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Purpose: The aim of this study was to use non-invasive impedance cardiography (ICG) to determine the hemodynamic status of
patients with grade 1 and grade 2 hypertension in relation to gender and age.
Patients and Methods: We analyse prospectively collected data of 158 patients with grade 1 or grade 2 arterial hypertension.
Patients were grouped according to age: 1) <50 years and 2) ≥50 years. Hemodynamic status of patients was assessed by using non-
invasive ICG. For the purpose of this study two hemodynamic parameters were used: a) systemic vascular resistance index (SVRI) and
b) left cardiac work index (LCWI). The primary endpoint was the hemodynamic status of patients. The secondary endpoint was
hypertension-mediated organ damage.
Results: Increased SVRI was assessed in 80% of patients, more common in the ≥50 years group than in the <50 years group
(88.5% vs 64.8%; p < 0.01). The occurrence of increased systemic vascular resistance correlates hierarchically with increasing age.
Elevated LCWI (hypervolemia and/or hyperinotropy) was present in 63% of patients, more often in males than females (70.3% vs
57.1%; p < 0.05) as well in those <50 years than in older patients (70.4% vs 59.6%; p < 0.05). Patients with diabetes were less
likely to have hypervolemia/hyperinotropy than those without diabetes (46.7% vs 67.2%; p < 0.01). Hypervolemia/hyperinotropy
(46.7%) and hypovolemia/hypoinotropy (43.3%) were present in a similar percentage of diabetic patients. Left ventricular
hypertrophy was found in 30 patients (19%). Patients with left ventricular hypertrophy were more commonly male (66.7% vs
42.2%; p = 0.016) and had increased systemic vascular resistance (96.7% vs 77.3%; p = 0.015) compared to the patients without
left ventricular hypertrophy. Hypertensive retinopathy grade III was found in 14 patients (8.9%). Elevated daytime systolic
pressure, diabetes and increased age are independent predictors of grade III hypertensive retinopathy. Patients with reduced renal
function had higher mean systolic blood pressure (p < 0.05), were more commonly male (p < 0.01) and older (p < 0.01) than those
without reduced renal function.
Conclusion: Although there are certain correlations between hemodynamic disorders and age and gender, specific hemodynamic
status of an individual patient with hypertension cannot reliably be predicted on the basis of age and gender. The measurement of
hemodynamic parameters by ICG can guide the clinician to select appropriate antihypertensive therapy to the patients’ hemodynamic
pathophysiologic condition.
Keywords: hypertension, hemodynamics, impedance cardiography

Introduction
Numerous observational studies have shown an independent and continuous link between high blood pressure and
a number of cardiovascular events, including haemorrhagic and ischemic stroke, myocardial infarction, sudden death,
heart failure, peripheral arterial disease, renal failure, and the need for dialysis.1 Furthermore, there is ample evidence
that lowering blood pressure can significantly reduce premature morbidity and mortality in patients with hypertension.2,3
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Although blood pressure can be lowered by changing lifestyle and using effective antihypertensives, the degree of control
achieved is not satisfactory, either in Europe or worldwide.4–6

Hypertension is a multifactorial disease, but the hemodynamic components of blood pressure physiology include
factors that affect intravascular volume, cardiac inotropy and systemic vascular resistance. Physicians do not usually
have the means to determine the hemodynamic causes of hypertension, so the choice of antihypertensive is often
made independent of the patient’s hemodynamic status.7 This results in only a limited reduction in blood pressure.

Impedance cardiography (ICG) is a non-invasive, low-cost technology which easily measures a patient’s hemody-
namic status in physician offices. ICG has been used in both primary care as well as hypertension speciality settings.
Several studies have used ICG to evaluate hemodynamic parameters and demonstrated that ICG-guided therapy improves
blood pressure control.

The aim of this study is to determine the hemodynamic status of patients with grade 1 and grade 2 hypertension in relation
to gender and age using non-invasive ICG, which can be a guide when selecting appropriate antihypertensive therapy.

