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PULSE PRESSURE CLASSES AND HEMODYNAMIC PARAMETERS
IN PATIENTS AT THE ANNUAL STAGE AFTER CARDIAC
RESYNCHRONIZATION AND MEDICAL THERAPY

Pochinska M. V.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

The changes of functional blood circulation parameters in 19 patients (13 men and 6 women) at the annual
stage after cardiac resynchronization (CRT) and drug therapy in pulse pressure classes (PP: I - very low PP -
less than 20 mm Hg; II — low PP — from 20 to 40 mm Hg; III — normal PP — from 40 to 60 mm Hg; IV — high
PP — from 60 to 80 mm Hg; V — very high — more than 80 mm Hg) were studied. The probability of
differences between groups was determined with a Mann-Whitney U-test. Normalization of diastolic blood
pressure (DBP), heart rate (HR) and left ventricular ejection fraction (LV EF) in all PP classes, systolic BP
(SBP), end-systolic, end-diastolic volumes (ESV, EDV) in the III PP class patients at the annual stage after
CRT and drug therapy were showed. The tendency of normalization of SBP in the IV class, posterior wall
thickness of LV (PWLYV), myocardial mass of LV (MMLV) and no change in interventricular septum
thickness (IVS), left and right atrium (LA and RA), right ventricular (RV) sizes in all PP classes indicated the
need for more active monitoring, careful selection of stimulation parameters and medical support correction
of patients in IV PP class.

KEY WORDS: cardiac resynchronization therapy, medical therapy, pulse pressure, hemodynamic
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KJIACH ITYJIBbCOBOI'O APTEPIAJIBHOI'O TUCKY TA TEMOJIUMHAMIYHI
INOKA3HHUKH Y TAIIEHTIB HA PIYHOMY ETAIII HICJIA )
KAPAIOPECUHXPOHI3YIOUYOI TA MEJUKAMEHTO3HOI TEPAIIII

Ilouuncoka M. B.
XapkiBchKHii HanioHansHUH yHiBepcuteT imeHi B. H. Kapasina, m. XapkiB, Ykpaina

BuBueHo 3MiHN (QYHKIIOHAIEHUX MOKa3HHUKIB KpoBoOOiry y 19 marientiB (13 4osnoBikiB i 6 KiHOK) Ha
piYHOMY eTarli CrocTepekeHHs Micis kapaiopecuaxpoHizytoudoi (KPT) i MmeankamMeHTO3HOT Tepamii B Kiacax
mynscoBoro aprepiaibHoro Tucky (ITAT: I — myxe Hu3pkuii — Mermie 20 MM. pT. cT., Il — HU3bKHIA — OibITe
20 — menme 40 mw. ptT.ct., III — HOpMa — 40-60 MMm. pT. cT., IV — BHcOkmiA — moHaxg 60 — MeHIIe
80 MM. pT. cT., V — myxe BHCOKHU — Oinmbie 80 mMM. pT. cT.). JIOCTOBipHICTh BiAMIHHOCTEH MiX TpymaMu
BH3HaUanacs 3a gornomoror U-kpurepito MaHHa-YiTHI. Pe3ynpTaTi moka3and, y TAIlieHTIB 32 BECh MEPioj
crioctepeskenHst micist KPT 1 mMeaukamMeHTO3HOI Tepamii BimOyBaeTbes HoOpMamizaris miactomigaoro AT
(IIAT), wacrotu ceprieBux ckopoderb (UCC) i ¢pakmii Bukumay JyiBoro nuryHouka (PBJII) y Bcix kmacax
ITAT, cucromiunoro AT (CAT), KiHIIEBO-CHCTOJIIYHOTO Ta KiHIeBO-auactodigHor 06’emy (KCO ta KIO) B
IIT knaci ITAT. Teanennis nHopmanizanii CAT B IV knaci, Topmuau 3aa860i ctinku JIL (T3CJII) i macu
miokapaa JIIII (MMJII) i BiACyTHICTh 3MiH TOBIIMHHM MiKIUTYHOYKOBOI mepernnku (TMILIT), po3mipis
niBoro Ta mpasoro nepencepas (JIIT Ta I1IT), mpaBoro nuryHouka (ITI) y Beix kmacax ITAT cBiguats mpo
HEOOXiTHICTh OUTBIIT aKTHMBHOT'O MOHITOPHHTY, PETEJBHOTO IMI00py MapaMeTpiB CTUMYIIAMII 1 KOpeKii
MEIMKaMEHTO3HOI miATpuMKH namieHTiB y IV kmaci [TAT.

