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DYNAMIC CHANGES IN SPECTRAL HEART RATE VARIABILITY
PARAMETERS IN PACED BREATHING TEST IN PATIENT WITH
UNCONTROLLED ARTERIAL HYPERTENSION AND
POLYMORBIDITY

Oyeleye L., Saja M., Golubkina E. O., Bogun L. V., Yabluchansky M. I.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

A clinical case of a patient with uncontrolled hypertension and polymorbidity. The paced breathing test
was made, was found prevalence of low frequency influences at the initial stage and its intensification at the
resting stage, growth of the total power of heart rate variability spectrum (TP) with respiratory modulation.
The course of the disease worsened the appearance of new-onset atrial fibrillation (registered paroxysm on
Holter monitoring); the general deterioration of the patient’s state reflected HRV changes on sinus rhythm
tracing - significantly reduced TP growth in response to paced breathing, an increase in LF/HF (ratio of low
frequency to high frequency waves), as well as switching to the neurohormonal level of heart rate regulation
at the resting stage. After the treatment the growth of TP in response to the test has increased and LF/HF level
has decreased.
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JUHAMIYHI 3MIHU ITAPAMETPIB BAPIABEJIBHOCTI CEPHEBOT'O PUTMY VY ITIPOBI
3 METPOHOMI3OBAHHUM JJUXAHHAM Y ITAHIEHTA 3 HEKOHTPOJIbOBAHOIO
T'MEPTEH3IE€IO I HOJIMOPBIIHICTIO

Oiieneiie JI., Caonca M., I'onyoxkina €. O., bozyn JI. B., Aonyuancokuii M. 1.
XapkiBcbkui HamioHaNbHMM yHiBepcuTeT iMeHi B. H. Kapazina, m. XapkiB, Ykpaina

OmnucaHo KIIHIYHUE BUMAQAOK TMAIliEHTa 3 HEKOHTPOJIHOBAHOIO apTepiallbHOIO TilEPTEH3IEI0 Ta
nosiMopOinHicTio. [IpoBenena mpobGa 3 METPOHOMI30BAaHWM JUXaHHSM, BHSBJICHO TIPEBaTIOBAHHS
HU3bKOXBWJILOBHX BIUIMBIB Ha eTari ()OHOBOTO 3amucy i MOCWJICHHS iX Ha eTami BiANMOYMHKY, MPHUPICT
3arajbHOI MOTYXHOCTI CHEKTpY BapiabenpHOCTi cepueBoro putMmy (TP) nmpm momymsamii nuxanss. IlepeGir
3aXBOPIOBAHHS TOTIpIIMIIA TIOSBA BIIEPINE BUSABICHOI GiOpHiAIii mepeacepap (3apeecTpoBaHUN MapOKCH3M
MIPH  XOJITEPIBCAKOMY MOHITOpYBaHHI), 3arajbHe TOTIpIIEHHs CTaHy mamieHta Bigowimm 3miHu BCP mpu
3aIicy 3 CHHYCOBUM PUTMOM - 3Ha4YHe 3HIKEeHHs npupocty TP y BiAmoBias Ha METPOHOMI30BaHE JUXaHHS,
migsumenas LF/HF (BigHOIIEHHS XBHIIb HU3BKOi YaCTOTH JO BHUCOKOYACTOTHHM), & TaKOX IEpEMUKAHHS
pEeTyNAIii CepleBOro pUTMy Ha CTajii BIAMOYMHKY HAa HEHpPOTOPMOHANBHHMN piBeHb. [licis mpoBemeHOl
Tepamii 30ipmuBcs npupict TP y Biamosins Ha poOy, 3HU3NBCs piBeHs LF/HF.