Materials and Methods
Study Population
We analysed data from 158 patients diagnosed with grade 1 (140–159/90–99 mm Hg) or grade 2 (160–179/100–109 mm
Hg) essential arterial hypertension – according to current European Society of Cardiology/European Society of
Hypertension guidelines.8 The study was conducted at the Multidisciplinary Centre for Polyclinic Diagnostics,
Assessment and Treatment of Blood Pressure Disorders at the Clinic for Cardiology, University Clinical Centre of
Serbia. Patient data were collected prospectively and entered into a dedicated electronic database.

This study included male and female patients aged over 18 with (1) increased blood pressure for at least 3 months, not
treated with antihypertensive medications and (2) arterial hypertension improperly controlled with 1 or 2 antihyperten-
sive medications (blood pressure values ≥140/90 mm Hg clinically and ≥130/80 mm Hg average of 24h on ambulatory
blood pressure monitoring), but after discontinuation of therapy (after 2 weeks washout period) these patients met the
criteria of the grade 1 and grade 2 hypertension. Those who exceeded blood pressure value of 179/109 mm Hg were
excluded from the study. Patients were excluded if they had a history of heart failure, left ventricular ejection fraction
<40%, atrial fibrillation, significant valvular heart disease, severe renal disease, nephrotic syndrome, cirrhosis, chronic
obstructive pulmonary disease, polyneuropathy, or peripheral vascular disease.

Study Design, Definitions, and Endpoints
On the first visit, an initial clinical evaluation was conducted. Patients receiving antihypertensive therapy were advised to
discontinue it, reduce salt intake, and to take captopril sublingually in case of increased blood pressure.

On the second visit (after 2 weeks) all patients underwent the following examinations:

1. An interview and physical examination, including office blood pressure measurement in the seated position using
the oscillometric technique,

2. 24h-ambulatory blood pressure monitoring (ABPM)
3. Impedance cardiography (ICG),
4. Electrocardiogram (ECG),
5. Laboratory tests (fasting glucose, creatinine, lipid profile),
6. Echocardiographic examination, and
7. Fundus examination.

The interview and physical examination were performed with special consideration given to a patient’s history of
cardiovascular risk factors (hyperlipidaemia, obesity, smoking, and diabetes).
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All patients underwent ABPM (Spacelabs Healthcare 90207, United States) with measurements taken every 30
minutes during the day (6 a.m. to 10 p.m.) and every 60 minutes during the night (10 p.m. to 6 a.m.). The results were
interpreted according to current guidelines.8

ICG-aided measurement of hemodynamic parameters was performed using a BioMed NCCOM3 (United States)
device while the patient was resting in a supine position in the morning (7.30 to 9.00 a.m.). The ICG method measures
the resistance provided by chest tissue during the passage of alternating current. Changes in thoracic impedance during
the cardiac cycle mainly depend on changes in the width and volume of the thoracic aorta. Numerous hemodynamic
parameters can be determined using impedance cardiography with simultaneous electrocardiographic imaging and mean
arterial pressure determined by oscillometry.

For the purposes of this study, two hemodynamic parameters were used:

(a) Systemic Vascular Resistance Index (SVRI), which provides insight into the state of the vasoactivity of peripheral
arteries, ie, afterload. This parameter is used to determine whether the patient has vasodilation (SVRI value 305–
1624 dyne x sec x m2/cm5), normal vasoactivity (SVRI value 1675–2588 dyne x sec x m2/cm5) or vasoconstric-
tion (SVRI value 2639–3796 dyne x sec x m2/cm5);

(b) Left Cardiac Work Index (LCWI), which provides insight into the intravascular volume status and/or the cardiac
inotropy status, which, together, point to the magnitude of the preload. This parameter is used to determine whether
a patient has hypovolemia and/or hypoinotropy (LCWI 0.65–3.33 kg x m/m2), normovolemia and/or normoinotropy
(LCWI value 3.44–5.16 kg x m/m2) or hypervolemia and/or hyperinotropy (LCWI value 5.27–7.96 kg x m/m2). The
LCWI parameter is the product of mean arterial pressure (MAP) and cardiac index (CI), with CI depending on
stroke volume and heart rate. Thus, in the absence of heart failure (which was a condition for inclusion in our study),
an increase in LCWI values occurs due to hypervolemia and/or tachycardia.