KITIO490BI CJIOBA: xapaiopeCMHXpOHI3yloda Tepallis, MeIUKaMEHTO3Ha Teparis, ITyJIbCOBHU
apTepiaNbHHIA TUCK, TEMOJAMHAMIYHI TTOKa3HUKH

KJIACCBI ITYJIBbCOBOI'O APTEPUAJIBHOI'O JABJIEHUA U TEMOJINHAMHWYECKHUE
INOKA3ATEJIA Y NAIIMEHTOB HA T'OJOBOM 3TAIE HOCJIE
KAPAUNOPECHUHXPOHU3UPYIOIIEU U MEJIJUKAMEHTO3HOU TEPAITNHN
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Wzyuensl n3meHenus QyHKINOHAIBHBIX NOKa3aTeield KpoBooOpameHus y 19 naunentos (13 MyxuuH u 6
JKCHII[MH) Ha TOJOBOM 3Tare HaOironeHus nocie kapauopecunxponusupytomed (KPT) u menmukaMeHTO3HOM
Tepanuu B Kiaccax MyJjabcoBoro aprepuanbHoro aasienus (ITAl: I — ouens Huzkoe — menee 20 Mm. pT. cT., 11
— Hm3koe — 6ornee 20 — menee 40 mm. pT. cT., III — HOpMa — 40—60 mm. pr. cT., [V — BBIcCOKOE — OoNee 60 —
menee 80 MM. pT. cT., V — oueHb Bbicokoe [TAJ] - Gomnee 80 mMM. pT. cT.). JIOCTOBEpHOCTh OTIIMYUIT MEXILY
rpynmnamu ompezeisiaack ¢ nomousio U-kputepus ManHa-YuTHH. Pe3ynbraThl noka3aid, y NaUEeHTOB Ha
BceM mnepuoae HaOmoneHus mocie KPT u MenukaMeHTO3HOW Tepamuu MPOHMCXOIAWT HOPMAITU3AIUS
muacronuueckoro AJl (JAM), ugactotsl cepaeunbix cokpameHuit (UCC) u ¢dpakium BeIOpoca JEBOTO
xkemymouka (O®BJDK) Bo Bcex kmaccax ITAJl, cucrommueckoro AJ] (CAJI), KOHEYHO-CHCTOIUYECKOTO U
KoHeuHo-nuactonmdeckoro oosema (KCO u KJO) B 111 xnacce [TAJ]. Tennenuus sopmanuzanuu CAJl B [V
kiacce, Tonmuunel 3aguel crenku JOK (T3CJDK) u macesr muokapaa JOK (MMITXK) u orcyTcTBHEe M3MEHEHUIH
TOJILUHBI MexoKkeNnynoukoBoi neperopoaku (TMIXKII), pazmepos nesoro u npasoro npeacepauit (JIIT u IIT),
npaBoro xenynouka (IK) Bo Bcex kmaccax ITA]J] CBHAETENBCTBYIOT O HEOOXOIUMOCTH 0OJiee aKTHBHOTO
MOHHUTOPHHT, TIIATEIFHOIO MOI00pa MAPAMETPOB CTUMYJISIIIAU M KOPPEKIIUH MEIMKAMEHTO3HOM IMOIICPKKU
nanueHntoB B [V knacce [TAI.

K/TIOYEBBIE CJIOBA: xapiuopecHHXPOHU3UPYIOIIas Tepanusl, MeAMKaMEHTO3Has Tepanus, yIbCOBOE
apTepUanbHOE JaBlICHUE, TEMOIUHAMUYECKHE TI0Ka3aTeNn

block — 47 %, sick sinus syndrome (SSS) —

INTRODUCTION 26 % patients, permanent bradysystolic form of
Cardiac resynchronization therapy (CRT) is atrial fibrillation (AF) — 26 %, dilated

widely used and has a positive clinical effectin ~ cardiomyopathy (DCM) — 21 % patients.

patients with chronic heart failure (CHF), Exclusion criteria were: age less than 40
accompanied by cardiac  dyssynchrony, years, the presence of concomitant angina IV
however, medical support is not canceled [1]. functional class (FC), chronic heart failure

Reflecting the elastic properties of the great (CHF) IV FC, stimulation of the right
vessels and left ventricular (LV) function [2], ventricular (RV) and/or LV lesser than 50 %
pulse pressure (PP) is one of the most  during the year of observation.
important hemodynamic parameters and is an Systolic (SBP) and diastolic blood pressure
independent predictor of cardiovascular events (DBP), heart rate (HR), end-systolic (ESV),
[3]. Non-physiological PP promotes the end-diastolic volumes (EDV), LV ejection
dynamic load on the myocardium and the fraction (LV EF), posterior wall thickness of
development of hypertrophy with subsequent LV (PWLV), interventricular septum thickness

development of cardiovascular events [4]. (IVS), myocardial mass of LV (MMLYV), right
By optimizing the heart function, atrium (RA), left atrium (LA) and RV sizes
synchronizing heart chambers contraction,  were evaluated before the implantation, in the

