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Abstract 
The study of systemic hemodynamics has been conducted in 
individuals who suffer from arterial hypertension. Regularities 
of formation of the personal profiles of the systemic hemody-
namics have been determined in this category of patients. A 
fresh method of antihypertensive therapy is offered which is 
based on establishment of relationship between the personal 
profile of the systemic hemodynamics and the hemodynamic 
drug effect. The clinical effectiveness of the proposed method 
has been proven. 
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In 2018 the new guidelines of the European Soci-
ety of Cardiology and the European Society “ESC/
ESH Clinical Practice Guidelines for the Management 
of Arterial Hypertension” (hereinafter referred to as 
the Guidelines) to govern the treatment of arterial 
hypertension (hereinafter: AH) came into force. The 
new revised edition of the document is substantially 
different from the previous one; proposed is a funda-
mentally new variant of the initial therapy of AH: in-
stead of a single drug therapy it is recommended now 
to begin the treatment immediately with the use of a 
two-drug combination. Selection of the drug combi-
nation, as it has been the case before, is based on the 
presence of diseases associated with AH, as well as the 
state of the hypertension-mediated organs, i.e., the or-
gans involved in pathophysiological processes caused 
by AH. The Guidelines’ developers present a variety of 
different strategies to initiate and escalate BP-lowering 
medication to improve BP control rates initiating treat-
ment with different monotherapies and then sequen-
tially adding other drugs until BP control is achieved 
almost as a fundamental solution of the AH problem, 
but at the same time they complain that "Despite this, 
BP control rates have remained poor worldwide”. The 
strategy developers believe that "bad" doctors should 
bear responsibilities for the stated inadequacy: they are 
those who are afraid of prescribing the proper dosage 
of the medical drugs and who are incapable of con-
trolling BP medication; at the same time it is consid-
ered that patient adherence to treatment is low so that 
not all of them complete the course of their medication 
in full [1].  

The effectiveness of the strategic approaches is 
treated in the Guidelines casually; in the opinion of 
the developers, there is a forceful argument in favor of 
the Guidelines’ correctness: “The evidence from RCTs 
demonstrating that BP control can be achieved in most 
recruited patients, and that no more than 5 − 10% of 
these patients exhibit resistance to the selected treat-
ment regimen, suggests that ineffective drug therapy is 
not the source of the problem.”[1] (i.e. we, the strategy 
developers, escape our responsibility). In other words, 
if you have competent physicians and an eligible pa-
tient’s adherence, you can rise the efficacy of the AH 
treatment up to 90-95%! 

Among the other things, the mere proposal to dou-
ble the amount of the used drugs is an evidence for 
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an inefficacy of the conceptual approaches offered by 
them thereto. It is not the way to base the treatment 
strategies on taking into account comorbidities, when 
selecting the medication lines, since there are no ac-
companying diseases at the first stage of treatment; the 
target organs are not yet affected by the AH disease at 
the first stage; the presence of some associated clinical 
conditions points to a highly neglected disease case. In 
the meantime, in the scientific debates "hypertension 
remains the major preventable cause of cardiovascular 
disease (CVD) and all-cause death globally"; so that 
searching for fresh solutions to this problem is perhaps 
the most topical challenge for modern medicine [1]. 

Aims
The aims of our studies are systematization and ap-

plications of hemodynamic patterns in the diagnostics 
and treatment of AH.

Every medical student knows the following formula:
AP = CO . TPVR,

where AP is an arterial pressure; CO is cardiac output; 
TPVR is total peripheral vascular resistance [2].

Taking into account the fact that the CO is the prod-
uct of the stroke volume (SV) by the heart rate (HR), 
i.e. CO = HR . SV, the AP value is directly dependent
on three key factors: HR, SV and TPVR. By influencing
these parameters, the level of AP can be controlled, both
upwards and downwards. The only thing is to identify
the relevant treating factors. This truth is so simple that
it is really surprising why it has not been so far used
as the primary conceptual approach to the treatment of
AH, as well as arterial hypotension. But, unfortunately,
there is even no attempt to discuss this conceptual as-
sumption at all. This is much stranger, since the effect
of antihypertensive drugs (AHD) on the systemic he-
modynamics (SHD) is a well studied subject; the evi-
dence data are directly available, including annotations
to drugs (see Table 1 herein).

