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ORIGINAL STUDIES

CARDIAC RESYNCHRONIZATION THERAPY WITH OR WITHOUT AN IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR IN DIFFERENT GROUPS OF HEART FAILURE PATIENTS

Perisic Zoran“, Kostic Tomislav1, llic Stevan2‘5, Koracevic Goran1’4, Djindjic Boris1’4, Milic Dragan“, Mitov Vladimirs, Salinger Martinovic

Sonja”, Stanojevic Dragana1, Golubovic Mladjan2

Aim. Patients with heart failure have poor prognosis and mortality rate is between
15-60% per vyear. Implantable cardioverter-defibrillators and cardiac
resynchronization therapy have been shown to improve survival, decrease hospital
readmissions and mortality, and improve functional status and quality of life in
patients with heart failure and left ventricular systolic dysfunction. Aim of the study
was to examine the effects of different CRT devices in carefully selected heart failure
patients during 1 year.

Material and methods. We included 98 heart failure patients. First group (n=60)
received CRT-P, while in second group (n=38) were patients with CRT-D pacemaker
(with an additional cardioverter-defibrillator option).

Results. Data gathered in our the study showed that both CRT-P and CRT-D in
adequately selected heart failure patients improve different clinical parameters:
symptoms, echocardiographic parameters, decrease QRS duration, increase 6 min
walk test distance, decrease mortality rate.

Conclusion. Patients with both CRT-P and CRT-D showed improvement in heart
failure symptoms and CRT had significant influence on disease prognosis during 1
year of follow up. Nevertheless we do not have the perfect criteria for selection of
patients and their follow up after the device implantation. In patients with the rhythm
disturbances CRT-D option is the right choice only if the patient has the indications
for resynchronization therapy as well. This choice however depends on clinical
judgment of the operator more than on strict protocols and guidelines which are
necessary but we need more clinical trials to support current hypothesis.

Russ J Cardiol 2014, 4 (108), Engl.: 5-9

Key words: chronic heart failure, pacemaker, prognosis.
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CRT — cardiac resynchronization therapy, CRT-P — cardiac resynchronization
therapy pacemaker, CRT-D — cardiac resynchronization therapy pacemaker with an
ICD, COMPANION — Comparison of Medical Therapy, Pacing, and Defibrillation in
Chronic Heart Failure study, CARE-HF — Cardiac Resynchronization-Heart Failure
study, EDD — end-diastolic diameter, EDV — end-diastolic volume of left ventricle,
ESV — end-systolic volume of left ventricle, ICD — Implantable cardioverter
defibrillator, IVCD — inter-ventricular conduction delay, LV — left ventricle,
LVEF — left ventricle ejection fraction, MIRACLE — Multicenter InSync randomized
Clinical evaluation study, MUSTIC-SR — MUltisite STimulation In Cardiomyopathies
in Sinus Rhythm study, NYHA — New York Heart Association, PEP LV — pre-ejection
interval of left ventricle, PEP RV — pre ejection interval of right ventricle, RV — right
ventricle, Six (6) MWD — six minute walking distance, SPWMD — septal-posterior
wall motion delay, VT — ventricular tachycardia, VF — ventricular fibrillation.
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CEPAE4YHAS1 PECUHXPOHU3UPYIOLLASA TEPANNSA C WU BE3 UMIMNJIAHTUPYEMOIO
KAPAWOBEPTEP-OE®UBEPUIIATOPA B PASJINYHBIX PYNMNAX MALMEHTOB C CEPAEYHOM

HEAOCTATOYHOCTbIO

Perisic Zoran1’4, Kostic Tomislav1, llic Stevanz’s, Koracevic Goran1’4, Djindjic Borism, Milic Dragan2’4, Mitov Vladimirs, Salinger Martinovic

Sonja”, Stanojevic Dragana1, Golubovic Mladjan

Liens. MauyveHTsl ¢ cepag4Hoi HeooCTaTOHHOCTLIO (CH) MMEIOT NoXoi NPorHo3, a ypo-
BeHb CMepTHOCTU Mexxay 15-60% B rog, VIMnnaHTupyemble kapavoBepTepbl-aednopun-
NFTOPbI 1 CEPAEYHAs PECUHXPOHM3VPYIOLLAS Tepanis Mokasasm yayyLLEeH e BoDKMBAEMO-
CTW, CHKEHME MOBTOPHBIX FOCMNTANIN3ALMIA 1 CMEPTHOCTH, & Taoke YyuLLEeHNe GyHKL-
OHasIbHOrO CTaTyca W KayecTsa Xwu3Hu 60mbHbIx ¢ CH 1 crcTonmyeckoi amchyHKummn
NeBOro xenyaouyka. Lienb nccnenosanmns coctosna B U3yHeHnyt BIMSHMS pasnnyHbix CPT-
YCTPOVICTB Ha TLLIATENBHO OTOBPaHHBIX NALWEHTOB, CTpapatoLLmx CH B TeyeHve 1 ropa.
Marepuan u metoabl. Mbl BKto4mnmn B nccnenosanve 98 naupentos ¢ CH. Mep-
Basi rpynna (n=60) nony4mna PCT-P, B To Bpems, BTopyto rpynny (n=38) coctasnsim
nauueHTbl ¢ CRT-D kapanocTumynstopamu (BapuaHT ¢ AOMOMHUTENbHBIM Kapavo-
BepTep-nedudpUNNaTopom).

Pesynbratbl. [laHHble, MOMY4eHHble B HAleM WCCNEAOBaHWM Mokasanu, 4To
1 PCT-P 1 PCT-D y Hagnexatimm 06pa3om BeibpaHHoro nauneHta ¢ CH cnocobHbl
YNYYLWNTb pa3nnyHble KNMHUYECKME NapameTpbl — CUMMTOMbI, 9xokapauorpadu-
yeckne napameTpbl, YMeHblUeHue aauTenbHocTu kommnekca QRS, yeenuyeHue
TecTa 6 MUH X0ab0bI, CHUXEHUE CMEPTHOCTW.

Introduction
Prognosis is poor in heart failure patients and mortality
rate is 15—60% in different population groups. It mainly
depends on cardiac status which important indicators are
left ventricular ejection fraction (LVEF), end-systolic and

BbiBoa. MauyeHTsl ¢ PCT-P 1 PCT-D nokasanu yny4weHnue cumntomos CH, n CPT
1MMena 3HauYMTeNbHOe BAMSIHKE HA NPOrHo3 3aboneBaHus B TeueHne 1 roga Habnto-
neHus. TeM He MeHee, Mbl He UMeeM naeabHble KpUTepum 4is 0Toopa nalmeHToB
1 UX MOCNeyoLEro BeAEHNs Nocie MMMNaHTaLuyMmn yCTpoincTea. Y nauMeHToB ¢
HapyweHuamu putma PCT-D BapuaHT siBNSieTCs NpasufibHbIM BbIGOPOM, TOMbKO
€CNN MaUMeHT MMeeT MoKasaHus LIS PECUHXPOHM3MpYoLLein Tepanun. OpHako
3TOT BbIGOP 3aBMCUT OT KJIMHUYECKOrO PELLEHNs fevallero Bpada 6onblue, Yem ot
CTPOruX NPOTOKOJIOB Y PEKOMEHALMIA, KOTOPbIE SBNAIOTCS HEOOXOAMMbIMM, HO Mbl
HyXZaeMmcs B LONOHUTENbHbIX KIIMHUYECKUX UCTbITAHWSX 471 MOAAEPXKKM CYLLecT-
BYIOLLEV rMnoTesbl.
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KnioueBble cnoBa: XpoHnieckas cepaeyHas HeloCTaTOYHOCTb, HanYve Kapamo-
CTUMYNISATOPA, NPOrHO3.

end-diastolic volumes of left ventricle (EDS, EDV), and
left ventricular wall stress. The major cause of heart failure
in developed countries is myocardial infarction [1]. It has
been shown that mortality rate in patients after myocardial
infarction and LVEF<25% was about 50% after one year,
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while in those with LVEF around 55% it was <10%.
Therefore, prognosis depends on preserved myocardial
tissue after myocardial infarction [2]. It should be
emphasized that mentioned correlation is not linear but
exponential. If LVEF is lower than so called “critical
value” of 30% mortality rapidly increases.

Ventricular arrhythmias and ventricular extrasystoles
are common in patients with chronic heart failure and they
are independent factors of worse prognosis. Patients with
mild forms of chronic heart failure die of sudden cardiac
death while those with advanced forms die of worsening
heart failure.

Implantable cardioverter-defibrillators and cardiac
resynchronization therapy have been shown to improve
survival, decrease hospital readmissions and mortality, and
improve functional status and quality of life in patients
with heart failure and left ventricular systolic dysfunction.
Implantable cardioverter-defibrillators are 99% effective in
stopping life-threatening arrhythmias and are the most
successful therapy to treat ventricular fibrillation, the
major cause of sudden cardiac arrest. The use of these
devices to prevent sudden cardiac arrest is supported by
published guidelines. However, challenging patient cases
exist that do not meet guideline requirements but due to
recently published data, may benefit from cardiac
resynchronization therapy pacemaker or cardiac
resynchronization defibrillator therapy [3].

Current evidence-based guidelines recommend an
implantable cardioverter-defibrillator for the primary
prevention of sudden cardiac death in selected patients
with impaired left ventricular function, and cardiac
resynchronization therapy for improvement of symptoms
and survival in selected patients with impaired left
ventricular function and abnormal ventricular conduction.
Many patients may be eligible for both treatments, but it
does not necessarily follow that such patients would obtain
additional benefit from the combined treatment over one
treatment alone. A simple pragmatic approach would be to
use resynchronisation therapy, in order to reduce symptoms
and extend life in patients with New York Heart Association
(NYHA) class 3 or 4 heart failure, with the addition of an
implantable cardioverter-defibrillator left to clinical
judgment on an individual basis when additional
indications exist. When such an addition is contemplated
the hypothesized incremental benefits in survival would
need to be balanced by the possible increase in morbidity
owing to, for example, inappropriate shocks [4].

Matherial and methods

Patient selection. We included in our study 98 patients
with heart failure treated in Clinic for Cardiovascular
diseases Nis during 2009 — January 2012. The first examined
group consisted of 60 patients with CRT pace-maker —
CRT-P (NYHA class 3/4, LVEF<35%, QRS>120ms, with
dilated left ventricle (LV>55mm), on optimal drug therapy
of heart failure and with fulfilled echocardiographic criteria

for CRT therapy response (pre-ejection period of left
ventricle >140msec, difference between left and right pre-
ejection period >40msec, septal-posterior wall motion
delay — SPWMD >135msec)) [5]. In the second examined
group (n=38) we included patients with heart failure and
CRT pace-maker with additional cardioverter-defibrillator
option- CRT-D (NYHA class 3/4, LVEF<35%, QRS
>120ms, with dilated left ventricle (LV>55mm), on optimal
drug therapy of heart failure and with fulfilled
echocardiographic criteria for CRT therapy response and
with heart rhythm disturbances as ventricular arrhythmias
detected on 24-hour Holter ECG, patients who survived
ventricular fibrillation (VF) or hemodynamically unstable
ventricular tachycardia (VT), patients with non-ischemic
dilated cardiomyopathy and significant left ventricular
dysfunction with sustained VT and life expectancy longer
than 1 year) [5].

All patients were on optimal drug therapy that included
beta blocker, ACE inhibitor, aldosterone antagonist,
diuretic, digitalis and antiarrhytmic agent as needed.

Parameters of interest and follow-up. In all patients
before CRT implantation we performed 12 channels
ECG, echocardiography, we measured 6 minute walking
distance (6MWD), and determined subjective health status
and drug compliance. After 1 year (at average) of CRT
implantation we determined: NYHA functional class,
QRS complex duration, echocardiographic parameters
(LVEF, end-diastolic and end-systolic diameter of left
ventricle — EDD, EDS; end-diastolic and end-systolic
volumes of left ventricle — EDV, ESV, pre-ejection
intervals of left and right ventricle — PEPLV, PEPRYV;
SPWMD), 6MWD and mortality rate. We also compared
the number of hospitalizations due to worsening heart
failure between observed groups.

In statistical analysis continuous variables are provided
as means *SD, and categorical variables are shown as
percentages. Comparisons between groups for continuous
variables were performed using Student ¢ test or Wilcox-
on’s rank-sum test, as appropriate. Comparisons for cate-
gorical variables were performed using the chi-squared
test. Multivariable logistic regression was used for the
composite end point of death or re-hospitalization.

Results

Parameters at CRT-P and CRT-D implantation were
not different in observed groups of patients (Table 1). The
average age in patients with resynchronization therapy
alone — CRT-P was 61,77£9,81 years while in those with
CRT-D the average age was 58,11%x13,24 with no
significant difference (F=0,972, p=0,384). In the observed
groups of patients there were more male patients: 44
(73,3%) with CRT-P and 34 (89,5%) with CRT-D
pacemaker implanted. We did not find statistical difference
in gender structure between groups (p>0,05). We found no
significant difference in heart failure actiology between
observed groups of patients (Table 2). Dilated
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Parameters at CRT-P and CRT-D pacemaker implantation

Pacing threshold A (volt, 0.5msec+SD)

Pacing threshold RV (volt, 0.5msec+SD)

Pacing threshold LV (volt, 0.5msec+SD)

Sensing A (mv+SD)

Sensing RV (mv+SD)

Sensing LV (mvxSD)

Duration of the procedure (min)

Duration of the radiation (min) per procedure
Received dose of radiation (uGy/mz) per procedure

Complications
haematoma
pneumothorax

infection

extracardiac stimulation

cardiomyopathy was a cause of heart failure in the majority
of our patients.

After 1 year of follow-up only 26 (43,3%) patients
with CRT-P pacemaker and 15 (39,4%) patients with
CRT-D pacemaker were not hospitalized due to
worsening of heart failure. Only 4 patients (6,7%) with
CRT-P and 3 patients with (7,9%) pacemaker had 3 or
more hospitalizations during 1 year after implantation
(Table 3). There was not direct correlation between group
of patients (type of CRT implanted) and number of
hospitalizations (p>0,05). In the group of patients with
CRT-P pacemaker before device implantation 40 patients
(66,7%) were in NYHA 3 class, and 20 patients (33,3%)
were in NYHA 4 class. One year after pacemaker
implantation 30 patients (50%) were in NYHA 2 class. In
the group of patients with CRT-D pacemaker before
device implantation 26 patients (68,4%) were in NYHA 3
class and 12 patients (31,6%) were in NYHA 4 class. One
year after device implantation there was no patients in
NYHA 4 class. In the CRT-D pacemaker group 18
patients (47,4%) were in NYHA 2 class after follow up.
After pacemaker implantation in both groups of patients

CRT-P (n=60)
1,16£0,76
0,75+0,85

1,75+0,9

2+0,76
9+4,7
1143,8

70£12,8
9,645,3

1786+141,3

5

0
0
3

CRT-D (n=38)
0,90,45
0,8+0,3
1,75+1,1
1,8+0,65
1243,6
12+4,4
87+14,3
10,8+0,3
1911295
3

0
0
1

Table 1

Table 2

Aetiology of heart failure in different groups of patients

non-ischemic

ischemic
Total

No. hospitaliz.

Total
n.s. p>0,05

CRT-P
N

42

18

60

70
30
100

CRT-D
N
25
13
,0 38

Number of hospitalizations in patients
with different heart failure therapy

CRT-P

N
26
22

60

%
43,3
36,7
13,3
6,7
0,0
0,0
100,0

CRT-D

Comparative analysis of investigated parameters in heart failure patients with different types of therapy

CRT-P

Before X (sd) AfterX (sd)
QRS (ms) 149,23 (10,30) 125,33 (10,66)
LVEF (%) 24,63 (5,08) 36,27 (8,37)
6MWD (m) 220,83 (38,53) 296,00 (67,63)
EDV (ml) 283,87 (55,81) 167,43 (44,38)
EDS (ml) 185,50 (50,63) 112,80 (22,33)
PEP LV 180,77 (17,58) 146,17 (8,57)
PEP RV 115,10 (20,41) 94,73 (17,31)
SPWMD 193,90 (44,27) 140,67 (22,44)

CRT-D
Before X (sd)
153,16 (5,58)
27,16 (6,59)
209,89 (28,18)
266,37 (24,40)
173,68 (21,19)
175,89 (6,93)
113,68 (13,76)
187,11 (11,43)

Afte
124

r X (sd)
,95 (5,91)

34,00 (5,89)

273
164

,11(32,62)
,11(23,97)

108,05 (21,43)
138,95 (5,13)
92,58 (12,79)
135,00 (10,57)

%
65,8
34,2
100,0

Table 3

%
39,4
36,8
15,7
5,2
2,6
0,0
100,0

Table 4

Abbreviations: LVEF — left ventricle ejection fraction, BMWD — six minute walking distance, EDV — end-diastolic volume of left ventricle, ESV — end-systolic volume of left
ventricle, PEP LV — pre-ejection interval of left ventricle, PEP RV — pre ejection interval of right ventricle, SPWMD — septal-posterior wall motion delay.
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Table 5

Comparative analysis of parameters (end-diastolic and end-systolic diameters
of left ventricle in heart failure patients with different types of therapy

CRT-P

Before X (sd) After X (sd)
EDD 71,60 (6,00) 64,67 (4,95)
ESD 61,77 (5,91) 57,17 (4,31)

CRT-D

Before X (sd) After X (sd)
73,58 (4,78) 66,05 (3,88)
62,95 (2,69) 58,53 (1,77)

Abbreviations: EDD — end-diastolic diameter of left ventricle, ESD — end-systolic diameter of left ventricle.

significant improvement in NYHA functional class was
observed.

Analysis of the parameters presented in Table 4 showed
that all echocardiographic parameters and indicators of
life quality improved. LVEF and 6MWD were significantly
increased, while other parameters of interest were
significantly lower after CRT-P and CRT-D pacemaker
implantation, p<0,001. Between observed groups we found
no significant difference between observed parameters.

Significant decrease of end-diastolic and end-systolic
diameters of left ventricle (EDD, ESD) was observed in
both groups of patients, p<0,001 (Table 5). We found no
significant difference between those parameters before and
after the CRT pacemaker implantation in both groups.
Not only functional but structural improvement of left
ventricle was determined.

