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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objectives: Right ventricular (RV) morphologic and
functional changes still remain a mystery in patients with AH.
The aim of this study was to evaluate the influence of essential
hypertension on RV function and morphology.

Materials and methods: 75 nonsmoker hypertensive male
patients (mean age 57.13+ 7.27) and 25 normotensive control
subjects (mean age 57.56+7.55) were recruited in a study. All
participants underwent 24-hour ambulatory blood pressure
monitoring. Heart ultrasonography was performed to assess RV
morphology and its systolic and diastolic function.

Results: In comparison with normotensive subjects,
hypertensive patients had significantly higher RV wall
thickness and significantly lower TAPSE (5.36+0.98 and
19.86+2.68 vs 4.11+£0.50 mm and 22.5242.02, P<0.0001). RV
hypertrophy was found in 38.66% of hypertensive subjects. EF
of RV in normotensive subjects was significantly higher than in
hypertensives (62.73+£12.81 vs 57.58+7.53%, respectively). RV
mean E/A was significantly lower in hypertensive group (1.41
+0.13 vs 0.89 £ 0.15, P <0.001). RV diastolic dysfunction was
found in 54.6% and systolic dysfunction in 7% of hypertensive
subjects. The RV E/e’ ratio was increased in hypertensives (4.84
+0.97 vs. 3.88 = 0.32 in the control group, P < 0.05). Tricuspid
and mitral E'/A' ratio was decreased in hypertensive group (0.79
+0.13 and 0.90 + 0.19 in hypertensive vs. 1.21 + 0.15 and 1.29
+ 0.15 in the control groups, respectively, P < 0.001 for both).

Conclusions: According to study data, AH affects both
ventricles simultaneously and causes concentric remodeling,
hypertrophy, and functional disturbances in both ventricles;
hence, in comparison with systolic dysfunction, existence
of diastolic dysfunction was more prevalent in hypertensive
population.

Key words. Right Ventricle, Heart Remodeling, Arterial
Hypertension, Heart dysfunction.

Introduction.

Arterial hypertension (AH) is one of the major risk-factors
of cardiovascular morbidity and mortality. It is responsible
for 8-5 million deaths from stroke, ischemic heart disease,
other vascular diseases, and renal disease worldwide [1,2].
Historically, an enormous attention was paid to the assessment
of left chambers of the heart in patients with AH. Hence, it
is well proven, that AH is associated with left ventricular
hypertrophy (LVH) and remodeling, causing diastolic, as well as
systolic heart failure. The importance of right ventricular (RV)
functional and anatomical changes has long been neglected;
consequently, less studies were addressed to the investigation
of RV anatomy, morphology, and function in patients with AH
[3]. The importance of RV was first described by Sir William
Harvey in his treatise “De Motu Cordis” in 1616. Therefore, till
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1950, assessment of right heart sizes, geometry and function
was lacking, because of underestimation of its meaning and
absence of adequate investigation methods.

Ferlinz et al. were the first who hypothesized that in
hypertensive patients’ RV function may be affected by chronic
left ventricular pressure overload and revealed an augmented
RV afterload due to the increased pulmonary pressures in
hypertensive patients, which leads to the higher end systolic
volume index (ESVI) and lower ejection fraction (EF). Their
study data showed, that in comparison with normotensive
subjects, hypertensive patients had significantly increased
right-sided heart pressures and volumes [4,5]. Atkins et al.
revealed increased pulmonary vascular resistance in patients
with AH [6]. Myslinski et al. via echocardiography assessed
RV function and structure in 59 hypertensive patients. Study
results showed existence of the impaired diastolic filling of left
and right ventricles, hypertrophy of interventricular septum and
thickening of a free wall of RV [7]. Akintunde et al. revealed
changes in diastolic wave velocities and RV wall and inner
dimensions [8]. Cuspidi et al. showed that 20% of hypertensive
patients who visit specialist because of AH have biventricular
hypertrophy [9,10]. Involvement of the RV and the development
of cardiac hypertrophy in response to AH in both ventricles
was reported by Iliev et al. in 2019 as well [11]. Hence, we
can suggest that AH affects the whole heart and both ventricles
physiologically represent a single functional unit. Moreover,
right ventricle has found to be a significant contributor to heart
hemodynamics and cardiac output in patients with different
cardiovascular pathologies [12,13]. Multiple studies showed
RV function and geometry changes in patients with AH, heart
failure, vascular heart disease, mitral and aortic valve diseases,
shock, sepsis, etc. [14-20]. Other studies revealed strong
relationship between RV changes and cardiovascular mortality
and morbidity [21-23]. According to Sanders et al., a decrease
in RV systolic function is an independent predictor of adverse
outcomes, including heart failure-associated hospitalization and
mortality [24].

