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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: 1 - very low PP -
less than 20 mm Hg; 11 — low PP — from 20 to 40 mm Hg; Il — 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 Il 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 (PWLV), 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
parameters

CJIACH MTYJILCOBOTO APTEPIAJIBHOT'O THCKY TA TEMOJIHHAMIYHI
MOKA3HUKHW Y MAUIEHTIB HA PIYHOMY ETAII TTICJI3
KAPJIOPECHHXPOHI3VIOUOT TA MEJIMKAMEHTO3IHOT TEPATTIT

Houuncora M. B.
NapKiBehKHil HauioHanbHUit yHiBepenTeT imeni B, H. Kapaszina. M. Xaprig, YKpaiHa

Bitgaeno i GyHKLIOHAILHIN NOKA3HIKIB KPOBOOOIrY v 19 nauientis (13 H0N0BIKIB I 6 AIHOK) HA
PItHOMY €Tarli crocTepeskents nicis kap1iopecHHxpoHizytouoi (KPT) 1 neankaMeHTo3HOT Tepanii B Ki1acax
fyaLecoBoro aprepianshoro tueky (IMAT: 1 — nyxke nusbkiii — menwe 20 My pr. et 11— HapKiit = OuisLe
20 — wmenwe 40 mm. pr.ct., [T — nopma — 40-60 mm. pr.ct.. IV — Bucoknii — noxax 60 — meniie
80 MM, pT. cT., V — myxe Bucokuii — Ginbie 80 MM, pT. cT.). JIOCTOBIPHICTE BiMINHOCTEl MIAK TpyTanmil
BI3Hauanaca 3a jgoromoroio U-kpurepito Manna-Vithi. Pesyiurarin nokasami. ¥ naicHTie 3a Bech nepio
cnoctepekents nicna KPT i meankamenTosnoi Tepanii BialysaeThes Hopmaiizauis miactosivioro AT
(JIAT), uacrtorh cepuesnx ckopouetb (UCC) i ppakuii suknay sgisoro wykoura (GBI y Beix knacax
[TAT, cucroniunoro AT (CAT), KiHUEBO-CHCTONIYHOTO Ta KiHueBo-auactomivtor 0d'emy (KCO ta KO) 8
I knaci TTAT. Tenaenuis vopmanizauii CAT e IV kaci, Tosuwmnn 3aanboi erinkn JILT (T3CJIL) i macn
miokapaa JILL (MMUJTL) i BimeyTHicTs 3MiH TOBUUHI MBKLITYHOUKOBOT tepethnin (TMILTT). PO3MIPIB
MBOro Ta npasoro nepencepas (JIT ta 111), npagoro wiynouka (I1L) y seix kmacax TAT csinvars npo
HEOOXIIHICTL OUIbL AKTHBHOTO MOHITOPHHIY, PeTeabHOrO NiAB0PY  HapaneTpiB CTHNYISUIT | KOperiii
MEANKAMEHTO3HOT mrpumkn naticntis y [V knaci [TAT.

KJIOYOBI  C/TOBA:  xapaiopecHuxpoHiayloua  Tepamis.  NMeAHKaMEHTO3Ia  Tepaltis,  NyJIibCoBii
apTepiasibHIi THCK, FEMOAHHAMIUHT TOKA3HUKH

KJACCBI TYJIbCOBOTO APTEPHAJILHOTO JABJIEHVS I FTEMOTNHAMIYECKHE
MOKA3ATEJIN Y NAIMEHTOB HA T'O/IOBOM STATE NHOCIE
KAPJIHMOPECHHXPOHIUPYIOUEI T MEJIHK AMEHTO3HOIT TEPATINHN

Touuncras M. B.
XapbkoBCkHit HauHoHabHbIT yHuBepeuTeT nvenn B. H. Kapasnna. 1. Xapbros. Yipaitta