In the group of patients with CRT-P pacemaker 4
patients (6,7%) died during the period of 1 year of follow-
up. In patients with CRT-D pacemaker implanted 2
patients (5,3%) died during the same period, however no
statistical difference in mortality rate was observed in 2
examined groups. Patients with CRT-P had longer survival
period (389,4 days) than those in CRT-D group (349,5
days), but with no statistical difference (Figure 1).

Discussion
In the early period of use of resynchronization therapy
some authors claimed that this therapy was accepted
without necessary randomized clinical trials which could

Survival Functions
1.0 — +

0.8

— CRT(P)
— CRT(D)

0.6

Cum Survival

0.4

0.2

0.0

0.00  100.00  200.00

followup

300.00 400.00

Figure 1. Kaplan Meier survival curve in patients with different therapy modalities.

show its benefit. However, nowadays we have more than
4000 patients included in trials of CRT.

Inclusion criteria for clinical CRT studies are relatively
strict such as having NYHA class 3/4, long duration of
QRS complex, sinus rhythm and bi-ventricular pacing
configuration.

Since CRT-D devices became widely available,
patients with ICD labelled devices are included in trials
and era of examinations of safety and efficiency of CRT-D
and effects of CRT on development of potentially
malignant ventricular arrhythmias started.

The design of the MIRACLE-ICD study was nearly
identical to that of the MIRACLE trial. MIRACLE-ICD
was a prospective, multicenter, randomized, double blind
clinical trial intended to assess the safety and clinical
efficacy of another combined ICD and cardiac
resynchronization system in patients with dilated
cardiomyopathy (LVEF<35%, LV EDD>55 mm), NYHA
class 3 or 4, inter-ventricular conduction delay (IVCD)
(QRS>130 ms), and an indication for an ICD. Primary
and secondary efficacy measures were essentially the same
as those evaluated in the MIRACLE trial but also included
measures of ICD function (including the efficacy of
antitachycardia therapy with biventricular pacing). In a
cohort of 369 patients randomly assigned to ICD on and
CRT off (n=182), or ICD on and CRT activated (n=187),
those with the CRT activated showed significant
improvements in quality of life, NYHA class, exercise
capacity and composite clinical response compared with
control subjects. The magnitude of improvement was
comparable to that seen in the MIRACLE trial, suggesting
that heart failure patients with an ICD indication benefit
as much from CRT as those patients without an indication
for an ICD [6]. Of interest, the efficacy of biventricular
anti-tachycardia pacing was significantly greater than that
seen in the univentricular (RV) configuration. This
observation suggests another potential benefit of a
combined ICD plus resynchronization device in such
patients. In our study benefit and efficiency of CRT-D was
clearly demonstrated ant it was comparable with that
achieved in the CRT-P group.

The COMPANION trial was a multicenter, prospective,
randomized, controlled trial that assessed optimal
pharmacological therapy alone or with CRT using a
pacemaker or a combination pacemaker-defibrillator in
patients with dilated cardiomyopathy, IVCD, NYHA 3 or 4
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functional class, and no indication for a device. The trial
design called for random assignment of 2200 patients into
one of three treatment groups: I (440 patients) receiving
optimal medical care only, group II (880 patients) receiving
optimal medical care and biventricular pacing alone, and
group III (880 patients) receiving optimal medical care and
CRT-ICD device. The trial was terminated prematurely
after assignment of 1520 patients at the recommendation of
an independent data and safety monitoring board. Over
12—16 months, the primary composite end-point of all-
cause death or any hospitalization was decreased by
approximately 20% with use of either device therapy
compared with pharmacologic therapy alone. Further, a
pacing only resynchronization device reduced the risk of
death from any cause by 24% (p=0,06) and a
resynchronization device with ICD reduced the risk by 36%
(p=0,003) [7]. In our study mortality rate was lower in
CRT-D group (not significantly, though).

Five randomized controlled trials met the inclusion
criteria, recruiting a total of 3434 participants. Four studies
compared CRT-P with Optimal Pharmacologic Therapy
(OPT), two studies compared CRT-D with OPT and one
study compared CRT-P with CRT-D. In all trials, patients
with an indication for an ICD were excluded. Studies were
of good to moderate quality. Two trials reported that
allocation to treatment group had been concealed (CARE-
HF and MIRACLE), blinding occurred in three trials
(CONTAK-CD, MUSTIC-SR and MIRACLE) and
intention-to-treat was used in four analyses (CARE-HE
COMPANION, MIRACLE and MUSTIC-SR) [8—11]. In
our study only patients who fulfilled criteria for an ICD also
got the CRT-D pacemaker according to the guidelines of
European Society of Cardiology [12].

Conclusion
Meta-analyses showed that both CRT-P and CRT-D
devices significantly reduced the mortality and level of heart
failure hospitalisations. They also improved health-related
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INCREASE IN QTC DISPERSION PREDICTS ARRHYTHMIC EVENTS IN PATIENTS WITH CARDIAC

RESYNCHRONIZATION THERAPY

Cuneyt Kocas, Okay Abaci, Kadriye Orta Kilickesmez, Ferid Aliyev, Yusuf Atayev, Cengizhan Turkoglu, Cengiz Celiker

Aim. Benefits of CRT on mortality and morbidity in patients with severe CHF are
clear but the effect of CRT on sudden cardiac death is more controversial. It has
been suggested that CRT may catalyze arrhythmogenicity by reversing the normal
depolarization pattern. The purpose of this study was to examine the effect of CRT
on dispersion of repolarization as assessed by ECG. We also sought to determine
the value of dispersion of repolarization ECG parameters in predicting the occur-
rence of major arrhythmic events (MAE) in follow-up.

Material and methods. A total of 48 patients with end-stage heart failure and QRS
duration >120 ms underwent CRT. QT dispersion (QTd), T peak t end interval (Tpe) and
T peak t end dispersion (Tpe dispersion) were measured before and immediately after
CRT implantation. All patients were followed at least 12 months for ventricular tachy-
cardia or fibrillation that were treated with antitachicardia pace or cardioversion.
Results. Over 16+7.1 months, 14 patients had a MAE. Compared to baseline, after
CRT, QTc dispersion (84.66+37.7 vs 100.36%47.4, p=0.04) and Tpe interval
(104.1+20.4 vs 122.03+33, p=0.02) increased significantly. Increase in QTD (AQTD)
(31.66+£39.5 vs 5.57+5.59, p=0.03), and QTc dispersion (AQTc dispersion)
(40.19+46.6 vs 4.39+14.35, p=0.04) from baseline was signifcantly higher in MAE
group. In multiple regression analyses, AQTc dispersion predicted MAE (p=0.045,
Cl: 1.000-1.033).

Conclusion. Immediately after CRT implantation QTc dispersion and Tpe interval
increases and increase in QTc dispersion predicts MAE in one year follow up.

Russ J Cardiol 2014, 4 (108), Engl.: 10-14
Key words: CRT, repolarization dispersion, major arrhythmic events, QT dispersion.
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YBEJINMEHUE AUCNEPCUKN QTC NPOrHO3UPYET APUTMUYECKUE COBbITUS Y BOJIbHbIX
C CEPOEYHOW PECUHXPOHU3UPYIOLLEN TEPAMMUEMN

Cuneyt Kocas, Okay Abaci, Kadriye Orta Kilickesmez, Ferid Aliyev, Yusuf Atayev, Cengizhan Turkoglu, Cengiz Celiker

Llenb. MpevmyLLecTBa cepaguHol pecuHxponnaupyowleii Tepanum (CRT) B CHU-
XEHUN CMEPTHOCTM 1 3a60neBaeMOCTH 60bHbIX C Tskenoit XCH sicHbl, HO aeiicT-
Be CRT npwv BHE3anHoW cepheyHoin cMepTn sBnseTcs Gonee CrnopHbIM. Bbino
BbICKa3aHO npeanonoxenve, 4to CRT MOXeT kaTanu3npoBaTb apUTMOTrEHHOCTb,
peBepcupys HOpPMasbHYl0 [EenonspuU3aLMoHHYI0 CTPYKTypy. Llenbio paHHoro
uccnenoBaHus 6bi10 M3yunTb BavsHue CRT Ha gycnepcuio penonspusaumm, npu
oueHke IKI. Mbl TaKxke CTPeMUINCb ONPeaennTb 3Ha4eHNe AMCNepCumn Penonspm-
3auum napameTpos IKI B NPOrHO3MPOBAHNM BO3HUKHOBEHWS KPYMHBIX apUTMUYe-
ckux cobbiTuid (MAE) B mocneaytoLem.

Martepuan u metopbl. Bcero 48 nauneHToB C TepMUHANbHOW CTaanen cepaey-
HOV HELOCTATOYHOCTM U ANINTENBHOCTLIO komnnekca QRS >120 mc npownm CRT.
[Owncnepcusa QT (QTd), T nuk t end nHtepsan (Tpe) n T nuk t end amucnepcum (Tpe
aucnepcuu) 6bi11 amepeHsl 4o 1 cpady nocne CRT nmnnanTauun. Bee nauy-
€HTbl HaX0AMNUCh No HabNAEHNEM, MO KpaliHel Mepe, 12 MecsiLeB, Xenyaou-
KOBasi TaxvMKapaus WM apuTMnS NeYnIChb KapAnoCTUMYNSALMEN UAKN KapAano-
BEPCUEN.

Introduction

Cardiac resynchronization therapy (CRT) has become
an established adjunctive treatment to optimal pharmaco-
logic therapy in patients with advanced chronic heart failure
(CHF), diminished left ventricular (LV) function and car-
diac dyssynchrony [1]. Several studies have demonstrated
that CRT improves ventricular haemodynamics, quali-
ty-of-life, exercise capacity, and reduces mortality and
hospitalization rates in patients with advanced CHF [2—4].
Despite clear benefits of CRT on mortality and morbidity in
patients with severe CHF, the effect of CRT on sudden car-
diac death is more controversial. In the Comparison of
Medical Therapy, Pacing and Defibrillation in Heart Failure

Pesynbtatbl. bonee 16+7.1 mecaues y 14 nauyenTos 6binn MAE. Mo cpaBHeHuWto
C MCXOpHbIMM AaHHbiMKM, nocne CRT, QTc awcnepcus (84.66+Ha 37,7 npoTtvs
100.36+47.4, p=0,04) n Tpe nutepsan (104.1£20.4 npotns 122.03+33, p=0.02)
3HauUTeNbHO yBenmuunucb. Yeenunuenne QTD (t QTd) (31.66+39.5 npotms
5.57+5.59, p=0,03), n QTc mucnepcun (t QTc amcnepcum) (40.19tnpoTus
46.64.39+14.35, p=0,04) OT MICXOAHOrO YPOBHS GbliIM 3HAYUTENBHO BhILLE B rpynne
¢ MAE. lNpy MHOXECTBEHHOM PerpeccMoHHOM aHanuae AQTC aucnepcus npeacka-
3biBana passutne MAE (p=0,045 (Cl): 1.000-1.033).

3aknioyeHue. Cpasy nocne CRT umnnantaumm QTc aucnepcumn v Tpe uHTepBan
yBenMuMBaloTCs, u yBenuyerne QTc amcnepcumn nporHosupyet MAE npu Habniope-
HUM B TEYEHVE OAHOrO ropa.

Poccuiickuit kapauonornyeckui xxypian 2014, 4 (108), Aurn.: 10-14

Knioyeeble cnoea: CRT, gucnepcus penonsipusauumn, KpyrnHble aputmMmuyeckue
cobbiTys, avcnepcun QT.

(COMPANION) trial, the addition of an implantable car-
dioverter-defibrillator (ICD) to CRT was necessary to
reduce global mortality and sudden cardiac death [5,6].
There have been several case reports over the past 5 years
describing significant ventricular proarrhythmia, which
manifests primarily as ventricular tachycardia (VT) storm. It
has been suggested that CRT may catalyze arrhythmogenic-
ity by reversing the normal depolarization pattern from
endocardium to epicardium, which enhances transmural
dispersion of repolarization and propagation of early
after-repolarizations. These changes may facilitate the
development of ventricular tachyarrhythmias [7]. In this
light the purpose of this study was to examine the effect of
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CRT on dispersion of repolarization as assessed by ECG in
a population of HF patients who received CRTICDs. We
also sought to determine the value of dispersion of repolari-
zation electrocardiogram (ECG) parameters in predicting
the occurrence of ventricular arrhythmias in follow-up.

Material and methods

Patients. The study population consisted of 48 consecu-
tive patients who had undergone successful CRD-D place-
ment at our clinic between February 2008 and August 2010.
The study protocol was approved by the local ethics com-
mitee. All patients gave written informed consent, and the
study was approved by the local ethics committee.

The inclusion criteria for our study were as follows: 1-
New York Heart Association (NYHA) functional class 111
or IV HF symptoms despite optimal medical therapy. 2-
Left ventricular ejection fraction <35% as assessed by echo-
cardiography, angiography, or radionuclide scanning. 3-
QRS duration >130 ms or QRS <130 ms and left intraven-
tricular dyssynchrony as assessed by transthoracic
echocardiography with Doppler tissue imaging analysis
(difference of at least 60 ms between the timing of the peak
systolic velocities of the septum versus the lateral wall.
Exclusions criteria were: 1- contraindications to cardiac
pacing; 2- myocardial infarction or acute coronary syn-
drome within the previous 3 months; 3-presence of comor-
bidities likely to threaten survival for 12 months.

Implantation technique. The CRT device with a biventricu-
lar pacemaker (C174AWK, Medtronic, Minneapolis, MN,
USA) was implanted according to the established methods
reported previously. Transvenous left ventricular pacing was
performed in all cases. Under the guidance of coronary sinus
angiograms, left ventricular lead was introduced into the lateral
or posterolateral cardiac vein. The right ventricular lead was
implanted in the apex. The final position was determined vis-
ually with the right and left anterior oblique views.

FECG parameters. ECG was recorded before and within 24
hours postimplantation. Tivelve-lead body surface electrocar-
diograms were recorded at a speed of 50 mm/s. Two different
experts, who were blinded to follow-up of the patients, manu-
ally analyzed all ECGs. For each ECG, the following parame-
ters were measured: heart rate, QRS duration, QT interval, QT
dispersion, Tpeak—Tend (Tp—e), and Tp—e dispersion. For
each parameter, the difference between postimplantation and
baseline values (AQRS), (AQTc), (AQT dispersion), (ATp—e),
and (ATp—e dispersion) was calculated. Each measurement
represented the average of the 12 leads. QTc was calculated
using the Bazett Formula. QT interval was measured from the
beginning of the QRS complex to the end of T wave, defined as
the tangent to the downslope of the T wave and the isoelectric
line.22 QT dispersion was defined as the difference between the
maximum and the minimum QT interval of the 12 ECG leads.
Tp—e was measured in all derivations and was obtained from
the difference between QT interval and QT peak interval
(measured from the beginning of the QRS to the peak of the T
wave). In the case of negative or biphasic T waves, QT peak was

measured to the nadir of the T wave. Tp—e dispersion was
obtained by the difference between the maximum and the
minimum Tp—e interval in the precordial leads. Pearson corre-
lation coefficient (r) between the two observers for QRS, QT,
Tp—e was 0.93, 0.79 and 0.85 respectively. This coefficient
evaluating intraobserver variability for QRS, QT and Tp—e was
0.95, 0.81 and 0.88, respectively.

Arrhythmic events-follow up. Patients were evaluated 1
month after implantation and every 3 months thereafter for
1 year. Occurrences of ICD shocks or antitachycardia pac-
ing were confirmed in all cases by device interrogation.
Major arrhythmic events (MAE) were defined as sustained
ventricular tachycardia or ventricular fibrillation, which
were treated by the device with either shock or ATP. Two-
blinded expert electrophysiologists confirmed the appropri-
ateness of the device therapies.

Clinical parameters were used to state responders and
non responders. Patients were assumed as responders if the
following criteria met: (1) no cardiovascular death, (2) no
hospitalization for decompensated HF and (3) >1-point
decrease in NYHA functional class.

Statistical Analysis. Continuous variables are expressed as
mean * SD. Categorical variables, expressed as numbers or
percentages, were analyzed using the Chi-square test or Fish-
er’s exact test. Comparisons between normally distributed
continuous variables were made using the Student ¢ test. The
Mann-Whitney U test was used for analysis of non-normally
distributed data. The Cox proportional-hazards model was
used to evaluate the risk of MAE in relation to AQTc,
amiodarone usage and LVEDD. Variables showing significant
group differences were entered into multivariate regression
models. To evaluate interobserver and intraobserver variabil-
ity, the Pearson correlation coefficient (r) was calculated for
each ECG parameter. Statistical analyses were performed
using Analyses were performed using the statistical package
SPSS 16.0 software for Windows. A two-tailed p value of
<0.05 was considered statistically significant.

Results

The characteristics of study population are given in
Table 1. Mean age was 56.9%11.8 years, 44 (93.6%) of
patients were male. Ischemic cardiomyopathy was present
in 36 (59.6%) patients. Mean ejection fraction of study pop-
ulation was 23.7£7.2% and mean QRS duration was
161.54£35.9 ms. Mean follow-up period was 16.0£7.1
months. Thirty-one (66%) patients were CRT-responders.

Comparison of electrocardiographic, echocardiographic
measurements and NYHA Class of study population before
and after CRT are given in Table 2. NYHA class significantly
reduced after CRT implantation (3.24£0.53 vs 2.39£0.51,
p=0.001). EF increased without statistical significance
(23.7£7.0% vs 27.4+7.0%, p=0.07). Tpe interval (104.1+20.4
vs 122.03£33,0, p=0.02) and QTc dispersion (84.66%+37.7 vs
100.36+59.8, p=0.04) increased significantly after CRT
implantation. Other electrocardiographic parameters did not
change significantly after CRT implantation.
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Table 1

Baseline characteristic of study population
Age (years) 56.9+11.8
Sex (Male) 44 (93.6%)
Diabetes mellitus 11 (23.4%)
Hypertension 24 (51.8%)
Atrial fibrillation 3 (6%)
Amiodarone usage 24 (51.1%)
Ischemic cardiomyopathy (%) 36 (59.6%)
LAD (cm) 4.8+0.6
LVEDD (cm) 7.240.7
LVESD (cm) 6.2+0.7
EF (%) 23.4+6.2
QRS duration (ms) 161£35.6
QT dispersion 80+36.7
QTc dispersion 86.9+39.9
NYHA class 3.24+0.5
Mean follow-up (months) 167.1
CRT responders 31 (66%)
Arrhythmic event 14 (29%)

Abbreviations: LAD — left atrium diameter, LVEDD — left ventricular end-diastolic
diameter, LVESD — left ventricular end-systolic diameter; EF — ejection fraction,
NYHA — New York Heart Association.