Despite clinical studies support the idea that the RV is affected
by AH along with LV, right heart remodeling and its assessment
principles are not even mentioned in the world’s leading
guidelines of AH management [15,25-31]. The basics of RV
dimensions and function were partly and quite superficially
described in the recommendations for chamber quantification
published in 2005 by the American and European Societies
of Echocardiography, which mainly focused on the left heart
assessment [32]. Relatively complete recommendations of
RV assessment were published in 2010 in the “Guidelines
for the Echocardiographic Assessment of the Right Heart in
Adults” [33]. Hence, because of the importance of RV function
for prognosis, there is a need for further improvement of



diagnostic methodology as well as standardization of the RV
echocardiographic and other imaging findings.

The importance of right ventricular behaviour and its changes
still remain a mystery in patients with AH. Published data
regarding hypertension mediated RV changes are scarce,
heterogeneous, insufficient, and sometimes contradictory.
Hence, the aim of this study was to evaluate influence of essential
hypertension on right ventricular function and morphology.

Methods.

75 male patients (mean age 57.13+ 7.27) with documented
AH for at least 1 year and 25 normotensive subjects (mean age
57.56+7.55) were recruited in a study. All study participants were
either lifetime nonsmokers or quit smoking at least for 5 years.
All 100 individuals gave informed consent for participation in a
study. All the participants underwent to the 24-hour ambulatory
blood pressure monitoring. AH was diagnosed as an average
24-hour BP >130/80 mmHg, or an average daytime BP >135/85
mmHg or an average nighttime BP >120/70mmHg. For BP
levels in calculations were used mean 24-hour systolic and
diastolic BP. None of the study participants had a history of
pulmonary disorders, congestive heart failure, cerebrovascular
disease, or significant valvular disorders. It can be suggested
that some of the study participants may have had latent coronary
artery disease, but cannot be proofed, because coronary
angiography was not performed in any of them. Therefore,
none of the subjects had ECG or ultrasound changes typical for
coronary artery disease and a history or symptoms indicative on
it. All study participants had regular sinus rhythm without any
specific changes and/or conduction abnormalities. All the study
participants were undergone to the respiratory functional test,
i.e., spirometry to exclude existence of obstructive lung disease.
Some of the hypertensive patients were on antihypertensive
treatment with recommended medications. These were stopped
at least 2 weeks before the study and were substituted by short
acting medications, which may be applied only in the case of
high blood pressure numbers as a symptomatic treatment and not
for control. None of the patients developed neither potentially
dangerous acceleration of hypertension, nor developed any new
symptoms or hypertension complications.

Echocardiographic examinations were performed using
Hitachi EUB-450 (Hitachi Medical Corporation, Tokyo,
Japan) ultrasonography with 3,5 MHz transducer. Evaluation
was performed in accordance with the “Guidelines for the
Echocardiographic Assessment of the Right Heart in Adults”
[33]. Patients were in left decubitus position. M-mode
presentation in the parasternal view was used to measure
posterior wall diastolic diameter (PWD), interventricular septum
diastolic diameter (IVSD), right ventricular wall (RVW) end-
diastolic diameter, RV outflow tract diameter (RVOTD), left
atrium diameter (LAD) and LV end-diastolic and end-systolic
diameters (LVEDD & LVESD). RVW thickness > 5 mm was
considered as RV hypertrophy [34]. M-mode measurements
were used to calculate LV ejection fraction by the Teichholz
formula.