Diabetes was assessed on the basis of anamnestic data on any prescribed antidiabetic therapy or blood glucose levels
≥7 mmol/L (fasting) or ≥11.1 mmol/L in any random blood sample.

Hyperlipidaemia was determined on the basis of cholesterol levels above 5.2 mmol/L and/or triglycerides above 1.7
mmol/L.

Body mass index (BMI) ≥30 was considered obese.
In order to determine hypertension-mediated organ damage, left ventricular hypertrophy, hypertensive fundus

changes, and reduced renal function were assessed.
Left ventricular hypertrophy was determined with an echocardiographic examination (left ventricular wall thickness

≥1.1 cm).
Hypertensive retinopathy was graded according to Keith-Wagner-Barker classification from grade I to grade IV.9

Renal function was assessed based on estimated glomerular function rate (eGFR). The value of eGFR <60 mL/min/
1.73 m2 was considered reduced renal function.

The primary endpoint was the hemodynamic status of patients. The secondary endpoint was hypertension-mediated
organ damage.

The study protocol was approved by the Ethics Committee of Faculty of medicine, University of Belgrade, and was
conducted according to the principles of the Declaration of Helsinki. Informed consent was obtained from all patients.

Statistical Methods
All patients involved in the study were grouped according to age: 1) <50 years and 2) ≥50 years. Demographic
characteristics, risk factors, different types of hypertension, daytime blood pressure rhythm, hemodynamic status, and
hypertension-mediated organ damage were analysed in relation to the gender and age of the patients.

Continuous variables with a normal distribution are expressed as mean ± SD, while those with skewed distribution are
expressed as median (interquartile range). The Kolmogorov–Smirnov test was used to examine the normality of data
distribution. Categorical variables are expressed as number of patients as well as percentages. Differences in continuous
variables between groups were examined by the Student’s t-test for normally distributed data, and by the Mann–Whitney
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U-test for data with skewed distribution. Differences in categorical variables between groups were compared using the
chi2 test. Predictors of hypertension-mediated organ damage were identified by univariate and multivariate binary logistic
regression analysis. Demographic characteristics (age, gender), all the risk factors (diabetes mellitus, hyperlipidaemia,
obesity, current smoking), 24-h systolic pressure, 24-h diastolic pressure, daytime systolic pressure, daytime diastolic
pressure, night-time systolic pressure, night-time diastolic pressure, increased vascular resistance and increased cardiac
work index were included into model. P < 0.05 was considered statistically significant. Statistical analysis of the results
was performed using the Statistical Package for the Social Sciences - SPSS V.19.1 for Windows.

Results
Baseline Characteristics
The study included a total of 158 patients with grade 1 or grade 2 hypertension (74 men), with an average age of 54.6
±14.9 years (range: 20 to 84 years). The women were older than the men; there were no differences in the distribution of
risk factors in relation to gender. In the older group of patients (≥50 years), hyperlipidaemia was more common, as was
diabetes, than in patients <50 years (Table 1).

In relation to gender, there were no differences in the prevalence of certain types of hypertension (systolic/diastolic,
isolated systolic, and isolated diastolic) (p = 0.166). However, in relation to age, the difference was statistically very
significant (p < 0.001).

When viewed according to decade of life, systolic/diastolic hypertension is the most prevalent up to the sixth decade.
In the seventh decade, the prevalence of isolated systolic hypertension increases, which becomes dominant in the eighth
decade of life (Figure 1).

Hemodynamic Status of Patients with Hypertension
The vasoactive status of patients with hypertension is shown in Figure 2. Most common was increased peripheral
vascular resistance, with cases of reduced vascular resistance accounting for a significantly lower percentage, and normal
vasoactivity the least common.

