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QTC INTERVAL DURATION CLASS AND STIMULATION
PARAMETERS IN PATIENCE DURING FIRST SIX MONTHS
AFTER PACEMAKER

Maltseva M. S.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

97 patients (55 men and 42 women) with implanted pacemakers (PM) in DDD/DDDR, VVI/VVIR and
CRT modes were investigated. Pacing mode, location of the right ventricular (RV) and left ventricular (LV)
electrode, percentage of the right atrium (RA), RV and LV stimulation, percentage of atrial flutter (AFI) and
atrial fibrillation (AF), percentage of ventricular tachycardia (VT), base frequency of stimulation, RV and LV
electrode impedance, RV and LV electrode stimulus amplitude and duration, RV electrode sensitivity, R-
waves sensing, stimulated and detected AV-delay, interventricular delay, the minimum refractory period were
evaluated in acute postoperative period (3-5 days) and six months after pacemaker implantation. Patients were
divided into classes 1 (normal QTc (320-440 ms)) - 41 (42 %) of the patients) and class 2 (long QTc (> 440
ms)) - 56 (58 %) patients) of QTc interval duration. For data processing were used standard statistical
procedures by Microsoft Excel. QTc¢ interval prolongation is most often observed in patients with VVI/VVIR
stimulation, normal QTc interval duration — in patients with CRT. The same part of normal and extended QTc
interval duration is observed in patients with DDD/DDDR stimulation. Prolonged QTc¢ interval duration is
associated with more frequent RV electrode implantation in heart apex, higher percentage of AFl and AF, LV
electrode impedance, RV and LV electrodes stimulus amplitude, detected and stimulated AV-delays,
minimum refractory period in first six months after PM implantation. Patients with increased QTc interval
duration after PM implantation require more intensive monitoring of stimulation parameters and enhancing
medication.
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KJIAC TPUBAJIOCTI IHTEPBAJIY QTC TA TAPAMETPH CTUMY JISIIIIT
Y HAIIEHTIB B MEPUII IMTIBPOKY HICJISI IMILIAHTAIII EKC

Manvuesa M. C.
XapkiBchKuii HanioHasHUH yHiBepcuTeT iMeHi B. H. Kapasina, m. XapkiB, Ykpaina

O6ctexeno 97 nauieHTiB (55 4onoBikiB 1 42 XKiHKHM) 3 IMIUTAHTOBaHHMH €JIEKTPOKAPAiOCTUMYIITOPAMHU
(EKC) B pexxumax DDD/DDDR, VVI/VVIR i CRT. OuiHtoBaiu B rocTpoMy HicisonepaniiinoMmy mepiomi (3-
5 nmoOy) i yepe3 miBpoky micis iMmuiantanii EKC pexuM ctumysisiii, po3rairyBaHHs [IPpaBOILTYHOYKOBOTO
(T1I) i niBouutyHoukoBoro (JILI) enexrpona, BigcoTok crumyssnii npaBoro nepeacepas (ITIT), TTHI i JIII,
Bifgcorok Tpinotinus nepeacepas (TII) 1 ¢iopunsuii nepencepap (PII), BiACOTOK NITYHOYKOBOI TaxXikapnil
(ILIT), 6a3oBa wacrora crumyssinii, imneaanc T i JIII enekrpona, amrutityaa i TpuBaticts crumyny TTHI i
JIII enextpona, uyrnusicth I enekTpomaa, ceHCIHT R-XBWIIi, CTUMYJIbOBaHa 1 JeTEKTOBaHa AV-3aTpHMKa,
MIDXKIIUTYHOUYKOBa 3aTpUMKa, MiHIMaibHUN pedpakrepHuii nepioxa. [lamientn Oynu posmineHi Ha kiacu 1
(mopmanbnoi QTc (320-440 mc)) - 41 (42 %) nauienriB) i 2 (monosxkenoi QTc (> 440 mc)) - 56 (58 %)
naumieHTiB) tpuBasocTi iHTepBany QTc. Jlnst oOpoOKHM JaHMX BUKOPHCTOBYBAIWCS CTaHAAPTHI CTaTHCTHYHI
nporenypu 3a mornomoror Microsoft Excel. IlomokeHHs TpuBanocti inTepBany QTc HalOUIBII wacTo
cnocrepiranocs y nauientiB 3 VVI/VVIR EKC, nopmanbsHa TpuBaiicts intepainy QTc - y manientiB 3 CRT.
OpHakoBa 4acTOoTa HOPMaJBHOI 1 MOJOBXKEHOIO TpuBajiocTi iHTepBany QTc crocrepiranacs y MamieHTiB 3
DDD/DDDR EKC. 36inbmiennst TpuBajiocti intepBairy QTc mos's3ano 3 Oiibmn yacToro iMrutanTamiero [T
€IIEKTPO/Ia B BEPXiBKY cepirs, oubiimM BigcotkoM TII 1 ®IT, immenancom JIII enektpona, ammutitymoro TTIII i
JIIII enexTpomiB, AETEKTOBAHOIO 1 CTUMYIBOBaHOI AV-3aTpUMKaMH, MiHIMaJIbHUM pepaKTepHUM IEpPiooM
B IepIi micth Micsrip mcis immianTanii EKC. [arienTy 31 30U1bIICHHSM TpuBaiocTi iHtepBany QTc micns
immutantanii EKC BumararoTh Okl iHTEHCHMBHOI'O MOHITOPHMHTY HapameTpiB CTUMYJSMII Ta MOCHICHHS
MEIMKaMEHTO3HOI TepalTii.