Mitral and Tricuspid flow velocities, namely, early diastolic
peak flow velocity (E), late diastolic peak flow velocity (A) and
the ratio of early-to-late flow velocity peaks (E/A ratio) were
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assessed by Pulsed Doppler from a four-chamber view. Tissue
Doppler was used to measure mitral and tricuspid annular plane
velocities, namely early diastolic (E') and late diastolic (A')
velocities.

According to the American Society for Echocardiography
and the European Association of Cardiovascular Imaging, for
evaluation of diastolic function of left and right ventricles we
used: a) The ratio between E-wave and A-wave (E/A ratio);
and b) Estimating left and right ventricular filling pressure
via ¢’. Apart from it, we used E'/A' ratio, which is one of the
recommended indices approved by the American Society of
Echocardiography for assessing RV diastolic dysfunction [35].
The American Society of Echocardiography suggested that
patients with an E/A ratio <0.8 should be considered as having
an early stage of LVDD [36]. Consequently, we defined E/A
ratio abnormality as E/A ratio < 0.8, and normal E/A ratio as 0.8
< E/A ratio < 1.5.

LV systolic function was assessed via calculation of EF%.
Its meaning more than 56% was considered as normal. For
the assessment of systolic function of RV, we used Tricuspid
Annular Plane Systolic Excursion (TAPSE) and right
ventricular EF. TAPSE, we obtained by placing the M-mode
cursor through the lateral portion of the tricuspid valve annulus
in the apical four-chamber view, as it is indicated by guidelines.
The excursion of the tricuspid valve from the base of the heart
towards the apex is measured as the distance from the annulus
to the apex at end diastole minus that distance at end systole.
TAPSE does not depend on the geometry of the RV and assesses
longitudinal function of RV. TAPSE value < 17 mm indicates
systolic dysfunction. RV EF was calculated with equation:
RVEF % = 2.9*TAPSE, suggested and later on proofed by
Guzman-Sanchez in 2017 [37].

Using conventional two-dimensional echocardiography, we
assessed left and right ventricular end-systolic (ESV) and end-
diastolic volumes (EDV). The ESV is referred to as the volume
of blood in the left or right ventricle at the end of the systolic
ejection phase immediately before the beginning of diastole or
ventricular filling. For assessment of EDV and ESV Indexes
(EDVI & ESVI), we corrected the volumes for the body surface
area (BSA). For body surface area calculation, we used Du
Bois formula: BSA(m2) = 0.20247 x height (m) 0.725 x weight
(kg) 0.425.

Echocardiographic LVH was defined by left ventricular mass
(LVM) indexed for BSA (LVM/BSA) as suggested by Zhang et
al. [38]. For assessment of L'V mass was used formula proposed
by Devereux et al. [17,39]. LV mass (g) = 0.8(1.04{(LVIDD
+ IVST + PWT)3 - LVIDD3}) + 0.6g, where LVIDD is LV
internal end-diastolic dimension, IVST is the end-diastolic
interventricular septal wall thickness, and PWT is end-diastolic
LV posterior wall thickness [40]. Normal values of LV mass
indexed to body surface area were considered to be 70+9g/m2
in men [41]. According to the ESH/ESC guidelines, as a cut-off
value used to define LVH, based on the relationship between
ventricular mass and body surface, was 115 g/ m2 for men and
95 g/m2 in women [42,32].

According to the Relative Wall Thickness (RWT) and LVMI,
all the patients we classified into 4 categories, namely:



o Ifthe LVMI exceeds 115 g/m2:

o« RWT > 0.42 — Concentric Hypertrophy
o RWT <0.42 — Eccentric Hypertrophy

o Ifthe LVMI<115 g/m2

o RWT > 0.42 — Concentric remodeling
o« RWT <£0.42 — Normal heart.

The American Society of Echocardiography criteria were
used to categorize subjects based on LV internal dimension
in diastole (LVIDD) [43]. These criteria classify the LV size
as normal (men: 42 to 59 mm; women: 39 to 53 mm), mildly
dilated (men: 60 to 63 mm; women: 54 to 57 mm), moderately
dilated (men: 64 to 68 mm; women: 58 to 61 mm), or severely
dilated (men: >69 mm; women: >62 mm).

