

taken into account in the territorial planning of 
specialized health care, the routing of patients with 
acute CVDs and the rules of interaction between 
institutions. In particular, a study of the spatial 
distribution density of cardiologists (the ratio of 
specialists to the eligible population aged over 65 
years) has shown that regions with a low density 
of cardiologists have higher 30-day and one-year 
mortality rates in patients with MI (13% and 6%) 
and HF (19% and 9%) [18].

Outpatient cardiac monitoring and prognosis of 
cardiovascular patients 

A seamless model of management of patients 
with chronic CVDs, especially elderly and comorbid 
patients receiving care in different institutions and 
by different specialists, may reduce CVD mortality 
[19]. One solution is to establish a cardiovascular 
risk management system in each region, with 

continuity between inpatient and outpatient care 
being an important component of this system 
[20]. Continuity reduces the number of hospital 
admissions and the risk of death [21]. Studying the 
role of the professional managing patients discharged 
from hospital after an acute cardiovascular event can 
help to plan and organize the most effective model of 
follow-up.

Several studies have demonstrated that outpatient 
follow-up by a cardiologist reduces the risk of 
adverse events (Table 2). Among high cardiovascular 
risk patients with a history of T2D, previous MI 
and/or coronary revascularization, other known 
CVDs discharged from the differential chest pain 
unit and presenting within 30 days of discharge to 
an outpatient cardiologist visit, there was a 15% 
reduced risk of MI or death compared with patients 
with a general practitioner visit and a 21% reduction 
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diagnostic tests, myocardial revascularization and 
prescription of CAD therapy [23].

Of note, evidence of more frequent adherence to 
current clinical guidelines, prescription of enhanced 
screening and optimal drug therapy by cardiologists 
has been repeatedly confirmed in subgroups of 
primary and secondary cardiovascular prevention 
[24], in patients with AF and chronic HF [25-
28]. A retrospective cohort study including patients 
with newly diagnosed AF (n=184161, USA) also 
found an 11% lower risk of death in the first 90 
days of follow-up and more frequent prescribing of 
anticoagulant and antyarrhythmic therapy, statins 
and angiotensin-converting enzyme inhibitors/
angiotensin II receptor blockers [26]. All-cause 
mortality, as well as stroke and major bleeding rates, 
were significantly lower among patients with first-
diagnosed AF who were followed up for one year 
by cardiologists compared with patients who did 
not visit a cardiologist [27]. In another retrospective 
population-based study of patients with first-
time AF presenting to the emergency department 
(n=2902, Ontario, Canada), mortality was 32% 
lower in those with cardiac consultation during 
the subsequent year of follow-up compared with 

compared with patients without an outpatient visit 
[22]. 

These associations were observed, adjusted for 
a wide range of influencing factors, despite a later 
visit to the cardiologist (median of 12 (5-20) days 
after discharge vs 7 (2-15) days for the general 
practitioner) and a higher proportion of patients with 
risk factors and previous CVD. For patients in the 
cardiologist follow-up group, a higher frequency of 
appointments for diagnostic tests, including stress 
tests, echocardiography, as well as major classes of 
cardiovascular drugs and coronary revascularization 
was found [22]. In a similar analysis of a patient 
population without diabetes or previous CVD [23], 
follow-up with a cardiologist together with a primary 
care physician compared with no visit within 30 
days of discharge was associated with a 27% and 
19% reduction in risk of death and death or MI, 
respectively. A cardiologist visit was associated with 
a tendency to reduce the risk of death by 20% and 
of death or MI by 13%, whereas no improvement 
in outcomes was observed with primary care alone 
versus no follow-up [23]. Patient groups in which 
the cardiologist was involved in the follow-up 
were characterized by a higher frequency of use of 

Table 2
The influence of the specialization of the doctor performing 

outpatient follow-up on clinical outcomes

Author,  
year  
of publication

Sample Groups analysed Impact on management tactics Impact on outcomes

Czarnecki, 
Canada,  
2013 [22]

Patients over 
18 years of age 
discharged from 
chest pain differential 
department 
(n=56767) with high 
cardiovascular risk 
(concomitant T2D, 
previous CVD, cardiac 
surgery).

Three groups 
depending on the visit 
and the specialty  
of the outpatient 
doctor in the first 30 
days after discharge: 
1. Cardiologist
2. Primary care 
physician
3. Without a doctor

Frequency in groups 1, 2, 3:
echocardiography: 38,9%, 15,8%, 
9,9%;
PCI: 5%, 1%, 0,7%; 
statin therapy: 71,5%, 58,9%, 53,4%;
ACE inhibitors/ARBs: 72%, 65,1%, 
61,7%;
BB: 62,2%, 49,7%, 48,6%.