There was no significant difference in vasoactive status in relation to gender, but there was a significant difference in
relation to age. In the ≥50 years group, increased peripheral vascular resistance was significantly more common than in

Table 1 Baseline Characteristics of Patients According to Age and Gender

Variable Female Male p Age Group p

n=84 n=74 <50 Years ≥50 Years
n=54 n=104

Mean age ± SD 58.6 ± 13.1 50.0 ± 15.6 <0.001 37.1±8.5 63.6±7.7 <0.001

Diabetes, % 21.4 16.2 0.405 1.9 27.9 <0.001

Hyperlipidaemia, % 72.6 71.6 0.405 57.4 79.8 0.003

Obesity, % 28.6 23.0 0.423 25.9 26.0 0.996

Smokers, % 51.2 58.1 0.384 55.6 53.8 0.838

SBP (mmHg), mean ± SD 158.7±21.3 159.5±20.2 0.923 152.4±15.3 162.6±22.4 0.001

DBP (mmHg), mean ± SD 92.4±16.3 95.6±12.4 0.234 96.1±9.6 92.7±16.6 0.071

Systolic/diastolic hypertension, % 64.3 73.0 p=0. 166 83.3 60.6 p<0.001

Isolated systolic hypertension, % 31.0 20.3 5.6 36.5

Isolated diastolic hypertension, % 4.8 6.8 11.1 2.9

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation.
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the <50 years group (88.5% vs 64.8%; p = 0.002). The prevalence of increased vascular resistance correlated
hierarchically with increasing age (Figure 3).

An assessment of the intravascular volume status/cardiac inotropy status, ie, preload, was performed by determining
the Left Cardiac Work Index (LCWI), which contains data on inotropy in addition to information on intravascular
volume. The majority of patients with hypertension had hypervolemia/hyperinotropy, a significantly smaller number had
hypovolemia/hypoinotropy, and the smallest number had normovolemia/normoinotropy (Figure 4).

Hypervolemia/hyperinotropy was more common in males than in females (70.3% vs 57.1%; p = 0.04), as well as in
those younger than 50 than in older patients (70.4% vs 59.6%; p = 0.024).

Patients with diabetes were less likely to have hypervolemia/hyperinotropy than those without diabetes (46.7% vs
67.2%; p = 0.009). Hypervolemia/hyperinotropy (46.7%) and hypovolemia/hypoinotropy (43.3%) were present in
a similar percentage of diabetic patients.

Hypertension-Mediated Organ Damage
Left ventricular hypertrophy was found in 30 patients (19%). All patients with left ventricular hypertrophy had higher
mean blood pressure values (�X) (24-h systolic pressure, systolic daytime and systolic night-time, diastolic daytime and
diastolic night-time) than patients without left ventricular hypertrophy, and the difference was statistically significant
(p < 0.05).

Patients with left ventricular hypertrophy were more commonly male (66.7% vs 42.2%; p = 0.016) and had
vasoconstriction (96.7% vs 77.3%; p = 0.015) compared to patients without left ventricular hypertrophy. There was no
difference in the prevalence of hypervolemia/hyperinotropy in patients with or without left ventricular hypertrophy.

Figure 1 Prevalence of different types of hypertension according to decade of life.

Figure 2 Vasoactive status in patients with arterial hypertension.
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Univariate logistic regression analysis showed that the predictors of left ventricular hypertrophy were male gender,
systolic daytime, systolic night-time, and 24-hour systolic pressure, as well as diastolic night-time pressure and
vasoconstriction (Table 2). Multivariate regression analysis was unable to identify any independent predictors of left
ventricular hypertrophy.

Severe hypertensive retinopathy (grade III) was found in 14 patients (8.9%). No patients had grade IV hypertensive
retinopathy. In addition, hypertensive retinopathy grade I was found in 55 patients (34.8%) and hypertensive retinopathy
grade II in 65 patients (41.1%). Only 24 patients (15.2%) showed no signs of hypertensive retinopathy. The analysis only
included changes classed as hypertensive retinopathy grade III, since grade I and grade II are not specific to hypertension
but can also occur as part of the degenerative process in blood vessels during aging.

Patients with grade III hypertensive retinopathy were significantly more often older than 50 (92.9% vs 63.2%; p =
0.025) and more likely to have diabetes (50.0% vs 16.0%; p = 0.002) and isolated systolic hypertension (50.0% vs
23.6%; p = 0.032). Increased vascular resistance was more common in these patients, but this difference was not
statistically significant. Multivariate regression analysis showed that independent predictors of hypertensive retinopathy
grade III are an increase in age, diabetes mellitus, and elevated systolic daytime blood pressure (Table 3).