Statistical analysis.

Data was analyzed by using SPSS Statistics for Windows,
Version 16.0. Quantitative data were summarized using means
+ standard deviation. Qualitative data were summarized using
percentages and proportions. Comparisons between groups were
made using independent t-test and chi-square as appropriate.
Pearson R statistical test was done for measurement the strength
between the different variables and their relationships. Statistical
significance was taken as p < 0.05.

Results.

Age, body mass index and heart rate were similar in both
groups. All study participants were males and nonsmokers.
Systolic (SBP) and diastolic blood pressures (DBP) were
significantly higher in hypertensive subjects compared to
the controls. General characteristics of the hypertensive and
normotensive groups are listed in Table 1.

Table 1. General characteristic of the examined population.

Characteristic gl};};t;tenswes 1(10:21151;) tensives P-value
Age (yrs) 57.13+7.27 57.56+7.55 NS
BMI (kg/m2) 28.7+3.9 285433 NS
SBP (mm Hg) 153.93+8.60 125.04+7.83 P<0.001
DBP (mm Hg) 94.6+8.16 77.8+5.15 P<0.001
Heart rate, bpm 70.89+8.64 72+7.46 NS
History of diabetes 22 (29.3%) 7 (28%) NS
?;z{?&;’iﬁa 58(77.33%) 16 (64%) NS

BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic
blood pressure; NS: non-significance.

In comparison with normotensive subjects, hypertensive
patients had significantly higher RVW and IVS thickness
in diastole and left atrium diameter (LAD) (5.36+0.98 mm,
1.25+0.16 cm and 4.11+0.50 cm vs 2.88+0.64 mm, 0.88+0.2
cm and 3.45+0.06 cm in normotensive controls, P < 0.001 for
all). There was no significant difference in right atrial septal-
lateral diameter, aortic bulb, and pulmonary trunk diameter
between hypertensive and normotensive groups (3.70+0.61,
3.38+0.53 and 2.97+0.12 vs 3.5+0.56, 3.41+0.11 and 2.91+0.07,
consecutively. P=NS).

All study participants had normal range of LV internal
dimension in diastole (LVIDD) (5.19+£1.76 vs 4.44+1.81 in
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hypertensive and normotensive groups respectively; P=0.0699).
Only 5 patients had mild dilatation of left ventricle from the
hypertensive group and none from the normotensive individuals.

Left ventricular concentric hypertrophy was found in 36
hypertensive patients, 21 patients had concentric remodeling
and 18 normal left ventricular mass index without evident
remodeling or hypertrophy. Among those with concentric
hypertrophy, severely enlarged left ventricular mass was
detected in 9 patients, moderately enlarged in 17 patients, and
mildly enlarged in 9 patients. None of the control group subjects
had echo findings, indicative for LVH. LV mass indexed for
BSA, LV mass index and relative wall thickness of hypertensive
and normotensive study participants are given in table 2.

Table 2. LV mass index and relative wall thickness of study population.

.. FV mass LV mass Relative Wall
Characteristic indexed for index Thickness
BSA, g/m2

Hypertensive patients
(n=75)

Hypertensive patients
with LV concentric
hypertrophy (n=39)
Hypertensive patients

116.75+26.83 242.38+58.10 0.466+0.07

139.76+17.55 283.76+45.4 0.498+0.05

with LV concentric 98.23+14.87  210.54+32.38 0.500+0.053
remodeling (n=18)

Hypertensive patients

with normal heart 91.09+8.05 184.56+22.01 0.361+0.0547
(n=18)

Normotensive 7222+14.67  153.82432.3 0.383+0.04

individuals (n=25)

Table 3. M-Mode echocardiography characteristics of the study
populations.