Reduced risk of all-cause 
mortality or hospital 
admission for MI:  
in group 1 vs group 3  
(HR, 0,85, 95% CI, 0,78-
0,92; p<0,001) and vs 
group 2 (HR, 0,79, 95% CI, 
0,71-0,88; p<0,001).
Increased risk of repeat 
admissions to the pain 
differential department  
in group 1 vs group 3: 
13,2% and 11,9%.

Czarnecki, 
Canada,  
2014 [23]

Patients over 
50 years of age 
discharged from 
chest pain differential 
departmeny 
(n=216527) with low 
cardiovascular risk  
(no CVD, cardiac 
surgery, T2D).

Four groups 
depending on the visit 
and speciality  
of the outpatient 
doctor in the first 30 
days after discharge: 
1. Cardiologist
2. Cardiologist and 
general practitioner 
together
3. General practitioner 
4. Without doctor

Frequency in groups 1, 2, 3, 4:
Stress tests: 71,8%, 71,9%, 28,4%, 
15,6%; 
coronary revascularisation: 5,4%, 
6,4%, 0,8%, 0,9%;
Statin therapy: 51,8%, 53,9%, 38,4%, 
32,6%;
ACE inhibitors/ARBs: 51,4%, 56,2%, 
45,5%, 38%.

The risk of all-cause 
mortality within one year  
of discharge was lower  
in group 2 compared with 
group 4 (OR, 0,73, 95% 
CI, 0,63-0,85; p<0,001), 
in group 1 compared with 
group 4 (OR, 0,80, 95% CI, 
0,65-0,99; p<0,042).
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the group without cardiac consultation. However, 
there was a higher rate of rehospitalizations with 
AF, HF and stroke [25]. The study was conducted 
using propensity score matching, taking into 
account sex, age, socioeconomic status, cardiologist 
examination during an emergency department stay 
and in the 2 years prior to admission, cardioversion, 
repeat admissions to the emergency department, 
presence of HF, T2D, stroke, HTN, bleeding, 
comorbidity, risk of thromboembolic complications 
by CHA2DS2VASc.

An inverse correlation between the availability 
of cardiologists per 100 000 population and the 

frequency of major hospital admissions (r=-0,34, 
p<0,01) was shown in a large Canadian study, with 
no relationship between the number of hospital 
admissions and availability of primary care 
physicians. However, the availability of cardiologists 
was also associated with a higher use of different 
cardiovascular diagnostic tests (relative risk (RR), 
1,10, 95% confidence interval (CI), 1,09-1,10, 
p<0,001), including coronary angiography (RR, 1,03, 
95% CI, 1,02-1,04, p<0,001) and echocardiography 
(RR, 1,16, 95% CI, 1,15-1,17; p<0,001) and non-
invasive tests (RR, 1,10, 95% CI, 1,10-1,11; p<0,001) 
[29]. It is likely that the interpretation of an increased 

Author,  
year  
of publication

Sample Groups analysed Impact on management tactics Impact on outcomes

Singh, 
Canada,  
2017 [25]

Patients with 
newly reported AF 
(n=2902) aged 20 to 
80 years admitted 
to the emergency 
department.

Two groups, 
depending on the 
specialization of the 
outpatient doctor for 
the following year:
1. Cardiologist 
2. General practitioner

More frequent prescribing in group 1 
compared to group 2:
VKA: 46,8% vs 39,6%;
DOAC: 18,1% vs 14,2%;
Echocardiography: 51,9% vs 24,5%;
Stress tests: 30,6% vs 13,7%;
CA: 11,2% vs 0,3%;
PCI: 1,6% vs 0%.

Group 1 versus group 
2 had lower one-year 
mortality (5,3% vs 7,7%, 
HR 0,68, 95% CI 0,55-0,84; 
p<0,001), higher rates of 
repeat hospitalizations with 
AF (17,9% vs 8,2%, HR 2,3, 
95% CI 2,0-2,7 p<0,001), 
stroke (1,7% vs 0,5%, 
HR 3,4, 95% CI 1,8–6,1; 
p<0,001), bleeding (3,1% 
vs2%, HR 1,5, 95% CI 1,1-
2,1; p<0,001), HF (3,2% vs 
1,4%, HR 2,2, 95% CI 1,5-
3,1; p<0,001).