K/IIFIO90BI CJ/IOBA: enekTpoKapIiOCTUMYIIAILIS, TapamMeTpud CTHUMYILIi, enekTpokapaiorpadis,
inTepBan QTc
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KJIACC MPOAOJIZKUTEJIBHOCTHU UHTEPBAJIA QTC U ITAPAMETPBI CTUMYJIALINN
Y HAIIMEHTOB B IIEPBBIE IIOJIT'OJA ITOCJIE UMIIJIAHTAIIUH DKC

Manvuesa M. C.
XapbKOoBCKuil HalmoHabHbINH yHUBepcuTeT uMend B. H. Kapasuna, r. XapskoB, YkpanHa

Oo6cnenoBanbl 97 mammeHToB (55 MykuMH u 42 OKCHIOMHBI) C  HMMIUIAHTUPOBAHHBIMU
anekrpokapauoctumyisstopamu (OKC) B pexxumax DDD/DDDR, VVI/VVIR u CRT. OnenuBaiu B ocTpoM
TroceonepanoHHoM nepuose (3-5 cyrku) u uepes noaroja rnocie ummiantamu SKC pexxuM CTUMYISLINY,
pacnionoxxenue npasokenynoukoporo (IDK) u neBoxxenymoukororo (JIXK) amekTpona, MPOIEHT CTUMYJISIAN
npasoro npencepaus (I111), IDK u JDK, npouent tpenetanus npeacepauii (TI) u GuOpuwisiimy npeacepauii
(®IT), npoueHT xenynoukoBor Taxukapauu (XKT), OazoBas wacrora crumymsinum, umneaanc [DK u JDK
ANeKTpoaa, aMIuIuTyaa u jmrensHocts ctumyna IDK u JDK anextpona, gyBctButensHocTh 1K anexTpona,
CEHCHHT R-BOJHBI, CTHMYJIMpOBaHHAas M JETEKTHpOBaHHAas AV-3a/iepKKa, ME}OKENyJIOuKoBas 3aJepiKKa,
MUHHAMAIBHBIA pedpakrepHblii nepuon. [lanuenTs! Obuin pasaeneHsl Ha kiaccsl 1 (HopmanbsHol QTc (320-
440 mc)) - 41 (42 %) nammenroB) u 2 (ymmuaenHod QTc (> 440 mc)) — 56 (58 %) manmeHTOR)
nponowkurensHoctn  uHTepBana  QTc. [l  0oOpaOGoOTKM JaHHBIX — HCIONB30BAJHMCH  CTAHIAPTHHIC
CTaTHUCTUUYECKHE TIpoLeyphl ¢ moMomipio Microsoft Excel. Y anmmnaenne npopomkutenbHocTy nHTEpBasia QTc
HauOonee wacto HabOmromanock y mnamumeHtoB ¢ VVI/VVIR 3KC, HopMmanbHas NpoIOIKUTEIBHOCTD
uatepBasia QTc — y mamuentoB ¢ CRT. OpnuHakoBasg dYacToTa HOPMajdbHOM UM y/UIMHEHHOM
npogonkuTensHocTn uHTepBana QTc Habmromanace y mamuwentoB ¢ DDD/DDDR 3KC. VYaenuuenue
nponopkuTensHocTH uHTepBana QTc cBs3aHo ¢ Gosee yacToi mmmmantauueid IDK anekrpona B BepXyliky
cepaua, conpuuM nporertoM TI1 u @I, nmnenancom JIK anekrpona, ammuurynoit IDK n JOK anekrponos,
JIETEeKTUPOBAHHBIMU U CTUMYJIUPOBAaHHBIMH AV-3a/iepKKaMi, MUHUMAJIBHBIM pedpakTepHbIM HEPHOIOM B
nepBble IecTh MecsneB nociae umiuiantaimu OKC. IlanpeHTsl ¢ yBeTHMYEHHWEM IPOIOJDKUTEIBHOCTH
unrepBana QTc mocne wmmrutantanpu DKC TpeOyrorT Oojee MHTEHCMBHOIO MOHHTOPMHIA IapaMeTpOB
CTUMYJISALIUK U YCHJICHUsI MEITMKAMEHTO3HOM Teparnuu.