The only justification is that, until recently, the 
"gold standard” in SHD studies has been the Swan-
Ganz pulmonary artery catheterization, which implies 
an insertion of a special catheter into one of the main 
branches in the pulmonary trunk. Such procedure is 
not safe; 2-3% of cases are complicated by serious dis-
turbances in the heart rhythm and conduction that 
hinders the widespread use of the method, even under 
the in-hospital conditions [3].  

At present, the above mentioned drawback has 
been removed; moreover, appeared are accessible and, 

Table 1. Effects produced by AHD* on SHD
Group SAP DAP HR TPVR SV

BB ↓↓ ↓ ↓ ↑↓ ↓
CCB ↓ ↓ ↓↑ ↓ –
TD ↓ ↓ – ↓ ↓–
ACEi ↓ ↓ – ↓ ↑–
ARB ↓↓ ↓ – ↓ ↑–

*Legend: BB - beta-blockers; CCB - calcium antagonists;
TD - thiazide diuretics, ACEi - ACE inhibitors, ARB - angiotensin
receptor blockers; ↑ - increase, ↓ - decrease, – - no effect
available.

most importantly, non-invasive techniques for investi-
gating SHD, which reveal vast prospects for their use in 
general medical practice [4].

Materials and methods
The materials of our studies cover 1447 examinees 

aged from 18 to 89 (mean age 37.5 years), including 
832 (57.5%) males and 615 (46.5%) females. 

Our method of examination is the compression os-
cillometry: for this purpose, we have used device KAP 
TsG osm “GLOBUS" (Manufactured by Globus Ltd., 
Registration Certificate No. RZN2017/6582 dd. De-
cember 15, 2017), which allows non-invasively mea-
suring 22 SHD parameters, including systolic arterial 
pressure (SAP), diastolic arterial pressure (DAP), HR, 
SV and TPVR. Since the values of SV and TPVR de-
pend on the patient's height and weight and do not 
have clear standard boundaries, in our calculations we 
used their integral analogues: SI (stroke index), calcu-
lated as SV/T where T is a human body surface area 
(m2), and SPVR (specific peripheral vascular resis-
tance) equal to TPVR/T. The standard SI value is 30-45 
ml/m2, and the standard SPVR parameter is 32 ± 6% 
arbitrary units. It is assumed that the normal values of 
HR, SAP and DAP are as follows: HR 60-80 beats per 
min., SAP 120-130 mm Hg, DAP 70-80 mm Hg. 

Results
Results obtained from our studies are given further 

below.
In the above examinees we have revealed various 

combinations of HR, SI and SPVR parameters; we have 
pooled them to form 15 SHD profiles. In this case, 
noteworthy is the detected dependence of each profile 
on the corresponding AP level (see Table 2 herein).

The following SHD profiles have not been detect-
ed in any examinee: 111, 131, 132, 133, 232, 233, 312, 
313, 323, 331, 332 and 333. Besides, in patients with 
increased SAP and DAP we have never recorded the 
SHD profiles as listed below: 213, 223, and 322. The 
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Table 2. Dependence of SHD profile on AP level
SHD* profile (HR/

SPVR/SI) All AP<120 АP120-130 АP>140 АP>160 АP>170 DAP>90

112 10.9 3.9 4.8 17.6 3.6 0 23.2
113 3.1 9.1 0 5.2 0 0 4.7
121 0.3 0 0 0.7 4.5 2 0.2
122 9.4 11.7 9.6 15.3 0 0 2.7
123 0.7 0 1.2 1.1 0 0 0
211 8.5 0 3.6 11.8 12.5 10.4 18.4
212 19.5 14.3 25.3 4.5 32.1 37.6 24.3
213 1.3 10.4 0 0 0 0 0.9
221 16.4 6.5 19.3 18.1 14.3 8.3 4.8
222 14.3 39 22.9 7 0 0 0.9
223 0.1 1.2 0 0 0 0 0
231 0.4 0 0 0.2 0 0 0
311 4.7 0 7.3 7.1 18.7 22.9 13.9
321 10.2 1.3 6 11.2 14.3 18.8 6
322 0.3 2.6 0 0 0 0 0

*Notes: SHD profile is ratio HR / SPVR/ SI, where 1 - increased value of the parameter; 2 - normal value of the parameter; 3 - 
decreased value of the parameter.