Table 2

Electrocardiographic, echocardiographic measurements
and NYHA Class; before and after CRT

Before CRT After CRT p value

NYHA Class 3.24+0.53 2.39+0.51 0.001
LA (cm) 4.93+0.65 5.0+1.0 NS
LVEDD (cm) 7.30+0.78 6.20+0.69 NS
LVESD (cm) 6.20+0.70 6,0+0.98 NS
EF (%) 23.7+7.20 27.40+7.10 0.07
QRS duration (ms) 161.54+35.90  151.44+40.4 NS
QTd 77.89+34.70 86.32+50.80 NS
Tpe duration (ms) 104.10£20.40  122.03+33 0.02
Tpe dispersion 45.56+£12.02 54.44+34.43 NS
QTc dispersion 84.66+37.70 100.36+47.40 0.04

Abbreviations: LAD — left atrium diameter, LVEDD — left ventricular end-diastolic
diameter, LVESD — left ventricular end-systolic diameter; EF — ejection fraction,
NYHA — New York Heart Association, QTc — corrected QT.

Study population divided into two groups according to
presence of arrhythmic events (Table 3). 14 (29%) patients
received appropriate ATP or shock for arrhythmic events.
Frequency of ischemic cardiomyopathy, DM, hypertension
and arrhythmic event before CRT implantation were similar
between groups. Age (52.5+14.4 vs 58.7+10.2, p=NS) and
EF before CRT (20.40%3.4 vs 24.8£6.7, p=NS) were also
similar between groups. Amiodarone use was more frequent
(71.6% vs 42.4%, p=0.06) and LVEDD before CRT
(7.56£0.66 cm vs 7.0£0.7 cm, p=0.06) were higher in
arrhythmic event group without statistical significance. As
shown in Table 2 electrocardiographic measurements of
repolarisation dispersion were also similar between groups. As

given in Table 3, an additional analysis of groups intended to
determine the change of repolarisation dispersion in groups;
revealed a significant increase in QTd (31.66%39.5 vs
5.57£5.59, p=0.03) and QTc dispersion (40.19+£46.6 vs
4.39%14.35, p=0.04) in arrhythmic event group.
Multivariate Cox proportional hazard analysis was per-
formed, including AQTc dispersion, amiodarone usage and
LVEDD (Table 4). AQTc dispersion was the only independ-
ent predictor of arrhythmic event (p=0.045, CI 1.000—1.033).

Discussion

This study has shown that CRT is associated with an
increase in Tpe duration and QTc dispersion in advanced
heart failure patients. Another important finding is the
increase in QTc dispersion predicts major arrhythmic events
in CRT patients (Table 5).

Previous investigators have reported the role of repolarisation
dispersion on the basis of ventricular malignant arrhythmias in
heart failure patients [8—10]. Heterogenity of ventricular repo-
larisation facilitates transmural early after depolarization propa-
gation and also can cause intramural conduction blocks that
predispose to re-entrant tachyarrhythmias [ 11]. Measurement of
QTd, JTd, and Tp-e interval from surface ECG provides an index
of repolarisation dispersion [12, 13]. Our findings of increase in
QTc dispersion and Tp-e interval after CRT are consistent with
previous experimental and clinical studies [14, 15]. Fish et al.
[14] observed that reversing the direction of LV wall activation
leads to an increase in QTc duration in arterially perfused canine
LV wedge preparations. This has been linked to increased trans-
mural dispersion of repolarisation resulting from earlier repolar-
isation of the epicardium and delayed activation and repolarisa-
tion of the midmyocardial M cells. In a clinical study Santangelo
et al. [16] studied 50 CRT patients with end-stage heart failure
and showed that left ventricular epicardial only pacing increase
QTd, JTd and Tp-¢ interval whereas biventricular pacing reduced
these parameters.

Following mentioned above studies; clinical studies
focused on predicting arrhythmic events by using same ECG
parameters in CRT patients. Chalil et al. [17] examined ret-
rospectively the prognostic value of these parameters in pre-
dicting sudden cardiac death in CRT patients. Like our study
they reported that increase in QT dispersion was the inde-
pendent predictor of sudden cardiac death. In their study
primary end point was sudden cardiac death but sudden car-
diac death is not always due to ventricular arrhythmias. In our
study all patients received CRT-D devices so we could catch
all sustained ventricular arrhythmias during follow-up period.
Lellouche N et al. [18] investigated the same ECG parame-
ters in CRT patients. They reported that Tp-e interval
increased after CRT implantation in patients with LBBB or
narrow QRS at baseline. Another important finding was the
post implantation Tp-e interval was the independent predic-
tor of ICD therapy. Although our study has similarities with
Lellouche’s study there are main differences especially in
study group; our study group consisted of patients with QRS
duration >120 ms whereas Lellousche’s groups consisted of
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Electrocardiographic measurements and clinical characteristics of patients with and without arrhythmia

Patients with arrhythmia (n=
Ischemic cardiomyopathy % 35.7
Diabetes mellitus % 7.1
Hypertension % 42.9
Amiodarone usage % 71.6
Age (years) 52.5+14.4
LVEDD (Before CRT) (cm) 7.56+0.66
EF (Before CRT) (%) 20.40+3.4
LVEDD (After CRT) (cm) 7.10£0.8
EF (After CRT) (%) 27.90+6.4

172.31£32.18
156.41+25.64

QRS duration before CRT (ms)
QRS duration after CRT (ms)

QTd (Before CRT) 70+20.28
Tpe (Before CRT) 114+27.49
Tpe dispersion (Before CRT) 48.33+26.22
QTc dispersion (Before CRT) 76.08+28.57
QTd (After CRT) 93.85+46.46
Tpe (After CRT) 124.36£33.52
Tpe dispersion (After CRT) 59.17+44.81

QTc dispersion (After CRT) 109.12+54.02

14)

Change of repolarization dispersion parameters in patients with and without arrhythmia

Patients with arrhythmia (n=
AQTd 31.66+39.5
ATpe 14.82+34.95
ATpe dispersion 10+6.44
AQTc dispersion 40.19+46.6

three different patient groups; with narrow QRS complex,
LBBB and upgraded right ventricular paced patients. So our
study can represent general CRT patient population.

Ermis et al. reported that arrhythmia frequency and
number of appropriate ICD treatments were reduced after
upgrade to CRT-ICD for HF treatment [19]. The CARE—
HF study [20] has demonstrated that CRT reduced sudden
cardiac death in heart failure patients in 2 years follow-up.

Randomized controlled studies on the safety and efficacy of
cardiac resynchronization suggest that this therapy may have a
neutral or antiarrhythmic effect. However, a potentially proar-
rhythmic effect has been described, and while relatively infre-
quent, clinicians should be aware of this phenomena. The
ultimate impact on arrhythmic vulnerability is likely dependent
on propagation patterns and the underlying cardiac substrate.
As demonstrated by this study and several studies mentioned
here, reversal of transmural activation and repolarisation may
set the stage for re-entry and proarrhythmia.

Our results demonstrated important findings: firstly;
repolarisation dispersion in means of QTc dispersion and
mean Tpe duration increased following CRT implantation;
secondly, increase in QTc dispersion predicts major antiar-
rhythmic events in CRT patients.

14)

Table 3
Patients without arrhythmia (n=34) P value
% 42.4 NS
% 30.3 NS
% 54.5 NS
% 42.4 NS (0.06)
58.7+10.2 NS
7£0.7 NS (0.06)
24.8+6.7 NS
7.10£0.9 NS
25.6%8.1 NS
155.56+36.51 NS
149.32+22.13 NS
84.44+40.12 NS
102.15+18.86 NS
51.54+26.03 NS
91.78+43.61 NS
78.52+39.19 NS
120.4+33.52 NS
50+27.87 NS
91.3+45.57 NS
Table 4
Patients without arrhythmia (n=34) P value
5.57+5.59 0.03
19.35+33.96 NS
0.35+4.67 NS
4.39+14.35 0.04
Table 5

Predictors of arrhytmic event

p value Confidence Interval
QTc dispersion 0.045 1.000-1.033
LVEDD 0.99
Amiodarone usage 0.15
Conclusion

Our study has shown that CRT causes a significant
increase in QTc dispersion and Tpe interval in advanced
heart failure patients also increase in QTc dispersion pre-
dicts one-year MAE in this population.

Study limitations

This study has several limitations. First, it is small
and observational single centre study. Second, the clec-
trocardiographic measurements were performed manu-
ally on paper-printed ECG may limit the accuracy and
reproducibility of the measurements. Third, the surface
ECG has limitations reflecting the cardiac electric
activity compared to body surface mapping or vector
cardiography.
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THE FREQUENCY OF HEART RHYTHM DISORDERS IN PREHOSPITAL PHASE OF ACUTE CORONARY

SYNDROME

Jasna Milutinovi¢-Puaca, Sladana Andeli¢

Prehospital management of patients with acute coronary syndrome (ACS) is the
essential element which influences the survival of patients and the outcome of the
disease. Most lethal outcomes occur within the first hour after the onset of acute
myocardial infarction (AMI), and the usual cause is some of heart rhythm and
conduction disorder.

Aim. To assess the frequency of each form of ACS, and the incidence of the
development of rhythm and conduction disorders during the first 12 hrs in relation to
the localization of ACS and disease outcome.

Material and methods. We analyzed prospectively 107 patients transported under
continual ECG monitoring to the Coronary Unit after ACS diagnosed prehospitally by
the team of the Belgrade Emergency Medical Services. AMI localization was
detected and the development of rhythm (supraventricular and ventricular), and
conduction disorders were followed by prehospital ECG monitoring. Patients
outcome was under follow-up until discharge from hospital.

Results. Acute ST-elevation myocardial infarction (STEMI), both anterior and
diaphragmatic, is most frequent in men aged 50-59 years. There were no statistically
significant differences in the occurrence of heart rhythm and conduction disorders
both in the STEMI and non-STEMI (NSTEMI) groups. The most frequent rhythm
disorders during the first 4 hrs after STEMI onset were sinus bradycardia, sinus
tachycardia and ventricular tachycardia, while atrial fibrillation and single ventricular
extrasystole were most frequent after 5-12 hrs. In STEMI, AV blocks occurred
exclusively during the first 4 hrs, while bundle branch blocks occurred statistically
more significantly during the first 4 hrs. Sinus bradycardia and atrioventricular

blocks were statistically significantly associated with diaphragmatic STEMI. In this
localization there were no bundle branch blocks. The most frequent rhythm disorder
associated with anterior STEMI was sinus tachycardia that occurred exclusively
during the first 4 hrs. The occurrence of ventricular tachycardia and ventricular
fibrillation in any of STEMI locations was statistically more significant in the first 4 hrs
after complaints onset. In the studied group of patients with ACS mortality rate was
12,1%, while in the group of STEMI patients it was 11%, with a significant frequency
of infarction with anterior localization and bundle branch block in men.

Conclusion. Future studies should be directed toward identifying methods, as
precise as possible, for early screening of heart rhythm and conduction disorders in
ACS so as to enable a timely, preventive and therapeutic management.

Russ J Cardiol 2014, 4 (108), Engl.: 15-21
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YACTOTA CEPAEYHOI0 PUTMA HA LOFOCMNMUTAJZIbBHOM 3TAMNE OCTPOIro KOPOHAPHOIO

CMHAPOMA

Jasna Milutinovié-Puaca, Sladana Andeli¢

[JorocnutanbHblii 3Tan NeYeHns NaLMEHTOB C OCTPLIM KOPOHAPHBIM CUHAPOMOM
(OKC), sBnsieTcs CyLLECTBEHHbLIM 3/1EMEHTOM, KOTOPbI BAUSET Ha BbIXMBAEMOCTb
60NbHbIX, U MCX0h 60ne3HU. BONbLIMHCTBO eTaNbHbIX WCXOLOB MPOVCXOAUT
B TEYeHVe NepBOro yaca nocfie Hauana ocTporo uHdapkra muokappa (OUM),
1 06bl4Has MPUYMHA — PACCTPONCTBA CEPAEYHOr0 PUTMA 1 NPOBOANMOCTY.

Llenb. OueHnTb yacToTy kaxaoro Buaa OKC, pa3eutre pacCTPOWCTB HapyLLIEHUS
pvTMa 1 NPOBOAMMOCTY B TEYEHWE NEPBLIX 12 YACOB, MO OTHOLLEHWIO K 10KaNu13a-
uum OKC v ncxopa 3abonesaHus.

Martepuan un metoabl. Mbl npocnekTBHO nNpoaHanuavposanu 107 nauueHTos,
MOMELLEHHBIX MOA, HEMPEepbIBHbIA MOHUTOPUHI SKI B KOPOHAPHOM OTAENEHUM
nocne avarHoctposanus y Hux OKC Gpuragoit Bpadeit CKOpO MeauUMHCKOM
nomowwm B 6onbHuLe Benrpaga. Ha gorocnutanbHoM atane MoHuTopuHra JKI
6b1n0 06HapyxeHo Hannure OUM 1 pa3srTe pUTMA (HAZXeNyoo4KOBOro 1 Xeny-
[I04KOBOT0), HapyLLeHVe NpoBOAMMOCTW. MauyeHTbl Obinn nof HabnoaeHVeM 4O
BbINWCKM 113 6ONBHULBI.

Pesynbratbl. OcTpblii noabem cermeHTa ST npu nHdapkTe muokapaa (MM ¢ ST),
Kak npu nepefHeM, Tak npy auadparmanbHoM, Hanbonee 4acTo BCTPeYaeTcs y MyX-
unH B Bo3pacTte 50-59 net. OTCYTCTBYIOT CTATUCTUYECKM 3HAYMMBIE PA3NNYMS B pac-
NPOCTPAHEHHOCTN HAPYLLEHWIA pUTMa CepaLa v pacCTPOMCTB NPOBOAMMOCTH, Kak
npv VM ¢ ST, Tak 1 npu M 6e3 nogHsitus cermenTa ST (MM 6e3 ST). Hanbonee
4aCTbIMU HapYLLEHWSIMU pUTMa B TeyeHne nepsbix 4 yacos nocne UM ¢ ST 6biau
CUHycOBasi Gpaamkapavs, CUHYCOBas TaxMKapaws, Xenya4o4koBas Taxukapans, B T

Introduction
Different presentations of acute coronary syndrome
(ACS) share identical pathophysiological substrate. The
diagnosis of ACS, i.c. acute myocardial infarction (AMI)
as the most severe form of this syndrome, is passed with

BPEMS Kak MepLaTefbHas apuTMUs 1 OLMHOYHASA XENYA04KOBAsi KCTPACUCTONMUS
6biny Havbonee YacTbiMu nocne 5-12 yacos. Mpu MIM ¢ ST aTproBEHTPUKYNSIpHAs
6nokaza, kak v 610kaaa HoXKM nyyka Mica NPOMCX0AMIa UCKIIOYUTENBHO B TEYEHNE
nep.bix 4 4acoB. CuHycoBasi Gpagukapaus v aTpUoBEHTPUKYAspHas 6iokana Gbinm
CTaTUCTMYECKM 3HAYMMO CBSA3aHbl ¢ anadparmansHeiM MM ¢ ST. Mpu aToi nokanu-
3auym He Gbin0 Gokazbl HOXKY nydka Mica. Hanbonee YyacTbIM HapyLLEHVEM PUTMA,
CBsi3aHHbIM ¢ nepenHm VIM ¢ ST, 6bina crHycoBas Taxukapays, KoTopast NposiBasi-
nacb UCKIIOYUTENBHO B TEYEHWE NepBbix 4 4acoB. BO3HWMKHOBEHVE Xenyno4KoBO
Taxvkapamy n Gubpunnsaummn Xenyao4ukos npy noboii nokanudauun UM ¢ ST Gbino
cTatucTmyecky 6onee 3Ha4MbIM B nepBbie 4 4 nocne Havana xanob. B o6cnenosaH-
Hoit rpynne 60mbHbIX ¢ OKC cMepTHOCTL cocTaBmna 12,1%, B To BpeMs kak B rpynne
naupeHToB ¢ IM ¢ ST oHa Gbina 11%, Co 3HaYUTENbHOI YaCTOTON NMOpPaXeHusl MVo-
Kapha nepefHei nokanuaaumum 1 6nokaasl HoXKY nyyka lMca y MyXuymH.

BbiBopa,. Byaylumne nccnefoBaHms 4OMXHbI ObiTb HANPaBAEHb! HA BbISBNIEHUE METO-
[10B, AJ151, Kak MOXHO TOYHEE, paHHEero CKpUHWHra CepAeYHOro pUTMa 1 HapyLLIeHNii
putMa 1 nposoaumoctyt npu OKC, ¢ Tem, 4tobbl 06ecneynTb CBOEBPEMEHHOE,
npoduNaKTN4ecKoe 1 TepaneBTUHECKOE IEHEHNE.

Poccuiickuit kapauonoruveckuii xypuan 2014, 4 (108), Aurn.: 15-21

KniouyeBble ciioBa: 0CTPbIN KOPOHAPHBIVE CUHAPOM, PACCTPOCTBO PUTMA, MPOBO-
[IMMOCTb, OrOCNMTaNbHbIA 3Tarn.

high probability if evolutionary changes are present in two
out of the following three criteria: clinical features, ECG
or biochemical markers of myocardial necrosis [1]. The
main symptom that initiates the diagnosis is chest pain;
however, the classification of patients is based on ECG
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findings. Accordingly, there are two categories of patients:
patients with typical acute chest pain and persistent (>20
min) ST-segment elevation (STE-ACS) that most develop
ST-segment myocardial infarction (STEMI), and patients
with acute chest pain but without ST-segment elevation
(NSTE-ACS). At first presentation these patients develop
ST-segment depression or T-wave inversion, low-voltage
T-waves or they are without ECG changes at first
presentation. In Serbia STEMI is more frequent and has a
moderately higher rate of mortality than NSTE-ACS
(7%:5%), but after 6 months the rates of both conditions
are very similar (12%:13%).