Hypertensives Normotensives

(mean +s.d.) (mean =*s.d.) Significance

RVW thickness 5.36£0.98 mm 2.88+0.64 mm P <0.001
IVS thickness in 1.2540.16 cm  0.88+02cm P <0.001
diastole

Left atrium diameter 4.11£0.50 cm [3.45£0.06 cm P <0.001
Right atrial septal- - 5 56, ¢} 3.540.56 NS
lateral diameter

Aortic bulb 3384053  3.410.11 NS
Pulmonary trunk 297012 291007 NS
diameter

LV massindexed for ) ¢ 7517683 767241456 P <0.005
BSA

Ejection fraction of ¢} 0y 506 sg084246 NS

left ventricle

LV internal dimension 5 5, 43 4.44+1 81 NS

in diastole (LVIDD) cm
NS — not significant

16% hypertensive patients (n=12) had bi-ventricular
hypertrophy, 8 patients - LV concentric remodeling with RV
hypertrophy, 24 (32%) patients - isolated LV hypertrophy, 6
patients - isolated right ventricular hypertrophy. Both ventricles
were normal in 12 patients. We found a positive correlation
between LV mass index and body mass index (r=0.792, P=0.03).



Hypertensive patients had significantly higher LV mass,
relative wall thickness and LV mass indexed for BSA in
comparison with normotensives (P<0.05 for all). Moreover,
in comparison with normotensives, hypertensives without LV
hypertrophy or remodeling still had significantly higher LV
mass indexed for BSA (P<0.05). In hypertensive subjects, LV
mass and LV mass indexed for BSA significantly increased
from normal heart to concentric remodeling and concentric
hypertrophy (P<0.05). There was no difference between relative
wall thickness of hypertensive patients with LV concentric
remodeling and hypertrophy (P=NS).

In comparison with hypertensive patients, where was found
a significant large positive correlation between SBP level and
interventricular septal and posterior wall thickness (r=0.816
and r=0.669, respectively; P<0.001 for both), normotensive
subjects did not show relationship between these parameters
SBP level and / posterior wall thickness (r=0.24, P=0.236
for SBP and interventricular septum thickness and r=0.18,
P=0.372 for SBP and posterior wall thickness). Therefore, DBP
level did not show significant positive or negative correlation
with interventricular and posterior wall thickness among
hypertensive and normotensive subjects (r=0.038, P=0.742 and
r=-0.006, P=0.958 for hypertensive vs. r=-0.065, P=0.756 and
r=-0.190, P=0.362; respectively).

SBP value was independently associated with LV hypertrophy
and its diastolic dysfunction (all p<0.01). With the increase of
SBP, LV mass index and E/e’ stepwise increased and e’ stepwise
decreased significantly (all p<0.05). In the whole population,
SBP was independently correlated with LVMI, LVEDD, ¢', and
E/e’ (all p<0.01).

Ejection fraction of left ventricle was not different between the
study groups (61.02+5.06 for hypertensives vs 58.08+2.46 for
normotensives; P=NS). Similar to EF%, LV internal dimension
in diastole were not different between the groups (Tab 3).

RV hypertrophy was found in 38.66% of hypertensive subjects
(n=29). Mean value of TAPSE in hypertensive population was
significantly lower than in normotensive subjects (19.86+2.68
vs 22.52+2.02; P<0.0001). According to recommendations,
TAPSE <16mm, was considered as an abnormal [44]. Only 5
patients had mild systolic dysfunction of RV with an average
TAPSE 16 in hypertensive patients and none in normotensive
control group.

EF of RV in normotensive subjects was significantly higher
in comparison with hypertensive patients (62.73£12.81 vs
57.58+7.53%, respectively). Therefore, RV ejection fraction
less than 44% was considered as an abnormal systolic function
[44]. There was no significant positive relationship between
left and right ventricular EF in hypertensive and normotensive
groups (r=0.159, P=0.171 and r=-0.036, P=0.826; respectively).

In comparison with normotensive subjects, hypertensive
patients had significantly increased right-sided heart volume
indexes (84.57+7.30 vs 68.76+7.45, P<0.05 for EDVI and
35.61+6.67 vs 22.28+2.85, P<0.05 for ESVI).

Mitral E/A ratio was 1.18 + 0.09 in controls and 0.84 + 0.14
in hypertensive groups, respectively (P < 0.001). E/A <0.8 was
found in 48 hypertensive patients (0.75+0.055); among them 12
had LV concentric remodeling and 36 concentric hypertrophy
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(0.76+0.06 vs 0.74+0.05; P=NS). According to normal E/A
level (>0.8), 18 hypertensive patients had normal heart and 9
patients - concentric remodeling. We found negative significant
correlation between left ventricular mass index and E/A (r=-
0.454, P<0.001).