K/TIOY9O0BI CIIOBA: aptepianbHa TinepTeH3isd, BapiabeabHICTh CEPIIEBOTO PUTMY, METPOHOMIi3ipoBaHe
JIXaHHS

JAHAMUWYECKUE UBMEHEHUSA TAPAMETPOB BAPUABEJIBHOCTHU CEPAEYHOI'O
PUTMA B TIPOBE C METPOHOMMU3UPOBAHHBIM JIBIXAHUEM Y ITAIIUEHTA C
HEKOHTPOJIMPYEMOI 'MNEPTEH3UEN U TOJIUMMOPBHIHOCTBIO

Oiieneiie JI., Caonca M., I'onyokuna E. A., Bozyn JI. B., Aoayuanckun H. H.
XapbKkoBCcKHi1 HaIMOHAIBHBIA yHUBEepcuTeT nMenn B. H. Kapasuna, r. XapskoB, Ykpanna

OnucaH KIMHUYECKUH Clydall NalKMeHTa ¢ HEKOHTPOJIMPYEMON apTepUalbHOW TuIepTeH3uedl u
noimMopouHocTeio. TIpoBeneHa nmpoba ¢ METPOHOMHM3MPOBAHHBIM JbIXaHUEM, BBISBIICHO IPEBAINPOBAHUE
HHU3KOBOJIHOBBIX BJIMSHMH Ha 3Tane (DOHOBOI 3alMCHM M YCHJIGHHE WX Ha dTalle OTAbIXa, IPHUPOCT OOIei
MOIIIHOCTH CIIeKTpa BapuabenbHOCTH cepiaedHoro putma (TP) npm monymsaunum npixanus. Teuenue
3a00JIeBaHMsl yCyryOMJIO TOSIBIICHHE BIEpPBBIC BBISBICHHOW (puOpHiuIsiimu npencepauii (3aperucTpupoBaH
MapoOKCU3M IIPH XOJITEPOBCKOM MOHHUTOPHPOBaHHMH), OOIIee YXyIIIEHHE COCTOSHUS NallMeHTa OTPasHIIH
usmeHeHuss BCP npu 3amucu ¢ CHHYCOBBIM PUTMOM — 3HAUUTENIbHOE CHUXKEHue mnpupocta TP B oTBeT Ha
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MCETPOHOMHM3UPOBAHHOC  JbIXaHUC,

TIOBBIIICHHUEC

LF/HF

(OTHOHICHI/IG BOJIH HH3KOM YacTOThI K

BBICOKOYACTOTHBIM), a TaKKe MEPEKIIIOYEHHE PEeryJisiliMd CEepAeYyHOr0 pHTMa Ha CTaJuu OT[bIXa Ha
HeWporopMoHajbHBINH ypoBeHb. [locie npoBeaeHHol Tepanuu yBenudwics npupoct TP B orBer Ha mpoOy,

cuusmics yposens LF/HF.

KITIOYEBBIE CJ/IOBA:
METPOHOMU3UPOBAHHOE JbIXaHUC

apTepuaIbHas

INTRODUCTION

Essential hypertension is one of the most
widespread diseases [1-2], dangerous, prima-
rily for its complications [1-3], the risk of
which increases significantly especially in the
case of uncontrolled hypertension that may be
associated with inadequate antihypertensive
therapy or with its non-systematic use [3—4].
The presence of comorbidities, that exacer-
bate hypertension, significantly worsens the
prognosis of these patients [5].

Heart rate variability (HRV) is not only
noninvasive, but also a convenient method of
evaluating the functional state of the
cardiovascular system. A test with paced
breathing is considered to be one of the most
effective components of the HRV evaluation,
which gives wide opportunities for the
dynamic analysis of the effectiveness of
antihypertensive therapy, changes in the
autonomous regulation of heart rate, both at
rest and during respiratory modulation and
provides possibilities for an individual
approach to each patient [6—7].

Heart rate wvariability spectral analysis
allows to estimate the ratio of the distribution
of the main components of HRV spectrum:
high frequency waves (HF), reflecting the
sympathetic and in some extent parasym-
pathetic influences; very low frequency
waves (VLF) that characterize the neurohor-
monal regulation of the heart rate, the low
frequency waves (LF), responsible for the
vagal control of HRV, and LF/HF — ratio of
the low frequency waves to high frequency
waves. Also important role in HRV analysis
plays TP — the total power of heart rate
variability spectrum [8].

CASE STUDY

A 53-year old woman presented with
complaints on periodically  appearing
headaches, mostly in occipital area, «feeling
of heaviness in the head» provoked by
physical overload or stress, palpitations,
poorly controlled blood pressure.

TUNICPTCH3MH,
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Patient also complained on inability to
decrease and control her excessive weight.

