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FUNCTIONAL BLOOD CIRCULATION VALUES IN PATIENTS
WITH IMPLANTED PACEMAKERS AND CARDIAC
RESYNCHRONIZATION THERAPY AFTER YEAR OF
PERMANENT PACING IN DIFFERENT QRS COMPLEX DURATION
CLASSES

Shanina L. V.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Functional blood circulation values were prospectively investigated in 100 patients (46 — women, 54 —
men) with permanent pacemakers and in 29 patients (10 — women, 19 — men) — with cardiac
resynchronization therapy (CRT) with mean age 69 + 7 years in different observation stages taking into
account QRS complex duration classes (class 1 — under 120 ms (normal), 2 — 120-149 ms (long) and 3 — more
than 150 ms (significantly elongated)). Medication support was included beta-blockers; amiodarone; renin-
angiotensin-aldosterone system inhibitors: angiotensin converting enzyme and angiotensin I inhibitors;
antithrombotic agents; oral anticoagulants; statins and diuretics. Ventricular rate of spontaneous and
stimulated rhythm; systolic and diastolic blood pressure; ejection fraction, end-diastolic and end-systolic
volumes of the left ventricle; interventricular septum thickness and left ventricular posterior wall, right atria
and ventricle sizes were evaluated. The results showed that QRS complex widening associated with greater
deviation of functional blood circulation values from physiological norms. Permanent pacing with medical
support had no significant impact on the functional blood circulation values, and CRT contributed reverse
remodeling higher in class 3 of QRS complex duration. Also it was concluded that there is a necessity of
medical support improvement.
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®OYHKIIOHAJIBHI IOKASHUKH KPOBOOBIT'Y Y ITAINIEHTIB
3 EJIEKTPOKAPAIOCTUMYJIATOPAMM I KAPAIOPECIHXPOHI3YIOYOIO TEPAIIIEIO
YEPE3 PIK IOCTIMHOI EKC Y PI3HUX KJIACAX TPUBAJIOCTI QRS

Hlanina I. B.
XapkiBcbKuii HanlioHabHUH yHiBepcuTeT iMeHi B. H. Kapasina, m. XapkiB, Ykpaina

[IpocniekTrBHO Oynu BuBYEHI (yHKIIOHaJIBHI MOKa3HUKU KpoBoobiry (PIIK) y 100 (46 — xiHok, 54 —
YOJIOBIKIB) Mami€HTIB 3 enekrpokapaioctumynsitopamu (EKC) iy 29 (10 — xiHOK, 19 — 4onoBikiB) — 3 Kapio-
peciaxponizyrouoto Tepamiero (KPT) y Bini 69 £ 7 pokiB 3 IMIUIAHTOBAaHHMH EJIEKTPOKAPIIOCTUMYIISITOPA
(EKC) Ha piuHMX eTamnax crocTepexeHHs 3 ypaxyBaHHsaM kiaciB (1 xiac — o 120 mMc (HopManbhwmii), 2 — 120-
149 wmc (momoBxkenmii) 1 Oumemre 150 wMc  (icToTHO mMoOmoBXXeHWH)) TpuBanocti QRS  koMIutekcy.
MenukaMeHTO3HUI CYNpoOBiJ BKIouaB Oera-OyokaTtopu; amiogapoH; IHTIOITOPH pEHiH-aHTiOTEH3HH-
anpaocreponoBoi cucremu: AII® i pernenropiB anrioreHsuny lI; aHTHTpOMOOTHYHI 3aco0u; NepopabHi
AQHTUKOATYJISTHTH; CTaTUHM 1 AiypeTuku. OLIHIOBAINM YacTOTY UUTYHOYKOBHUX CKOPOYEHb CIHOHTAHHOTO Ta
CTUMYJIBOBAHOT'O PUTMY, TpuBaJicTh QRS komIuiekcy; piBHI CHCTOJIYHOrO 1 IiaCTOJIYHOTO apTepiallbHOro
TUCKY; (DpaKLilo BUKUAY, KiHIIEBO-A1aCTONIYHMH 1 KiHIIEBO-CUCTOIYHHI 00'€MH JIBOTO IUTYHOYKA; TOBIIUHY
MDKIITYHOYKOBOI TIEPEropoOIKH 1 3aaHBOI CTIHKHM JIIBOTO IIIYHOYKA, PO3MIPH TMEpelacepib 1 IMpaBoro
HUTyHOYKa. Pe3ynpTaTi mokaszanu, mo 4uM Oiblie kiac Tpuaiocti QRS xommiexcy, THM OlbIIe yXHUIeHHs
@IIK Bix dizionoriunnx HopMaTtugiB. Ctyminb ix cuinbnine npu KPT, wixk EKC. EKC 3 MenukaMeHT03HOI0
miarpumkoro He BruimHyna cyrreBo Ha OIIK, i KPT cnpusina ix 3BOpOTHOrO peMoJIeNoBaHHIO, OLIBIIOTO B
kiaci 3 tpuBanocti QRS xomriuiekcy. PoOnATECS BUCHOBKY PO HEOOXIMHICTh MOCUIICHHS MEAMKAMEHTO3HOT
i ITPUMKH.