Reduced renal function assessed as eGFR <60mL/min/1.73m2 was found in 20 patients (12.7%). Patients with
reduced renal function had higher mean systolic blood pressure values (24h systolic, daytime systolic, night-time

Figure 4 Preload state in patients with arterial hypertension.

Figure 3 Vasoactive status according to decade of life.
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systolic; p < 0.05), were more commonly male (51.4% vs 15.0%; p < 0.01) and more often older than 50 years (100.0%
vs 60.9%; p = 0.001), then patients without reduced renal function. Multivarible regression analysis showed that
independent predictors of reduced renal function were male gender and age per 1-year increase.

Discussion
The main findings of our study are: 1) In more than ¾ patients (80%) with grade 1 and grade 2 hypertension, the root
cause of hypertension is increased systemic vascular resistance, the occurrence of which correlates hierarchically with
increasing age; 2) Elevated left cardiac work index (hypervolemia and/or hyperinotropy) is present in more than half the
patients (63%), more often in males and patients younger than 50; 3) 24-h systolic and diastolic night-time hypertension
with increased peripheral vascular resistance and being male are predictors of left ventricular hypertrophy; 4) elevated
systolic daytime pressure, diabetes mellitus and increasing age are independent predictors of grade III hypertensive
retinopathy; 5) systolic hypertension (24h, daytime and night-time), male gender, and increasing age are predictors of
reduced renal function.

In our study, mixed systolic/diastolic hypertension was the most common type of essential hypertension in patients up
to 70 years of age, with the highest incidence in the fifth decade. Epidemiological studies have shown that this type of
hypertension is the most common form of hypertension in middle-aged people and that it is associated with significantly
elevated peripheral vascular resistance. Most of these patients first have so-called “early” hypertension due to increased

Table 3 Predictors of Grade III Hypertensive Retinopathy in Patients with Arterial Hypertension

Predictors of Fundus Hypertonicus Univariate Logistic Regression
Analysis

Multivariate Logistic Regression
Analysis

OR (95% CI) p OR (95% CI) p

Age, per 1-year increase 1.08 (1.02–1.14) 0.004 1.10 (1.02–1.19) 0.010

Diabetes mellitus 5.26 (1.68–16.43) 0.004 3.52 (1.03–12.03) 0.044

Systolic daytime pressure 1.04 (1.00–1.08) 0.071 1.15 (1.03–1.27) 0.012

Systolic night-time pressure 1.02 (0.98–1.06) 0.389 0.97 (0.90–1.05) 0.465

24-h systolic pressure 1.03 (0.98–1.07) 0.245 0.91 (0.80–1.03) 0.119

Table 2 Predictors of Left Ventricular Hypertrophy in Patients with Hypertension

Predictors of LVH Univariate Logistic Regression Analysis

OR (95% CI) p

Male 2.74 (1.12–6.32) 0.018

Systolic daytime pressure 1.08 (1.04–1.12) <0.001

Systolic night-time pressure 1.07 (1.03–1.10) <0.001

24-h systolic pressure 1.09 (1.05–1.12) <0.001

Diastolic daytime pressure 1.03 (1.00–1.07) 0.053

Diastolic night-time pressure 1.04 (1.00–1.07) 0.032

24-h diastolic pressure 1.03 (1.00–1.07) 0.072

Vasoconstriction 8.49 (1.11–65.07) 0.039

Abbreviation: LVH, left ventricular hypertrophy.
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cardiac output. Over time, cardiac output normalises, but due to continuous exposure to high blood pressure, constantly
increased peripheral resistance develops.10

In this study, isolated systolic hypertension, which was closely linked to diabetes, was the dominant type in those over
70. According to Staessen et al, the prevalence of this type of hypertension increases exponentially with age, is more
pronounced in females and smokers, and at an earlier age is more common in patients with diabetes than those without.11

The main cause of isolated systolic hypertension is increased aortic stiffness, while an increase in peripheral vascular
resistance is less significant. In young people, isolated systolic hypertension occurs due to increased cardiac output or
increased aortic stiffness. Although previously considered a benign condition, isolated systolic hypertension is today
viewed as a major risk factor for strokes and coronary heart disease.

