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Abstract

Objective. To estimate and compare the endothelial function in patients with essential arterial hypertension
(HTN) and primary hyperaldosteronism (PHA). Design and methods. Eighty-two patients were examined.
Among them, PHA was verified in 19 patients, while 36 patients had essential HTN stage II (blood pressure
(BP) elevation of 1% or 2" degree), and 27 age-matching healthy people formed control group. The HTN
duration in PHA patients was 1.95 & 0.24 years, and in patients with essential HTN — 5.5 + 0.5 years. Both
patients and healthy peoples were examined within the hospital, in compliance with the hospital regime
and diet. Endothelial function was assessed by several methods: the number of circulating desquamated
endothelial cells (the method by Hladovec J.), reactive hyperemia test and evaluation of endothelium-
dependent vasodilation (as a percentage of the brachial artery diameter increase), total blood nitrates and
nitrites level (Griss-reaction method), nitric oxide excretion in urine. Results. Endothelial dysfunction (ED)
was found in all patients with high BP. We found more profound ED in PHA patients compared to patients
with essential HTN, which resulted in a significantly higher number of circulating endothelial desquamated
cells, lower percentage of vasodilation response in reactive hyperemia test, decreased blood levels of
total nitrites/nitrates and elevated nitric oxide urine excretion. Discriminant analysis was applied to range
the severity of ED. Patients with essential HTN had moderate ED, while patients with PHA had severe
ED. Conclusions. The proposed classification approach can be successfully applied for monitoring changes in
ED and the effectiveness of treatment in patients with various diseases associated with BP elevation.
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Pesrome

Llesb ucc/ie0BaHUSI — OLIEHUTH U CPABHUTH (PYHKIIMOHAIBHOE COCTOSIHUE SHIOTENHUS y OOJIBHBIX
ACCEHIMANILHOM apTepuanbHoi runeprensueii (Al') u nepBuyHbIM runepaibaocteponusmoM (I1T'A). Ma-
Tepuajabl U1 MeToabl. [I[poananmu3npoBaHbl pe3yabTaTsl 00ciaenoBanus 82 genosek: 19 manmenTos ¢ [1TA,
36 mauuenToB ¢ sccenumanbaoi Al 11 cranum ¢ moBeieHreM ypoBHs apTepraibHoro aasiaenus (AJl) 1-2-i
CTEINEHU U 27 NPaKTUYECKH 310pOBBIX JIUL. CpeTHUIl BO3pACT MALMEHTOB B IPYIIax 3Ha4MMO HE OTIINYAJICS.
JmmrensHocts Al'y nun ¢ I[II'A cocraBuna 1,95 + 0,24 rona, y iuil ¢ runeproHudeckoit 6one3nsio (I'b) —
5,54 0,5 roga. O6cnenoBanue OOTBHBIX U JIMIT KOHTPOJIBHOM TPYTIITHI IIPOBOIMIIOCH B CTAITMOHAPHBIX YCIOBH-
SIX B COOTBETCTBUU C OOIICTTPUHATHIMU CTaHAAPTaMU Ha (POHE COOTIOACHNUS KITMHUYECKOTO PEKUMA U TUETHI.
Onenka GpyHKIMH SHIOTEIHS TPOBOANIACH C UCTIONB30BAHUEM CIIEAYIOIINX METOIUK: OIICHKH KOJIMYeCTBa
LUPKYJIUPYIOLUX AeCKBaMUpoBaHHBIX dHA0TenonuToB (L[OK) B kpoBu no meronuke Hladovec J., mpo6st
C PEaKTUBHOM THIIEPEMUEN U TOCIEAYOIIUM PACY€TOM SHIO0TEININ3aBUCUMON Ba30IMIIaTallH B BUJE POLIEH-
Ta npupocTa auamerpa miedeBoit aprepuu (I1A), uccnenoBanus cogepkanus B I1a3Me KpOBU CyMMBI HUTpPa-
TOB M HUTPUTOB 10 METOJIMKE, OCHOBAHHOM Ha peakluy I pucca, OLEHKH SKCKPELUU OKCH/IA a30Ta C MOYOM.
PesyasbTarsl. [luchynxius saaorenus () Oblia XxapakTepHa /Ui BceX 00CIe10BaHHBIX JIHIL C TOBBIIIECH-
HbIM AJ]. OHAaKO pe3yabTaThl CBUAETENBCTBYIOT O 00JIee BRIPaKeHHOW CTETICHH HAapyIIeHNH (yHKIIMOHAIb-
HOro cocTostHus 3HAoTenus npu I1I'A no cpaBHeHHIO ¢ 3cceHIManbHOl Al, YTO BBIpa)ajaoch B 3HAYMMO
Oosee BEICOKOM coneprkanuu konmdecTBa [[OK, 3naunmo Gonee Hu3kom npupocrte auamerpa [TA B mpobe
C PEaKTUBHOW runepeMueii, 3HaYMMOM CHIDKEHUHU YPOBHSI CyMMAapHBIX HUTPUTOB/HUTPATOB B KPOBH, TO-
BBIIIIEHHOM YPOBHE 9KCKPELMH OKCUAA a30Ta ¢ MOYoi. C MOMOIIbI0 METOAA TUCKPUMUHAHTHOTO aHAIN3a
Ha OCHOBAaHUU ATHX IOKa3aTeliell pa3paboTaHa Kiaccudukamus creneHu Tspkectu 19, B pesysbrare yero
OBLIO KOHCTATHPOBAHO, YTO TAIMEHTHI C dcCceHIMaNbHON Al mmenn ymepennyto, a ¢ [IIA — BeIpakeH-
Hyto crenenb J13. [peaiosxkeHHbIN Ki1accu(UKAIMOHHBIN MOJX0/] MOKET OBITH YCIEIIHO UCTIOIb30BAH IS
JMHAMHUYECKOT0 KOHTPOJIA 3(h(heKTUBHOCTH MEIMKaMEHTO3HOM KoppeKuuu /13 y muil ¢ pa3nnaHbIMy 3a00-
JIEBAaHUSIMH, COTIPOBOXKIAIOIIUMHUCS MogbeMoM AJl.