ACS is a wide spectrum of clinical manifestations
caused by a sudden reduction in supply of a portion of
myocardial O2 caused by the disruption of unstable
atherosclerotic plaque with consequent thrombosis,
vasoconstriction and distal microembolization. Prevention
of acute coronary event, early identification of ACS, rapid
and effective prehospital treatment enable preservation of
functional myocardium, which correlates to the decrease
of morbidity and mortality from AMI [2]. A number of
studies have shown the significance of rapid ACS symptoms
recognition, early activation of healthcare system, and if
necessary, early cardiopulmonary resuscitation, rapid
prehospital diagnostics, triage, adequate treatment and
transport (with monitoring of patients vital parameters)
[3]. As the result of these studies guidelines for the
treatment of patients with chest pain as well as the
guidelines for the management of patients with ACS have
been formed. In 2010 the American Heart Association
(AHA), the International Liaison Committee on
Resuscitation (ILCOR) and the European Council
Resuscitation (ERC) published guidelines that paid special
attention to the prehospital treatment of patients with ACS
[4]. The presence of a protocol for the management of
such patients helps doctors in decision making when
meeting the patient for the first time, and in suspecting
and/or passing the diagnosis of ACS.

ACS can become complicated in each phase of the
disease, and particularly during the first several hours after
symptoms onset of ventricular rhythm disorders, primarily
ischemic ventricular fibrillation (VF). Therefore, the
physicians first task is to help the patient survive, i.e.
eliminate heart rhythm disorder which is the most frequent
cause of lethal outcome.

The aim of the study was to determine the frequency of
different forms of ACS and the incidence of the
development of heart rhythm and conduction disorders
during the first 12 hrs of AMI related to MI localization, as
well as the disease outcome.

Material and methods
A prospective study involved 107 patients treated at the
Coronary Unit of the Clinical Centre of Serbia after
prehospitally passed diagnosis of ACS and under continual
ECG monitoring by the Belgrade EMS. The prehospital

diagnosis was made based on two out of three known
criteria: typical anginal pain in duration of at least 30
minutes, typical ECG features of ST-segment elevation in
two consecutive leads (in AMI with ST-segment elevation)
as well as ST-segment depression in several leads
(in unstable angina — UNA and AMI without ST-segment
elevation). It was not possible to the increase of cardio-
specific enzymes due to the lack of a rapid test.

The patients were examined at the site of event
(residence, working place, public place), and after passed
diagnosis and initiated treatment, were transported to the
Centre Coronary Unit of the Clinical Center of Serbia
under continual ECG monitoring by the team, composed
of a physician, medical technician and driver of the
Belgrade Emergency Medical Services. On admission all
patients were continually monitored, and ECG was
performed at least once daily.

Prehospital ECG was used to determine AMI
localization, and to analyze the development of the
following heart rhythm disorders: 1/ supraventricular:
sinus tachycardia (ST), sinus bradycardia (SB),
supraventricular extrasystole (SVES), atrial flatter (AFL),
atrial fibrillation (AF), and 2/ ventricular: ventricular
extrasystole (VES) — single, in pairs and polymorphic,
R/T phenomenon, ventricular tachycardia (VT) and
ventricular fibrillation (VF), and conduction disorders
(AV blocks, bundle branch blocks). Patients’ outcome
until discharge from hospital was under follow-up.

The collected data were statistically analyzed using
SPSS 10.0 for Windows. In the analysis of the data the
following statistical methods were used: arithmetic mean
and standard deviation, while in the assessment of
statistical significance regarding differences in the
frequency of distribution Chi-square test and Student’s
t-test were used. By using the method of two-way analysis
of variance (ANOVA) for proportions we tested the
significance of frequency difference of various categories
of rhythm disorders in relation to MI localization and
time. A statistically significant difference was represented
by p<0.05. In the presentation of the obtained results Word
for Windows-6.0 was used. The observed characteristics
are presented by histogram frequency, circular graph for
frequencies and column diagram for frequencies.

Results

Over a 6-months period 217 patients were transported
by the Belgrade EMS team to the Coronary Unit of the
Clinical Centre of Serbia, all diagnosed with ACS of whom
124 (57,14%) were hospitalized. The studied group of 107
ACS patients, 60.7% male and 39,3% female, all of whom
had a complete illness history. The distribution of ACS is
shown on Figure 1.

ACS was most frequent in men aged 50—59 years
(33,9%), and less in women aged 30—49 years (20%).
Women develop the disease only after 50 years of age.
According to the localization of STEMI, diaphragmal was
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more frequent (53,66%) than anterior (42,69%) or
combined localization (3.65%). Among diaphragmal
STEMI, 16 (36.4%) also had right ventricular infarction.
Anterior STEMI was more frequent in men (65,7%) than
in women (34%) (p<0,05), as well as infarction of
diaphragmal localization (men 56,8%, women 43,2%). Its
occurrence predominates in men aged 40—59 years
(43,6%) and in women aged 60—79 years (83,4%). Heart
rhythm and conduction disorders were detected in 74/107
(69,1%) ACS and in 63/82 (76,8%) STEMI. As obserevd,
there was a statistically sigificant association between heart
rhythm and STEMI (79,8%, p<0,05) (method of
parametric Spearman correlation) (Table 1). Conduction
disorder detected in 22/107 (21,5%) patients with ACS
(Table 1) presents a significant association of conduction
disorder with STEMI (68,2%, p<0,05). However, by
comparing the frequency of heart rhythm and conduction
disorders between the patients with STEMI and other
groups, i.e. non-STEMI (NSTEMI), unstabile angina
pectoris (UAP) and reinfarction (Relnf) there were no
statistically significant differences (p>0,05) (Table 2).
Therefore, in a further study heart rhythm and conduction
disorders were under follow-up, independently of the type
of ACS.

By analyzing the occurrence of supraventricular rhythm
disorder in STEMI during the first 4 hrs and in the period
from 5—12 hrs from AMI onset, the trend of SB (247,7%)
and ST (40,9%) development during the first 4 hrs was
observed, while AF (registered in 9; 64.3% of patients) was
most frequent in the period from 5—12 hrs (Figure 2). The
occurrence of SVES and AFL was not registered in the
period of 12 hrs from the AMI onset.

Among ventricular disorders in STEMI, VT was most
frequent (35,3%) during the first 4 hrs. VF and single VES
were equally frequent (23,5%), while VES in pairs was
present in 17,7% patients. In the period 5—12 hrs from
AMI onset, single VES were most frequent, in 6/9 patients
with ventricular rhythm disorders. Polymorphic VES and
VES with R/T phenomenon were not registered in the
observed group of patients during the first 12 hrs from AMI
onset (Figure 3).

By analyzing heart conduction disorders in STEMI a
statistically more significant frequency of bundle branch
blocks (BBB) was observed in relation to AV blocks (10:5). AV
blocks occurred only during the first 4 hrs, while the frequency
of BBB was statistically more significant during the first 4 hrs
in 8 (80,0%) patients. Figure 4 presents the frequency of each
form of heart rhythm and conduction disorders where it can
be observed that SB was the most frequent rhythm disorder in
STEMI (24,2%) followed by ST with 20,2%.

In the first 4 hrs there was 74,75% rhythm and
conduction disorders, while in the 5—12 hrs period there
was 25,25% disorders (Figure 5).

Examination ACS
N=217

Hospitalized ACS
N =124

Excluded (incomplete

Included medical report) N =17
N =107
STEMI | [ NSTEMI | [ Relnf | [ UAP
82 (16.63%) 8 (7.418%) 8 (8;11%) 9 (8.41%)
| Died | | Died | | Died |
= N=2 N=2

] /
| Total deaths tl(\)l hosgital discharge |

Surviving to discharge
N =94

Figure 1. Flow diagram of patients with acute coronary syndrome.

ofrom5-12hrs
supto4hrs

AF 9(64.3%)

ST 18(40.9%)

SB 21(47.7%)

0 5 10 15 20 25
Figure 2. Supraventricular rhythm disorders in STEMI according to onset
occurrence.
Abbreviations: AF — atrial fibrillation, ST — sinus tachycardia, SB — sinus
bradycardia.

Frequency of rhythm and conduction disorders in relation to single forms of ACS

Rhythm disorder STEMI
(n)
Supraventricular 39
Ventricular 6
Combined 14
Total 59
Conduction disorder STEMI
(n)
Atrioventricular (AV) 5
Bundle brunch block (BBB) 10
Combined
Total 15

Table 1
NSTEMI UAP Relnf Total
(n) (n) (n) (n)
5 4 50
6
1 18
5 5 74
NSTEMI UAP Relnf Total
(n) (n) (n) (n)
- 1 - 6
2 3 15
= 1
3 3 22
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Follow-up of each form of bradyarrythmia in relation
to STEMI localization revealed that SB was the most
frequent rhythm disorder associated with diaphragmal MI,
with statistical significance of p<0,05, while BBB was
highly significantly associated with anterior STEMI, with

mfrom 5-12 hrs
oupto4hrs

- 1(11.1%)
VF 4(23.5%)

VT- 1(11.1%)

| 6(35.3%)

1(11.1%)

VES in pairs

single VES 6(66.7%)

| 4(23.5%)

0 2 4 6 8

Figure 3. Ventricular heart disorders in STEMI according to onset.
Abbreviations: VF-ventricular fibrillation, VT-ventricular tachycardia, VES-
ventricular extrasystole.

30, 24,2
25 20,2

20 14,1

15 10,1 10,1

5.1
o |

AV  BBB

7,1 5.1

4
5
; el
SB ST AF sigle VES VT VF
VESin pairs

Figure 4. Distribution of heart rhythm and conduction disorders in STEMI.
Abbreviations: BBB-Bundle Brunch Blocks, AV-atrioventricular.

sfrom 5-12 hrs

supto 4 hrs

BBB 20% 180%

AV 1100%
VF 20% 180%

VT e 14,3% 85.7%

VESin pairs 25% 1 75%
single VES ;. 60%
AF ; 64,3%
ST < - 190%
SB 12,0% 187,5%
0 20 40 60 80 100

Figure 5. Distribution of rhythm and conduction disorders according to the time of
onset in STEMI.

statistical significance of p<0,05, while BBB was highly
statistically significantly associated with anterior STEMI
(p<0,01). A statistically significant frequency was revealed
regarding the occurrence of AV blocks in diaphragmal
STEMI.

In the anterior STEMI, among bradyarrhythmias only
SB and AV blocks were present in the first 4 hrs, while the
occurrence of BBB was statistically more significant in the
first 4 hrs in relation to the period of 5—12 hrs. Using the
method of two-factor ANOVA to analyze proportions, we
tested the significance of difference in the frequency of
various categories of rhythm disorders in relation to the
AMI localization and time of onset; consequently, we
detected that the most frequent and most expected form in
the first 4 hrs was SB rhythm disorder and that it was
associated with diaphragmal STEMI (p<0,05), while AV
blocks occurred only during the first 4 hrs, whereas BBB
did not occur in STEMI of diaphragmal localization.

The analysis of each form of tachycardia in the anterior
and diaphragmal localization of AMI revealed that
tachyarrhythmias were more frequent in the anterior
STEMLI, i.e. that ST was most frequent of rhythm disorders
associated with anterior localization of infarction with
statistical significance of p<0,05. Single VES were more
frequent in the diaphragmal STEMI. Almost identical
frequency was that of VT in both localizations, while VF
was statistically significantly present in the anterior STEMI
(Figure 6).

By observing the frequency of tachyarrythmias in
relation to the localization of AMI according to the time
of onset, we revealed that in the first 4 hrs ST occurred
exclusively in 14 patients and that it was significantly
associated with STEMI (p<0,05). VT was present in 4
patients in the anterior STEMI during the first 4 hrs only,
while AF was more present in the 5—12 hrs period. By
analyzing the frequency of certain forms of
tachyarrhythmias in diaphragmal STEMI, it was revealed
that in the first 4 hrs ST was more frequent and that single
VES were more frequent in the period 5—12 hrs. The
occurrence of VF in the diaphragmal STEMI was
registered in the first 4 hrs only.

Thirteen (12,1%) ACS patients died before being
discharged from hospital, of whom 9 with STEMI (6 with
anterior and 3 with diaphragmal localization), 2 with
NSTEMI and 2 with Relnf, while in the UAP group there
was no lethal outcome (Figure 7). In STEMI, total
mortality rated 11%. Most lethal endings were in patients

Frequency and statistical significance of rhythm and conduction disorders in relation to STEMI and other groups

Heart rhythm and conduction disorders STEMI
No
With 63
Without 19
Total 82

Table 2
Other groups
% No %
76.80 19 76
23.20 6 24
100 25 100
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with BBB (33.3%), and slightly less in those with VF and
ST (22/2% in each). In the group of patients with NSTEMI
and Relnf who died, those with AF and BBB were equally
represented (one of each). In 13 ACS patients who died,
supraventricular rhythm disorders were present in 4
(30,8%), ventricular in 3 (23%), and conduction disorders
in 6 (46,2%) patients. The most frequent rhythm disorder
registered in 5 patients who died BBB.

Discusion

Prehospital healthcare of patients with ACS is an
essential element that influences the survival of patients
and the outcome of disease. Most lethal outcomes occur
within the first hour since AMI onset, and usually the
cause is some of rhythm (VF) or conduction (asystole)
disorders. In our paper, of the total number of ACS
76,63% had STEMI. According to the database of the
National Registry for ACS (REACS), in 2003 there was
52,7%, in 2004 51,8% [5] and in 200550/7% of STEMI
patients on admission, which is considerably lower in
relation to our study results. Although according to this
registry the rate of STEMI indicates the tendency of mild
decrease, it is still significantly higher as related to the data
of the European countries registry, for example in the
GRACE study [6] there is about 42% of STEMIs. This
most severe form of ACS has also the highest hospital
mortality rate. Better diagnostics and organization of
healthcare services would probably also decrease the
number of patients with STEMI and increase the number
of NSTEMIs.

In our study there was more men than women
(60,7%:39.3%) with ACS. Similarly to our results,
according to the data of REACS in Serbia the number of
men with ACS was higher: in 200362,7%, in 200463,1%,
and in 200563%. In EHS-ACS-II study [7], there were
70% of men with ACS, and in the GRACE study 72% [6].

The frequency of ACS development rises with age. In
persons aged 40—70 years ACS is diagnosed more
frequently than in women, while in those aged over 70
years the rate in both gender is mostly identical.

Heart arrhythmias are usually manifested during ACS,
while the type of arrhythmia depends on the form of ACS.
In almost 90% of patients who survived AMI, some of the
forms of rhythm disorder were disclosed; while according
to a study by Perron et al. [8] 25% had conduction disorder
in the first 24 hrs since the onset of AMI. In our study
69,1% (74/107) of patients with ACS had heart rhythm
and conduction disorders, while heart rhythm and con-
duction disorders occurred in 76,8% (63/82) of STEMI
patients. Conduction disorder was present in 18,3%
(15/82) of patients, and rhythm disorder in 72%, which is
similar to Meltzers results according to which the fre-
quency of rhythm disorders in AMI was 72—96% [9], while
Perron et al [8] obtained much lower rate results.

In STEMI patients 74,75% of rhythm and conduction
disorders occurred within the first 4 hrs, and 25.25% from
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single VES VES in pairs

Figure 6. Distribution of tachyarrhythmia in STEMI of anterior and diaphragmal
localization.
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Figure 7. Distribution of lethal outcome in relation to rhythm and conduction
disorders.

5—12 hrs after AMI onset. Supraventricular rhythm disor-
ders developed in 64,6% (53/82) of patients with STEMI.
By analyzing the frequency of supraventricular rhythm
disorders in relation to the time elapsed since AMI occur-
rence, the most frequently registered were SB with 47,7%
(21/44) and ST with 40,9% (18/44) of patients in the first
4 hrs, while AF was most frequent rhythm disorder within
5—9 hrs with 63,3% (9/44) registered patients. Branwald
[10] reported that SB occurred in 25—40% of patients
within the first hour after infarction and in 15—20% within
the first 4 hrs.

In our study rhythm and conduction disorders in
STEMI were registered in 14.1% of patients, while data
from the literature vary from 10—20% [10], i.e. 5—23%
[11]. According to the data from the GISSI-3 study [12]
the incidence of AF is 7,8% and it is associated with the
indicators of poor prognosis: patients age (>70 years),
female gender, Killip class I11/1V, previous AMI, hyper-
tension, high systolic arterial pressure on admission, dia-
betes mellitus as well as VT and VE Sugi [13] recommends
the application of amiodarone in the prevention of AF
episode relapses after cardioversion. In their study on atrial
arythmias during the first hours of AMI, Kyriakidis et al.
[14] reported that most supraventricular arrhythmias was
ischemia of the left and right atrium, and all cases had
blood vessel occlusion with compromised blood supply to
AV node. Ischemia of sinoatrial (SA) node was one of the
basic causes of AF. None of the patients with SB had arte-
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rial occlusion of the SA node. Bradycardia was the result of
increased vagal tone.

Ventricular rhythm disorders were recorded in 24,4
(20/82) of STEMI patients, while ventricular rhythm dis-
orders were most frequent in single VES with 38.5%
(10/26) of patients, then VT in 26,9% (7/26) and VF in
19,2% (5/26). By the analysis of ventricular rhythm disor-
ders we confirmed that they were most frequent in the first
4 hrs since AMI onset. At that period there were 65,4%
(17/26) ventricular rhythm disorders, among which VT
was most frequent with 35,3% (6/17) of patients. Accord-
ing to Braunwald, about 60% of VF episodes occur within
the first 4 hrs and about 80% within 12 hrs from AMI
onset, while non-sustained paroxysmal VT, either mono-
morphic or polymorphic, and occur in 67% of patients
monitored within the first 12 hrs after infarction [10]. In
our study there were 80% of VF episodes in the first 4 hrs,
which is in accordance with the results by Vasiljevié-
Pokraj€i¢ Z. and Stefanovi¢ B. [15].

