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FUNCTIONAL PARAMETERS OF BLOOD CIRCULATION IN
PATIENTS DURING FIRST SIX MONTHS OF RIGHT
VENTRICULAR PACING IN QTc¢ INTERVAL DURATION CLASSES
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37 patients (22 men and 15 women) with implanted pacemakers (PM) in DDD/DDDR and VVI/VVIR
modes were investigated. Systolic blood pressure (SBP) and diastolic blood pressure, QTc interval duration,
QRS complex duration, heart rate, end-systolic and end-diastolic volume, left ventricular ejection fraction ,
the thickness of the posterior wall of the left ventricle and interventricular septum, left ventricular myocardial
mass, anterior-posterior size of the left atrium, right atrium and right ventricular were evaluated before, during
acute postoperative period (3-5 days) and six months after pacemaker implantation. Patients were divided into
classes 1 (normal QTc (320-440 ms)) - 17 (46 %) of the patients) and class 2 (long QTc (> 440 ms)) - 20
(54 %) patients) of QTc¢ interval duration. For data processing were used standard statistical procedures by
Microsoft Excel. PM implantation, increasing to a greater extent initially normal and less - an elongated QTc
interval duration, to 6 months period leads them to the same level of values in both QTc interval duration
classes. Increase of SBP and QRS complex duration in the class 2 demonstrates the need for more intensive
monitoring and drug management in these patients.

KEY WORDS: cardiac pacing, right ventricular pacing, -electrocardiography, QTc interval,
echocardiography

KJIAC TPUBAJIOCTI IHTEPBAJIY QTec¢ I ®YHKIIOHAJIBHI IIOKAZHUKHU
KPOBOOBIT'Y Y HAIIIEHTIB 3 ITIPABOILIJIYHOYKOBOIO CTUMYJIALIEIO
Y HEPHII IIBPOKY MICJISI IMILTAHTAILI EKC

Manvuesa M. C.", Boakos /1. €.%, Jlonin J. O.%, Aonyuancoxuii M. I’

! XapkiBcbkuil HalioHanbpHUH yHiBepceuteT iMeHi B. H. Kapasina, M. XapkiB, Ykpaina

2 IV «Iucruryr 3araneHOi Ta HeBiAkmaaHoi xipyprii iM. B. T. 3aiineea HAMH VYkpainn», M. Xapkis,
VYkpaina

Oo6ctexeni 37 mnamientiB (22 4onoBikk Ta 15 ’XiHOK) 3 IMIUIAHTOBAaHMMH OJHO- 1 JBOKaMEPHUMHU
enexktpokapaioctumynsaropamu (EKC) B pexxumax DDD/DDDR i VVI/VVIR. OrminroBanu 10, B TOCTPOMY
micnsionepaniiHomMy mnepioni (3-5 moOy) i uepes miBpoky micns immianrtanii EKC piBeHb cucTONYHOrO
aprepianbHoro tTucky (CAT) i miacToniyHOro aprepiajibHOTO THUCKY, TpuBalicTh iHTepBanty QTc, komiuiekcy
QRS, wacrory cepleBHX CKOpPOUYEHb; KIHIIEBO-CHCTOJIYHUI 1 KiHIIEBO-AICTONIYECKOro 00'eMy, (paxiiro
BUKHUJY JIIBOTO HIIYHOYKA, TOBIIMHY 3aJHbOI CTIHKH JIBOTO HIIYHOYKA i MIKILUTYHOYKOBOI TEPEropoKH,
Macy MioKapna JIBOrO HUIyHOYKa, NepeJHbO-33JHI pO3Mip JIBOro Iepelncepis, MpaBoro mepenacepis i
mpaBoro nutyHouka. Ilamienta Oynau po3aiieHi Ha kiacu 1 (HopmamsHoro QTc (320-440 mc)) - 17 (46 %)
namieHTiB) i 2 (mogosxeHoro QTc (> 440 mc)) - 20 (54 %) mamienTiB) TpuBaiocti iHTepBany QTc. Jlns
00pOOKM JaHUX BUKOPHUCTOBYBAJIKMCS CTaHAAPTHI CTATUCTUYHI MpoIlEaypH 3a mormoMororw Microsoft Excel.
ImmmanTamis EKC, 30iibirytous OUTBIIOI0 MIpOI ITOYATKOBO HOPMAJbHY i B MEHIIIH - TOMOBXKCHY
TpuBanicTh inTepBaiy QTc, mpuBomuia i 10 MiBPIYHOTO MEpiofy 0 OJHOTO PiBHSA 3HAUYEHb B 000X KJlacax
tpuBanocti intepBany QTc. 36imbmenns CAT i1 tpuBamocti kommuekcy QRS B kmaci 2 cBim4uTh Ipo
HEOoOXiTHICTh OLITBII IHTEHCHBHOT'O CIIOCTEPEKEHHSI Ta MEANKAMEHTO3HOT'O MEHE/PKMEHTY Y IIMX MAalli€HTIB.