K/IIIO490BI CJIOBA: nmocriiiHa €JIEKTPOKapAiOCTUMYIIALIS,, XpOHIYHA CeplieBa HEIOCTATHICTB,
TpuBanictb QRS kommiekcy
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OYHKIINOHAJIBHBIE IIOKA3ATEJIM KPOBOOBPAIIIEHUA Y TAIIMEHTOB
C UMIIVIAHTUPOBAHHBIMMU JIEKTPOKAPIMOCTUMYJISITOPAMU U
KAPJJUOPECUHXPOHU3UPYIOIIEN TEPAITUEN YEPE3 'O/l HOCTOSIHHOM YKC
B PA3HBIX KJIACCAX TPOJOJIKUTEJIBHOCTHU QRS

Hlanuna U. B.
XapbKoBCKU HalmoHanbHbIH yHUBepcuTeT uMenu B. H. Kapasuna, . XapskoB, YkpanHa

[IpocniekTHBHO OBUTM HM3Yy4eHBI ()YHKIIMOHAJIbHBIC TOKa3aTeian KporooOpamenus (PIIK) y 100 (46 —
KEHIIUH, 54 — My)XYWH) NMAIMEHTOB C UMILIAHTHPOBAHHBIMH 3nekTpokapauoctumymsitopamu (OKC) u y 29
(10 — xenmun, 19 — My)unH) — ¢ Kapauopecunxponmsupyromiei Teparnueii (KPT) B Bospacre 69 + 7 ner
C UMIUTaHTHPOBaHHBIMU 3JieKTpokapauoctumyisitopamu (OKC) Ha rosoBoM 3Tamne ¢ y4eToM Ki1accoB (Kiacc
1 — no 120 mc (HopManbHbIit), 2 — 120-149 Mc (ynnuHeHHBINH) 1 6onee 150 Mc (CyIIeCTBeHHO yUTMHEHHBIH))
nponowkurensHoctTn QRS komriekca. MeankaMeHTO3HOE COIPOBOXKICHUE BKIIIOYANIO OeTa-0JI0KaTOpEI;
aMHUOJIapOH; MHTMOMTOPHl PEHWH-aHTMOTEH3MH-aJIbJOCTEPOHOBON CHCTEMBI: aHTHOTEH3UHIPEBPAIIAIOIIETrO
(epMeHTa U penenTopoB aHruoreHsuHa II; aHTHTpOMOOTHYECKHE CPENICTBA; TEpPOpPabHBIE aHTHKOATYJISIHTHI;
cTaTuHbl ¥ Jauypetukd. OLeHWBaJud  YacTOTy JKEIYAOYKOBBIX  COKPAlleHHH  CIIOHTaHHOIO |
CTUMYJIUPOBAaHHOIO PHUTMAa; YPOBHU CHUCTOJIMYECKOI'O M JHUACTOIIMYECKOrO apTepHajbHOIO JaBJICHUS,
¢dpakuuo BHIOPOCA, KOHEYHO-AMACTOIMYECKMH W KOHEYHO-CHCTOIMYECKHUH OOBEMBI JIEBOI'O JKENyI04Ka;
TOJIIMHY MEXKETyJOUKOBON NMEPEropoAKH U 3aJHEH CTEHKH JIEBOTO XKelyqo4yKa, pa3Mephl Ipeacepauil u
MPaBOro XKeayaodka. Pe3ynbTaThl Mokas3aiy, 4To YyeM OoJiblle Kiacc mpoxoibkuteabHocTH QRS kommiekca,
Tem Oonbuie yknoneHus ®OIIK or ¢puznonornyeckux Hopmarreos. Crenens ux cuiabHee npu KPT, yuem DKC.
OKC ¢ MenukameHTO3HOH noanepxkoii He moBnusuia cymiectBenHo Ha DITK, u KPT crocobcrBoBana ux
00paTHOMY peMOAENUpOBaHUIO, OonblieMy B kiacce 3 mpopommkurensHoctH QRS kommekca. [lenatores
BBIBOJIBI O HEOOXOIUMOCTH YCUJICHHS METUKAaMEHTO3HOH OIEPIKKH.

