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DISTRIBUTION OF QT DURATION ACCORDING
TO AMBULATORY ECG MONITORING DATA
IN PATIENTS WITH HYPERTENSION DEPENDING
ON CLINICAL MANIFESTATIONS

Tselik N. E., Shmidt O. Y., Martynenko O. V.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

The study was carried out to identify the distribution of QTc during ECG AM depending on clinical
features of EH in 82 patients. As classified shortened was considered QTc < 320 ms, as normal > 320 ms and
< 440 ms, as classified prolonged was considered QTc > 440 ms. Average, maximum and minimum QTc are
registered in every patient during ECG AM. The results confirm low probability of short QTc and
demonstrate presence of prolonged QTc in every patient during ECG AM. The largest duration of maximal
QTc have adulthood male patients with obesity III st., with low and high circadian index, with II stage and
mild EH, with for the first time diagnosed EH and with EH lasting more than 10 years, with mild
cardiovascular risk, with diffuse cardiosclerosis, with I and I FC and I and IIA st of HF.
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PO3IIOAIJ TPUBAJIOCTI IHTEPBAJIY QTc 3A JAHHUMU AMBYJATOPHOI'O
MOHITOPYBAHHS EKT' Y XBOPHUX 3 TTIEPTOHIYHOIO XBOPOBOIO
B 3AJIEZKHOCTI BIJ KJITHIYHUX TTPOSIBIB

Henix H. €., [lImiom O. I0., Mapmunenko O. B.
XapkiBchKHii HallioHanbHKH yHiBepcuTeT iMeHi B. H. Kapasina, M. XapkiB, Ykpaina

[Iposeneno BuBueHHs po3noxainy TpuBaiocTi QTc mpu AM EKT B 3anexHOCTI Bif KimiHIYHUX 03HaK [ X y
82 marmienTiB. 3a kiacudikoBanuid ykopoueHwi mpuitmanu QTc < 320 mc, HOpManpHuit > 320 Mc Ta <
440 mc, xmacudixoBanuii momosxkeHmin > 440 mMc. Y xokHoro mamnienTta 3a manumu AM EKI 3apeectpoBani
cepenHill, MakcuManbHUH Ta wMiHiManeHHA QTc. Pe3ynpTaTé MiATBEPIKYIOTH PiAKY BIpOTiTHICTH
ykopodenoro QTc i mokasyroTh icHyBaHHSA mojoBxkeHOTo QTc y koknoro marienta nmpu AM EKI.
Tpusanicts MakcuMansHOoro QTc HaWOITBIIA y MAIIIEHTIB 3pPIJIOT0 BiKY, YOJIOBIHOi cTaTi, 3 oxkupiHHsaMm III cT.,
i3 3HMKEHHM Ta BHCOKMM NHpKamHuM iHAekcoMm; II cramiero Ta M’sxoro crymeno ['X, 3 Bmepie
3apeectpoBaHoio Ta Oimpme 10 pokiB ['X, moMmipHEM KapIiOBaCKyJISIPHHM pPHU3HKOM CEpIEBO-CYINHHHUX
yCKIaHeHb, tudy3HuM kapaiockiepo3oM, I 1 IT @K ta I i ITA cramiero XCH.

KIIFOYOBI CJIOBA: rineptoHiuHa xBopoOa, TpuBaiicth inTepBany QTc, amOynaTopHe MOHITOpYBaHHS
EKI’

PACHPEJEJEHUE MPOAOJIKUTEJIBHOCTU UHTEPBAJIA QTc
IO JAHHBIM AMBYJIATOPHOI'O MOHUTOPUPOBAHUA SKI' Y MTAHUEHTOB C
TIITEPTOHUYECKOM BOJIE3HBIO B 3ABUCHUMOCTH OT KJIMHUYECKUX MPOSIBJIEHUI

Henux H. E., IlImuom E. I0., Mapmuinenko A. B.
XapbKOBCKUI HalIMOHaIbHBIA yHUBepcuTeT uMenu B. H. Kapasuna, r. XapekoB, YkpanHa