Patient was first diagnosed with arterial
hypertension near 5 years ago; since 2013 she
tried to treat herself with occasional intake
(once in several weeks) of amiodarone as a
«some doctor had advised», but she didn’t
notice significant improvement of her state.
In Jan 2014 she was examined in National
Institute of Therapy named by L.T. Malaya,
where the diagnosis was made: essential
arterial hypertension II grade 2 stage, high
risk, the left ventricle hypertrophy, aortic
stenosis I st., heart failure Ila st. with presser-
ved systolic function, II functional class,
impaired fasting glucose. Bisoprolol 5 mg per
day, enalapril 10 mg per day was prescribed.
The patient took prescribed medications
occasionally, non-systematically.

The patient has been working as a cook at
the market during last 10 years. She denies
smoking, drug abuse, drinks alcohol
occasionally; denies chronic cardiovascular
diseases and acute cardiovascular events
(including sudden cardiac death) in close
relatives. Had no operations, traumas in the
past; in 2014 was diagnosed with single-
nodular goiter, subclinical hypothyroidism.

On objective examination: The general
status of the patient is satisfactory, clear
consciousness, posture is active. Height is
162 cm, weight — 120 kg, BMI = 45 kg/m’.
Skin: pale-pink, with preserved moistness and
elasticity; visual mucous membranes are
pink, moist, undamaged; fat tissue is
developed excessively, distributed symmetri-
cally. Peripheral edemas are absent. Thyroid
gland: by palpation both lobes of thyroid
gland are diffusely enlarged, painless; there is
a mass near lcm in diameter in the right lobe.
Lungs: resonance percussion sound, vesicular
breathing over the lungs fields, RR 19 pm.
Heart borders are extended to the left on
1 cm, heart activity is rhythmic with HR
72 bpm. Heart tones are rhythmic, with mid-
systolic ejection murmur of moderate inten-
sity in the Il and V points of auscultation.



Blood pressure sin 144/100 mm Hg, dext
146/102 mm Hg, radial pulse is synchronous,
rhythmic at 72 bpm.

Abdomen: abdominal girth — 133,5 cm,
abdomen is painless on superficial and deep
palpation in all regions. Liver at the costal
margin, painless; spleen is not palpable.
Absence of vascular sounds during abdomen
auscultation. Pasternatskiy sign is negative on
both sides. Urination is free, painless.

The results of current patient’s investiga-
tions were: clinical full blood count,
urinalysis, creatinine, urea, blood electrolytes,
ALT, AST, within the normal range; fasting
plasma glucose FPG — 6,5 mmol/l (N — 3,3—
5,5 mmol/l); lipid profile — very low density
lipoprotein cholesterol VLDL-C-1,52 mmol/l
(N — < 1,05 mmol/l), low density lipoprotein
cholesterol LDL — C (N — < 2,59 mmol/l) —
5,1 mmol/l, high density lipoprotein choles-
terol HDL-C — 1 4mmol/l (N — 1, 04—
1,55 mmol/l), triglycerides — 3,35 mmol/l (N
— <2, 3mmol/l), total cholesterol -
8,2 mmol/l (N — <5,2 mmol/l), atherogenic
coefficient — 4,85 U (N — < 3U).

ECG: sinus rhythm, heart rate — 71/min,
complete right bundle brunch block;
echocardiography— increased stiffness of
aorta and leaflets of aortic valve with their
fibrotic changes, signs of moderate aortic
stenosis (opening restricted to 1,2 cm, pres-
sure gradient on aortic valve — 20 mm Hg),
left ventricle hypertrophy, diastolic dysfunc-
tion of left ventricle, EF — 63 %.

HRYV paced breathing test — showed imba-
lance of autonomous nervous system with
prevalent very low frequency and decreased
high frequency components of HRV
spectrum, low TP in the initial stage; paced
breathing showed positive growth of TP and
parasympathetic response with increased high
frequency involvement, resting stage demon-
strated non-significant growth of TP in com-
parison with initial stage and intensification
of low frequency influences (see table).