123 and 211SHD have not been found in the hypoten-
sion patients. The combination of the normal values 
of HR, SI and SPVR (SHD profile 222) occurred in 
16.4% of the patients (see Figure 1 herein).

It would be logical to expect the prevalence of SHD 
profile 222 among the examinees with the normal 
levels of SAP and DAP. Indeed, in this category of ex-
aminees SHD, profile 222 occurs more often (22.9%), 
though not as often as one would expect. The above 
phenomenon may indicate only the following: AH is 
not only (and not as much as) an increase in AP. Early 
pathological manifestations of the AH disease in the 
form of impaired cardiac reflex activity and vascular 
tone imbalance for a long time are compensated by 
the redistribution of the hemodynamic constants. AP 
is the main hemodynamic parameter in the organism 

Figure 1 Figure 2

Figure 3
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that provides normal perfusion; its stability guarantees 
an adequate blood supply to tissues; all compensatory 
hemodynamic responses are aimed at maintaining the 
normal AP level. The relatively rare occurrence of the 
normal hemodynamic profile is an indication of the 
completed compensatory hemodynamic responses at 
the early stages of AH. 

The obtained data confirm the given concept: the 
normal SHD profile is almost absent in the patients 
with DAP> 90 mm Hg (0.9%); the profile has not been 
observed in the patients with SAP>152 mm Hg. All 
this clearly indicates that the exhaustion of the com-
pensatory SHD mechanisms appears with grade 1 ar-
terial hypertension. 

In contrast thereto, in the patients with a decreased 
SAP (SAP <120) the normal SHD profile has been re-
corded 2 times more frequently (39%) than in those 
with the normal SAP. In our opinion, the logical ex-
planation of this phenomenon is that a reduction in 
SAP is one of the earliest compensatory mechanisms 
of the response to an increase in the CO and TPVR 
parameters (see Figure 2 herein).

Among the examinees aged 18-25 years, a separate 
group is formed with healthy individuals according to 
their anamneses having the normal AP (n = 144). In 
the above category, only every fifth examinee (19.4%) 
has shown SHD profile 222 that is consistent with the 
previous results and gives us a reason to believe that 
hemodynamic disorders found prior to developing 
AH are formed well in advance before the first epi-
sodes of the abnormal AP increase [5]. 

The most frequently recorded case among the 
individuals with the normal SAP is SHD profile 212 
(25.3%); less often found is SHD profile 221 (19.3%); 
every tenth (9.6%) has been reported to have SHD 
profile 122. The above distribution indirectly charac-
terizes the polymorphism of the starting mechanisms 
in hemodynamic disorders preceding hypertension: 
in a third of patients (28.9%) the disorders start with 
increasing CO (SHD profile 221 and 122), and in ev-
ery fifth individual (SHD profile 212) they begin with 
increasing TPVR (see Figure 3 herein).

A redistribution of the SHD profiles is a mandato-
ry attribute of AH; at the same time, hemodynamics 
may change either according to the hyperkinetic type, 
which is characterized by an increase in the perfor-
mance of the cardiac pumping activity (SV, HR), or in 
line with the hypokinetic type (distinguishing feature 
is the preferential growth of TPVR) or in accordance 

with the eukinetic type, when the values of all three 
parameters are in the middle of the oscillation range. 
At the onset of the disease, as a rule, the hyperkinetic 
hemodynamics prevails, while at its later stages the hy-
pokinetic type is dominant [6, 7]. 

The obtained evidence data support the specified 
pattern regularity: in the patients with higher SAP ob-
served is a tendency towards CO decreasing, while the 
share of individuals with an increased TPVR is directly 
proportional to the level of SAP (see Figure 4 herein).