Perino,  
USA,  
2017 [26]

Patients with 
newly reported AF 
(n=184161) admitted 
to the emergency 
department.

Two groups 
depending on the 
specialization of the 
outpatient doctor for 
the first 90 days after 
diagnosis:
1. Cardiologist
2. Primary care 
physician

In groups 1 and 2: 
administration of anticoagulant 
therapy: 70,3% and 58,8% 
(p<0,0001);
drugs to control VCR: 90,1% and 
80,5% (p<0,0001); 
antiarrhythmic drugs: 20,8% and 
11,0% (p<0,0001)
antiplatelet agents: 42,6% and 28,6% 
(p<0,0001)
statins: 65,6% and 58,1% (p<0,0001).

Reduced risk of death at 
90 days in group 1 versus 
group 2: HR, 0,89, 95% CI, 
0,88-0,91, p<0,001.

Hawkins, 
Canada,  
2019 [27] 

Patients over 18 
years of age with 
newly reported AF 
(n=7986) presenting 
to the emergency 
department.

Groups according to 
the specialty of the 
outpatient doctor for 
the next 90 days after 
diagnosis:
1. Cardiologist
2. Therapist 
3. Non-specialist
4. Without follow-up

Frequency at one year follow-up in 
groups 1, 2, 3, 4:
Holter monitoring: 26,5%, 20,5%, 
17,2%, 8,5%;
echocardiography: 85,1%, 72,4%, 
49,5%, 30%; 
cardioversion 30,3%, 25,9%, 16,9%, 
28,1%;
angiography: 6%, 5,5%, 2,7%, 1,8%;
VKA prescription: 28,8%, 22,1%, 
25,2%, 12,2%;
BB: 48,9%, 42,9%, 43,1%, 17,5%.

After 12 months, patients 
seen by a cardiologist 
had a lower risk of death 
(HR, 0,72, 95% CI, 0,55-
0,93); stroke (HR, 0,60, 
95% CI, 0,37-0,96); major 
bleeding (HR, 0,69, 95% 
CI, 0,53-0,89) compared 
with patients without 
cardiologist follow-up.

Abbreviations: VKA — vitamin K antagonists, BB — beta-blockers, ARB — angiotensin II receptor blockers, CI — confidence interval, 
ACE — angiotensin-converting enzyme, MI — myocardial infarction, CA — coronary angiography, DOAC — direct oral anticoagulants, 
HR — hazard ratio, OR — odds ratio, T2D — type 2 diabetes, HF — heart failure, CVD — cardiovascular diseases, AF — atrial fibrillation, 
PCI — percutaneous coronary intervention, VCR — ventricular contraction rate. 

Table 2. Сontinued



65

EDITORIALLITERATURE REVIEWS

risk of hospital admission with better therapeutic 
and diagnostic management in cardiology follow-up 
should not be seen as a negative trend, but rather as 
an indication of alertness to prevent the development 
of adverse outcomes.

A particularly complex population of patients 
with a high risk of adverse outcomes is represented 
by patients with HF. The Russian RUS-HF study 
showed better survival during treatment in specialized 
departments and subsequent follow-up for 3 years 
after discharge in groups of cardiologists-specialists 
in HF and cardiologists of the federal center 
compared to regional center cardiologists (80,3% 
and 77,9% vs 52%) [28]. It can be expected that 
in specialized institutions, the outcomes of HF are 
better due to the participation of a multidisciplinary 
team in the treatment, technical capabilities, 
accumulated experience, high professional level 
of specialists, as well as a greater frequency of 
prescribing therapy that affects the prognosis [28]. 
Foreign studies in this area also demonstrate a 
more frequent use of the main groups of drugs 
recommended for the treatment of patients with 
HF, with joint follow-up after discharge of patients 
hospitalized with HF in the emergency department, 
by cardiologists and general practitioners, compared 
with follow-up only by general practitioners or no 
outpatient follow-up [30].

The reduction in the risk of death associated with 
the cardiologist’s follow-up after discharge should be 
interpreted carefully. The very existence of the visit 
after discharge may reflect several factors such as 
organizational and related to patient characteristics, 
greater adherence to treatment and lower severity 
of the condition. On the other hand, the adjustment 
for multiple factors that potentially determine 
the prognosis strongly indicates the presence of a 
“specialist effect” on improving the quality of health 
care and prognosis in CVD.