LV mean ¢’ in hypertensives was significantly lower than in
normotensives (6.63+1.027 vs 8.5+1.78; P<0.0001). We did not
reveal correlation between ¢’ and SBP, DBP or LV mass index
(r=0.095, P=0.413 and r=0.024; P=0.833, r=0.026, P=0.823;
respectively).

RV diastolic dysfunction defined as E/A < 0.8 was found in
54.6% (n=41) of hypertensive patients. Right ventricular mean
E/A was 1.41 + 0.13 in control and 0.89 + 0.15 in hypertensive
participants (P < 0.001). Therefore, none of the control group
subjects had RV diastolic dysfunction. Positive significant
correlation was found between mitral and tricuspid E/A ratio in
hypertensive patients and control subjects (r = 0.282, P <0.001
for HTN and r=0.558, P<0.001 for normotensive controls).

The right ventricular E/e’ ratio, which is a reflection of RV
filling pressure and is considered as a surrogate of right atrial
pressure (RAP) was increased in hypertensive group (4.84 +
0.97 vs. 3.88 + 0.32 in the control group, P < 0.05). Tricuspid
and mitral E’/A’ ratio was decreased in hypertensive group
(0.79 £ 0.13 and 0.90 £ 0.19 in hypertensive vs. 1.21 + 0.15
and 1.29 £ 0.15 in the control groups, respectively, P < 0.001
for both).

There was a significant small negative relationship between
left and right ventricular E/A ratio and positive correlation
between left and right sided E/E’ ratio (r=0.218, p=0.037 and
=0.246, P=0.03, respectively).

Discussion.

Our study revealed an increased RV wall thickness,
significantly thicker IVS and PW, and higher peak atrial
velocity in hypertensive individuals. Cuspidi et al. assessed
heart morphology in 330 untreated and treated uncomplicated
essential hypertensive patients. Similar to our study results,
RV hypertrophy was found in 33.6% (vs. 34.6% in our study)
and bi-ventricular hypertrophy in 15,7% of patients (vs. 16%
in our study) [45]. Our study results point out that hypertensive
subjects in comparison with normotensive controls have higher
RV mass and RV wall thickness. Similar data were obtained by
Todiere et al via analyzing results of cardiac magnetic resonance
imaging [46]. RV hypertrophy in essential hypertension
could be explained via three major mechanisms. First, an
overstimulation of the sympathetic and the renin-angiotensin-
aldosterone systems, which are the cornerstone for hypertension
pathogenesis and could be responsible for increased pulmonary
arteriolar resistance and, RV hypertrophy. Second, the
mechanical interaction between the right and left ventricles
through the interventricular septum and third, oxidative stress
and endothelial dysfunction could induce changes in pulmonary
circulation leading to RV hypertrophy.

Previous studies have reported that patients with impaired LV
relaxation, i.e., diastolic dysfunction have an increased risk of
sudden cardiac death [47]. According to published literature,
the early to late diastolic transmitral flow velocity (E/A ratio) is
considered as the key marker for assessment of left ventricular



relaxation impairment [48,49]. By experts, E/A ratio <0.8 has
been recognized as a strong indicator of LVDD and related to the
poor prognosis of heart failure [50,51]. That’s why in our study
we used E/A ratio to assess LV diastolic function and indirectly
predict prognosis. Similar to Hanboly et al., who showed a
60% prevalence of RV diastolic dysfunction, in our study RV
diastolic dysfunction was found in 54.6% hypertensive patients
[52]. Both studies revealed decreased TAPSE in hypertensive
population. In comparison with normotensive control subjects,
hypertensive patients in our study had decreased tricuspid and
mitral E’/A’ ratio. These data are in accordance with the data
obtained by other investigators [18]. Hence, our study revealed
significant correlation between mitral and tricuspid E/A ratio.