K/IFOYEBBIE C/IOBA: >neKTpoKapAHOCTUMYJISIIKS, TTapaMeTpbl CTUMYIISIIUY, DIIEKTpOKapAnorpadus,
unTepBan QTc

department of ultrasound and instrumental
diagnostics with miniinvasive interventions of
Cardiac pacing is one of the leading Gl «Zaycev V.T. Institute of General and
treatment methods for bradyarrhythmias and  Urgent Surgery of NAMS of Ukraine», among
chronic heart failure (CHF) [1]. Stimulation them — 21 patients have atrial fibrillation (AF).
parameters monitoring and correction allows All patients were underwent permanent pacing
control the paced rhythm and accompanying therapy from 2006 to 2013 in modes: DDD (17
medical treatment [1-3]. patients), DDDR (28 patients), VVI (22
Output of corrected QT interval duration  patients), VVIR (12 patients) and CRT (18
(QTc¢) values beyond physiological scope is a  patients). RV pacing more than 50 % was
poor prognostic sign, not only in patients with observed in 35 (78 %) patients. Mainly atrial
spontaneous rhythm, but also with the  pacing (AP) (90 %) during DDD/DDDR
pacemaker (PM) [4, 5]. Despite this, pacing was observed in 8 patients (18 %) with
stimulation parameters in QTc¢ interval sick sinus node syndrome (SSNS).
duration classes in patients with PM have not Patients aged less than 40 years, with
previously been studied. concomitant stable angina III-IV functional
class (FC), a single-chamber atrial pacing and
OBJECTIVE dual chamber atrioventricular pacing with right
The purpose of the study is to estimate ventricle (RV) stimulation less than 50 % were
stimulation parameters in patients during first excluded from the study.

INTRODUCTION

six months after pacemaker implantation in Pacing mode, location of the RV and left
different modes in QTc interval duration ventricular (LV) electrode, percentage of the
classes. right atrium (RA), RV and LV stimulation,

percentage of atrial flutter (AFI) and atrial
MATERIALS AND METHODS fibrillation (AF), percentage of ventricular

97 patients aged 68 = 10 (M £ sd) (55 — tachycardia (VT), base frequency of
female, 42 — male) were examined in the stimulation, RV and LV electrode impedance,
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RV and LV electrode stimulus amplitude and
duration, RV electrode sensitivity, R-waves
sensing, stimulated and detected AV-delay,
interventricular delay, the minimum refractory
period were evaluated in acute postoperative
period (3-5 hours) and six months after.

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
electrocardiograph  «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 spon-
taneous 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)
Fremingem study for patients with atrial fibril-
lation [6], the measurement accuracy - 0.5 ms.

The patients with pacemakers were divided
into 3 classes of QTc interval duration of
stimulated complexes (further classes): Class 1
- normal (in the physiological range of values)
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- 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 41 (42 %) patients aged 66 + 10
in class 1 (male - 20 female — 21) and 56
(58 %) patients aged 69 + 9 in class 2 (male -
35 female — 21). In class 3, there was not a
single patient. Values were estimated in QTc
interval duration classes in acute postoperative
period (3-5 hours) and six months after.