Primary VF occurs suddenly and unexpectedly in
patients with or without minimal signs of cardiac failure; it
also occurs in over 10% of hospitalized patients with AMI
[11]. Antman [10] reports that primary VF occurs in 3—5%
of patients during hospitalization [10], which is similar to
the results by Perron et al. (4,5%) [8]. GISSI-1 study [12]
VT is registered in 3,5% and VF in 4,1% of patients, while
in our study VT was registered in 7.1% and VF in 5,1% of
patients.

Conduction disorders were present in 18,3% (15/82) of
STEMI patients, while BBB were most frequent particu-
larly in the first 4 hrs after AMI onset, i.e. in 53,3% (8/15)
of patients. AV bundle blocks occurred only during the first
4 hrs, i.e. in 33,3% (5/15) of patients.

The occurrence of bradycardia in diaphragmal STEMI
is 30%, while in our study it was 57,9% (22/38) [17]. By
analyzing the occurrence of single forms of bradyarrhyt-
mia in STEMI related to the MI localization and onset
time, the most frequent form of rhythm disorder in the
infarction of diaphragmal localization was SB as well as
the most expected one within the first 4 hrs. According to
data from the literature it occurs in 10—15% of MI
patients, i.e. in up to 40% of infarction with diaphragmal
localization, while in our study it occurred in 78,2%
(18/22) of diaphragmal STEMI. SB is a more frequent
rhythm disorder in infarctions of inferior and posterior
localization, which explains the fact that a higher number
of receptors responsible for cholinergic stimulation are
localized in the inferoposterior wall of the left ventricle
which, when stimulated, triggers bradycardia and hypo-
tension. These are manifestations of Bezold-Jarisch reflex
which is induced by vagal stimulation, particularly in
occlusion of the right coronary artery. SB can be occasion-
ally caused by pain or morphine usage and lead to vasova-
gal syncope. SB occurring 6 hrs after AMI onset is most
often transitory and caused by sinus node dysfunction or
atrial ischemia. In a very early phase of AMI this arrythmia

can lead to the development of repetitive ventricular
arrhythmias and hypotension on one hand and on the
other to the reduction in myocardial oxygen demand.

In the TIMI II Trial, which analyzed the occurrence of
bradyarrhythmia in diaphragmal localization of MI treated
with thrombolytic therapy, the frequency of AV block was
12%, and in prethrombolytic phase even 20%. In our study
the frequency of AV blocks in diaphragmal localization of
MI was slightly lower, i.e. 10,52% (4/38). BBB occurred
only in MI of anterior localization and more frequently in
the first 4 hrs.

Accordingto Uznanska-Lochetal. [18], in diaphragmal
infarction AV block can suddenly occur without the
introduction of first degree AV block, and within the first 6
hours after the onset of symptoms, while the block itself
usually reacts well to atropine administration. Patients
with a later AV block development, usually after 24 hrs, are
resistant to atropine and require the application of electro-
stimulation. The authors consider that the early AV block
is the result of vagotomy, while the late one is caused by
ischemia and it can be resolved gradually concurrently
with the decrease of ischemia.

Myocardial ischemia can cause blocks at any level of
the conduction system, atrioventricular and/or intravet-
ricular. According to data from the literature, BBB can
occur in 5—10% of AMI patients [10], while in our study
they occurred only in patients with anterior infarction
(10% of cases of the total number of patients with rhythm
and conduction disorders).

By analysis of each form of tachyarrhythmia in the
anterior and diaphragmal localization of infarction, it was
shown that tachyarhythmias were more frequent in the
anterior STEMI, i.e. that ST was the most frequent form
of rhythm disorder associated with the anterior localiza-
tion of infarction that occurs exclusively within the first 4
hrs. According to data from the literature, in about 1/3 of
patients with AMI ST usually occurs within the first days
after infarction, and particularly in patients with anterior
infarction [19]. This leads to the increased demand of the
myocardium for oxygen as well as to a reduced time neces-
sary for coronary perfusion. Persistent ST results in the
development of weak heart. Single VES are more frequent
in the diaphragmal localization. The frequency of VT in
both localizations is almost identical, while VF is statisti-
cally significantly more frequent in infarction of anterior
localization. The occurrence of VF in the diaphragmal
STEMI was recorded only in the first 4 hrs. AF is a rhythm
disorder that develops significantly in the period from
5—12 hrs.

Coronary arterial disease is the leading cause of death
worldwide [1]. It is the cause of death in 45,6% of cases in
the developed countries and in 24.5% of cases in the devel-
oping countries. The analysis of the cause of death has
shown that infarct complications, primarily severe ven-
tricular arrhythmias and weak heart, are still the main
reason of such a high mortality rate. In our study 13
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(12/1%) of ACS patients died, of whom 70% (9/13) were
those with STEMI. Most frequent disorders, which were
registered in 5 lethal cases, were those with BBB. Of the
total number of lethal cases with STEMI there were 6 with
anterior and 3 with diaphragmal localization. Most lethal
cases were those with BBB (33.3%), while the patients
with VF and ST were represented by identical rates. Peters
et al. [20] also detected increased mortality rate in patients
with conduction and supraventricular rhythm disorders.
Thus increased mortality rate in patients with ACS associ-
ated with BBB is more associated with extensive myocar-
dial damage than with the block itself.

According to data from the literature, a total mortality
rate due to STEMI in Serbia in 2004 was 12,4%, and in
200511,7%, hospital mortality due to ACS was 8.2%, and
UAP 1,6% [5]. Also, as reported in the literature, it is well
known that in patients with MI mortality rate is highest
during the first hours, most often before hospital admis-
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SAFETY OF TIROFIBAN FOR PATIENTS WITH ACUTE ISCHEMIC STROKE IN ROUTINE CLINICAL

PRACTICE
Yan-Jun Zhang, Qing Liu, Qin Zhan, Qiong Li

Aim. This work aims to study the safety of tirofiban alone and in combination with
various treatments in acute ischemic stroke (AIS).

Material and methods. 120 AIS patients were included in this study. There were 3
groups as below: Group A (tirofiban alone, n=68), Group B (tirofiban plus thrombo-
lytic therapy, n=26), and Group C (tirofiban plus bridging therapy, n=26). Risk fac-
tors, stroke severity, initial imaging, treatment regimens, complications and long-
term outcomes were analyzed.

Results. Eight patients (6,7%) in Group A, 6 patients (23,1%) in Group B and 2
patients (7,7%) in Group C had hemorrhage during or after treatment. Sixteen
patients (6 in Group A, 8 in Group B and 2 in Group C) died during hospital admis-
sion. The mortality rate was 13,3% (8,8% for Group A, 30,7% for Group B and
7,7% for Group C, respectively) in the acute phase. A favorable outcome (mRS
0-2) at the first three months after stroke was only observed in 43,3% of patients
(44,1% in Group A, 46,7% in Group B and 36,4% in Group C). The average Bar-
thel index was 72,3 in Group A, 84,4 in Group B and 56,8 in Group C (total score:
71,0).

Conclusion. The stroke treatment with tirofiban is safe in AIS. A large random-
ized controlled trial in the future will be needed to decrease the minor bleeding
complication of tirofiban therapy.
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BE3OMACHOCTb TUPO®UBAHA AN NALUMEHTOB C OCTPbIM MLLEMUYECKWUM UHCYJIBTOM

B PYTUHHOMN KJIMHUYECKOM NPAKTUKE
Yan-Jun Zhang, Qing Liu, Qin Zhan, Qiong Li

Llenb. JaHHas paboTa HanpaeneHa Ha nccnefoBaHme 6€30nacHOCTU MPUMEHEHUS
0HOr0 TUpOodMbaHa 1 B COHETAHUM C PA3NINYHBIMU NPEnapaTamy B OCTPbIN NEPUOL,
nwemmnyeckoro nHcynsta (OUN).

Marepuan u metoapl. 120 naupeHTos ¢ OV Bbinn BKIOYEHBI B 3TO UCCefoBa-
Hue. OHu Obiny pasnenenbl Ha 3 rpynnbl: Fpynna A (TpodubaH, n=68), rpynna 6
(TMpodubaH nnoc TpombonmTyeckas Tepanusi, n=26), n rpynna C (TnpodubaH
NMoC CONyTCTBYyIOLEEe NeyeHne, n=26). PakTopbl pucka, CTENeHb THXKECTU
VHCYNbTa, NepBUYHOE 00CNEL0BaHNE, CXEMbI IEYEHUS, OCIOXHEHWIA 1 A0NIFOCPOY-
Hble pe3ynbTaThl OblM NPOaHaI31POBaHbI.

Pesynbratbl. Bocemb nauventoB (6,7%) B rpynne, y 6 (23,1%) B rpynne B
1 2 naumeHToB (7,7%) B rpynne C, 66111 KPOBOTEYEHMS BO BPEMS MUK NOCHE Neye-
Hus. LWecTHapuate naumeHToB (6 B rpynne A, 8- rpynne B 1 2 B rpynne C) ymepnn
BO BpeMsi rocnutanudaumv. YpoBeHb cMepTHocTu cocTasun 13,3% (8,8% nans

Acute ischemic stroke (AIS) is a common cause of
morbidity and mortality worldwide. Thrombolysis with
recombinant tissue plasminogen activator is the only
proven beneficial therapy in AIS which is received by less
than 2% of patients [1]. The reasons include lack of
adequate transport facilities, high cost of tissue plasminogen
activator, lack of proper infrastructure including facilities
for thrombolysis in most centers, and lack of awareness
among public and doctors [2]. Moreover, there is a slight
increase in hemorrhagic complications with thrombolysis.

Glycoprotein IIb/IIla inhibitors, after their initial
success in patients with acute coronary syndromes, has led
to increasing interest to treat AIS over the past decade
[3—7]. Highly selective platelet antagonists, the
glycoprotein (gp) IIb/Illa inhibitors, block the fibrin
binding receptors reversibly and effectively prevent platelet

rpynnbl A, 30,7% ans rpynnsl B u 7,7% ans rpynnel C, COOTBETCTBEHHO) B dase
obocTpenns. Bnaronpuathelii ucxog (MRS 0-2) B nepeble TpU Mecsiua nocne
MHCyNbTa Habnoganca Tonbko B 43,3% nauuneHtoB (44,1% B rpynne A, 46,7%
B rpynne B n 36,4% B rpynne C). Cpennwii Barthel index 6bin 72,3 B rpynne A, 84,4
B rpynne B un 56,8 rpynnsl C (O6Lwas oueHka: 71,0).

BbIBOA. JleyeHre UHCYNLTOB C NpuMeHeHneM TupodrdaHa 6esonacHo npu OUN.
Bornbluve paHAOMWU3NMPOBaHHbBIE KOHTPOMPYEMBIE UCTIbITaHUS BYAYyT HEOBXOAVMbI
B OyayLlem AN YMEHbLIEHUS He3HAYUTENbHLIX KPOBOTEYEHWIA KakK OCHOXHEHUI
Tepanuy TupodprbaHoM.

Poccuiickuit kapauonoruyeckuii xypian 2014, 4 (108), Aurn.: 22-27

KnioueBble cnosa: T1podudaH, OCTPbIi NLIEMUYECKNIA UHCYNLT, 6@30MacHOCTb.

aggregation. Tirofiban is a fast-acting, highly selective
nonpeptide gpllb/Illa antagonist for the treatment of
acute coronary syndrome up to 48 hours after onset [5].

However, the exact effect of tirofiban in patients with
AIS, including risk factors, stroke severity, treatment
regimens, complications, symptomatic or asymptomatic
hemorrhage and long-term outcomes are unclear at the
moment. The aim of this research was to study the safety
of tirofiban alone and in combination with various
treatments in AIS.

Materials and methods
Patients. A total of 120 patients with AIS, 70 men and
50 women, in the context of individual treatment trial with
tirofiban were included in the study. Patient Inclusion and
Exclusion Criteria-Patients with ischemic stroke between
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18 and 82 years who were not eligible for thrombolysis and
within a timeframe of 45 to 72 hours after onset of
symptoms with National Institutes of Health Stroke Scale
(NIHSS) scores between 4 and 18 were recruited. Patients
were excluded if platelet level was <100000/puL or there
were contraindications to anticoagulants/thrombolytic
agents. Prophylactic doses of low-molecular-weight
heparin as deep vein thrombosis prophylaxis are allowed
but higher doses were not. Pregnant women, subjects
disabled before the recent stroke (modified Rankin
Scale>2), recently treated with thrombolysis, or with
recent major bleedings, surgery, or trauma were excluded.
All patients received a first brain imaging (CT or MRI),
blood pressure monitoring as well as laboratory tests
(platelet counts, partial prothrombin time, creatinine,
hemoglobin) before randomization. Hypertension was
defined as on prior medication or elevated initial blood
pressure during screening (systolic blood pressure >160
mm Hg). Hypercholesterolemia was classified as patients
on lipid-lowering substances as well as diabetes on
antidiabetics.

This study was approved by Ethics Committee of
Zhengzhou People’s Hospital in accordance with the
declaration of Helsinki. Written informed consent was
obtained from all participants.

Treatment. An initial dose of 0.4 mg/over 30 kg, and
then continued at 0.1 mg/kg body weight per hour. The
recommended infusion duration was 24 hours. Here, both
patients receiving tirofiban alone and patients receiving
tirofiban and other recanalisations methods were included.
There were 3 groups: Group A (tirofiban monotherapy),
Group B (tirofiban in combination with an intravenous or
intra-arterial thrombolysis) and Group C (tirofiban as
“bridging therapy”, an additional recanalisation measure
started before and continued during and after the
intervention known as the PTCA and coronary stent
implantation).

Data collection. Vascularrisk profile, stroke localization,
treatment duration, cumulative dose and time of
Tirofibandosis were recorded. Modified Rankin Scale
(mRS) was used to describe the severity of the stroke.

Pretreatment imaging including cerebral CT-built
(CCTs) and stroke MRIs were performed to evaluate
infarct demarcation, and early signs of infarction. In
patients who had finished angiography before treatment, it
should be noted whether a vascular occlusion had
happened.

CCTsand MRIswere scored for bleeding complications
during and after tirofiban application. To determine the
severity of bleeding, ECASS II criteria were used:
hemorrhagic infarction 1 (HI1) with small hemorrhages
along the infarct margins; hemorrhagic infarction 2 (HI2)
on confluent hemorrhage within infarct area but without
space-occupying effect; parenchymal bleeding 1 for a
bleeding that affects up to 30% of the infarct area and
shows a possibly small space-occupying effect;

parenchymal bleeding 2 at a blood flow, which affects
more than 30% of the infarct area and has a significant
space-occupying effect. Symptomatic intracerebral
hemorrhage was defined as bleeding in any region of the
brain accompanied by a significant clinical deterioration
[8]. Among the patients in whom an initial vascular
occlusion was documented, were, after treatment by
means of representations guided vascular CT angiography
(CTA), magnetic resonance angiography (MRA) or digital
Subtraction angiography (DSA) evaluated for
recanalisation. NIHSS, mRS and Barthel Index (BI) were
used to assess the outcomes at discharge.

Statistical analysis. All experiments were performed at
least three times. Data were expressed as mean =+ standard
deviation. One-way ANOVA was used to analyze data. A p
value less than 0.05 was considered statistically significant.

Results

General characteristics. There were a total of 120
patients, 70 men and 50 women, who were treated with
tirofiban in the context of individual treatment trial.
Overall baseline characteristics were similar in all groups;
no significant difference was found for age, baseline
NIHSS at screening, time between symptom onset,
screening, and start of infusion. The proportion of men
was higher than that of women in all groups. The vascular
risk profile of patients was summarized in Table 1.

Patient groups. Many patients (n=68) received tirofiban
as monotherapy and were assigned to Group A. A clot lysis
by tissue plasminogen activator (tPA) here was no longer
in question mainly because of a lapse three-hour time
window. Because the remaining 18 patients were treated
within the window time, there were different exclusion
criteria for lysis treatment. Two patients suffered from
ulcerative colitis, two had an alcohol abuse and another
four patients already had the tirofiban treatment. 26
patients above were assigned to Group B. And these 26
patients were also divided into subgroups according to who
received tirofiban following a systemic or intra-arterial
thrombolysis.

The rest 26 patients were assigned to group C, in which
to initiate other recanalisation or bridging IV therapy
during the tirofiban therapy. In one case, the bridge was
combined with a Carotid endarterectomy (CEA). The
young patient was previously treated systemically because
of a medium infarction. Since the symptoms were not
improved, she was brought to our hospital, where a
stenosis of the internal carotid artery (ICA) and a thrombus
just distal to the stenosis were determined at the day after
admission. Eight patients received IA thrombolysis, which
was in the middle period from onset of symptoms until 2.5
hours after the start of treatment. In three patients,
however, the time of symptom onset was unclear. The
intra-arterial embolectomy was performed in three
patients. The time to initiation of treatment with tirofiban
was on average 6.25 hours, until another 35 minutes at the
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beginning of the intervention. One patient received IV lysis
and tirofiban practically and simultaneously, the time of
treatment was 2.5 hours. In all patients undergoing neuro-
interventional radiology measure, the infusion was
maintained during and after treatment by coronary
angiography or by percutaneous transluminal coronary
angioplasty (PTCA) with or without stent implantation in
patients with acute coronary syndrome. The distribution
of stroke localization in the different groups was shown in
Table 2.

Imaging findings. Prior to treatment, all of the patients
received cerebral imaging CT, even MRI in two cases to
rule out intracerebral hemorrhage. Thirty-two patients
were found the demarcated infarcts in imaging studies;
another 24 patients had at least early infarct signs.

93,3% of the patients had also a vascular imaging with
CTA, MRA or DSA. Transcranial Duplex Sonography was
carried out in two cases. 68 patients (56,7% of total
population) had a complete or nearly complete vessel
occlusion.