Zhou et al. aimed to investigate the association of tissue
Doppler E/e' with cardiac events in hypertension patients
and retrospectively enrolled 222 asymptomatic nonischemic
patients with AH. They showed that E/e' ratio represents an
early, effective tool for cardiovascular risk stratification in
hypertensive population and is the strongest predictor of cardiac
events. Namely, they showed, that compared with patients
whose E/e' < 14, patients whose E/e' [114 the hazard ratio of
cardiac event is significantly increased [53]. In our study, Mitral
E/e' was significantly higher in hypertensive individuals and 5
of them had E/e' >14.

Like Yongtai et al., our study revealed an independent
association between LV hypertrophy and LV diastolic
dysfunction (all P<0.01) [54]. Similar to the results obtained
by Eliakim-Raz et al., we clearly showed positive correlation
between SBP and interventricular septal and posterior wall
thickness (P<.001, r= 0.121) [55]. Jung et al. via using
multivariate logistic regression analyses, assessed the odds
ratios for LV hypertrophy and increased relative wall thickness
and found a significant correlation between elevated BP and
LVH, LV mass index and relative wall thickness [56]. Similar
results were obtained by Hendriks et al, who using Mendelian
randomization showed that each 10 mm Hg increase in SBP
was significantly associated with 4.01 g increase in LV mass
(P=0.002) [57].

In a large cohort of primary care patients with normal LVEF
and free from HF, Nistri et al. showed, that low septal ¢’ is
an independent and incremental predictor of overall mortality
and cardiovascular hospitalizations [58]. Hence, we found out
that hypertensive patients had significantly lower septal e’ in
comparison with normotensives. Therefore, in our study we
could not revealed correlation between SBP or DBP level and e’.

In comparison with normotensives, our study showed
significantly lower level of right ventricular ejection fraction in
hypertensive individuals, which is in complete accordance with
the data obtained by Koutsampasopoulos et al. [15]. We believe
that RV wall and interventricular septum thickening may play an
important role in RV diastolic dysfunction in patients with AH.
Moreover, it should be considered that lower than normal RV
ejection fraction in hypertensive patients might be indicating the
impairment of RV contractility. Thus, we can suggest that the
assessment of RV performance in patients with AH, may be an
additional, sensitive indicator of the course of disease.

Hence, we can agree with the data obtained by other
investigators that arterial hypertension impacts RV morphology

12

and its diastolic and systolic function. We may suppose that
impairment of RV systolic function in hypertensive population
could be related with right ventricular hypertrophy and
ventricular interaction. Tadic et al. explained the deterioration of
RV diastolic function as happening due to the increased stiffness
of the RV caused by hypertrophy, retrograde transmission of
increased LV filling pressure to the pulmonary circulation and
ultimately to the RV and negative influence of renin-angiotensin-
aldosterone and sympathetic nervous system on pulmonary
circulation and the RV [18]. Abdeltawab et al. demonstrated
that RV diastolic dysfunction is not only an early marker that
is correlated to the presence of essential hypertension but also
showed it to be a marker of its severity and degree [53].

Conclusion.

The study data point out that AH affects left and right
ventricles simultaneously and causes morphological and
functional disturbances in both ventricles. AH causes left and
right ventricular concentric remodeling and later on ventricular
hypertrophy. Hypertension affects the diastolic function of the
left ventricle, and these changes are accompanied by similar
changes in the right ventricle. Hypertension affects RV systolic
function as well, but less frequently.

Despite the fact that we proved interaction between the left
and right ventricles while AH, question regarding prognostic
value of RV function and its association with clinical outcomes
is still opened and unanswered. Hence, further studies are still
needed to completely understand mechanisms of biventricular
morphologic and functional changes in patients with arterial
hypertension, to determine the clinical utility and prognostic
value of RV functional and morphological changes in patients
with AH. Whether these right heart changes occur early, at the
same time as left heart changes due to the interdependence of the
two structures, or whether it is a secondary phenomenon possibly
related to pulmonary vascular changes remains to be proven by
further studies. It is immensely important to standardize and
improve the diagnostic methodology of RV evaluation, which
might have a crucial meaning for professionals involved in
hypertension management to improve patients' prognosis.
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