The data were processed after formation the

Microsoft Excel and Statistica base. For
statistical evaluation of the results, the
parametric criteria (mean - M, standard

deviation 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

The proportion of patients with a pacemaker
in various stimulation modes in QTc interval
duration classes is shown in Fig. 1.

A

CRT
7%

WIR

Fig. 1. Proportion of patients with a pacemaker in various stimulation modes: A - in the class 1
of QTc interval duration; B - in the class 2 of QTc interval duration.

The share of CRT in class 1 of QTc interval
duration was five times greater than in class 2.
Single-chamber VVI pacing mode more
frequently observed in the class 2 of QTc¢
interval duration, and much less in the class 1.
The percentage of patients with DDD, DDDR,
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VVIR pacemakers did not differ in both classes
of QTc¢ interval duration.

Stimulation parameters in patients during
first six months after pacemaker implantation
in QTc¢ interval duration classes are presented
in the table 1.
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Stimulation parameters in patients during first six months after pacemaker foblet
implantation in QTc interval duration classes
QTec interval duration class
Class 1 Class 2
Stimulation parameters Acute ‘ After 6 Acute - After 6
postope-ratlve months postope-ratlve months
period period
Apex 5+3 -//- 12 £ 4* -//-
| e upper third of | 59, s /- 1747 /-
;Zf:?rt:; ?&% IT\}/’; middle third of ) &5, ¢ - 56+ 10 -
;F\}/lg lower third of 643 - 154 5% -
Location of LV Endocardial 17+12 -/1- 5+4 -/1-
electrode (%o+p) Epicardial 83+ 12 -//- 95 + 4 -//-
RA 27+ 12 32+13 41+9 44+9
bercentage (();0 Ly LRV 88 + 14 76+ 15 817 90 + 11
LV 96 +4 97 +4 97+5 98 +5
Percentage of AFI/AF (Y%<+p) 1,6 0,2 1,9+0,5 2,0+ 0,3* 3,4+0,6™"
Percentage of VT (%+p) - 0,1+0,05 0,2+ 0,05 0,3+0,1
Base frequency of stimulation (M+sd, 1/min) | 71 £9 69+8 6243 66+5
Impedance (Msd, RV electrode 588 +26 608+28 592421 636+34
Om) LV electrode 206 + 42 228441 271+32% 338+29""
Stimulus amplitude | RV electrode 0,4+0,2 0,9+0,3" 1,340,3* 2+0,4%"
(Mzsd, V) LV electrode 4,1+ 0,4 3,7+0,4 5,1+£0,8* 6+0,9*
Stimulus duration RV electrode 0,4+0,1 0,4+0,1 0,4+0,1 0,4+0,2
(M:£sd, ms) LV electrode 1,1+0,1 1,2+0,1 1,5+0,2% 1,5+0,2
RV electrode sensitivity (M+sd, mV) 0,7+0,2 0,8+0,2 1,24+0,4 0,9+0,3
R-wave sensing (M+sd, mV) 51+1 6,7+0,5" 6,2+1,1 8,1+2"
Stimulated AV-delay (M:sd, ms) 134+ 18 140+21 132422 165+19%™
Detected AV-delay (M*sd, ms) 106 +9 112£10 118£10 130+£21%*
Interventricular delay (M=£sd, ms) 42 +7 48+6 43+10 49+11
Min refractory period (M£sd, ms) 251+ 12 276+15" 306+24* 36127+

Notes: * p < 0,05 — between values in classes; ” p < 0,05 — between values in different stages after PM

implantation.

RV electrode is more often located in upper
and middle thirds of interventricular septum
(IVS) in the class 1 and in lower third of IVS
and heart apex in the class 2 of QTc interval
duration (p < 0.05).

Percentage of RA, RV and LV stimulation
in patients in classes 1 and 2 of QTc interval
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duration in the acute postoperative period and
six months after pacemaker implantation was
the same.