K/IFOYO0BI C/IOBA: enexTpoKapIioCTUMYIIALIs, IPABOILTYHOYKOBA CTUMYJISIIIS, eIeKTpoKapaiorpadis,
intepBan QTc, exokapaiorpadis
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KJIACC MPOAOJIZKUTEJIBHOCTHU UHTEPBAJIA QTc 1 ®YHKIIMOHAJIBHBIE
ITOKA3ATEJIA KPOBOOBPAIIEHUSA Y NAIIUEHTOB C MPABOXEJYJTOUYKOBOM
CTUMYJIALUUEU B ITIEPBBIE NOJITOJA ITOCJIE UMIIJIAHTAIIMHA DKC

Manvuesa M. C.", Boakos /. E., Jlonun JI. A%, Abonyuanckun H. u'

! XappkoBckuii HallMoHAIbHBIN yHUBepcuTeT uMeHH B. H. Kapasuna, r. XapbkoB, Ykpanna

2T'Y «MHcTuTyT 001IeH 1 HeoTnokHOM xupyprun uM. B.T. 3aiineBa HAMH Ykpauns», r. XapbKkos,
VYkpanna

OO6cnenoBanbl 37 manueHTOB (22 MYXYUHBI M 15 JKEHIIMH) C WMIUIAHTUPOBAHHBIMH OHO- |
JIByXKaMepHBbIMH 3J1ekTpokapanoctumymsitopamu (OKC) B pexxumax DDD/DDDR u VVI/VVIR. OnenuBanu
JI0, B OCTPOM TIOCJIEONEepaMoHHOM Tieproe (3-5 cyTku) U yepes noiroja mnocie umruianramu OKC ypoBeHb
cucronuueckoro aprepuanbHoro gasienuss (CAJl) M IMacTONMYecKOro apTepHajIbHOrO IaBIICHUS,
MPOJOHKUTENbHOCT, MHTepBaia QTc, xommuexkca QRS, dWacToTy cepledHbIX COKpallleHuH; KOHEUHO-
CHCTONIMYECKUI W KOHEYHO-JHACTOIIMYECKHH 00BeMbI, (PakLUI0 BHIOpOCA JIEBOTO JKEIYyNO4YKa, TONIIHHY
3a/He CTEHKH JIEBOT'O JKeTYA0UKa U MEXOKETYI0UKOBOM NEPEropoAKH, MacCy MUOKapAa JIEBOTO Key104Ka,
nepeIHe-3aJHUI pa3Mep JIEBOro MpeAcepus, MPaBoro MpeAceprs U MPaBoro kenyaouka. [larueHTsr Obuu
pasneneHsl Ha kiacehl 1 (HopMaiasHOoro QTc (320-440 mc)) - 17 (46 %) nammento) u 2 (ymauaeHHOro QTc
(> 440 mc)) — 20 (54 %) manueHTtoB) mpomoiLKUTENbHOCTH HHTepBana QTc. Jlns oOpabOTKM MaHHBIX
WCIIONIb30BAJIMCh CTAHIAPTHBIE CTATUCTUYECKHE Npouenypsl ¢ mnomouibto Microsoft Excel. Mmmnanraums
OKC, yBemuuuBass B OonblIeil CTENEHH WCXOJHO HOPMAIBHYI0O M B MEHBIIEH - YIJIMHEHHYIO
MIPOJOIDKUTENBEHOCTh MHTepBaia QTc, mpuBoauiIa ee B MOJIYroJOBOM IIepHO/ie K OJHOMY YPOBHIO 3HAUCHUI B
oboux Kiaccax mponovkuteibHocTd nHTepBana QTc. Yeemmuenne CAJl ¥ poIomKUTEIEHOCTH KOMILIEKCa
QRS B kmacce 2 CBHACTENBCTBYET O HEOOXOIDMMOCTH 0Oojice HMHTCHCUBHOTO HAONIONCHHUS U
ME/IMKaMEHTO3HOTO MEHEPKMEHTA Y ITUX MalueHTOB.