CRT improves the pumping function of the early postoperative period (3—5 days), after 6
heart [2,5], which is accompanied by LV  months and 1 year after CRT and medication
remodeling [1,6] and changing in depending on the PP classes.

hemodynamic parameters, including PP. SBP and DBP were measured by
However, the functional parameters of blood  Korotkov’s method according to the recom-
circulation changing in the PP classes in the = mendations of the Association of Cardiologist
long-term follow-up after CRT on background  of Ukraine for the prevention and treatment of
of medical therapy has not yet been studied. hypertension by tonometer Microlife BP AGI-
MATERIALS AND METHODS 20 after 15 minutes rest. PP was calculated by
the formula: PP=SBP-DBP (mm Hg).

19 patients, including 13 men and 6 women Echocardiography study was performed
were examined in the department of ultrasound  with use of Siemens Cypress and Toshiba
and instrumental diagnostics with miniinvasive Applio 400 machines. LA, RA, RV, PWLV,
interventions of SI «V. T. Zaytsev Institute of = IVS (measuring accuracy is 0.5 mm), end-
General and Emergency Surgery NAMS of  systolic (ESS), end-diastolic (EDS) sizes were
Ukraine». Mean age of the patients was 67 +9  measured. LV EF was calculated using the
years; all of them were implanted CRT in  formula: EF = (EDV-ESV)/EDV*100 %. The
period from 2006 to 2015. Indications for Simpson method was used for calculating EDV
pacemaker implantation were: atrioventricular  and ESV. MMLV was calculated using the
(AV) block — 21 % patients, bundle branch  Devereux formula:
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MMLV=1.04 x (IVSd+PWLVdJ+EDS)’ -
EDS’)-13.6.

Medication support of patients with CRT
was provided with: rennin-angiotensin-
aldosterone inhibitors (RAAI) (angiotensin-
converting enzyme (ACE) inhibitors and
angiotensin II receptor antagonists (ARA 1I)),
diuretics, antiarrhythmic drugs (beta-blockers

and amiodarone), antithrombotic  drugs
(antiplatelet agents — acetylsalicylic acid
(ASA), oral anticoagulants (AC) -

warfarin/dabigatran), statins.

Patients were assigned into five classes
according to levels of PP: I - very low - less
than 20 mm Hg; II — low — from 20 to 40
mm Hg; III — normal — from 40 to 60 mm Hg;
IV — high — from 60 to 80 mm Hg; V — very
high PP — more than 80 mm Hg. In each
groups of patients at the annual observation
point SBP, DBP, HR, ESV, EDV, LVEF,
PWLV, IVS, MMLV, RA, LA and RV sizes
were determined. Functional parameters of
blood circulation in the CRT (P/D) stimulation
modes were assessed.

The data were brought into the Microsoft
Excel base. For statistical evaluation of the

results were used the parametric criteria (M —
mean, sd — standard deviation). Significant
differences between groups were determined
using the Mann-Whitney U-test. Probable
results were determined at levels of reliability
p <0.05 and p <0.01.

RESULTS AND DISCUSSION

In I, I and V PP classes there are no
patients registered, in the III class — 68 %, in
the IV class — 32 % of patients.

Table 1 shows SBP, DBP and HR values in
patients within one year after CRT and medical
support in different PP classes. Initially SBP in
III class was in a range of the Ist degree of
hypertension (AH) and IV — at the 2nd degree
of AH, at the annual stage after CRT and drug
therapy has reached physiological range in III
and decreased till 1st degree of AH at the IV
PP class. DBP was at the physiological level in
all groups in the entire observation stage.
Initially a low HR in the IV PP class
normalized after implantation, in III class —
was in the physiological range before and
during the year after CRT and drug therapy.

Table 1
SBP, DBP and HR values (M = sd) in patients within one year after CRT
and medical support in different PP classes
PP
. IIT class IV class
Functional
values Before After CRT Before After CRT
CRT 3-5day | 6 month 1 year CRT 3-5day | 6 month 1 year
SBP 14248 | 14546 | 13548 | 13346~ | 16247% | 156+7% | 149+8 | 142+3
(mm Hg)
DBP
84+£6 85+9 85+4 84+3 86+ 8 85+3 85+4 86+ 8
(mm Hg)
HR (bpm) 73+£19 | 74+£20 | 68+4 67+5 5011 62+7 686" | 67+8"

Note: * p < 0.05 — in current values between groups, * p < 0.05 — certain class of values before and after CRT.