KuroueBble c10Ba: nepBUYHBIN THIIEPAIBIOCTEPOHN3M, SCCEHIIMANIBHAS apTepHaIbHAS THIIEPTEH3HS,
CUMIITOMaTHYECKas apTepuasbHas TUIIEPTEeH3Us, SHA0TeuaNbHas TUCHYHKIMS, IUPKYIUPYIOLIUE YHI0TE-
JIMAJIbHBIE KJIETKH, S3HI0TEINI3aBUCUMasl Ba30JWIaTalisl, OKCH]] a30Ta, CyMMApHbIE HUTPAThl 1 HUTPUTHI
J1a3Mbl KPOBH
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Introduction

Cardiovascular mortality is gradually growing,
resulting in a steady increase in research in this field
worldwide [1]. Arterial hypertension (HTN) is one
of key reasons of adverse cardiovascular events, in-
cluding cardiovascular deaths [2, 3].

Essential HTN takes the leading position in HTN
structure. The rate of symptomatic HTN varies from
5%7]1,4]to25% [5]. Among secondary forms renal
HTN is the most common [4, 6], and endocrine HTN
rate is 3—6% [7, 8]. Endocrine HTN more often ap-
pear as adrenal hyperfunction or Cushing’s disease
[1]. Prevalence of primary aldosteronism in general
population is low comprising 0.03—0.1 % [9]. How-
ever, primary aldosteronism comprises at least 7%
of uncontrolled HTN [10].

Endothelial dysfunction (ED) plays an important
role in the development of cardiovascular diseases
and, in particular, arterial hypertension. Endothelium
dysfunction appears to be both a part of pathology
and its primary inductor, which contribute to ED
progression. ED development is accompanied by
abnormal regulatory vascular response to the usual
hemodynamic shifts. Patients with essential HTN
demonstrate decreased endothelium-dependent va-
sodilatation resulted from excessive production of va-
soconstrictors. In this regard, endothelial dysfunc-
tion is considered as one of the leading mechanisms
underlying hypertension development. According
to current concepts, nitric oxide (NO) is one of the
most important bioactive endothelial products with
strong vasodilatory effect. Moreover, it delays vas-
cular remodeling. In HTN patients, endotheliocytes
show lower capacity to release NO and other vasodi-
lators. At the same time production of vasoconstric-
tors increases, leading to ED. Also HTN patients
show impaired endothelium-dependent vasolidation
caused by abnormal NO production and release.

However, while ED role in essential HTN is
proved, the endothelium changes in the endocrine
symptomatic hypertensions are unexplored. The
comparative studies of endothelial function in essen-
tial HTN versus endocrine hypertension are lacking.
Few studies show contradictory results and do not
provide data on ED severity in symptomatic HTN,
its triggers, and prognostic role. Therefore, such re-
search is highly relevant.
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Objective

To estimate and compare endothelium functional
status in essential HTN versus primary hyperaldos-
teronism.