Clinical outcomes and complications. The application
of tirofiban was recommended for duration of 24 hours.
However, the infusions were generally continued until a
stable situation had been established in 12 cases. And there
was even a second dose for fluctuating symptoms, so that
the total application time significantly extended. The
mean treatment duration was 30,5 hours (ranging from 4
to 106 hours). The mean cumulative dose was 15,7 mg
tirofiban (ranging from 2,5 to 71,9 mg). The infusion had
to be terminated prematurely in 18 patients because of
complications. Two cases showed a contrast medium
extravasation injury in the basal ganglia by CT imaging
after thrombolysis, so that the infusion was stopped because

Table 1

Vascular risk profile of patients
Risk factors n (%)
Diabetes mellitus 16 (13,3)
Arterial hypertension 74 (61,7)
Arteriosclerosis 68 (56,7)
Heart rhythm disorders 30 (25,0)
Other cardiac source of embolism 26 (21,7)
Hyperlipidemia 52 (43,3)
Obesity 52 (43,3)
Previous stroke 28(23,3)
Smoking (current and former) 30 (25,0)

a potential bleedingd by the contrast agent can be masked.
Four patients developed a large space-occupying infarction
and had to receive hemicraniectomy. There were concerns
whether the treatment continue in two cases, since the
patient was suffering from colon cancer. Thrombocytopenia
occurred in two cases. Two patients had a haematemesis
and another four patients had a control parenchymal
bleeding at the end of CT.

The time from symptom onset to tirofiban
administration was very different and ranged from 45 to 72
hours, especially because many patients in group A were
treated only with tirofiban and the fluctuation in symptoms
was noticeable. In ten patients, the time of symptom onset
could not be determined because the patient woke up with
symptoms. The median time was the time to start similar
treatment in groups A and C (Table 3).

The four patients, who had been waived on an imaging,
had an excellent outcome with complete resolution of
symptoms. In the total population, only 8 (6,7%) out of all
patients suffered hemorrhage. All hemorrhages were
classified as parenchymal bleeding first, and symptomatic
bleeding had not occurred. Table 4 shows the frequency of
bleeding in each group.

14 patients (11,7%) experienced extracerebral bleeding
complications. 10 cases included a gastrointestinal
hemorrhage, a hematoma of the abdominal wall, a
compartment syndrome after hemorrhage in the thigh.
None of the patients required a blood transfusion. 2 out of
14 patients had received tirofiban after a systemic lysis with
tPA, the rest 12 patients were treated in group A. The one
patient observed in group A had not clinically significant
thrombocytopenia.

A complete or nearly complete vessel occlusion had
been detected in 68 patients. 38 of them were subjected to
transcranial duplex sonography. 24 cases had recanalisation
of the occluded vessel (Table 5).

Stoke severity. To assess the severity of the stroke,
patients were assessed by modified mRS and NIHSS at
admission, shown in Figure 1. The median NIHSS was 11
points in the overall, 8 points, in group A, 16 points in
Group B and 12 points in Group C. Overall, the variation
was very large, but most cases were the heavy ones.

16 patients (6 in group A, 8 in group B, 2 in group C)
died during the hospital stay, which the mortality was
13.3% (8,8% for group A, 30,7% for group B and 7,7% for
group C, respectively) in the acute phase. These 16
patients had a mRS 5 at admission. 48 Of the 52 patients
or their relatives were interviewed. The follow-up was

The distribution of stroke in the different groups

Infarct Total, n
Anterior circulation Infarct 36
Posterior circulation Infarct 80
Watersheds Infarct 4

Table 2
Group A, n Group B, n GroupC, n
20 2 14
46 22 12
2 2
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Figure 2. Outcome of patients in each group three months or longer after stroke. A) Barthel Index; B) mRS.

between three and 14 months after the stroke, and Barthel
index and mRS were queried. The results were shown in
Figure 2.

A favorable outcome (mRS 0—2) at the carliest three
months after stroke was only observed in 43,3% of patients
(44,1% in group A, 46,7% in group B and 36,4% in group
C). The average Barthel index was 72,3 points in group A,
84.4 points in Group B, 56,8 points in Group C and 71,0
points in the overall.

Discussion

In this retrospective study, it was shown that in certain
selected cases, the treatment of acute ischemic stroke
with the GPIIb/IIla antagonist tirofibans. This opens up
the next thrombolysis with rTPA further treatment
options such as a bridge between diagnosis and specific
measures for revascularization. The present study is
retrospective, however, not controlled and considered
various treatment strategies simultaneously, so that we
urgently needed to confirm the results of larger
prospective, controlled studies.

The studied patient population can be well with group
B of the present study compared, in which no symptomatic
and only 3% of patients with asymptomatic hemorrhages
occurred, although both rtPA and tirofiban was not used in
a reduced dose. A follow-up study with rTPA 0.6 mg/kg
plus eptifibatide versus standard-lysis in the pipeline. Then
will then decide whether it will be a Phase III efficacy
study [9].

Interesting results were also found in experimental
stroke research in rodents. A dose-dependent relationship
between intracerebral hemorrhage risk and use of an anti-
mouse GPIIb/IIla F (ab) 2 fragments could be detected for
the dose that resulted in a receptor blockade of more than
95%, but not for the dose at which a receptor blockade was
achieved by 67.8% [10]. Choudhri et al. found significant
bleeding in maximum doses following administration of
non-peptidic substance SDZ GPI 562 in a mouse model of
acute ischemic stroke. After administration of lower doses
was found after staining with triphenyltetrazolium chloride,
a significantly smaller infarct volume than expected [11].
Other studies in experimental stroke models in guinea pigs
and squirrel monkeys with the non-peptide GPIIb/IIla
blocker FK419 could uncover no bleeding complications,
but showed reduced infarct volume as an indication of their
effectiveness [12, 13].

The GPIIb/I1Ia receptor (integrin allbb3) has the same
3 subunit as the vitronectin receptor (integrin avp33) that is
present on resting endothelial cells in small numbers.
However, the expression of avf33 by angiogenic stimuli such
as hypoxia, transforming growth factor (TGF) -B3 and
thrombin, as they occur in the context of regional cerebral
ischemia, upregulated. The expressed on endothelial cell
vitronectin receptor is responsible for the adhesion of
monocytes to the endothelium, conveys a permeability the
blood-brain barrier and contributes as well as the vascular
endothelial growth factor (VEGF) on proliferation and
migration of inflammatory cells into the perivascular tissue
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Table 3
Time to initiation of treatment with tirofiban (hours)
Total Group A Group B Group C

Average 9,5 11,6 9,3 3,6

Median 4,5 4,25 7,0 2,5
Table 4

The frequency of bleeding in groups
Total bleeding, n (%) HI1, n (%) HI2, n (%) PH1, n (%) PH2, n (%) SICH, n (%)

Total 8(6,7) 8(6,7)

Group A - ;

Group B 6(23,1) 6(23,1)

Group C 2(7,7) 2(7,7)

Table 5 undergoing percutaneous transluminal angioplasty [18].

Arterial recanalization rate for all patients
diagnosed with vascular occlusion

Therapy Recanalization, n (%)

Tirofiban-Monotherapy (n=8) 2 (25%)
IV thrombolysis (n=8) 4 (50%)
IAthrombolysis (n=16) 14 (88%)
IV and IA. thrombolysis (n=2) 0 (0%)
Embolectomy (n=4) 2 (50%)
Early CEA (n=2) 2 (100%)
All (n=40) 24 (60%)

during angiogenesis in [14, 15]. Possibly by the binding of
GPIIb/I1Ia receptor blockers on the vitronectin receptor and
the permeability of the blood-brain barrier and thus influences
the occurrence of intracerebral hemorrhage. This should
bring a dose-dependent study of the effects of GPIIb/I1la
blockers on activated endothelial cells further insight.

While the link between fibronectin receptor interference
and occurrence of ICB is currently more of a theoretical
nature, the favorable relationship between vascular occlusion
and reperfusion after ICB has been shown in several studies
[16]. The use of biomarkers in blood-brain barrier provides
in predicting intracranial hemorrhagic complications after
stroke and especially after thrombolysis followed by
additional help. Especially for matrix metalloproteinase-9,
cellular fibronectin, S100B and glial fibrillary acidic protein
(GFAP) has been shown that they can contribute to the
prediction of intracranial hemorrhage [17].

These biomarkers could also be used to study the
different GPIIb/IIla antagonists in regard to bleeding
complications. Since the individual substances in structure
and mode of action show quite lower vagina, could thus
those that are particularly suitable for treating cerebral
ischemia, are highlighted. Mangiafico et al. published a
paper in which they described 21 patients with acute
ischemic stroke who have an aggressive treatment regimen
consisting obtained from iv tirofiban for 24 to 48 hours, iv
heparin, a local lysis with urokinase and in most patients

However, note that the comparability is limited due to low
patient numbers. There have been two studies that the
combination of tirofiban with unfractionated IV heparin
(UFH) or with IV rtPA in the treatment of acute stroke in
approach. Junghans et al. have prospectively 18 patients
within 24 hours after onset of stroke symptoms included in
a study in which they initially with UFH, with a target
PTT 50—70 seconds and then tirofiban in the PRISM-
PLUS dosage of funds received in 46 hours [19].
Intracerebral hemorrhage is not any way this occurred,
however, only a low recanalization rate of 25% will be
retained.

Neither tirofiban, heparin still possess thrombolytic
properties. The rationale of treatment is rather the time it takes
for an endogenous mediated by endothelial cells remains to
extend thrombolytic therapy to prevent further thrombus and to
prevent reocclusion already re-opened vessels. In addition to the
narrow time window that is another problem is that in the sole
rTPA administration vessels re-opened in about a third of re-
occluded cases [20], which speaks well for it, as in group B of our
work in a place lysis treatment, even in terms to follow up re-
opened despite the major tribes still limited microcirculation
[11], further therapy with a GPIIb/IlIa inhibitors.

Comparing the present data with the results of the
already mentioned in the introduction satis study, the only
previous completed investigation with tirofiban in a larger
cohort of stroke patients, then the long-term outcome in
Group A is not as advantageous as for the satis population
described. The Barthel Index was in the present study at
least three months after stroke on average 71 points
(median 90), in Satis-study funds at 1.

Overall, the safety of tirofiban in monotherapy or in
combination with various Rekanalisations methods in the
treatment of patients with acute ischemic stroke by the present
investigation is based. Because of the retrospective, non-
controlled study design and the relatively low numbers of
patients with heterogeneous treatment approaches, the data
must be interpreted with caution, but they give a good insight
into the safety of the use of tirofiban in clinical practice.
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EFFECT OF PREOPERATIVE TIROFIBAN ON POSTOPERATIVE MYOCARDIAL PERFORMANCE IN PATIENTS
WITH LEFT MAIN CORONARY ARTERY DISEASE UNDERGOING CABG SURGERY

Murat G[]nday1, Ozgiir Ciftgiz, Tongug Saba1, Mehmet Ozi]lk[f, Olcay Eldemz, Sait A§Iama0|1

Aim. In this study, we investigated the impact of tirofiban on ventricular performance
in patients who were diagnosed with acute coronary syndrome, found to have left
main coronary artery stenosis during coronary angiography, and administered
tirofiban prior to coronary artery bypass to prevent the recurrence of an acute
coronary syndrome during the preoperative period.

Material and methods. The patients were divided into two groups. Group 1
included patients who were pre-diagnosed with acute coronary syndrome and
administered tirofiban infusion in another hospital and subsequently sent to our
center for advanced examination and treatment, where they exhibited left main
coronary artery disease during coronary angiography and were submitted to surgery
(n=28). Group 2 included patients who arrived at our emergency service with chest
pain, were pre-diagnosed with acute coronary syndrome in the cardiology clinic,
exhibited left main coronary artery disease during coronary angiography, and were
submitted to urgent surgery without receiving tirofiban infusion (n=29). Standard
and tissue Doppler echocardiography were applied to each patient in the
preoperative and postoperative periods.

Results. After bypass surgery, the mean postoperative left ventricular myocardial
performance index (0.84+0.30) was significantly lower than the mean preoperative
left ventricular myocardial performance index (1.10+0.35) (p=0.001). The left lateral
myocardial performance index was lower in group 1 (0.76+0.31) than in group 2
(0.92+0.27) (p=0.050%), but the ejection fraction was higherin group 1 (61.46+7.74)
than in group 2 (52.87+11.64) (p=0.003*).

Conclusion. Preoperative administration of tirofiban improved postoperative left
ventricular performance compared to pretreatment with aspirin alone in patients

with left main coronary artery disease undergoing coronary artery bypass surgery.
Therefore, we recommend the preoperative administration of tirofiban as an
antithrombotic agent to patients who are undergoing coronary artery bypass for left
main coronary artery disease.
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BJINAHUE NPELONEPALMOHHON TEPAMUN TUPOOUBAHOM HA NOCJIEONEPALMOHHBIE
MOKASATEJIN MUOKAPAA Y BOJIbHbIX MEPEHECLUUX ONEPALUIO AOPTO-KOPOHAPHOIO

LWYHTUPOBAHUSA

Murat Gijnday1, Ozgiir (;iftgiz, Tongug Saba1, Mehmet (“)zi]lkif, Olcay Eldemg, Sait Aslamam1

Llenb. B 31011 paboTe M3y4eHo BnmsiHME TUPOdUOaHa Ha XeNyao4KoBbIE NOKa3a-
Tenu y 60NbHbIX, KOTOPbIM Obl NOCTABNEH AMArHO3 «OCTPbIA KOPOHAPHDIA CUH-
npom» (OKC), oBGHapyxeH CTEHO3 NIeBOV KOPOHAPHON apTepum Mpu KOPOHAPHOW
aHrvorpaduu 1 BBeseH TMpodurbaH A0 onepaLun KOPOHAPHOTO LWYHTUPOBAHUS,
4To6bI HE fonycTUTL NoBTOpPeHNst OKC B NnpefonepaLoHHOM nepuoge.
Matepuan un metoabl. BonbHble Gbinv pasfeneHsl Ha age rpynnbl. B rpynny 1
ObINV BKNIOYEHBI NALMEHTBI, KOTOPLIM OblN NPeABapUTENLHO NOCTABNEH ANArHO3
OKC, BBeneH TMpodubaH B Apyroit 6onbHULE; 3aTeM OHU Obiiv HanpasBieHbl B
HaL LEeHTP, 1M BbINo NpoBefeHsbl CoBpeMeHHoe 06cneaoBaHue 1 nevequne, noa-
TBEPX/EH CTEHO3 NIEBOV KOPOHAPHOW apTepumn Npy KOPOHAPHOW aHrnorpaduu, n
nauveHTbl ObiNM OTNPABNEHbl HA XMpypruyeckoe neyeHve (n=28). 2 rpynna —
nauMeHTbl, JOCTaBfEHHbIE B Hall LEHTp Opuragamu aKCTPEHHOR nomoluu, ¢
60nblo B 06naCTU rpyav; UM Gbin NpeABapuTenbHO nocTasneH anarHod OKC B
KIMHUKE KapAMonorum, noLTBEPXAEH CTEHO3 NEBO KOPOHAPHOW apTepun npu
KOpoHapHOI aHrnorpadum, n 6bina HazHayeHa cpoyHas onepauus, 6e3 nonyye-
HUS MHbY3uM TUpodubana (n=29). MeToa CTaHAAPTHOW W TKaHeBo fonnnep-
axokapamorpadum 6bin NPUMEHEH K KaXZOMY NaUMEHTY B NPefonepaLyiOHHOM 1
nocneonepalyioHHOM Nepuoaax.

Introduction
Early surgical intervention is preferred for patients who
are diagnosed with acute coronary syndrome and found to
have left main coronary artery stenosis during coronary angi-
ography. In hospitals where angiography cannot be used,
anti-aggregant and anticoagulant drugs, such as clopidogrel,

Pesynbratbl. loCne LWYHTMPOBAHUS, 3HA4YEHWE MHAOEKCa MOCNeonepaLyioHHOro
Muokapaa nesoro xenynoyka (0,84+0,30) Obin 3HAYNTENBHO HUXE, YEM 3HAYEHME
nHIeKca npefonepawLmMoHHoro Muokapaa nesoro xenygouka (1,10£0,35) (p=0,001).
Mokasatenb MHAEKCA NEBOro natepanbHOro mMuokapaa Obin Huke B rpynne 1
(0,76+0,31), yem B rpynne 2 (0,92+0,27) (p=0,050*), HO dpakums BbiGpoca Obina
Bblwe B rpynne 1(61,46+7,74), yem B rpynne 2 (52,87+11,64) (p=0,003%).

BbiBoA. [pesonepaunoHHoe BBeaeHne TpodurbaHa ynyyllaeT CoCTOsHUE nochne-
0rnepaLyMoHHOro NeBOr0 XeNyaoyka, No CPaBHEHWIO C NPeaBapuUTENbHbIM MPUEMOM
acnupuHa y 6onbHbIX ¢ 3aboneBaHeM NeBOV KOPOHAPHO apTepun, NepeHecLInX
a0pPTO-KOPOHAPHOE LYHTMPpOBaHUe. [103TOMY, Mbl PEKOMEHAYEM NPefonepaLyoH-
Hoe BBefeHue TpodubaHa Kak aHTUTPOMOOTMYECKOrO areHTa Ais MauveHToB,
NepeHecLUnx a0PTOKOPOHAPHOE LLYHTMPOBaHWe Npy 3a60/1eBaHNMN IEBOI KOPOHapP-
HOW apTepun.

Poccuiickuii kapauonoruyeckuii xypHian 2014, 4 (108), Aurn.: 28-33

Kntoyeeble cnoa: 3abosieBaH1e NEBON KOPOHAPHOM apTepui, a0pTO-KOPOHap-
HOE LIYHTUPOBaHME, TUPOGUBAH, NPOU3BOANTENLHOCTL XENYA04Ka.

aspirin, low molecular-weight heparin, and glycoprotein 11b/
II1a antagonists, can be administered to patients who are
diagnosed with acute coronary syndrome. The short action
time of the glycoprotein IIb/Illa inhibitor tirofiban, which
facilitates its use up to four hours before surgery, is a distinct
advantage over other drugs [1, 2]. Batyraliev et al. reported
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that the use of tirofiban after coronary angiography in patients
with coronary syndrome with ST elevation improved the left
ventricular ejection fraction compared to patients who were
not administered tirofiban [3]. Tissue Doppler echocardiog-
raphy in combination with echocardiography is a practical,
reliable and well-defined non-invasive diagnostic method for
investigating left and right ventricular systolic and diastolic
function [4, 5]. In this study, we used this method to investi-
gate postoperative left and right ventricular performance in
patients who were admitted directly to our hospital with acute
coronary syndrome, diagnosed with left main coronary artery
disease using coronary angiography, and submitted to urgent
surgery. We compared the results of this group to those of
patients who were pre-diagnosed with acute coronary syn-
drome and administered tirofiban infusion in another hospi-
tal and subsequently sent to our center for advanced exami-
nation and treatment, where they were diagnosed with left
main coronary artery disease using coronary angiography and
submitted to surgery.