IIpoBeneno wu3ydeHuwe pacmnpeaeneHus npoaokuTensHocTn uHTepBana QTc mpu AM DKIT B
3aBHCHUMOCTH OT KJIMHHYECKHX Tpu3HakoB I'b y 82 manmentoB. 3a wiaccuUIMPOBaHHBIN YKOPOUYCHHBIH
npunuMmann QTc <320 mc, HopmambHbIl >320Mc n <440 mMc, KiIacCH(UIMPOBAHHBIA yIIMHEHHBIH
>440 mc. Y kaxjgoro marueHnta no jgaHHeIM AM OKI' 3apeructpupoBaHbl CpeJHHM, MaKCUMAaJbHBIH U
MuHUManbHeIH QTc. Pe3ynbraTsl MOATBEPKIAIOT PEAKYI0 BEPOSATHOCTh yKopoueHHOro QTc U moka3plBaroT
cymectBoBaHue yamuHeHHoro QTc y xaxgoro mamueHta npu AM  OKI.  [IpogomkuTenbHOCTb
MakcumaibHoro QTc HanboubIIas y NalMEeHTOB 3PENIOro BO3pacTa, MyXCKoro mosa, ¢ oxxupenuem I cr., ¢
IIOHWKEHHBIM U BBICOKMM LHpKagHbiM uHuekcoM; Il cragueir u msarkoi crenenpto 1'h, ¢ Brepsble
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3aperucrpupoBanHoil u 6osiee 10 ner I'b, ymepeHHBIM KapAMOBACKYIJISIPHBIM PHCKOM CEpPACYHO-COCYTUCTHIX
ocnoxueHui, muddy3apiM kapauockiaepo3oM, [ u Il DK u I u Il A cragueit XCH.

KITIOYEBBIE CJIOBA: runeproHuyecKas
amOymatoproe MoHuTOpupoBanue JKI

INTRODUCTION

Hypertension (EH) — is one of the most
common chronic diseases that significantly
increase  the risk of  cardiovascular
complications and sudden death [1-2].

Prolongation or shortening of QT interval is
seen as the factor which increases risk of life-

threatening  arrhythmias  [3-6].  Electro-
physiological phenomenon of prolonged QT
intervals considered to be independent

predictor of fatal arrhythmias that leads to
sudden cardiac death [7-9].

International guidance on the prevention of
sudden cardiac death (SCD) [10] recommends
evaluation of QT interval as class 1A
indication for the ambulatory ECG monitoring
(ECG AM) in risk groups of developing life-
threatening arrhythmias.

Ambulatory ECG monitoring is one of the
basic methods in identifying this class of
arrhythmias [11-12]. We didn’t find in the
literature any information about the relationship
between the distributions of QT duration in
ECG AM and clinical signs of EH.

OBJECTIVE

The aim of the work is to study the
distribution of QTc duration in ECG AM
depending on clinical manifestation of the EH.

The study was conducted as a part of
research work «Development and research of
automatic control system of heart rate
variability», state registration 0109U000622.

MATERIALS AND METHODS

82 patients were examined in the outpatient
clinic Ne24 in Kharkov (28 male and 54
female, age 33-76 years old, with duration of
EH from first identified till 30yers lasting.

Among 82 patients with hypertension the
mild hypertension took place in 51, 22 %,
moderate — in 29, 27 %, severe — inl19, 51 %.
The largest proportion of patients with EH II
stage was 71, 95 %, I stage — 14, 63 %, III
stage — 13, 41 %. The Ischemic heart disease
(IHD) was 73,17 % out of the total number of
registered patients with EH, among them —
52,44 % diffuse cardiosclerosis (DC), 18,29 %
— stable angina (SA), 2,44 % — post infarction
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cardiosclerosis (PIC). Patients with EH without
IHD accounted 26, 83 %. Chronic heart failure
(CHF) I stage — 42, 68 %, IIA stage — 30,
49 %. Chronic heart failure with functional
class I (CHF FC) was registered in 40,24 %, 11
class —in 28,05 %, 111 class —in 4,88 %.

Patients with acute cardiovascular diseases,
with stable exertion angina IV FC, HF IIB-III
stages and with thyroid diseases were not
included in the study.

Identifying of the duration of the medium,
maximum and minimum QTc was conducted
by results of ECG AM. For these goals we
used combined Holter monitoring (ECG + BP).
Calculation of QTc duration was carried out
with the help of program «Cardio Sense».
Corrected QT interval was used (QTc) taking
into account the heart rate. Calculation was
conducted by Bazzet formula [13-14]. As
classified shortened was considered QTc <
320 ms, as normal > 320 ms and < 440 ms, as
classified prolonged was considered QTc >
440 ms [6, 12, 15]. These indicators
correspond to the resting ECG parameters.

We determined the dependence of average
daily indicators of QTc duration in patients
with essential hypertension according to
gender, age, weight of patients, duration of EH,
stage and degree of EH, cardiovascular risk,
presence of diabetes, ischemic heart disease,
FC HF, stage of HF and the type of circadian
index.