Diagnosis: essential hypertension stage II,
grade 2, high risk. Left ventricular hyper-
trophy. Atherosclerosis of the aorta and its
valve with aortic stenosis 2 st. Heart failure
ITA with preserved ejection fraction, II
functional  class.  Obesity grade 3.
Dyslipidemia. Impaired fasting plasma
glucose. Single-nodular goiter 1% stage with
unspecified function.
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Prescriptions of the patient were: life style
modifications, lisinopril 5 mg per day,
atorvastatin 20 mg per day, aspirin — 75 mg
daily. After 2 weeks of therapy the general
status of the patient has been improved, her
blood pressure was running on values 130—
132/85-90. Next visit was recommended
after 3 month but the patient didn’t come.

After 8 month the patient came with
complaints on periodically appearing (once or
twice in a month) attacks of extreme
weakness, palpitations, dizziness and burning
chest pain with irradiation into the
interscapulum space; such episodes deve-
loped usually «without any obvious reasonsy;
relieved by prolonged rest and intake of
corvalol. Several times attacks were so severe
that patient fainted.

Patient first started to notice such attacks
for about 4 months ago; first they were rare
and insignificant but then their intensity and
frequency began to increase. Near 5 months
ago she stopped antihypertensive therapy by
herself but the last week she began to take
lisinopril 5 mg per day again.

On objective examination — there are
edemas of the lower thirds of sheens; blood
pressure  sin 160/100 mm Hg, dext
164/106 mm Hg, other physical signs without
significant changes.

On laboratory and instrumental
investigations: lipid profile — VLDL -
1.2 mmol/l, LDL - 5,1 mmol/l, HDL -

1,3 mmol/l, triglycerides — 2.27 mmol/l, total
cholesterol — 7,26 mmol/l, atherogenic coeffi-
cient — 4,84 U; FPG — 5.0 mmol/l; ultrasono-
graphy of thyroid gland: diffuse changes of
thyroid gland with enlargement of both lobes
of thyroid gland; there are nodules in both
lobes; thyroid function test: free thyroxin
FT4 - 0,993 ng/dl (N — 0,93—1,7 ng/dl), free
tritodothyronine FT3 — 3,02 pg/dl (N — 2,0—
4,4 pg/dl), serum thyrotropin TSH -
1,45 pIU/mL (N — 0,27-4,2 ulU/mL), thyroid
peroxidase antibodies TPO — 16,13 IU/mL (N
— <34,0 IU/mL). Echocardiography — signs
of aortosclerosis, moderate aortic stenosis
(pressure gradient on aortic valve —
30 mm Hg), moderate dilation of the left
atrium, concentric hypertrophy of left
ventricle, diastolic dysfunction of left
ventricle, EF — 61 %.

Holter monitoring — 20.10.2015 reported
episode of atrial fibrillation with ventricular
rate 90-160, lasting 54 minutes, during which
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observed following complaints — weakness,
burning sensation behind the sternum and
interscapulum region, the feeling of impen-
ding syncope. Also during the period of ob-
servation were registered 7 supraventricular
extrasystoles.

HRV paced breathing test (PBT) sinus
rhythm tracing — characterized by decreased
heart functional state with extremely low TP,
prevalence of low frequency components of
HRV spectrum with significantly increased
LF/HF ratio and high level of very low
frequency waves; the reaction on paced

breathing was positive with increased
parasympathetic  activity, although TP
showed poor growth;in resting stage

occurred intensification of neurohormonal
impact on heart rate regulation (see table).

Diagnosis: essential hypertension stage II,
grade 2, high risk. First diagnosed atrial
fibrillation, tachy form (20.10.2015 registered
episode of atrial fibrillation with duration of
54 minutes). Left ventricular hypertrophy.
Atherosclerosis of the aorta and its valve with
aortic stenosis 2 st. Heart failure IIA with
preserved ejection fraction, II FC. Obesity
grade 3. Dyslipidemia. Nodular goiter 1%
stage. Euthyreosis.

Prescriptions for the patient were: sotalol
40 mg twice daily with control of ECG QT
interval in 3 days, if QT remain normal,
dosage should be increased up to 80 mg twice
a day with QT interval control in 3 days,
furosemide 40 mg a day every 3-rd day,
under control of plasma electrolytes balance),
lisinopril 5 mg daily, atorvastatin 20 mg once
daily, aspirin 100 mg daily.