Depending on the ratio between CO and TPVR, 
the SHD profiles are integrated by us in 3 groups: the 
hyperkinetic group (122, 221), the eukinetic group 
(222, 211, 321, 112, 113, 121, 123) and the hypokinetic 
group (311, 212). The relationship between the differ-
ent SHD forms and SAP is shown in Figures 5, 6 and 
7 herein.

Among the most common hyperkinetic SHD pro-
files, recorded has been profile 122; among the euki-
netic profile types we have detected SHD profile 123; 
and among the hypokinetic profiles we have identified 
SHD profile 311.

Conclusions
The obtained results show that even in a healthy in-

dividual with the normal AP levels recording of a SHD 
physiological profile, which is characterized by the 
normal levels of CO and TPVR, is the exception rather 
than the rule. The share of individuals with impaired 
performance parameters CO and TPVR aged 18-25 
years (80.6%) approximately correlates with the preva-
lence of AH among the individuals older than 60 years 
(80.7%). This correlation allows us suggesting that the 
AH onset should be related not to the age 40-50, as it 
is generally accepted, but much earlier life spans. It can 
be supposed that the hemodynamic disorder of this 
sort at the age of 25 may predict the onset of arterial 
hypertension with 60! 

Latest research shows a close relationship between 
hypertension and the metabolic syndrome. It is be-
lieved that hyperinsulinemia and hyperleptinemia 
developing against the background of visceral obesi-
ty, associated with metabolic syndrome, contribute to 
an increase in CO and TPVR, thereby triggering the 
pathophysiological mechanisms of AH [8]. 

Knowing the SHD personal profile, we can select 
the proper AHD, taking into account its targeted effect 
on each component of the hemodynamics profile (see 
Table 3 herein).
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Table 3. Effects produced by AHD on SHD
AHP Registration No. (SRMP) HR TPVR 1 TPVR 2 SV

Atenolol ЛП002294-051113 decrease increase decrease decrease
Bisoprolol ЛП-004617-251117 decrease increase decrease decrease
Betaxolol ЛП-002502-160614 decrease decrease decrease decrease
Nevibilol П N011417/01-100809 decrease decrease decrease decrease

Metoprolol ЛП-001760-020712 decrease increase decrease decrease
Amlodipine ЛС-001987 no change decrease decrease no change
Diltiazem ЛС-001987-261211 decrease decrease decrease no change
Nifedipine ЛС-001381-190911 increase decrease decrease increase

Nitrendipine ЛП-003289-051115 increase decrease decrease no change
Moxonidine ЛП-003255-151015 no change decrease decrease no change

Kaptopril ЛП-002918-170315 no change decrease decrease no change
Chinapril П N014329/01-010411 no change decrease decrease no change
Lizinopril ЛП-003753-260716 no change decrease decrease no change

Perindopril ЛП-003712-290616 no change decrease decrease increase
Ramipril ЛП-003235-081015 no change decrease decrease no change

Fosinopril ЛП-003603-040516 no change decrease decrease no change
Enalapril ЛП-002572-080814 no change decrease decrease increase

Candesartan ЛП-002525-080714 no change decrease decrease no change
Eprosartan П N012018/01-110310 no change decrease decrease no change
Irbesartan ЛП-003987-011216 no change decrease decrease no change
Losartan ЛСР-010617/08-261208 decrease decrease decrease increase

Telmisartan ЛП-004442-010917 no change decrease decrease no change
Valsartan ЛП-004219-300317 no change decrease decrease no change

Indapamide ЛП-003095-170715 no change decrease decrease no change
Legend: HR - heart rate; TPVR1 - total peripheral vascular resistance in the first month of starting treatment; TPVR2 - total 
peripheral vascular resistance after a month of starting treatment; SI - stroke index.