Design and methods

Altogether 82 subjects were examined: 19 pa-
tients with primary hyperaldosteronism (12 males
and 7 females), 36 patients with essential HTN II
degree with blood pressure (BP) elevation of I-II
degree (25 males and 11 females), and 27 healthy
subjects (18 males and 9 females) who formed the
control group. Sex distribution was comparable in
all groups (according to y*-test). At baseline, mean
age of subjects with primary hyperaldosteronism was
49.05 + 1.58 years, among patients with essential
HTN — 52.89 + 1.24 years, in the control group —
45.26 £ 1.83 years (p > 0.05 for all comparisons). The
mean HTN duration was 1.95 + 0.24 years among
subjects with primary hyperaldosteronism, and 5.5 +
0.5 years among subjects with essential HTN.

All subjects were examined in the hospital. All
clinical, laboratory and instrumental examinations
were performed according to the common stand-
ards and on conditions of in-hospital regimen and
diet. Diagnostic of primary hyperaldosteronism was
based on typical disease pattern, low potassium lev-
el at single evaluation or in series of examinations,
detection of aldosterone level and plasma renin
activity. Localization was established by computer
tomography of adrenal glands. Aldosteronoma was
diagnosed by histological verification after surgi-
cal intervention. Diagnosis of HTN and BP increase
were established according to the Expert guidelines
of the Russian Society of Cardiology. Essential HTN
was diagnosed after final exclusion of symptomatic
HTN. Patients with chronic heart failure Il NYHA
functional class and higher, essential HTN III de-
gree, myocardial infarction in past, acute cerebrov-
ascular accident, and clinically significant concomi-
tant diseases of digestive, pulmonary systems were
not excluded.

Endothelial function was estimated by
J. Hladovec’s method, and circulating desquamated
endotheliocytes were calculated. According to this
method, the circulating desquamated endothelio-
cytes count is 2—4 cells in 100 mcl in healthy indi-
viduals.
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Endothelium vasomotor function was assessed
by reactive hyperemia test and endothelium-de-
pendent vasodilation of brachial artery. We esti-
mated the increase in the brancial artery diameter
after the mechanical stress exposure by the linear
probe 7.5 MHz (Siemens Omnia). At the next step,
we assessed the ratio of endothelium dependent va-
sodilation of brachial artery to the baseline data
by the following formula: (D2-D1)/D1 % 100 %
(D2 — brachial artery diameter after occlusion,
D1 — baseline brachial artery diameter). Brachial
artery diameter growth of 10 % and more was con-
sidered normal. Lower values or vasoconstriction
were considered as a pathological response [1].
Total blood level of nitrates and nitrites (NOXx)
was determined in fasting blood samples (after
10-hour fast), after following diet with nitrate- and
nitrite-free food and excluding nitrate-containing
drugs. We used a method based on Griece reaction:
optical density was defined by spectrophotometer
KFK-3 (wavelength 543 nmol), then a calibration
plot was drawn: NOx (nmol) was indicated on X
axis and optical density — on Y axis. NOx con-
tent was evaluated in accordance with the calibra-
tion plot.

The study was approved by the Ethical Com-
mittee of Military Medical Academy. Prior to any
procedures, all subjects signed informed consent to
participate in the study.

Statistical analysis was performed with the use if
program STATISTICA 6.0. Non-parametric tests
were used. Discriminatory analysis method was used
to distinguish critical features of ED.

Results and discussion

Baseline diameter of brachial artery did not dif-
fer in the groups (p > 0.05) (Table 1). Reactive hy-
peremia test demonstrated an increase in the brachial
artery diameter in all groups. However, HTN patients
showed lower increase than patients in the control
group. Brachial artery diameter increase was much
lower in the groups with essential HTN and primary
hyperaldosteronism than in the control group (p <
0.001), and its value < 10% proves impairment of
endothelial vasomotor function in HTN patients.
Importantly, the impairment of brachial artery di-
ameter increase was more profound in patients with
primary hyperaldosteronism in comparison with the
group of essential HTN.

In patients with primary hyperaldosteronism,
the number of desquamated endotheliocytes indicat-
ing endothelial dysfunction is much higher than in
healthy subjects and hypertensive patients. So en-
dothelial dysfunction is more profound intensity in
patient with symptomatic HTN than in patients with
essential HTn (Table 2).

The next parameter reflects endothelial function
(total content of nitrates/nitrites in blood plasma)
and it shows similar trends. NO content in the blood
of patients with primary hyperaldosteronism was
4-time lower than in healthy subjects.