Percentage of AFl and AF of all time of
stimulation in acute postoperative period after
pacemaker implantation was greater in the
class 2 than in the class 1 of QTc interval




duration, six months after pacemaker
implantation in class 1 it did not change, in the
class 2 - increased (p < 0,05). The percentage
of VT was similar in classes 1 and 2, the entire
period of observation.

Base frequency of stimulation in both
classes of the QTc interval duration at different
stages after pacemaker implantation was the
same.

RV electrode impedance did not differ in
QTc interval duration classes both in acute
postoperative period, and six months after
pacemaker implantation. LV  electrode
impedance in acute postoperative period was
higher in class 2 of QTc interval duration, in
the semi-annual period of observation, it did
not change in class 1 and increased in class 2
(p<0.05). RV and LV electrodes stimulus
amplitude in acute postoperative period was
higher in class 2 of QTc interval duration, and
six months after pacemaker implantation has
increased only in class 2 for the RV electrode.

In classes 1 and 2 of QTc¢ interval duration
at  different stages after  pacemaker
implantation stimulus duration of RV and LV
electrodes, as well as the sensitivity of RV
electrode did not differ.

R-wave sensing in QT interval duration
classes was similar, increasing in equal
measure to semi-annual period of observation
after pacemaker implantation.

Detected and stimulated AV-delays in acute
postoperative  period  after  pacemaker
implantation were similar in QTc interval
duration classes, and six months after has
increased only in class 2 (p < 0.05).

Interventricular delay was the same in
classes 1 and 2 of QTc interval duration in
acute postoperative period and six months after
pacemaker implantation. Minimum refractory
period in the acute postoperative period was
higher in class 2 of QTc interval duration, to
semi-annual period from it has increased,
mostly in class 2.

More frequent CRT pacemaker
implantation in patients with QTc interval
prolongation in our study is consistent with the
[8] and due to the fact that the extension of the
complex QRS, like one of its parts, is an
indication for CRT implantation. We have not
been found data on relationship of QTc interval
duration class with frequency of one- and dual-
chamber devices implantation.

We, as well as [9], it was shown the
connection of RV electrode implantation in
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apex and QTc interval prolongation, but unlike
[10], where it was shown also after RV
electrode implatation in IVS, we had no a
similar QTc¢ interval prolongation. This is
probably due to the greater proportion of
patients in our research with position of the RV
electrode in upper and middle thirds of IVS,
where the conduction of excitation closest to
the physiological.

Relationship of QTc interval prolongation
and higher frequency of AFl and AF in patients
with implanted pacemaker, was shown us,
confirms the data [11].

Increased stimulated AV-delay in semi-
annual period after pacemaker implantation in
patients with baseline QTc interval duration
prolongation, we received corresponds to [12],
such a connection to the detected AV-delay
were not previously investigated.

LV electrode location, percentage of RA,
RV and LV stimulation, percentage of VT,
base frequency of stimulation, impedance,
amplitude and duration of RV and LV
electrodes stimulus, RV electrode sensitivity,
R-wave sensing, interventricular delay and
minimum refractory period have not previously
been studied in QTc interval duration classes.

Changes in stimulation parameters in
patients during first six months after PM
implantation are determined in generally,
among other factors, by QTc¢ interval duration
class. There more often changes in patients
with prolonged QTc interval duration indicate
that they require more intensive PM
monitoring and therapeutic management.

CONCLUSIONS

1. QTc interval prolongation is most
often observed in patients with VVI/VVIR
stimulation, normal QTc interval duration — in
patients with CRT. The same part of normal
and extended QTc¢ interval duration is observed
in patients with DDD/DDDR stimulation.

2. Prolonged QTc interval duration is
associated with more frequent RV electrode
implantation in heart apex, higher percentage
of AFl and AF, LV electrode impedance, RV
and LV electrodes stimulus amplitude, detected
and stimulated AV-delays, minimum refractory
period in first six months after PM
implantation.

3. Patients with increased QTc interval
duration after PM implantation require more
intensive monitoring of stimulation parameters
and enhancing medication.
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PROSPECTS FOR FUTURE STUDIES changes in stimulation parameters after

relationship between QTc interval duration
after right ventricular PM implantation and

correction of drug therapy in the class of
prolonged QTc interval duration in late
postoperative period.

It seems appropriate to investigate the
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