Table 2 shows heart ultrasound values in
patients within one year after CRT and medical
support in different PP classes. Initially
increased ESV and EDV, more pronounced in
IV class, were normalized at III and tended to
decrease in IV PP class without statistically
significant differences between the groups at
the annual stage after CRT and drug therapy.
Initially reduced LV EF, more pronounced in
IV class, came close to normal after 6 months
and reached physiological range in a year in all
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PP classes after CRT and drug therapy. Initially
increcased PWLV and MMLV, more
pronounced in IV class tended to decrease in all
PP classes without statistically significant
differences between the groups at the annual
stage after CRT and drug therapy. Equally
increased IVS, LA, RA and RV sizes did not
change in all PP classes in the entire period of
observation after CRT on the background of
medical therapy.
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Table 2
Heart ultrasound values (M + sd) in patients within one year after CRT
and medical support in different PP classes
PP
Funcltl 101 class IV class
ona
values Before After CRT Before After CRT
CRT 3-5day | 6 month 1 year CRT 3-5day | 6month 1 year
ESV 98 +12 98 + 15 70+ 8 56+ 11N | 134 £21* | 134+ 18* | 106 £ 18* | 81 127
EDV 174 £ 16 174 +£9 142 +4 126 £ 11~ | 202+ 10* | 202+ 11* | 188 £24* | 179 £ 6"
LX/]?F 43+4 43+6 50+4 63 £ 57 33 +4* 3317 43+ 6 55+8"
0
P(VCVHI;)V 1.2+0.1 | 1.2+0.1 | 1.2+0.1 1.1+0.1 | 1.35£02 | 1.35£02 | 1.35+0.1 | 1.3+0.1
(Icvnf) 12402 | 12402 | 12402 | 12401 | 13403 | 13403 | 1.3+03 | 13402
M(lzﬁ)v 354427 | 354+31 | 328+46 | 302423 | 426+37% | 426+35% | 406+ 35% | 381 +28*
(IC‘I‘:;) 36402 | 3.6402 | 3.6202 | 3.6+0.1 | 39402 | 39402 | 3.9+0.1 | 3.9+0.1
(%r‘;) 43+0.1 [ 43+0.1 | 4301 | 4301 | 4301 | 43+0.1 | 4301 | 43%0.1
(};Z) 5+0.1 5+0.1 5+0.1 5+0.2 51+0.1 51+0.1 51+0.1 51+£0.2

Note: * p < 0.05 — in current values between groups, * p < 0.05 — certain class of values before and after CRT.

Normalization of DBP, HR, LV EF in all PP
classes; SBD, ESV and EDV in III class at the
annual stage after CRT and drug therapy that
were found is indirectly confirmed by data [6,
71.

Shown in our research decreasing of SBP in
IV PP class to the level of the 1st degree of AH,
and the downward trend PWLV and MMLYV,
no change in IVS, LA, RA and RV sizes in all
PP classes after CRT and drug therapy is
indirectly confirmed by data [8].

Our research has shown that PP is
significant in the assessment of hemodynamic
parameters in patients after CRT and drug
therapy. More favorable changes of functional
blood circulation parameters in III, and less — in
IV PP classes at the annual observation stage
after CRT indicate the need for further medical
treatment in a high PP class. The given data are
new.

CONCLUSIONS

1. Patients with indications don’t have I, II
and V PP classes, frequency of occurrence III
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and IV classes represent 68 % and 32 %,
respectively.

2. At the annual stage of CRT and drug
therapy in both PP classes DBP, HR and LV EF
are fully normalized, in III PP class — SBP,
ESV and EDV, and in IV PP class only
partially normalization of SBP without
achieving a physiological rate.

3. At the annual stage of CRT and drug the-
rapy in both PP classes is a PWLV and MMLV
tendency of normalization without statistically
significant differences between the groups and
no changes in the IVS, LA, RA, RV sizes.

4. More active monitoring, careful selection
of stimulation parameters and correction of
medical support for patients in IV PP class after
CRT is need.

PROSPECTS FOR FUTURE STUDIES

Further investigation of the effect of drug
therapy on the optimization of the PP in
patients with implanted pacemaker depending
on the mode of stimulation in the long pacing
period seems to be a perspective direction of
researches.
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