Moreover, NO blood level in patients with pri-
mary hyperaldosteronism was much lower compared
to patients with essential HTN. On the contrary, urine
nitrite excretion was much higher in patients with pri-
mary hyperaldosteronism than in control group and in
patients with essential HTN. The role of ED in BP el-
evations in patients with primary hyperaldosteronism
was confirmed by negative correlation between bra-

Table 1

THE CHANGES IN THE BRACHIAL ARTERY DIAMETER DURING REACTIVE HYPEREMIA
TEST IN THE STUDY GROUPS (M £+ m)

. Healthy, HTN, PHA,

Indicator n=27 n=36 n=19
B.asehne brachial artery 427+ 0.05 4.44 +0.07 4.32+0.10
diameter, mm
Ppst-test brachial artery 498+ 0.06 476 + 0.08* 4.54 +(.11%*
diameter, mm
Ratio of baseline and post- 16.53 + 0.74 6.97 + 0.47** 5.15 + 0.87**#
test values, %

Note: differences with control group: * — p < 0.05; ** — p < 0.001; differences between patients with essential

hypertension and hyperaldosteronism: # — p < 0.05.
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Table 2
CIRCULATING DESQUAMATED ENDOTHELIOCYTES, BLOOD NITRATES
AND NITRITES IN THE STUDIED GROUPS (M £ m)
i Healthy, HTN, PHA,
Indicator n=27 n=36 n=19
Circulating desquamated endotheliocytes, cell/ml 3.0£0.17 8.58 £ 0.20* 27.37 £ 0.48*#
Blood nitrates and nitrites, nmol/ml 37.49 £0.92 17.86 £0.53%* 10.03 £ 0.29*#

Note: differences with control group: * — p < 0.05; ** — p < 0.001; differences between HTN and PHA patients:

#—p<0.00l.

chial artery diameter and the mean BP. In primary
hyperaldosteronism, NO content in blood inversely
correlates with the thickness index indicating that al-
dosterone directly contributes to the development of
myocardial hypertrophy and also has an indirect im-
pact by impairing endothelial function. In primary
hyperaldosteronism, aldosterone level directly cor-
relates with flow-dependent vasodilatation, which
proves participation of this hormone in the develop-
ment of endothelial dysfunction.

Therefore, we conclude that endothelial dysfunc-
tion occurs in all subjects with high BP. However, the
severity of endothelial dysfunction is different in the
studied groups. Thus, we attempt to develop criteria
for classifying endothelial dysfunction degree by ap-
plying the discriminatory analysis. Usually this anal-
ysis is used for recognition of images and objects with
specific features to one of the known classes [15]. The
key objects of our research was the classification of
endothelial dysfunction into different degrees. For
this purpose parameters characterizing endothelial
function (excluding normal values) were ranged, and
the median was determined. Values lower than me-
dian characterize moderate ED and values higher than
median shows severe ED. Quantitative estimation of
4 parameters — brachial artery diameter increase,
circulating desquamated endotheliocytes level, ni-
trate/nitrite content in blood and nitrite urine excre-
tion — allows classification of ED in HTN patients
as moderate and severe. The findings were proven
by contingency table analysis (Table 3). Discrimina-
tive model appeared to be statistically significant (p
<0.001) and highly informative (for 96.1 %).

Therefore, we found moderate endothelial dys-
function in HTN by applying classification method
for estimating endothelial dysfunction severity in
HTN of different origin and assessing brachial ar-
tery diameter increase, circulating desquamated en-
dotheliocytes level, nitrate/nitrite content in blood
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and urine excretion of nitrites. ED in patients with
primary hyperaldosteronism is more profound in
comparison with patients with essential hyperten-
sion (Table 4).

Conclusions

Endothelial vasomotion dysfunction and in-
creased number of circulating desquamated en-
dotheliocytes are found in patients with different
hypertensions. However, impairment of flow-depend-
ent vasodilatation and circulating desquamated en-
dotheliocytes number differ in patients with essential
HTN and with primary hyperaldosteronism.

Low NO production is one of the most impor-
tant pathogenesis mechanisms of high vascular
tone in HTN, because NO is the natural endotheli-
um-produced antagonist of different vasoconstric-
tion factors. However, the degree of the impairment
of NO-production is not similar in different HTN
forms. Patients with primary hyperaldosteronism
are characterized by more profound decline in NO
production (bioavailability decline is also possible)
followed by the more profound endothelial secre-
tory dysfunction.

We believe that our classification can be also used
the follow-up control of endothelial dysfunction re-
versibility in treated patients.
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