K/TIOYEBBIE CJ/IOBA: 3JIEKTPOKAPAUOCTUM YJISILIMS, IIPaBOKEIYA0YKOBAas CTUMYJISILMS,
anekrpokapauorpadus, uarepsan QTc, sxokapauorpadus

nostics with miniinvasive interventions of GI
«Zaycev V.T. Institute of General and Urgent
Right ventricular (RV) pacing is one of the  Surgery of NAMS of Ukraine», among them —
leading treatment methods for bradyarrhythmias 9 patients have atrial fibrillation (AF). All
[1]. Blood circulation functional parameters patients were underwent permanent pacing
monitoring allows control the pacemaker and  therapy from 2006 to 2013 in modes: DDD
accompanying medical treatment [1-3]. (8 patients) and DDDR (14 patients), VVI
Output of corrected QT interval duration (8 patients), VVIR (7 patients). RV pacing
(QTc¢) values beyond physiological scope is a  more than 50 % was observed in 35 (78 %) pa-
poor prognostic sign, not only in patients with  tients. Mainly atrial pacing (AP) (90 %) during
spontaneous rhythm, but also with the DDD/DDDR pacing was observed in 8 patients
pacemaker (PM) [4]. Despite this, functional (18 %) with sick sinus node syndrome (SSNS).
parameters of blood circulation in QTc interval Functional parameters of blood circulation
duration classes of stimulated complexes in  were evaluated before, in acute postoperative
patients with PM have not previously been  period (3-5 hours) and six months after PM
studied. implantation: systolic blood pressure (SBP) and
diastolic blood pressure (DBP); ECG para-
OBJECTIVE meters: QTc interval duration, QRS complex
The purpose of this study is to evaluate  duration, heart rate (HR); echocardiography
functional parameters of blood circulation in  (EchoCG) parameters: end-systolic volume
patients during first six months of right (ESV) and end-diastolic volume (EDV),
ventricular pacing in QTc interval duration ejection fraction (EF) of the left ventricle (LV),
classes. the thickness of the left ventricle posterior wall
MATERIALS AND METHODS (LVPW), the thickness'of the interveptricular
septum (IVS) left ventricular myocardial mass
37 patients aged 68 + 9 (M £ sd) (15 — (LVMM), antero-posterior dimension of the left
female, 22 — male) were examined in the atrium (LA), right atrium (RA) and right
department of ultrasound and instrumental diag-  ventricular (RV).

INTRODUCTION
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To measure the duration of the QT interval
and heart rate of the patients before and after
pacemaker implantation (3-5 days after surgery)
were recorded on a computer ECG electro-
cardiograph «Cardiolab +» (HAI-Medica). The
stimulated QTc interval duration was measured
after the removal of the stimulus artifact in
three consecutive complexes of the Q wave to
the beginning of the descending segment of the
return of the T wave in leads to the contour II,
V5, and V6 with choosing of a maximum value.
The corrected QT interval duration (QTc) of the
patients with spontaneous rhythm and pacing
was calculated by the Bazett formula: QTc =
QT / (RR *0,5). For patients with AF, QTc was
calculated using the formula QTc = QT + 0,154
x (1000 - RR) Fermingem study for patients
with atrial fibrillation [5], the measurement
accuracy - 0.5 ms.

Echocardiography was conducted by the
ultrasound machine Siemens Cypress and To-
shiba Applio 400. RA, LA, RV sizes, end-
systolic size (ESS), end-diastolic size (EDS)
and LVPW, IVS thickness was measured. EDV
and ESV were calculated by the method of
Simpson. Left ventricular mass (LVM) was
calculated according to the formula Devereux:
LVM = 1.04*(AP LV+ IVS+ESS)-ESS’) -
13.6 [6]. The measurement accuracy was
0.5 mm. For the calculation of EF using the
formula EF = SV / EDV (SV-stroke volume)
[6]. SBP and DBP were measured by tonometer
Microlife BP AG1-20 by Korotkov method, the
measurement accuracy - 1 mm Hg.

The patients with pacemakers were divided
into 3 classes of QTc interval duration of
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stimulated complexes (further classes): Class 1
- normal (in the physiological range of values) -
320-439 ms, Class 2 - (qualified) an elongated
QTc interval- > 440 ms, and Class 3 -
(qualified) shortened QTc interval - < 320 ms
[7].

There are a 17 (46 %) patients aged 65 + 11
in class 1 (male - 9 female - 8, in the
stimulation mode DDD/DDDR - 9 patients
(53 %), VVI/VVIR - 8 patients (47 %)) and 20
(54 %) patients aged 71 + 8 in class 2 (male -
13 female - 7, in the stimulation mode
DDD/DDDR - 13 patients (65 %), VVI/VVIR -
7 patients (35 %)). In class 3, there was not a
single patient. Values were estimated in the
classes of QTc interval duration in groups of
DDD/DDDR and VVI/VVIR stimulation
modes.