KIIFOYEBBIE CJIOBA: 1noCcTOsSIHHAs  JJIEKTPOKApPAUOCTUMYISIMS,  XpOHUYECKas  cepieuHas
HEI0CTaTOYHOCTb, MPOROKHUTENbHOCTE QRS KoMITekca

INTRODUCTION MATERIALS AND METHODS

Permanent pacemaker implantation and 100 patients (46 — women, 54 — men) with
cardiac resynchronization therapy (CRT) implanted pacemaker and 29 patients (10 —
become one of the standards of skilled cardiac ~ women, 19 — men) with CRT were examined
care nowadays, what is confirmed by an in the department of ultrasound and clinical-
international roster of implantable devices instrumental diagnosis and minimally invasive
EHRA White Book [1]. interventions of SI «Zaytsev V.T. Institute of

Increased frequency pacemaker implanta-  General and Emergency Surgery NAMS of
tion leads to a progressive increase in the  Ukraine». Mean age was 69 + 7 years. The
number of persons in need, not only in  indications for pacemaker implantation were
monitoring effectiveness of this way of  atrio-ventricular block of various degrees (AV
therapy, but also accompanied by adequate  block) — 66 patients (60 %), sinus sick
therapeutic management [2]. syndrome (SSS) — 34 patients (40 %). Single

QRS complex duration relationship and  chamber (VVI — 40 devises) and double
functional circulation values changes in chamber devises (DDD — 60 devises) were
patients with permanent pacemaker and CRT implanted. The indications for CRT were
in long-term observations were not wide  chronic heart failure (CHF) NYHA functional
studied [3-5]. class (FC) II-1V, QRS complex duration more
than 120 ms, left ventricular ejection fraction

OBJECTIVE (LVEF) < 35 %. CRT-P and CRT-D devices
The purpose of the study — to assess  were implanted.
functional blood circulation values in patients Spontanecous and  induced  rhythm

with implanted pacemaker and CRT at the  ventricular contractions, systolic (SBP) and
annual stage taking into account QRS complex  diastolic blood pressure (DBP), left ventricular
duration classes. ejection fraction (LVEF), end-diastolic (EDV)

and end-systolic (ESV) volumes, intervene-
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tricular septum (IVS), posterior wall (PW)
thicknesses, left (LA) and right atriums (RA),
right ventricular (RV) sizes were evaluated
before, in the early postoperative period (the
third - fifth day), after 6 months and one year
after pacemaker implantation.

SBP and DBP were measured by
Korotkov's method according to the recom-
mendations of the Association of Cardiologists
of Ukraine for the prevention and treatment of
hypertension by tonometer Microlife BP AG1 -
20 in clinostaze after 5 minutes rest. The
measurement accuracy was 2 mm Hg.

Electrocardiogram (ECG) was performed
on a computer electrocardiograph Cardiolab
+2000. The stimulated QRS complex duration
was measured in leads I, V5, V6 (the average
of three consecutive complexes) with a choice
of maximum value. Measurement accuracy
proved to be 1 ms.

Patients were divided to three QRS
complex duration classes in accordance with
Haghjoo M. et al: 1 — under 120 ms (normal),
2 — 120-149 ms (extended) and more than
150 ms (significantly extended). Functional
blood circulation values were defined in
selected classes.

Echocardiography study was conducted on
the ultrasound machine Toshiba Applio 400.
LF, RF, RV sizes and IVS, PW thickness was
measured. To calculate the EDV and ESV used
method of Simpson. LV EF was calculated
using the formula EF = (EDV - ESV) / EDV *
100 %.

Medication support was carried with
antiarrhythmic  drugs  (beta-blockers and
amiodarone)), renin-angiotensin- aldosterone
inhibitors (RAAI) (angiotensin-converting
enzyme (ACE) inhibitors and angiotensin
receptor antagonists I (ARA 1II)), anti-
thrombotic ~ drugs  (antiplatelet  agents
(acetylsalicylic acid (ASA)), oral antico-
agulants (AC) (warfarin/dabigatran), statins,
and diuretics.

The data were brought into the Microsoft
Excel base. For statistical evaluation of the
results were used the parametric criteria (the
mean — M, the standard deviation — sd).
Comparing of QRS duration complex classes
on the observation stages was conducted on
each separate functional blood circulation
value using a non-parametric U-Mann-Whitney
test. Probable results were determined at levels
of reliability P < 0.05.
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RESULTS AND DISCUSSION

Comparative characteristics of functional
blood circulation values in patients in different
QRS complex duration classes before
implantation, in the early postoperative period,
6 months and a year later after permanent
pacemaker implantation are presented in
table 1 and in CRT patients — in table 2.