Materials and Methods

Subjects and Study Design. In this study, we analyzed 57
consecutive patients between the ages of 40 and 85 years who
had been diagnosed with acute coronary syndrome and
exhibited left main coronary artery disease during coronary
angiography. Gender differences were not considered when
selecting patients. The patients were divided into two groups.
Group 1 included patients who were pre-diagnosed with
acute coronary syndrome and administered tirofiban infusion
(the patients were given 0.4 pg/kg/min of tirofiban for loading
and were randomized to receive maintenance infusion at 0.1
ug/kg/min for 24 or 48 h) in another hospital and sent to our
center for advanced examination and treatment, where they
exhibited left main coronary artery disease during coronary
angiography and were submitted to surgery (n=28). Group 2
included patients who came to our emergency service with
chest pain, were pre-diagnosed with acute coronary syn-
drome in the cardiology clinic, exhibited left main coronary
artery disease during coronary angiography, and were submit-
ted to urgent surgery without receiving tirofiban infusion
(n=29). In addition, all patients in the study received only
upstream aspirin treatment.

The exclusion criteria excluded patients who were in a
state of cardiogenic shock, who were classified as Killip class
3 or 4, who used clopidogrel preoperatively, who were under-
going repeat coronary artery bypass surgery, who had incom-
plete revascularization, who underwent off-pump coronary
bypass surgery, who developed mechanical complications of
coronary artery disease (e.g., post- myocard infarction ven-
tricular septal defect or rupture of the free ventricular wall),
who underwent heart valve surgery combined with coronary
artery bypass (e.g., mitral valve replacement, aortic valve
replacement or tricuspid valve repair), and who were admin-
istered high-dose inotrope infusion and/or fitted with an
intra-aortic balloon to treat poor postoperative ventricular
function.

This study was approved by the Ethics Board and the
Institutional Review Board (Project no: KA13/105) of
Baskent University and supported by the Baskent University
Research Fund. This study was conducted according to the
recommendations contained in the Declaration of Helsinki
on Biomedical Research Involving Human Subjects.

Surgical Procedure. Median sternotomy was applied to all
patients under general anesthesia. Systemic heparinization
was performed to ensure an activated clotting time of 600—
800/second. The cardiopulmonary bypass was done via aor-
ta-caval cannulation. Non-pulsatile cardiopulmonary bypass
was used with a roller pump and a membrane oxygenator.
The patients were routinely cooled to 28—30°C. After the
installation of the cross-clamp, a crystalloid cardioplegic
solution (St. Thomas II solution) was applied every 20 min-
utes to protect the myocardium. Topical cooling was per-
formed using a crystalloid ice slush solution in all patients. At
the same time, two surgeons routinely removed the saphen-
ous vein from under the right knee, the radial artery from the
left arm, and the left internal mammarian artery (LIMA).
Using 7/0 propylene, distal anastomoses were made initially
to the right coronary artery or to its posterior descending
branch, subsequently to the circumflex coronary arterial sys-
tem, and finally to the left anterior descending artery (LAD)
and the diagonal arterial system. The LIMA was preferred as
a graft for the anastomoses to the LAD artery, the saphenous
vein was used for the anastomoses to the right coronary artery
and the diagonal arterial system, and the radial artery was
preferred for the anastomoses to the circumflex artery and its
branches. The proximal anastomoses were sewn onto the
aorta, installing a side-clamp. Coronary endarterectomy was
not applied to any of the included patients. The patients were
weaned from cardiopulmonary bypass when the rectal tem-
perature reached 37°C.

Echocardiographic Evaluation. During the preoperative
and postoperative (i.e., 4—8 weeks after the operation) peri-
ods, standard and tissue Doppler echocardiography were
applied to each patient in the lateral decubitus position, using
the Acuson Sequoia C256 Echocardiography System (Acu-
son, Mountain View, CA, USA), The echocardiographic
images were recorded in video. Using M-mode imaging, the
diastolic and systolic thicknesses of the intraventricular sep-
tum, the thickness of the posterior wall, and the end-diastolic
and end-systolic diameters of the left and right ventricles were
measured on the parasternal long axis. The ejection fraction
was calculated.

To assess right ventricular diastolic function using pulsed
wave Doppler (PW) in apical 4-chamber view, the sample
volume was placed over the tips of the tricuspid valve and the
right ventricular inflow samples were recorded. This proce-
dure facilitated measurements of the early diastolic flow rate
(E), the late diastolic flow rate (A), the E/A ratio, and the
deceleration period of the E wave (Edz). The mean of three
cardiac cycles was calculated for each value.

Tissue Doppler Imaging. To accurately determine myocar-
dial speeds, the gain adjustment of the instrument was reduced
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Table 1
The demographic and baseline echocardiographic
measurements of the patient and control groups

Group1 Group2 p

(n=28) (n=29)
Gender (Female/male) 21 24 0,481
Age (years) 63,71+9,71 66,52+9,14 0,267
SBP (mm Hg) 138,86+21,15 142,59+19,33 0,527
DBP (mm Hg) 83,64+11,77 87,41+9,03 0,224
Total cholesterol (mg/dL) 184,94+52,63 181,36+41,03 0,663
HDL (mg/dL) 39,12+7,31 42,21+11,44 0,274
LDL (mgy/dL) 116,82+45,63  108,00£39,70 0,514
Triglyceride (mg/dL) 160,35+62,94 154,79+78,51 0,795
Heart rate (beats/minute) 72,59+11,92 67,13+9,62 0,131
Preoperative blood sugar (mg/dL) 161,56+152,81 124,86+51,04 0,337
Height (cm) 156,65+39,58 165,08+7,72 0,405
Weight (kg) 77,39%8,35 77,69+12,53 0,867
Hypertension 14 20 0,109
Preoperative ejection fraction 59,73+9,81 58,83+15,09 0,797

Abbreviations: SBP — systolic blood pressure, DBP — diastolic blood pressure,
HDL — high density lipoprotein, LDL — low density lipoprotein.

Table 2
The operation data for both groups, comparison of drainage,
blood and blood products

Group1 Group2 p

(n=28) (n=29)
The number of distal anastomoses  3,48+0,79 3,41£0,80 0,754
LAD 1,000,00 1,00+0,00 0,221
Diagonal artery 0,56+0,51 0,63+0,49 0,682
intermedial 0,22+0,43 0,10£0,31 0271
Cx artery 1,06+0,24 0,93+0,62 0,380
RCA artery 0,67+0,59 0,67+0,48 1,0
Average x-clamp period (minute)  46,00+10,08 42,00+10,11 0,201
Average CPB period (minute) 110,50£30,95  94,59+23,26 0,073
Full Blood 3,36%1,43 4,16+1,84 0,173
ES 4,55+2 11 2,64+1,98 0,032*
FFP 5,24+2,31 4,62+2,32 0,396
Chest tube drainage/24 h, day 517,86+235,02 562,50+278,19 0,602
0 (ml)
Chest tube drainage/24 h, day 366,67+349,89 301,09+146,45 0,545
1 (ml)
Chest tube drainage/24 h, day 200,00+150,00 210,00+135,50 0,924
2 (ml)

Abbreviations: LAD — left descending coronary artery, Cx — circumflex coronary artery,
RCA — right descending coronary artery, X-Clamp — cross-clamp CPB — cardiopulmo-
nary bypass, ES — erythrocyte suspension, FFP: fresh frozen plasma.

to the lowest possible value. Throughout the procedure, the
Doppler velocity was maintained at 0.5 m/sec and the sample
volume interval was maintained at 5.9 mm. Apical 4-chamber
view was used to record the myocardial speeds at the tricuspid
and septal annuli. The tissue Doppler sample was recorded by
positioning the PW sample volume above the myocardium at
the basal septum and at the right ventricular lateral tricuspid
annulus. This method makes it possible to assess the longitudi-

nal movements of the right ventricle and the mutual interaction
of both ventricles through a single selected window.

At these regions, we measured the systolic myocardial
velocity (Sm), the early (Em) and late (Am) diastolic veloci-
ties and their ratio (Em/Am), as well as the isovolumetric
relaxation times (IVRZm). The mean of these values for three
consecutive heart beats was calculated.

The interval from the onset to the cessation of left ven-
tricular outflow was used to measure the left ventricular ejec-
tion time (LVET). The interval from the onset to the end of
right ventricular outflow was used to measure the right ven-
tricular ejection time (RVET). The interval from the cessa-
tion of mitral inflow to the onset of left ventricular outflow
was used to measure the isovolumetric contraction time of the
left ventricle (IVCTL).

The isovolumetric relaxation time of the right ventricle
(IVRTR) was defined as the interval from the cessation of
right ventricular outflow to the onset of tricuspid inflow. The
interval from the cessation of tricuspid inflow to the onset of
right ventricular outflow was used to measure the isovolumet-
ric contraction time of the right ventricle (IVCTR). The
myocardial performance index of the right ventricle was cal-
culated using the formula (IVCTR+IVRTR) /RVET. The
myocardial performance index of the left ventricle was calcu-
lated using the formula (IVCTL+ IVRTL) /LVET.

The left ventricular Sm and ejection fraction values were
used to evaluate left ventricular systolic function. The right
ventricular Sm was used to evaluate right ventricular contrac-
tile function. The trans-mitral and trans-tricuspid E-wave
velocity, the A-wave velocity, the E/A ratio, Em, Am, the
Em/Am ratio, IVRT, IVCT, ET and myocardial performance
index values were used to evaluate right and left ventricular
relaxation (i.e., diastolic) function. The echocardiographic
evaluation was performed by a cardiologist who was not
informed about the clinical data or the echocardiographic
analysis.

Statistical Analyses. SPSS software (SPSS Ver. 10.0)
(SPSS Inc., Chicago IL, USA) was used to perform the sta-
tistical analyses. The numeric values were expressed as the
mean®=SD. The independent samples t-test or the
Mann-Whitney U test was used for continuous variables, and
the Chi-square test was used for categorical variables. Con-
tinuous variables were tested for normal distribution using the
Kolmogorov-Smirnov test. Values of p<0.05 were accepted as
statistically significant. According to the power analysis, if a
20% change in a certain variable was considered clinically
significant with a two-tailed a=0.05 and a statistical power of
80%, the adequate subject count was 17. This result indicated
that a sample size of 57 participants would be sufficient. With
this sample size, the statistical power was 0.930.

Results
Clinical Features of the Study Group
The preoperative demographic characteristics are pre-
sented in Table 1. No differences in gender, age, systolic
blood pressure, diastolic blood pressure, total cholesterol,
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high density lipoprotein cholesterol, low density lipoprotein
cholesterol, triglycerides, preoperative blood sugar, heart rate
(beats/minute), height, weight, preoperative ejection frac-
tion, or hypertension were observed between the two groups.

Surgical Data

The surgical data are presented in Table 2. A statistically
significant difference in erythrocyte suspension was observed
between the two groups. No significant differences in the
other parameters were observed between the study groups.

Morbidity, Mortality and the Length of Stay in the Intensive
Care Unit

Throughout the study period (i.e., the six months follow-
ing the day of hospitalization), no mortality was encountered
among the patients included in the study. No differences in
atrial fibrillation, pleural effusion, acute renal failure, stroke
or pulmonary infection during the length of stay in the hospi-
tal (i.e., the first seven days of the study period) were observed
between the two groups (p >0.05). In addition, no differences
in the length of stay in the intensive care unit or the length of
stay in the hospital were observed between the two groups
(p >0.05) (Table 3).

Left Ventricular Relaxation Data

No differences in the preoperative left ventricular relaxa-
tion parameters were observed between the two groups (Table
4). In the postoperative period, no differences in the mitral
E/A ratio (p=0.939), left ventricular Em (cm/s) (p=0.064),
left ventricular Am (cm/s) (p=0.737), the left ventricular
Em/Am ratio (p=0.265), left ventricular IVCT (ms)
(p=0.102), or left ventricular ET (ms) (p=0.658) were
observed between the two groups. Tissue Doppler IVRT (ms)
was greater in group 2 than in group 1 (p=0.018%) (Table 5).

Right Ventricular Relaxation Parameters

No differences in the preoperative right ventricular relaxa-
tion parameters were observed between the two groups (Table
4). In the postoperative period, no differences in the right ven-
tricular Em (cm/s) (p=0.167), right ventricular Am (cm/s)
(p=0.583), the right ventricular Em/Am ratio (p=0.179), right
ventricular IVRT (ms) (p=0.682), right ventricular IVCT (ms)
(p=0.593), or right ventricular ET (ms) (p=0.201) values were
observed between the two groups (Table 6).

Left and Right Ventricular Systolic Function

No differences in the preoperative left and right ventricu-
lar systolic function parameters were observed between the
two groups (Table 4). In the postoperative period, no differ-
ences in the left ventricular Sm were detected between the two
groups (p=0.182) (Table 5). Similarly, no differences in the
right ventricular Sm value for the contractile function of the
right ventricle were observed between the two groups
(p=0.879) (Table 6). Among these parameters, the left ven-
tricular ejection (cm/s) in the postoperative period was higher
in group 1 than in group 2 (p=0.003*) (Table 5).

Mpyocardial Performance Index Values for the Left and
Right Ventricles

No differences in the preoperative myocardial performance
index values for the left and right ventricles were observed
between the two groups (Table 4). In the postoperative period,

Table 3
Comparison of the two groups with regard to the rates of
morbidity, mortality and length of stay in the ICU

Group 1 Group 2 p
AF 1 6 0,161
Pleural effusion 1 2 0,856
ARF 1 0 0,204
Sternum infection 0 1 0,431
Stroke 1 0 0,204
Pulmonary infection 1 0 0,204
Length of stay in the ICU (days) 2,94+1,16 2,59+0,97 0,296
Length of stay in the hospital (days) 13,17+7,37 9,93+4,45 0,107

Abbreviations: AF — atrial fibrillation, ARF — Acute renal failure.
Table 4

Preoperative left and right ventricular systolic and diastolic
function measurements

Group1 Group?2 p
Right ventricular Sm (cm/s) 10,57+4,18 10,52+3,68 0,959
Right ventricular Em (cm/s) 9,64+3,84 10,79+4,09 0,275
Right ventricular Am (cm/s) 12,89+4,68 13,72+5,89 0,557
Right ventricular IVRT (ms) 117,99+50,89  113,03+32,82 0,665
Right ventricular IVCT (ms) 97,61+49,25 98,21£31,05 0,959
Right ventricular ET (ms) 241,26+55,19  256,93+49,85 0,275
Right ventricular MPI 0,94+0,34 0,88+0,38 0,501
Left ventricular Sm (cm/s) 7,89+3,36 9,17+2,66 0,121
Left ventricular Em (cm/s) 7,93+3,62 9,83+4,74 0,096
Left ventricular Am (cm/s) 13,0444,42 13,7245,93 0,623
Left ventricular IVRT (ms) 124,25+32,56 135,75+33,03 0,195
Left ventricular IVCT (ms) 113,02+44,42  127,78+35,20 0,174
Left ventricular ET (ms) 238,78+47,27  234,74+33,34 0,713
Left ventricular MPI 1,05+0,39 1,15+0,31 0,276

Abbreviations: Sm — systolic peak velocity, Em — early peak velocity, Am —
atrial peak velocity, IVRT — isovolumetric relaxation time, IVCT — isovolumetric
contraction time, ET — ejection time, MPI — myocardial performance index.

the left lateral myocardial performance index was lower in
group 1 than in group 2. This difference was statistically signif-
icant (p=0.050*) (Table 5). No difference in the right lateral
myocardial performance index was detected between the two
groups (p=0.617) (Table 6). After bypass surgery, the mean
postoperative left ventricular myocardial performance index
(0.84%0.30) was significantly lower than the mean preoperative
left ventricular myocardial performance index (1.10£0.35)
(p=0.001). However, no difference was observed between the
mean preoperative right ventricular myocardial performance
index (0.91%0.36) and the mean postoperative right ventricular
myocardial performance index (0.89%0.35) (p=0.783).

Discussion
To our knowledge, our study is the first investigation of the
impact of tirofiban use prior to coronary artery bypass on the
ventricular performance of patients with left main coronary
artery disease. In this study, the left ventricular myocardial
performance index was significantly lower in group 1 than in
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Table 5

Postoperative left ventricular systolic and diastolic function
measurements
Group1 Group2 p

Mitral Emax (cm/s) 79,76+25,26 73,62+20,86 0,404
Mitral Amax (cm/s) 77,47£29,63 72,66+20,69 0,560
Mitral E deceleration time (ms) 255,75+69,02 234,60+48,97 0,297
Mitral E/A ratio 1,10+0,38 1,09+0,47 0,939
LVM 223,56+44,72 243,43+80,92 0,314
LVMI 123,59+19,14 139,96+46,59 0,288
left ventricular Sm (cm/s) 8,92+3,67 10,12+2,91 0,182
left ventricular Em (cm/s) 9,09+3,82 11,3445,08 0,064
left ventricular Am (cm/s) 11,50+4,58 11,97+5,77 0,737
left ventricular E/A ratio 1,21£0,51 1,38+0,62 0,265
left ventricular IVRT (ms) 96,21+35,56 117,71£30,07  0,018*
left ventricular IVCT (ms) 90,26+41,38 107,93+37,99 0,102
left ventricular ET (ms) 256,82+47,45 253,04+37,74 0,742
left ventricular MPI 0,76%0,31 0,92+0,27 0,050*
LVEF 61,46+7,74 52,87+11,64 0,003*

Abbreviations: LVM — left ventricular mass, LVMI — left ventricular mass index,
Sm — systolic peak velocity, Em — early peak velocity, Am — atrial peak velocity,
IVRT — isovolumetric relaxation time, IVCT — isovolumetric contraction time,
ET — ejection time, MPI — myocardial performance index, LVEF — left ventricular
ejection fraction.