Figure 4

Figure 6 Figure 7

Figure 5
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Table 5. AHD selection priority
Order of 
priority in  

AHD selection
Characteristic

1 Normalizing improperly changed (increased or decreased) parameters, not affecting the normal levels 
2 Normalizing improperly increased parameters, but decreasing the normal parameter
3 Normalizing improperly increased parameters, not affecting the decreased parameter
4 Normalizing improperly decreased parameters; not affecting the normal parameter 
5 Normalizing improperly decreased parameters, decreasing the normal parameter
6 Normalizing one of the parameters, not affecting the other two

7 Normalizing one of the parameters, not affecting the other one and decreasing the normal value of one 
more parameter

8 Normalizing one of the parameters, not affecting the other one and increasing the normal value of one more 
parameter

Table 6. AHD rating corresponding to individual SHD profiles
SHD* profile  
HR/SPVR/SI АP>140 АP>160 АP>170 Code and rating for AHD administration**

112 17.6 3.6 0 112, 111, 141, 212, 113
113 5.2 0 0 113, 112, 213, 212
121 0.7 4.5 2 111, 141, 212, 112
122 15.3 0 0 112, 141, 111, 212, 113, 213
123 1.1 0 0 113, 112, 213, 212
211 11.8 12.5 10.4 111, 212, 112
212 4.5 32.1 37.6 212, 112, 111, 141, 213
221 18.1 14.3 8.3 111, 212, 112
222 7 0 0 212, 112, 111, 141, 213, 312
311 7.1 18.7 22.9 212, 312
321 11.2 14.3 18.8 312, 212

*The SHD profile is ratio HR / SPVR/ SI, where 1 - increased value of the parameter; 2 - normal value of the parameter;  
3 - decreased value of the parameter.

** AHD Code - effect produced by AHD on HR/SPVR/SI, where 1 - decreasing the parameter; 2 - not affecting the parameter; 
3 - increasing the parameter.

Table 4. AHD effects made on SHD

AHD group AHD Effect by AHD* on 
SHD (Code)

Calcium antagonists

Nitrendipine 312
Nifedipine 313
Diltiazem 112

Amlodipine 212

ACE inhibitors

Perindopril, Enalapril 213
Zofenopril, Kaptopril, Chinopril, Lizinopril, Ramipril, 

Fosinopril 212

Betaxolol 111

Beta-blockers
Nevibilol 112

Atenolol, Bisoprolol, Metoprolol 141
Losartan 113

Angiotensin receptor blockers Valsartan, Candesartan, Eprosartan, Irbesartan, Telmisartan 212
Selective imidazoline receptor agonist Moxonidin 212

Diuretics  Dichlotiazide, Indapamide 212
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The mapping between the SHD profile and the 
AHD actions and effects on SHD is implemented by 
assigning a three-digit code (Code) to each drug; the 
first item of the Code exhibits the effect of AHD on 
HR (1- HR decrease, 2 - no effect, 3 – HR increase); 
the second item of the Code indicates the effect made 
by AHD on TPVR (1- TPVR decrease, 2 - no effect, 
3 – TPVR increase 4 – increase of the parameter in 
the first month, and decrease therein after a month, 
etc.); the third Code item marks the effect produced 
by AHD on SV (1- SV decrease, 2 - no effect, 3 – SV 
increase) (see Table 4 herein).

The priority in selection of AHD definitely de-
pends on the degree of its modulating effect produced 
on an individual SHD profile. Selected should be such 
a medical drug which is capable of normalizing im-
properly changed (increased or decreased) parameters 
of HR, SV and TPVR, but not affecting the SHD val-
ues remaining within the normal range. Characteris-
tics of medical drugs of the second and next order of 
the priority are summarized by Table 5 herein.

Having identified the correlation between the in-
dividual SHD profile and the respective AHD, we can 
determine the rating modulating effect of the drugs on 
each SHD profile (see Table 6 herein).

Conclusions
1. Hemodynamic disorders appear at the preclinical 
stage of AH, well in advance (perhaps several decades) 
before the first recorded AH episodes. 
2. In patients with increased AP, 15 variations of the 
SHD profiles are identified.
3. A hemodynamic effect of each AHD is determined 
by its pharmacodynamics as well as the patient’s indi-
vidual SHD profile.
4. Taking into account of an individual SHD profile 
is an additional criterion for the AHD selection to in-
crease the efficacy of the treatment based on the above 
mentioned Guidelines. The given conclusion is based 
on the evidence data, which have been obtained by us 

earlier and which have demonstrated the effectiveness 
of this technology in nine times out of ten cases [9].
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