© Pochinska M. V., 2016
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M3yuenn msmenen s pyHKUMOHAILHBIX NoKazaTenedi kposoodpaiueHis v 19 naunentos (13 Mysaind it 6
JKCHLLMH) 1A FOA0BOM dTane HabMoAeHNs N0Cie KapAMOPECHHXPOHIIpY totieit (KPT) i meanKanmeH ro3noi
Tepanui B KIAccax nyaLeoBoro apTepuaibHOro nasnenns (MAJL: 1 - ovent nuskoe — menee 20 mm. pr. 1., |1
— Hiskoe — Goaee 20 — menee 40 ma. pr.oer. = nopaa — 40-60 vne pr. et [V = gbicokoe — dosee 60 —
meree 80 Mm. pr. cT.. V — ouenb Buicokoe TAJ] - Gonee 80 st pr.ci). JlocToBepHOCTL OTAMMMIT MEKILY
rpynnamu onpedensnack ¢ nomoutbio U-kpirepns Manna-Yurin, PesvibraTol nokasain, ¥ naieHTor Ha
BceM nepuoje Hadmonenus nocie KPT n HOPMAJTH3allng
anactomiueckoro AJL (JIAJL), uactorsl cepueunbix cokpatuennii (UCC) 1w dpakinmn shiGpoca NEBOro
xenynouka (OBJIK) Bo seex wnaccax TTAJL cucronmueckoro AJL (CAJL). koneuno-cHeroanieckoro
KoHeuHo-anactonnueckoro oovema (KCO n KJO) B 1 knacce TTAJLL Tenaenuns nopmannsaunn CAJL e IV
knacce, Tonnnbl saaneit crenki JIK (T3CJTK) n maccesl muokapaa JIK (MMITK) i oreyreTiie H3MeHeHi
TOINUMHB MesKAeNVI0uKoBOl neperopoaky (TMIKIT), pasmepor negoro it npasoro npeacepaunit (JITTw T,
npaeoro xkenyaouka (ITK) Bo Beex knaccax TTAJ[ cBHIETENbETBYIOT 0 HEOOXOANMOCTH (ojiee akTHBHOTO
MOHUTOPHHTA, TUATENLHOTO NoAGOPA NapaMeTPOB CTHMYISLIN H KOPPEKLITH MCAHKAMCHTO3HO TOJUIEPIRKI

nanpenros s 1V knacce IMAJT

MCfU'H\‘ZlMCHTO'SI'IUI“I Tepanuu  NPoOHENOOHT

K/ITIOYEBBIE CJIOBA: xapanopecHHXpoOHU3HPYIOILAA TEPATTHg. MEMHKAMCHTOZHAS Tepaltis. Nyabcosoe

apTepuaibHOE JTaBJieHHEe, reMoJInHaMHUeCRMEe roKazaTe/in

INTRODUCTION

Cardiac resynchronization therapy (CRT) is
widely used and has a positive clinical effect in
patients with chronic heart failure (CHF),
accompanied by  cardiac  dyssynchrony,
however, medical support is not canceled [1].

Reflecting the elastic properties of the great
vessels and left ventricular (LV) function [2],
pulse pressure (PP) is one of the most
important hemodynamic parameters and is an
independent predictor of cardiovascular events
[3].  Non-physiological PP promotes the
dynamic load on the myocardium and the
development of hypertrophy with subsequent
development of cardiovascular events [4].

By optimizing the heart function,
synchronizing heart chambers contraction,
CRT improves the pumping function of the
heart [2,5], which is accompanied by LV
remodeling  [1,6] and  changing in
hemodynamic  parameters, including PP.
However, the functional parameters of blood
circulation changing in the PP classes in the
long-term follow-up after CRT on background
of medical therapy has not yet been studied.

MATERIALS AND METHODS

19 patients, including 13 men and 6 women
were examined in the department of ultrasound
and instrumental diagnostics with miniinvasive
interventions of SI «V. T. Zaytsev Institute of
General and Emergency Surgery NAMS of
Ukraine». Mean age of the patients was 67 £ 9
years; all of them were implanted CRT in
period from 2006 to 2015. Indications for
pacemaker implantation were: atrioventricular
(AV) block — 21 % patients, bundle branch

block — 47 %, sick sinus syndrome (SSS) —
26 % patients, permanent bradysystolic form of
atrial  fibrillation (AF) 26 %, dilated
cardiomyopathy (DCM) — 21 % patients.

Exclusion criteria were: age less than 40
years, the presence of concomitant angina IV
functional class (FC), chronic heart failure
(CHF) 1V FC, stimulation of the right
ventricular (RV) and/or LV lesser than 50 %
during the year of observation.

Systolic (SBP) and diastolic blood pressure
(DBP), heart rate (HR), end-systolic (ESV),
end-diastolic volumes (EDV). LV ejection
fraction (LV EF), posterior wall thickness of
LV (PWLV), interventricular septum thickness
(IVS), myocardial mass of LV (MMLV), right
atrium (RA), left atrium (LA) and RV sizes
were evaluated before the implantation, in the
early postoperative period (3—5 days), after 6
months and 1 vear after CRT and medication
depending on the PP classes.