In patients with permanent pacemakers in
all QRS complex duration classes VC initially
was below the physiological norm, and after
the pacemaker implantation went to the
physiological level (p < 0.05), which remained
the whole observation period. In patients with
CRT VC did not leave the physiological range
in all classes on the observation stages.

Patients with high baseline SBP pacemaker
patients and decreased in step one year of
observation reached physiological range in all
classes QRS duration complex. In patients with
MCT in classes 1 and 2 it was in the physic-
ological range of values at all stages of
observation, and grade 3 initially increased and
decreased in the physiological range included
in the early postoperative period. DBP at all
stages of observation in all patients with a
pacemaker and CRT were in the physiological
range.

Pacemaker implantation did not affect the
normal baseline CSR and MLC in classes 1, 2
and enlarged in class 3. In accordance with the
EF also did not change. In patients with MCT
by reducing the original magnification CSR
and EDV increase occurred initially reduced
LVEEF in grades 2 and 3 of the complex QRS
duration, 50 % and 87 %, respectively.

Pacemaker implantation and CMT in the
selected classes QRS duration complex has not
led to a significant decrease in the thickness of
the IVS and PWLV.

Pacemaker implantation has not affected
initially increased size of the LP on the stage of
the annual observations, while the CMT
contributed to its reduction in all classes QRS
duration complex.