Statistical data analysis was performed with
applying of parametric criteria (average value —
x and standard deviation — s). For determining
statistically significant difference in
quantitative indicators of QTc¢ in selected
groups Student’s t-test and multifactor test
were used (MANOVA). Calculations were
carried out on a personal computer using
programs «Microsoft Office Excel 2010» and
«STATISTICA 10».

RESULTS AND DISCUSSION

Average, maximum and minimum QTc are
registered in every patient during AM ECG.
But only by one ECG episode of QTc duration
it can’t be assigned to the class of normal,
prolonged or short QT as in majority of
modern researches [6, 9]. That’s why it is not



Journal of V. N. Karazin’ KhNU. 2017

enough and required 24-hours ECG monitoring
[6-7, 12].

QTec interval duration of patients with EH
during AM ECG in general and depending on

age, gender, BMI and circadian index are
presented in table 1.

Table 1
QTec interval duration QTc (X, s) during AM ECG in patients
with EH in general and depending on age, gender, BMI and circadian index
Average Maximum Minimum QTec,
P.o QTc, ms QTc, ms ms
Clinical Graduation of N % ~ ~ ~
manifestation clinical features X S x S X S
82 100 | 421 18 486 31 382 27
Adulthood 35 43 416* 18 487* 34 379 * 26
Age, years
Old age 47 57 398%* 18 457%* 29 361* 27
Female 54 66 426%* 18 490 31 385 27
Gender
Male 28 34 411%* 19 497 32 377 27
Normal weight 9 11 420 20 479 40 391 16
Overweight 27 33 418 18 480 33 384 22
BMI, kg/m’ Obesity I 27 | 33 | 421 20 491 28 379 34
Obesity 11 14 17 422 15 491 31 380 28
Obesity 111 5 6 431 22 495 25 381 16
Normal 40 49 419 20 484 37 384 23
Circadian Low 38 | 46 | 424 17 | 487 | 24 381 32
index
High 4 5 419 11 488 17 378 11

Note: N — number of surveys; P — specific gravity; x — arithmetic mean; s — standard deviation; QTc —
corrected QT; * —p < 0,05 — between QTc values in clinical groups.

In all patients in group the only episode of
shortened QTc was registered, the duration of
average and minimum QTc are within normal
range, while maximum QTc significantly
exceeds the normal range. In adulthood patients
maximum and minimum QTc were registered,
but in aged patients — minimum QTc. Female
patients had more prolonged average QTc, but
male patients had more prolonged maximum
and minimum QTc. In case of obesity of III
degree average and maximum QTec intervals are
more prolonged, while in case of obesity of I

degree the least QTc was minimum. The
longest duration of average QTc is in patients
with low circadian index (CI), of maximum — in
patients with low and high, and minimum
duration of average QTc is in patients with high
circadian index.

QTc interval duration QTc (x, s) during
ECG AM in patients with EH depending on
stage and degree of EH, duration of the disease
and cardiovascular risk are presented in
tab. 2.
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Table 2

QTec interval duration QTc (X, s) during AM ECG in patients with EH depending on stage and degree
of EH, duration of the disease and cardiovascular risk

Clinical Graduation of Average QTc, | Maximum QTc, Mi{}imum
. . clinical N | P,% ms ms QTc, ms
manifestation _ _ -
features X S X S X S
1 12 15 409 13 480 34 371* 16
Stages of EH 1I 59 72 423 18 492 30 383* 29
111 11 13 422 19 464 25 392%* 21
Mild 42 51 417* 17 489 31 381 22
Degrees of EH Moderate 24 | 29 421* 17 484 30 382 33
Severe 16 20 430* 22 484 35 386 29
Forthefirst || g | 418 | 6 | 494 | 32 374 | 21
time
0-5 31 38 418 18 489 31 381 27
Duration, years
6-10 23 28 420 18 474 20 383 26
>10 21 26 426 21 494 39 386 30
Low 11 13 422 19 464 25 392 21
) Moderate 50 61 420 19 488 34 378 29
Cardiovascular
risk )
High 13 16 424 18 484 29 386 29
Very high 11 13 422 19 464 25 392 21

Note: N — number of surveys, P — specific gravity;, x — arithmetic mean, s — standard deviation;, QTc —
corrected QT; * —p < 0,05 — between QTc values in clinical groups.