Isolated diastolic hypertension was the rarest type of hypertension in this study. A quarter of young patients in the
third decade of life had this form of hypertension with the frequency decreasing with age. Isolated diastolic hypertension
is thought to occur in individuals with previously normal or high normal blood pressure.10 By following these patients, it
was determined that isolated diastolic hypertension later develops into systolic/diastolic hypertension. As with systolic/
diastolic hypertension, the main hemodynamic abnormality linked to isolated diastolic hypertension is also increased
peripheral vascular resistance.

In creating the various hemodynamic phenotypes of elevated blood pressure (increased vascular resistance, increased
cardiac output and increased fluid volume), a central role has been shown to play the renin-angiotensin system, the
sympathetic nervous system and the adrenal-mineral corticoid axis. Measurement of the hemodynamic profile with ICG
provides insight into the degrees of activations of these neurohormonal systems.

In our study, increased systemic vascular resistance was more common in males than females, but without statistical
significance. Increased vascular resistance was significantly affected by age. We found that the prevalence of increased
vascular resistance is strongly linked to increasing age, reaching 90% in the seventh decade of life. Hyperlipidaemia
contributes to the development of increased vascular resistance.

The results of our study are in line with the findings of other authors who established that aging is linked to a decrease
in cardiac output and an increase in peripheral vascular resistance. In a study of 640 healthy individuals evaluated as
renal donors, Taler et al found that advancing age was linked to an increase in blood pressure, a rise in systemic vascular
resistance, and a decrease in cardiac output.12 The hemodynamic changes that accompanied aging were similar in men
and women, although blood pressure and cardiac output were lower and heart rate and systemic vascular resistance were
higher in women.

In our study, increased preload (hypervolemia and/or hyperinotropy) expressed through the left cardiac work index
(LCWI) was significantly more common in males than females, while patients younger than 50 were more likely to have
an increased preload than older patients. This could be connected to excessive dietary salt intake. The presence of
tachycardia in these patients may indicate the presence of increased sympathetic activity.

Although in our study increased vascular resistance is present in 80% of patients with its prevalence increasing with
advancing age, a significant percentage of middle-aged people do not have increased vascular resistance. As for younger
hypertensive patients, more than 20% exhibited normal vascular resistance with 30% even having reduced peripheral
vascular resistance. Although most patients in our study had an increased preload, 30% of female patients, nearly 30% of
those under the age of 50, and more than 40% of those with diabetes had a decreased preload. The results of our study
showed that the root cause of hypertension is specific to each patient; the hemodynamic disorder in question cannot be
generalised.

According to the treatment algorithms for ICG-guided antihypertensive therapy, an elevated systemic vascular
resistance would recommend the selection or up titration of an angiotensin-converting enzyme inhibitor (ACEI),
angiotensin II receptor blocker (ARB) or dihydropyridine calcium-channel blocker (CCB) – depending on each patient’s
clinical conditions. The presence of hypervolemia would recommend the selection of up titration or addition of a diuretic.
An elevated cardiac inotropy status would recommend the selection or up titration of a beta blocker or nondihydropir-
idine calcium-channel blocker (CCB).13
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Several studies have shown that control of arterial blood pressure is better and more quickly achieved when therapy is
prescribed based on hemodynamic disorder data obtained through ICG rather than standard methods of adjusting therapy
in patients with hypertension.

In the study by Taler et al, satisfactory control of blood pressure (values below 140/90 mmHg) was 70% more
frequent in the group of patients treated in accordance with ICG findings compared to patients treated in the standard
way.14 In the former, a greater reduction in systemic vascular resistance was achieved and more intensive diuretic therapy
was used based on the hypervolemia values determined.

A similar study conducted by Smith et al has shown that patients assigned treatment according to hemodynamic
parameters had a statistically significantly higher success rate and achieved lower systolic and diastolic blood pressure
levels due to lower systemic vascular resistance than those in empirical care group, while cardiac output did not change
or differ between the hemodynamic and empirical groups.15

A study by Krzesiński et al has shown that office systolic and diastolic blood pressure and night-time ambulatory
diastolic blood pressure were lower in the hemodynamic group of patients with a higher use of beta-blockers and calcium
antagonists compared to empirical group.16

ESC/ESH 2018 Clinical Practice Guidelines for the Management of Arterial Hypertension recommend a single pill
treatment strategy with two-drug fixed combinations with the preferred use an ACE inhibitor or ARB, combined with a CCB
and/or a thiazide – like diuretics.8 However, because of different doses of antihypertensive medications in fixed combina-
tions, it would be useful to get insight of underlying status of patients by ICG method, which can guide the clinician to select
a single-pill combination which is expected to have the best therapeutic effect in blood pressure control.