Dimensions RA and RV before and on the
stages of pacemaker were normal. In patients
with CMT initially increased size of the PP in
the class 1 is not changed, the class 2 and 3 -
Changes to decrease occurred in the period of
the annual monitoring, more pronounced in the
class 3 (p[10.05). At baseline, the increased
size of the prostate in class 1 is not changed,
the class 2 and 3 - decreased.
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Table 1
Functional blood circulation values in patients with permanent pacemaker
on the different observation stages (M =+ sd)
QRS complex duration
Functional Unger 120 ms 130-149 ms 150hand more ms
) ) z ) ) z ) ) z
values S |E52|.E5| 55| & |E52| 25| 55 | & |BEE| LS5 5&
< |sSE(P5E| o < |fSE|P5E| oF < |sSE| P5E o=
2 mgw g= s 2 mgw g= s 2 mgw g= -
52+ | 68+ | 64+ | 67+ |46 | 71+ | 69+ 46+ | 68 £
VC (1/min) 1 les |3 g ¢ T 677 | g T 70+7 | 64+8
o 150 154 140 133 140 139 124 120 + 153 151 144 + 122 +
= =0 SBP
gaI £15 | £17 | £27 | £13 | £15 |16 | 14 |8 +18 | £19 | 25 22
v
m e 82+ | 89+ | 80+ | 78+ | 81+ | 83+ | 84+ 79+ | 87+ | 85+ 80 +
Eg DBP 6 |9 7 10 |9 10 |9 82+£3 17 9 17 13
LVEF 53+ | 54+ | 65+ |47+ |47+ |53+ | 50+ 5647 50+ [ 47+ | 55+ 43 +
(%) 10 11 8 8 8 8 9 6 8 12 16
63+ | 59+ |52+ |65+ | 70+ | 58+ | 66+ | 67+ 83+ | 81+ | 102+ 124 +
ESV (mi) 28 26 11 11 31 22 19 18 35 36 64 54
EDV (ml) 135 127 148 123 133 122 132 154 + 166 153 227 + 219+
@ +44 | £29 | £16 | £18 | £29 | +£24 | £27 | 23 +35 | £48 129 142
E IVS (sm) 124 | 12+ | 1.0+ | 1.0+ ] 1.2+ | 1.2+ | 1.2+ | 1.2+ 12+ [ 1.2+ | 1.2+ 1.2+
g’ 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
= LVPW 09+ | 09+ | 1.2+ | 1.0+ | 1.0+ | 1.0+ | 1.0+ | 1.0+0. 1.1+ | 1.1+ | 1.1%0. 1.2+0.
S | (sm) 01 |01 o1 |02 o1 |o1 |02 |1 02 |02 |2 1
= LA (sm) 49+ | 48+ | 45+ | 47+ 43+ |43+ |48+ |39+ 45+ | 45+ | 45+ 45+
0.6 0.6 0.5 0.6 0.5 0.5 0.6 1.3 0.5 0.5 0.5 0.5
RA (sm) 48+ | 48+ | 45+ |45+ |44+ |44+ |44+ |41+ 44+ | 43+ | 46+ 4.7+
1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.6 0.5 0.5 0.6 0.5
RV (sm) 30+ | 3.0+ | 3.0+ | 3.0+ | 3.2+ | 32+ |32+ |38+ 32+ |32 32+ 35+
0.4 0.4 0.4 0.4 0.6 0.6 0.7 0.4 0.6 +0.6 | 0.9 0.5
According to these functional blood circulation values there are significant differences (p < 0.05):
* — Before implantation and early postoperative observation stage;
** — Early postoperative and 6 months after implantation;
*** — 6 months and year after.
Table 2
Functional blood circulatory values in patients with CRT on the observation stages (M + sd)
Functional QRS complex duration
blood Under 120 ms 120-149 ms 150 and more ms
. 20 2) © 520 2] PN P 2)
creulatory | =22 | 25l 55 [ £\ 252 £5| 55 | £ | £82| .2z s:
values 2= ax= | 2 S 7R~ % ] b 7R~ % =
=k SR >~ 2 =EE =< bk 2 Mg =< bk
. 70+ | 68+ | 72+
VC (1/min) | 69+9 7 7 77 |74+19 | 686 | 6842 | 697 | 70£7 | 7646 | 68+5
el 126+ 122+ {120+ | 137+ | 133+ 120 + 148 + 126 +
g;é" SBP 15 12 12 11 18 12 133+£5 18 129+ 8 19 123 +£8
=2 + + +
mag DBP |79+13 [ B0F | 80% [83% 18047 | 8145 | 8343 |81+4 [ 8122 |84211 809
L(\:/::)F 30+18 | 39% [3547 | 20 | 2929 |32+8 | 5 | 2354 |20+5¢ (3428 | B4
ESV 228+ 226+ [ 219+ |300+ | 242+ 221+ 173 + 381 + 262 + 229 + 206 +
(ml) 160 78 66 96 63* 68 64 89 129* 100 89
EDV 324+ |346+ | 336+ |405+ | 340+ 326 £ 284 + 497 £ 370 £ 346 £ 359+
> (ml) 195 18 76 94 14%* 18 81 78 80* 128 73
E IvVS 1.1+ |11+ |1.140 |14+ | 14+ 14+ 1.3+ 14+ 14+ 14+ 14+
c; (sm) 0.2 0.2 2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1
= LVPW | 11+ |11+ |1.120 |13+ | 1.2+ 1.2+ 1.2+ 1.3+ 1.3+ 1.3+ 1.3+
'ﬁ (sm) 0.2 0.2 2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
= LA 55+ |54+ |5440 |54+ | 52+ | 48+ | 4.8+ 54+ | 52+ 52+ | 52+
(sm) 0.5 0.7 v 1.0 1.0% 1.0 1.0 1.0 1.0% 1.0 1.0
RA 55+ |55+ |5540 |6.0+ | 6.0+ 59+ 5.5+ 6.0 + 6.0 + 51+ | 52+
(sm) 0.5 0.5 5 0.1 0.1 0.2 0.4 0.1 0.1 0.6 0.8
RV 47+ |45+ [45+0 |35+ | 34+ 32+ |3041 | 36% 34+ 32+ | 33+
(sm) 0.3 0.3 3 0.7 0.7 0.7 : 0.7 0.7 0.7 0.7
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Our findings are broadly consistent with
Molina L. et al. [6] showed less favorable in
patients with longer QRS complex changes
in functional parameters in a permanent
pacemaker.

That we found in patients with a longer
QRS complex after initiation of CMT trend
towards greater improvement in functional
parameters in general agreement with the
data [7], as well as a multicenter randomized
trial RAFT [8, 9], which included 1.483
patient with CMT.

It should be noted that the data on the
changes in DBP and SBP in patients with
permanent pacemaker and MCT have been
studied previously.

CONCLUSIONS

1. The more complex QRS duration, the
greater the deviation from the functional
parameters of the circulatory physiological
standards, the extent of which is stronger in
patients undergoing CRT versus patients

2. On the one-year period of observation
ECS with medical support no significant
effect on the functional performance of
circulation, with the exception of SBP,
whereas MCT contributes to their reverse
remodeling, the extent of which is greater,
the higher the initial duration of the QRS
complex.

3. Partial normalization of functional
parameters of blood circulation in the class 3
patients with pacemaker and trend
improvement in patients with CMT, the
degree of which the lower, less complex
QRS duration indicates not just necessary,
but strengthening medical support.

PROSPECTS FOR FUTURE STUDIES

It seems appropriate further study this
group of patients to assess the long-term
changes of functional blood circulation
values in different QRS complex duration
classes.

with permanent pacemaker.
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