After 7 months of treatment, the patient's
general condition improved significantly,
attacks of atrial fibrillation were almost
ceased, blood pressure stabilized at the level
of 125-130/80-85. On Holter’s monitoring
episodes of atrial fibrillation were not
detected.

Paced breathing test (sinus rhythm tracing)
demonstrated sympatotonia with increased
neurohormonal contribution to the HRV
spectrum in initial stage, paced breathing
stage was characterized with increase of vagal
parameters, and in initial stage was observed
significant shift to neurohormonal influences
(see table).

RESULTS AND DISCUSSION

Dynamic changes in spectral parameters of
HRYV in the patient are shown in table.

Table
Dynamic changes of the HRV spectral components in paced breathing test (sinus rhythm tracings)
Spectral HRV parameters 06.02.15, 1% visit 13.10.15, 2™ visit 13.06.16, 3" visit
Initial stage

VLF, % 52 43 40

LF, % 32 46 46

HF, % 16 11 14

LF/HF 2,09 4,01 3,25

TP, ms’ 254 142 239

Paced breathing

VLF, % 33 23 37

LF, % 13 31 20

HF, % 54 46 43

LF/HF 0,23 0,68 0,47

TP, ms’ 1819 264 861

Resting stage

VLF, % 49 69 63

LF, % 43 27 30

HF, % 9 4 7

LF/HF 4,84 7,23 4,44

TP, ms’ 351 189 580

Note: VLF - very low frequency waves, LF - low frequency waves, HF — high frequency waves, LF/HF - ratio
of the low-frequency waves to high-frequency waves, TP — total power of HRV spectrum.

Dynamic changes in spectral indices quite
clearly reflected the functional state of the
heart rhythm regulation, depending on the
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course of the disease. Changes of LF/HF ratio
showed increase in low frequency influences
on the 2nd visit, compared with the 1* one,



which were especially pronounced in the
resting stage, where LF/HF reached the value
of 7, 23. The deterioration of vagal response
to paced breathing on the 2nd visit compared
with 1% one was also apparent. However on
the 3rd visit, was noted decline in the LF/HF
ratio at all stages of the breathing test, thus
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demonstrating the improvement of the
patient's condition in connection with the
effectiveness of the therapy and systematic
intake of drugs.

Dynamic changes in LF / HF index are
illustrated in Figure 1.
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Fig. 1. Dynamic changes of index LF / HF in paced breathing test.

Dynamic changes in the total power TP
showed lower values of this parameter at the
initial stage of the paced breathing test at all
visits, but on the 1st visit a marked TP growth
was noted as response to paced breathing,
while in the 2nd visit increase of TP was very
insignificant, illustrating reduced function-
nality of heart rate regulation in connection

with the deterioration of the patient's
condition. The 3rd visit showed improvement
of TP growth in response to respiratory
modulation in comparison with the 2nd visit,
as well as a more pronounced increase of this
index in resting stage.

Dynamic changes in the total power
spectrum TP are reflected in the Figure 2.
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Fig. 2. Dynamic changes in the total power spectrum TP in paced breathing test.

Influence  of neurohormonal HRV
components in the initial stage was most
pronounced on the 1st visit, and prevailed
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over low-frequency index in paced breathing
stage. In the 2nd and 3rd visit was observed a
significant increase in LF component
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compared to the VLF, but at the resting stage
was noted a shift towards to increase in
neurohormonal effects, by means of reducing
low-frequency and high-frequency waves.
Thus the deterioration of the patient’s
condition that manifested with the registered
episode of atrial fibrillation due to
uncontrolled hypertension, non-systematic
approach to drug intake and due to existing
concomitant diseases was reflected by the
aggravation of imbalance of the heart rate
regulation related to the reduced regulatory
capacity of the autonomous nervous system
characterized by the decrease of the total

power of the HRV spectrum and
intensification of sympathetic and especially
neurohormonal influences. On the other hand,
after effective application of therapeutic
regimens reverse changes in the spectral
parameters of HRV occurred.

CONCLUSIONS

Assessment of heart rate variability by
means of paced breathing test is a useful tool
for dynamic monitoring of the patient's
condition that allows to improve evaluation
of treatment efficacy and to individualize
therapy.
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