In our study, left ventricular hypertrophy was found in 19% of patients. Patients with left ventricular hypertrophy had
higher levels of systolic pressure (daytime, night-time, and 24-hour) that were statistically highly significant (p < 0.001)
and significantly higher diastolic daytime and night-time pressure readings (p < 0.05) than patients without left
ventricular hypertrophy. In addition, patients with left ventricular hypertrophy were significantly more often male and
had a higher systemic vascular resistance index value than patients without hypertrophy (p < 0.05).

The findings of our study are in line with the findings of the Framingham Study, which showed that the prevalence of
echocardiographically determined left ventricular hypertrophy is 15–20% in patients with mild hypertension and
increases in patients with severe hypertension.17 Mehta et al showed that there is a much better correlation between
left ventricular mass and average daily 24-hour blood pressure levels compared to office blood pressure.18

Left ventricular hypertrophy is a strong predictor of cardiovascular mortality. Vakili et al showed that the risk of
adverse cardiovascular events was 2.3 times higher in patients with left ventricular hypertrophy, independent of other risk
factors.19 Studies have shown that the use of antihypertensive drugs can lead to regression of left ventricular hypertrophy
and improve the prognosis for patients.

In the present study, the majority of patients were found to only have a mild degree of hypertensive fundus changes
and only a small number had advanced, grade 3 hypertensive retinopathy. Severe hypertensive retinopathy was strongly
associated with high blood pressure during the day, increasing age, and diabetes. The risk of developing severe
hypertensive retinopathy in patients who had diabetes in addition to hypertension was more than three times higher
than in patients without diabetes.

According to Wong and Schmieder, there is solid evidence that signs of advanced hypertensive retinopathy are
strongly associated with subclinical cerebrovascular disease and may predict the occurrence of clinical events such as
stroke, coronary heart disease, congestive heart failure and death of cardiovascular origin, regardless of blood pressure
levels and other traditional risk factors.20,21 Therefore, a fundus examination continues to play an important role in
a therapeutic approach and risk assessment of patients with hypertension.8

Hypertension is the second most important cause of chronic kidney disease after diabetes. The diagnosis of
hypertension – induced renal damage is based on the finding of reduced renal function and/or the detection of
albuminuria. Progressive reduction in eGFR indicates progressive loss of renal function and is independent and additive
predictor of increased cardiovascular risk and progression of renal disease.8 In our study, reduced renal function (based
on eGFR) was found in 12.7% of patients and was associated with increased systolic pressure, but independent predictors
were male gender and increasing age.
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Limitations
Our study has some limitations. Firstly, only two hemodynamic parameters obtained by impedance cardiography (SVRI
and LCWI) were used in the study to assess the hemodynamic status of patients with hypertension. The application of
more hemodynamic parameters would provide a more detailed insight into hemodynamic abnormalities in these patients.
Secondly, the left ventricular hypertrophy was determined with left ventricular wall thickness instead of left ventricular
mass. Thirdly, ambulatory blood pressure device was programmed to record blood pressure at 60 min. intervals during
the night, instead of every 30 minutes. Further, our study involved a small number of patients with hypertension, in
particular a small number with hypertension-mediated organ damage, so the strength of the study is not very large. Our
results refer to a specific population of hypertensive patients without other cardiovascular diseases. Thus, the application
of these observations on general populations needs to be carefully considered.

Conclusion
Although these study using ICG technology show certain correlations between hemodynamic disorders and age and gender,
hemodynamic measures show significant variations within each given group of patients with grade 1 and grade 2 hyperten-
sion. Because of heterogeneity of hemodynamic findings, the specific hemodynamic status of an individual patient cannot
reliably be predicted on the basis of age and gender. Hemodynamic information obtained by ICG can guide the clinician to
select appropriate antihypertensive therapy to the patients’ hemodynamic pathophysiologic condition.
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