The question of which specialty doctor should 
observe patients at the outpatient stage, however, 
cannot be resolved unambiguously. One of the 
successful areas of personnel policy in the system 
of care for patients with CVD is the introduction 
into clinical practice of teams that include nurses 
with higher education, clinical pharmacologists, 
and medical assistants. With this approach, a 
high level of quality of medical services can also 
be achieved. In particular, a large longitudinal 
IMPROVE HF cohort study conducted to assess 
the quality of management of patients with HF 
or left ventricular dysfunction due to MI at the 
outpatient stage, which included patients from 
162 cardiology practices (n=14891, USA), did not 
show significant differences in compliance with 
current clinical recommendations in the groups of 

patients observed with the participation of medical 
assistants and nurses and only doctors. In addition, 
in cardiology practices staffed by medical assistants 
and nurses with higher education, the training of 
patients with HF was carried out [31]. In another 
study of outpatient follow-up of patients after MI 
by a team or only doctors, there were also no 
significant differences in mortality within 90 days 
after discharge (adjusted odds ratio (OR), 1,18, 95% 
CI, 0,98-1,42), drug treatment (OR, 0,98, 95% CI 
0,89-1,08), risk of rehospitalization (OR, 1,11, 95% 
CI, 0,99-1,26) [32]. At the same time, the patients 
observed by the team were more likely to suffer 
from T2D (37% vs 33%), HF (20% vs 16%), were 
discharged to a medical institution (21% vs 13%), 
and had more visits during the 90 days of follow-up 
(median number of visits 6 vs 5) [32].

Availability of cardiologists and mortality from 
CVD

The results of the research indicate that among a 
wide range of factors that affect the mortality from 
CVD, an important role is played by the availability 
of specialists and availability of qualified specialized 
healthcare. The prognostic significance of a visit to 
a specialist has been convincingly demonstrated for 
patients with chronic diseases (HF, CAD, chronic 
obstructive pulmonary disease or asthma) living 
in rural areas. A visit to a specialist, compared to 
one or more visits to a primary care doctor, was 
associated with a 15,9% reduction in the incidence 
of potentially preventable hospitalizations and a 
16,6% reduction in death [33].

The relationship between CVD mortality 
and the number of cardiologists was found in a 
large epidemiological study conducted using data 
on the availability of primary care physicians 
in 3142 US districts from 2005 to 2015. It was 
found that after adjusting for socio–economic and 
demographic factors, an increase in the provision 
of 10 cardiologists per 100 thousand population 
is associated with a decrease in cardiovascular 
mortality by 49,4 cases per 1 million population 
(95% CI, from -76,8 to -22,0 deaths per 1 million 
population). However, the authors also noted a 
decrease in cardiovascular mortality by 30,4 cases 
per 1 million population, with an increase of 10 
primary care physicians (95% CI, from -52,4 to 
-8,4). The obtained results emphasize the significant 
role of human resources, including the primary 
health care system, in the outcomes of CVD [34].

In a cross-sectional study of associations between 
various indicators of the availability of regional 
health systems and population health indicators in 16 
federal states of Germany, an inverse correlation was 
established between the number of cardiologists and 
the incidence of CVD [β=-0,689, p=0,031], while 
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no significant associations were found between the 
availability of general practitioners and endpoints [35]. 
The total number of residents per 1 department of 
differential diagnosis of chest pain directly correlated 
with the incidence of CVD [β=42,730, p=0,036] 
and related mortality [β=4,962, p=0,002], which 
can be partially explained by the relative shortage of 
specialists. The socio-economic characteristics of the 
federal regions could potentially affect the results, 
since their impact on mortality rates and demand for 
medical care has been proven in many studies [36].

Conclusion
Despite the differences in research methodo-

logy and indicators analyzed, the observational 
nature of studies, the possibility of systema-
tic selection errors and underestimation of po- 
 ten   tially inf luencing factors, the results of most 
studies are consistent and convincingly em  phasize 
the fundamental role of cardiologist in receiving 

cardiovascular care. The “specialist effect” on car-
diovascular outcomes is shown both for different 
patient populations and diffe rent stages of care. The 
shortage of cardiologists is critical to achieve a sus-
tainable rate of decline in the CVD rate. While the 
most important elements of an effective HR policy 
are to ensure that staffing needs are met, that phy  - 
sician shor tages in particular specialties are over-
come, that geographic disparities are eliminated 
and that practitioners have a high overall skill 
level, further research is needed to identify the most 
appropriate, science-based approaches for strategi-
cally choosing a regional HR service and providing 
it with the right human resources. The development 
of  regionally specific, integrated and tailored solu-
tions to coordinate assistance and provide at least 
one specialist consultation can save significantly 
more lives in a sho  rter timeframe.
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