SBP and DBP were measured by
Korotkov’s method according to the recom-
mendations of the Association of Cardiologist
of Ukraine for the prevention and treatment of
hypertension by tonometer Microlife BP AGI-
20 after 15 minutes rest. PP was calculated by
the formula: PP=SBP-DBP (mm Hg).

Echocardiography study was performed
with use of Siemens Cypress and Toshiba
Applio 400 machines. LA, RA, RV, PWLV,
IVS (measuring accuracy is 0.5 mm), end-
systolic (ESS), end-diastolic (EDS) sizes were
measured. LV EF was calculated using the
formula: EF = (EDV-ESV)EDV=100 %. The
Simpson method was used for calculating EDV
and ESV. MMLV was calculated using the
Devereux formula:
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MMLV=1.04 x (IVSd+PWLVd+EDS)’ -
EDS')-13.6.
Medication support of patients with CR
was  provided with:  rennin-angiotensin-
aldosterone inhibitors (RAAI) (angiotensin-
converting enzyme (ACE) inhibitors and
angiotensin Il receptor antagonists (ARA 1)),
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: | - very low - less
than 20 mm Hg; II — low — from 20 to 40
mm Hg; Il — 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 <0.05and p<0.01.

RESULTS AND DISCUSSION

In I. Il and V PP classes there are no
patients registered, in the 1l 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
I 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 Il
and decreased till Ist degree of AH at the IV
PP class. DBP was at the physiological level in
all in the entire observation stage.
Initially low HR in the IV PP class
normalized after implantation, in Il class —
was in the physiological range before and
during the year after CRT and drug therapy.

groups
a

Table |
SBP, DBP and HR values (M + sd) in patients within one year after CRT
and medical support in different PP classes
pp e e
Functional L clags - (o I & ,L‘l':“asﬁ
values Before After CR1 Before lAfte: CRT
CRT 3-5day | 6 month | yea CRT 3-5day | 6 month | year
SBP : . % . %
142+ 8 | 145+6 | 1358 | 1336 162+ 7* | 156=7* | 149+8 | 142+ 3/
(mm Hg)
e 84+6 | 85+9 | 8544 | 84+3 | 86+8 | 853 | 8544 | 86+38
(mm Hg)
HR (bpm) 73+19 | 74+20 | 68+4 67+5 50+ 11 62+ 686" | 678"
|

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 11l 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
[V class, came close to normal after 6 months
and reached physiological range in a year in all

40

PP classes after CRT and drug therapy. Initially
increased  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 1VS, 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 111 class IV class
ona
waliies Before After CRT Before ‘ After CRT
CRT 3-5 day | 6 monith 1 year CRT 3-5Sday 6 month | year
i S o =
ESV 98 =12 98+ 15 70 £ 8 56+ 117 13421 134+ 18% | 106« 18* 81 =127
EDV 174+ 16 174+ 9 142 +4 126+ LI~ 202+ 10*% | 202+ 11* ‘ 188 £24* 179 £ 67
L(\‘/)/[jF it 43+6 50+4 63+ 5" 33+ 4% 33+7 43+6 554 8§
0 'y
PRV 12401 1.2+0.1 1.2+£0.1 1.1 +0.1 135402 | 1.35£02 | 1.35+0.1 1.3+0.]
(cm)
IVS | Chl 2 0 2 2 Q o)
1.24£0.2 | 12402 | 1.2£0.2 1.2+0.1 1.3+£0.3 1.3+0.3 1.3=0.3 1.3+0.2
(cm)
I\/EI(\;/IL)V 354+27 | 35431 | 328+46 | 30223 | 426 +37* | 426+ 35% | 406 +35% | 381 = 28*
m
(Rn':‘) 36+£02 | 3.6+02 | 3.6+x0.2 | 3.6+0.1 39+£02 | 39402 | 39+0.1 3.9+0.1
c
L 43+ 0.1 43 +0.1 43+0.1 43+0.1 4.340.1 4.5 0. 43=+0.1 4.3 0.1
(cm) o
/
i S540.1 5+ 0.1 5£0.1 5+£0.2 5.1 £ 0.1 51 =01 ‘ 5.1 0.1 S1£02
(cm) e i T R

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 Il class at the
annual stage after CRT and drug therapy that
were found is indirectly confirmed by data [6,
7].

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 MMLV,
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 s
significant in the assessment of hemodynamic
parameters in patients after CRT and drug
therapy. More favorable changes of functional
blood circulation parameters in II1, 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

. Patients with indications don’t have I, Il
and V PP classes, frequency of occurrence [l

41

and 1V 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 Il 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 [V 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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