The longest average daily and maximum
QTc were recorded in group with EH II stage,
minimum was in patients with EH I stage. An
increase of average QTc duration was
correlated with an increasing degree of
hypertension. The longest duration of the
maximum and minimum QTc was observed in
patients with mild hypertension. Patients with
course of the disease more than 10 years had
the highest rates of average daily and
maximum QTec, patients with EH diagnosed for
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the first time had maximum and minimum
QTc. The duration of average daily QTc is
longer in patients with high cardiovascular
risk, while the duration of maximum and
minimum QTc are longer in patients with mild
cardiovascular risk.

QTc interval duration QTc (x, s) during
AM ECG in patients with EH depending on
IHD, HF stage and FK of HF, presence of
diabetes mellitus are presented in Table 3.
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Table 3

QTec interval duration QTc¢ (x, s) during AM ECG in patients with EH depending on IHD, HF stage
and FK of HF, presence of diabetes mellitus

. . .. Average Maximum Minimum
C.hmcall Graduation of clinical N P. % QTc, ms QTec, ms QTec, ms
manifestation features > - = —
X S X S X S
In total 60 73 416 19 478 30 376 28
Stable angina 15 18 417 20 475 37 377 29
IHD Diffuse cardiosclerosis 43 53 424 18 491 26 384 28
Focal cardiosclerosis 2 2 425 12 478 20 396 13
Absence of IHD 22 27 416 17 487 37 382 25
I 23 28 425 18 487 24 384 33
FC II 33 40 420 19 486 34 379 23
CHF 111 4 5 429 20 484 12 403 26
I 35 43 425 19 483 31 382 30
Stage
IIA 25 30 420 18 483 31 382 24
Diabetes DM 2 type 11 13 426 18 484 17 399 19
mellitus Absence of DM 71 | 87 | 420 | 18 | 487 | 33 | 381 | 27

Note: N — number of surveys; P — specific gravity, x — arithmetic mean, s — standard deviation;, QTc —
corrected QT; * — p < 0,05 — between QTc values in clinical groups.

In patients with focal cardiosclerosis the
largest was average daily QTc, with diffuse
cardiosclerosis (DC) — the maximum QTc¢ and
with stable angina — the minimum QTc. The
longest duration of average daily QTc was
observed in patients with HF FC III, and
uniformly the same duration of QTc was
observed in patients with FC I, I stage of HF
and FC II, ITA stage of HF. The duration of the
maximum interval QTc was the largest in
patients with I and II FC of HF, and uniformly
the same — in patients with FC III and I and IIA
stages of HF; the duration of the minimum
interval QTc was the least in patients with FC II
of HF. The duration of average daily and
maximal QTc more often was recorded in
patients with DM, and minimal QTc interval —
in patients without DM [16].

Student’s t-test for independent groups
showed that for grouping sign «stages of EH»,
accurately different at level p < 0,05 is minimal
QTec, and for grouping sign «degrees of EH» —
minimal QTc. Multifactorial test (MANOVA)
confirms that researched effects are significant
on level p <0,05.

In all the above data accurate difference at
level p < 0,05 between the average and the

maximum QTc; between the average and
minimum QTc; between the minimum and the
maximum QTc is observed. That’s why the
corresponding marks are not put anywhere in
the tables.

Therefore, obtained results not only confirm
a rare probability of short QTc [4-5, 13], but
also show presence of prolonged QTc in every
patient during ECG AM. Based on the
abovementioned it is necessary to use ECG AM
in clinical practice to evaluate QTc duration in
patients with EH. But such works have not been
conducted before. Obviously, specific gravity
of prolonged QTc during 24-hours must be the
most important, but it requires further study.

CONCLUSIONS

1.  Average, maximum and minimum QTc¢
are registered in every patient during ECG AM.
At the same time the average and minimum
QTc are within normal ranges while maximum
QTc far exceeds it.

2.  The largest duration of maximal QTc
have adulthood male patients with obesity III
st., with low and high circadian index, with II
stage and mild EH, with for the first time
diagnosed EH and with EH lasting more than
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10 years, with mild cardiovascular risk, with PROSPECTS FOR FUTURE STUDIES
diffuse cardiosclerosis, with I and II FC and I
and IIA stage of HF.

3. The presence of critical level of
maximum indicators of the QTc duration in
each patient with EH demonstrates the need to
use ECG AM in its evaluation taking into
account the specific gravity per day.

The prospect of further research is studying
of the relationship between specific gravity of
maximum QT min ambulatory ECG
monitoring and clinical manifestations in
patients with essential hypertension.
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