The data were processed after formation the
Microsoft Excel and Statistica base. For
statistical evaluation of the results, the
parametric criteria (mean - M, standard devia-
tion — sd) and nonparametric ones (absolute (n,
number) and relative (percentage of (p, %) and
the criterion %2) units) were used. The
probability of differences between groups was
determined using a non-parametric U — Mann-
Whitney test. The expected result is determined
by levels of reliability p < 0.01 and p < 0.05.

RESULTS AND DISCUSSION

QTc interval duration during first six
months of right ventricular pacing in different
modes of stimulation in classes 1 and 2 is
shown in fig. 1.
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Fig. 1. QTc interval duration during first six months of right ventricular pacing
in different modes of stimulation in classes 1 and 2.
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In class 1 the QTc interval duration after
PM implantation naturally increased, peaking
to half-year period of observation in both
DDD/DDDR, and in VVI/VVIR modes. The
degree of QTc interval duration increase was
greater in the VVI/VVIR mode than in the
DDD/DDDR mode. In class 2 after almost
twofold reduction in the acute postoperative
period after PM implantation it increased again

six months later, approaching the value set
before the operation. The degree of this
increase was greater in the VVI/VVIR mode of
than in the DDD/DDDR mode.

Functional parameters blood circulations in
patients with right ventricular pacing in
different modes in first six months after
pacemaker implantation in QTc¢ interval
duration classes are shown in tab. 1.

Table 1

Functional parameters blood circulations in patients with right ventricular pacing in different modes

in first six months after pacemaker implantation in QTc interval duration classes

QTec interval duration
Normal Elongated
5;1?3;2?; Pacing mode fé . 5 . % é g ﬁ: QS, . 5 . % g/ g ﬁ:
2 Emgé %g ;gm "@mgéw %g
DDD/DDDR | 130+18 | 125+8 | 122411 | 146+17% | 124+12 | 140+19*
:g; “5’ §A SBP VVI/VVIR | 143£15 | 1306 | 13449 | 142£17* | 130+11 149+12%*
b= g é’ T DEP DDD/DDDR | 79+12 7945 75+7 84+10 86+7 90+11
~ VVI/VVIR 84+9 84+5 82+8 8149 82+6 82+7
‘érg) (l\%iRsSd DDD/DDDR | 90+15 | 118427 | 126221 | 11527 | 1415247 | 1483530%,
s ms) | VVIVVIR | 10221 | 132420 | 149227 | 124228 | 13821 | 159437
5 (h?ﬁd DDD/DDDR | 48+15 6746 66+8 54+14 71410 68+11
< 1/min) | VVI/VVIR 53+8 65+7 62+8 62+17 7247 7012
(ﬁi;’d DDD/DDDR | 774347 | 40+23 | 48+19 | 94+52" 61+41 79438
ml) | VVIVVIR | 66+25 | 48+18 | 51+15 75443 77436 76429
EDV | DDD/DDDR | 188+34" | 159429 | 1604+31 | 175+55 | 146+49 154+48
Mo [ VivviR | 13032 | 13228 | 140533 | OSEON | ispaas | 16as40
(NIIEiFSd DDD/DDDR |  52+7 5346 50+8 52412 54410 51412
%) | VVI/VVIR 54+9 56+7 5011 53+13 54+10 50+9
E) (L1\>1/fs\3,, DDD/DDDR | 10,1 1£0,1 1£0,1 1£0,1 1£0,1 1£0,1
2 sm) VVI/VVIR 10,1 10,1 10,2 10,2 10,1 10,1
% (1\£I\i§d, DDD/DDDR | 1+0,2 1£0,1 1£0,1 1£0,2 1£0,1 1£0,1
9 sm) VVI/VVIR 10,1 10,1 10,2 10,2 10,2 10,2
% LVMM | DDD/DDDR | 369+81 | 369+81 | 371£72 | 319+77 | 320+77 351465
= (Mgi)Sd’ VVI/VVIR | 320+64 | 317+61 | 330447 | 331+90 | 326+86 390+79
(Nﬁd DDD/DDDR | 4+0,4 4+0,5 4+0,4 4+0,7 4+0,6 4+0,5
sm) | VVI/VVIR 440,5 440,5 440,5 440,7 440,6 440,6
(h/lfﬁd, DDD/DDDR | 5+0,5 5404 | 4,9+0,5 40,4 4+0,4 40,4
sm) VVI/VVIR 40,4 4404 | 4,3+0,5 5+0,5 5+0,6 5,240,6
(h/lFi\gd DDD/DDDR | 5+0,6 5+0,6 5+0,5 5+0,6 5+0,6 540,6
sm) | VVI/VVIR 440,5 4404 | 4,5+0,5 5+0,7 5+0,6 5,240,6
Notes:

* p<0,05 —between values in classes;
™ p < 0,05 — between values in class before and after PM implantation
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SBP in class 1 was not significantly
changed with pacemaker implantation in both
DDD/DDDR and VVI/VVIR modes, and in the
class 2 it decreased in acute postoperative
period, returning after six months to baseline
values. The degree of increase was greater in
the VVI/VVIR mode, than in the DDD/DDDR
mode. Pacemaker implantation had no effect
on DBP in classes 1 and 2 in both modes of
stimulation.

The duration of the QRS complex in class 1
did not change with pacemaker implantation in
the acute postoperative period, but significantly
increased after six months in both modes of
stimulation. The degree of increase was greater
in the VVI/VVIR mode. In class 2 the duration
of QRS complex increased in the acute
postoperative period and remained so six
months after pacemaker implantation. Increase
was observed only in the DDD/DDDR.
Changes in HR after pacemaker implantation
in classes 1 and 2 of QTc interval duration in
both modes of stimulation was not observed.

ESV and EDV in class 1 of QTc interval
duration decreased with pacemaker
implantation in acute postoperative period only
in the DDD/DDDR mode and did not change
significantly after six months in both modes of
stimulation. In class 2 reduction ESV with
pacemaker implantation was observed in the
DDD/DDDR mode, and EDV - both in the
DDD/DDDR and in the VVI/VVIR modes. Six
months later, CSR and CSR changes were
observed in both modes of stimulation.

PM implantation had no effect on EF,
thickness of IVS, LVPW, antero-posterior
dimension of RA, LA, RV in DDD/DDDR and
VVI/VVIR modes in classes of QTc interval
duration.

QTc interval prolongation during RV
stimulation, which we found six months after
PM implantation, corresponds to the data [8, 9]
for its initially normal and the data [10, 11] -
an extended duration.

In contrast to [12], who showed no reaction
SBP and DBP in patients after PM
implantation, we received an increase of SBP
in the class of increased QTc interval duration,
which can be associated both with increased
duration of electrical systole and insufficient
antihypertensive therapy in this class.

QRS complex prolongation in the class of
increased QTc interval duration, which we
found in patients with DDD/DDDR and
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VVI/VVIR cardiac pacing, differed from the
data [13, 14] described it only in patients with
biventricular stimulation and has not been
studied in the classes of the QTc interval
duration.

In contrast to the data [15], showed a
decrease of ESV and EDV only in patients
with biventricular PM, we discovered it in
DDD/DDDR and VVI/VVIR modes of cardiac
pacing, which can be explained more
physiological impulse conduction due to the
right ventricular electrode implantation in
interventricular septum in our study, against its
implantation in apex. Reduction of ESV and
EDV happened is statistically significant
changes in the PV modes DDD / DDDR and
VVI / VVIR pacemaker, which corresponds to
the data [9, 15].

Changes in functional parameters of blood
circulation in patients in the first six months of
right ventricular pacing after PM implantation
are determined in generally, among other
factors, by QTc interval duration class. There
more often changes in patients with prolonged
QTec interval duration indicate that they require
more intensive PM monitoring and therapeutic
management, in particular strengthening of
antihypertensive therapy.

CONCLUSIONS

1. DDD/DDDR and VVI/VVIR pacemaker
implantation, increasing to a greater extent
initially normal and less - an elongated QTc
interval duration, to 6 months period leads
them to the same level of values in both QTc
interval duration classes.

2. Increased QTc interval  duration
associated with higher SBP and longer QRS
complex duration in DDD/DDDR mode,
normal - with greater reduction ESV and EDV
in DDD/DDDR and VVI/VVIR modes.

3. Patients with increased QTc interval
duration after right ventricular PM implant-
tation require more intensive monitoring and
enhancing medication.

PROSPECTS FOR FUTURE STUDIES

It seems appropriate to investigate the
relationship between QTc interval duration
after right ventricular PM implantation and
changes in functional parameters of blood
circulation after correction of drug therapy in
the class of prolonged QTc¢ interval duration in
late postoperative period.
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