Table 6
Postoperative right ventricular systolic and diastolic
function measurements

Group1 Group2 p
Right ventricular Sm (cm/s) 11,46+4,25 11,62+3,80 0,879
Right ventricular Em (cm/s) 10,14+4,06 11,66+4,13 0,167
Right ventricular Am (cm/s) 12,11+4,66 12,86+5,59 0,583
Right ventricular Em/Am ratio 0,87+0,36 1,03+0,53 0,179
Right ventricular IVRT (ms) 116,28+50,67 111,55+33,95 0,682
Right ventricular IVCT (ms) 97,04+48,88 97,66+31,09 0,955
Right ventricular ET (ms) 242,25+55,57 260,86+50,64 0,201
Right ventricular MPI 0,93+0,34 0,86+0,37 0,433
Abbreviations: Sm — systolic peak velocity, Em — early peak velocity,

Am: — atrial peak velocity, IVRT — isovolumetric relaxation time, IVCT — isovolumetric
contraction time, ET — ejection time, MPI — myocardial performance index.

group 2 (p=0.050*) and the ejection fraction was higher in
group 1 than in group 2 (p=0.003). Also, after bypass surgery,
the mean postoperative left ventricular myocardial perfor-
mance index (0.84%0.30) was significantly lower than the
mean preoperative left ventricular myocardial performance
index (1.10£0.35) (p=0.001). This result indicates that
tirofiban exerts a protective effect on the performance of the
left ventricle.

After cardiopulmonary bypass, the left and right ventricu-
lar functions are adversely affected by factors such as myocar-
dial ischemia, reperfusion injury and vasoconstriction
induced by hypothermia [6]. Left ventricular diastolic func-
tion begins to improve immediately after coronary artery
bypass and returns to preoperative levels in the long term. In

contrast, right ventricular dysfunction does not completely
resolve and is encountered after both on-pump and off-pump
surgery [7]. Left ventricular dysfunction and cardiac failure
are important independent risk factors for surgical mortality
after coronary artery bypass [8, 9].

The use of glycoprotein IIb/I11a inhibitors after coronary
interventions is currently common. Glycoprotein IIb/Illa
inhibitors prevent platelet aggregation and thrombus formation
by blocking the glycoprotein IIb/IIla receptors on the surface
of platelets that promote aggregation. Among the drugs in this
group, tirofiban takes effect rapidly, exerts an antiplatelet effect
that disappears shortly after discontinuation, and is highly spe-
cific for glycoprotein IIb/IIla receptors. The efficiency of
tirofiban was demonstrated in three large scale studies: Platelet
Receptor Inhibition for European Journal of Cardio-thoracic
Surgery (PRISM), PRISM-Patients Limited by Unstable
Signs and Symptoms (PRISM-PLUS) and Randomized Effi-
cacy Study of Tirofiban for Outcomes and Restenosis
(RESTORE) [10—12]. The increased use of coronary stents
and glycoprotein IIb/I11a inhibitors has markedly reduced the
incidence of emergent and urgent coronary artery bypass graft
surgery for unsuccessful percutaneous coronary intervention
[13]. Moreover, a number of studies demonstrated that the use
of tirofiban after unsuccessful percutancous coronary angio-
plasty does not increase the incidence of bleeding after urgent
coronary artery bypass operations [14—15]. However, no previ-
ous studies of the impact of tirofiban on myocardial perfor-
mance after heart surgery are currently available.

Tissue Doppler imaging combined with echocardiogra-
phy is a practical, reliable and well-defined, non-invasive
diagnostic method that has recently been used to investigate
left and right ventricular systolic and diastolic function [4, 5].
Echocardiographic evaluation of the right ventricle is very
difficult due to its geometry and its position immediately
below the sternum. The myocardial performance index
obtained via tissue Doppler imaging is used to evaluate the
non-geometrical systolic and diastolic functions. This param-
eter has been reported to be reliable for evaluating right
[16,17] and left [18] ventricular performance. Myocardial
performance is not affected by the pulse rate or blood pres-
sure [19, 20]. High myocardial performance values are asso-
ciated with adverse cardiac events [21, 22]. In our study, the
left ventricular myocardial performance index value was sig-
nificantly lower in group 1 than in group 2 (p=0.050%).

Microvascular obstruction is present in one-quarter to one-
third of patients in whom TIMI 3 has been achieved using
mechanical or pharmacological methods [23, 24]. Microvas-
cular obstruction has been reported to cause intracardiac hem-
orrhage [25] and myocardial rupture [26]. A previous study on
the use of abciximab, which is also a glycoprotein IIb/Illa
inhibitor, after acute myocardial infarction demonstrated that
this drug is more effective than classical fibro analytical therapy
against microvascular obstruction [27].

Clopidogrel is routinely administered to patients with
acute coronary artery disease who seek emergency services.
This drug has a long half-life; thus, if a coronary artery dis-
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ease, such as left main coronary artery stenosis, is detected in
such patients during coronary angiography and a surgical
operation is necessary, surgery cannot be performed immedi-
ately due to the previous use of clopidogrel. An initial waiting
period is necessary after the discontinuation of clopidogrel; in
the absence of a waiting period, bleeding and mortality [28]
rates increase in the postoperative period. In contrast, an
acute coronary syndrome may redevelop if clopidogrel is not
administered. As a glycoprotein IIb/I11a antagonist, tirofiban
is a drug that inhibits platelet aggregation. This drug is used
increasingly in intensive care units because it can be used up
to 4—6 hours before coronary artery bypass surgery.
However, no studies of the impact of this drug on ven-
tricular function in the postoperative period are available.
We found that preoperative administration of tirofiban
improved postoperative left ventricular performance in
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CLINICAL ANALYSIS OF ASSOCIATION OF CYSTATIN C AND ATRIAL FIBRILLATION

Ping Liu, Shujian Sui, Dongling Xu

Some studies have disclosed atrial fibrillation (AF) is associated with inflammation.
Cystatin C is not only inflammatory markers but also an independent predictor of
cardiovascular events.

Aim. We sought to investigate the relationship between serum levels of cystatin C
and the occurrence and development of AF.

Material and methods. 134 paroxysmal and persistent AF (AF1 group) and 121
permanent AF (AF2 group) patients in AF group and 154 healthy people in control
group were prospectively measured for cystatin C, other inflammatory markers,
biochemical indicators, left atrial diameter (LAD), left ventricular diameter (LVD) and
left ventricular ejection fraction (LVEF).

Results. (1) Compared with control and AF1 groups, AF2 group had higher
values of cystatin C, high sensitivity C reactive protein (hsCRP), LAD and LVD
whereas lower values of LVEF (P<0.05). (2) After adjust for age, gender and
body mass index (BMI), correlation analysis showed that serum level of cysta-
tin C was closely related to hsCRP, LAD, systolic blood pressure (SBP) and
creatinine, the correlation coefficient were respectively 0.658, 0.502, 0.475
and 0.530 (P<0.01), but negatively associated with LVEF (P=0.011) in AF
group. (3) Multivariate regression analysis showed the hsCRP, cystatin C, LAD
and LVEF entered finally into the regression equation (cystatin C, OR: 3.41,
95%Cl: 1.09-11.08, P=0.009).

Conclusion. The serum levels of cystatin C has significant correlation with AF, which
indicates cystatin C may play an important role in the process of AF development.
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KJIMHUYECKUA AHAJIU3 ACCOLMALIUM LLUCTATUHA C U ®UBPUNNSALUA NPEACEPOUNA

Ping Liu, Shujian Sui, Dongling Xu

B HekoTopbix McCnenoBaHusx GbiN0O BLIIBNEHO, YTO GUOPUANAUMS Npeacepauii
() cesizaHa ¢ BocnaneHneMm. LyctatnH C 9BnSieTCs He TOMbKO BOCMANUTENbHBIM
MapKkepoM, HO 1 HE3aBUCUMbIM NPEAVKTOPOM CepLeYHO-COCYANCTbIX COObITHIA.
Uenb. Mbl nonbiTanucb BLIICHATL OTHOLUEHWS MEXAY YPOBHEM LMCTaTUHA
C B CbIBOPOTKE KPOBU 1 BO3HWKHOBEHVEM 1 pa3BuTrem Prl.

Martepuan n metoabl. 134 nauveHTa ¢ NAPOKCU3MANbHON 1 NEPCUCTUPYIOLLEN
&M (e rpynna), 121 naumeHT ¢ noctosiHHon I (P2 rpynna) n 154 300p0OBbLIX
NI0AEN B KOHTPOMbHOW rpynne 6binv nof, HabnioaeHneM s N3MepeHUs LucTatnHa
C, opyrux BocnanuTeNbHbIX MapkepoB, BUOXMMMYECKUX MokasaTeneii, amamerpa
nesoro npegacepamsa (LAD), auametpa nesoro xenypouyka (LVD) u dpakumm
BbiOGpoca nesoro xenynouyka (OB JIXK).

Pesynbtatsl. (1) B cpaBHeHun ¢ rpynnoii koHTpons, rpynnsl P11 n ®N2 nmenn
6onee BbICOKME 3HAYEHWs YPOBHS LmMcTaTHa C, BbICOKYIO YyBCTBUTENLHOCTb C
peakTusHoro 6enka (hsCRP), LAD n LVD6 B Toxe Bpemsi — Hu3kve 3HaueHns OB
JIX (P<0,05). (2) Mocne paHxvpoBaHWs No BO3PACTY, MOY U MHAEKCY Macchl Tena

Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia and increases in prevalence with aging [1—3].
It has become one of the leading causes for hospitalized
patients with AF because AF may induce stroke, heart
failure and increases case fatality [1, 2, 4]. Unfortunately,
its fundamental pathological mechanisms are not fully
clear. Recent evidence is accumulating that AF may be
closely interrelated with inflammation and inflammatory
biomarkers [2, 4—6]. Some studies confirmed that diverse
inflammatory factors participate in pathogenesis and
development of AF [6—8].

Cysteine protease inhibitors-C (cystatin C) is a mem-
ber of protease inhibitor superfamily. cystatin C is not only

(MIMT), KOppensumMoHHbIN aHann3 nokasas, YTo CbIBOPOTOYHbIV YPOBEHb LMCTaTUHA
C tecHo cBa3aH ¢ hsCRP LAD, cvuctonnyeckum aptepuansHeiv aasneHunem (CAL)
N KpeaTVHUHOM, KO3(DPULMEHTBI Koppensuun bbinn, cooTBeTCTBEeHHO, 0.658,
0.502, 0.475 n 0.530 (P<0.01), HO oTpuuatenbHo accoummpoBaHbl ¢ ®B JIK
(P=0,011) B rpynne ¢ ®. (3) MHOrodhakTopHbIii perpeccroHHbIi aHanua nokasan,
4yto hsCRP, unctatuH C, LAD n ®B JIX B KOHEYHOM CYETE BXOAST B YpPaBHEHWE
perpeccun (umctatuH C, OR: 3.41, 95%Cl: 1.09-11.08, P=0.009).

3aknioueHue. YpoBeHsb LyctatviHa C B CbIBOPOTKE KPOBU MMEET 3Ha4MMble Koppe-
naumn ¢ @I, koTopas ykasbiBaeT Ha TO, 4TO LMCTaTUH C, MOXET Urpatb BaXHYI0
ponb B npoLiecce passutis .

Poccwiickuii kapanonoruyeckuii xypHan 2014, 4 (108), Aurn.: 34-38

KnioueBble cnoea: uucrtatmia C, dbubpunnsumns npeacepauii, BocnaneHue, map-
KEepOoB BOCNaNeHms.

a relatively more sensitive indicator of evaluating renal
function than creatinine but also an independent and
strong predictor of cardiovascular events [7, 9]. Recently
studies find cystatin C is closely related to the inflamma-
tory process or other inflammation factors [7, 10]. How-
ever, it remains challenged whether or not there is correla-
tion between cystatin C and AFE. In this study, the correla-
tion between cystatin C and AF was investigated and its
possible pathogenesis was preliminarily discussed and
elucidated.

Materials and methods
Subjects. A total of 255 consecutively hospitalized
patients with AF (assigned to group AF) were prospec-

34



ORIGINAL STUDIES

tively recruited between June 2008 and December 2010
from the Second Hospital of Shandong University and
Qilu Hospital of Shandong University, which included 134
cases of paroxysmal and persistent AF (placed to group
AF1), 66 malesand 68 females with mean age of67.58+12.4
years old. There were 121 cases of permanent AF (put to
group AF2), 58 males and 63 females, averaged
(68.09%11.7) years old. All cases of AF diagnosed were
verified by medical history, physical examination, electro-
cardiogram (ECG) or dynamic electrocardiogram. The
control group had 154 cases of adults after health exami-
nation in the Second Hospital of Shandong University,
selected from outpatients without diseases or with minor
illnesses from cardiac or other departments following the
same exclusion criteria. Of which, there were 71 male
cases, 83 female cases with a mean age of 64.43+11.2 years
old. ECG showed sinus rhythm in control group. There
were not statistically significant differences (P>0.05) but
comparability in comparison with age, sex and etiological
composition among the three groups.

AF was defined and classified according to the man-
agement of atrial fibrillation of the European Society of
Cardiology (ESC, 2010 edition) [11]. Paroxysmal AF is
self-terminating usually within 48 hours, and may con-
tinue for up to 7 days. Persistent AF is present when an AF
episode either lasts longer than 7 days or requires termina-
tion by cardioversion, either with drugs or by direct current
cardioversion. Permanent AF is said to exist when the
presence of the arrhythmia is accepted by the patient (and
physician). Patients with any of the following conditions
were excluded from the study: infectious diseases, malig-
nant tumors; hyperthyroidism; hypokalemia, hypomagne-
semia, hypocalcemia and acidosis; pneumonia and pul-
monary embolism; moderate and severe anaemia; intrac-
ranial hemorrhage; liver and renal abnormal function and
other organs dysfunction; immune system and endocrine
metabolic diseases; pregnant women and breastfeeding
women; taking some medicines such as statins and angio-
tensin-converting enzyme-inhibitors and/or angiotensin
II receptor blockers. This research was conducted in
accordance with the ethical principles stated in the “Dec-
laration of Helsinki”. The study protocol and written
informed consent were approved by the Ethics Committee
of Clinical Research, the Secondary Hospital of Shandong
University.

Methods. Peripheral vein blood were obtained from all
participants early in the day after a 12 h fast, immediately
transferred into a glass tube containing disodium EDTA,
and centrifuged for 10 min at 3000 round/min, separated
in aliquots and then stored at —80 °C. Cystatin C and
hsCRP were respectively measured by means of a parti-
cle-enhanced turbidimetric immunoassay with commer-
cial kits (Serum cystatin C, Beijing Leadman Biochemis-
try Co., Ltd. Beijing, China; hsCRP, Diagnostic System
Laboratory Inc, Webster, TX, USA). Its normal reference
value is 0—3mg/L.

Fasting blood glucose (FBG), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL—C), high-density
lipoprotein cholesterol (HDL—C), triglycerides (TG),
blood urea nitrogen (BUN) and serum creatinine (Cr) were
measured in automatic biochemical analyzer (Hitachi 7600,
Tokyo, Japan) with enzymic method in all subjects. Blood
routine was tested in a Sysmex XE-2100 hematology ana-
lyzer (Sysmex corporation, Kobe, Japan). Every participant
received the test of a 12-lead MAC1200 electrocardiogram
system (GE Healthcare, Milwaukee, WI, USA). Left atrium
diameter (LAD), left ventricular diameter (LVD) and left
vetricular ejection fraction (LVEF) were recorded using a
Philips iE33 ultrasonocardiograph (Philips Medical Sys-
tems, Bothell, WA, USA).

Statistical treatment. Continuous variables were
expressed as mean = SD and categorical variables were
presented as percentages. Continuous variables were com-
pared using one-way ANOVA, and categorical variables
were compared with chi-square test. The relationship
between variables was evaluated by significance calcula-
tion of partial correlation analysis after adjusting classical
risk factors (age, sex and body weight). The overall influ-
ence of selected risk factors on the AF was assessed using
binary logistic regression. Predictors of AF were deter-
mined by the multivariate regression analysis. The associ-
ation between variables and the occurrence of AF was
represented by odds ratio (OR) and their accompanying
95% confidence interval (95% CI). SPSS 17.0 (SPSS Inc.,
Chicago, 1L, USA) was used for all calculations. P<0.05
was considered significant.

Results

Comparison of baseline data between AF and control
groups

Baseline characteristics are shown in Tablel. Compared
with control group, AF1 and AF2 groups did not have sta-
tistical significance in age, gender, TG, TC and HDL
(P>0.05), but had higher values of BM, SBP, FBG and Cr
(P<0.05 or P<0.01). Values of BUN and LDL were signifi-
cantly higher whereas those of DBP were significantly lower
in AF2 group than in control group, while there were not
significant differences in the values of BP, BUN and LDL
between AF1 group and control group (P>0.05). Further-
more there were not statistical differences in baseline datum
between AF1 group and AF2 group (all P>0.05).

Comparison of inflammatory indicators between AF and
control groups

As shown in Table 2, white blood cell counts were
showed no significant difference (P>0.05) whereas there
were significant difference in the values of cystatin C and
hsCRP among these groups (P<0.05 or P<0.01). Com-
pared with control group, AF1 and AF2 groups had
higher values of cystatin C and hsCRP (P<0.05 or
P<0.01). Furthermore AF2 group had higher values of
cystatin C and hsCRP than those in AF1 group (P<0.05
or P<0.01).
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Table 1
Comparison of baseline data between AF and control groups
Variables control group AF1 group AF2 group
Age (year) 64.44+11.20 66.08+12.45 65.37+11.83
Male (n,%) 71 (46.10) 66 (49.25) 60 (47.93)
BMI 26.32+4.42 28.40+4.78* 28.95+5.07*
SBP 132.36+13.26 143.59+14.05* 144.18+15.63*
DBP 82.94+10.70 79.66+11.32 78.80+11.05*
FBG (mmol/l) 5.88+1.24 6.28+2.20* 6.35+2.48**
BUN (mmol/l) 5.95+2.26 6.303.07 6.57+3.12**
Cr (umol/l) 60.79+12.58 87.65+25.84* 88.19+26.36**
TG (mol/l) 1.18+0.53 1.2020.46 1.24+0.60
TC (mol/l) 4.46+0.95 4.29+0.74 4.510.70
HDL (mol/l) 1.32+0.33 1.2620.26 1.20£0.30
LDL (mol/l) 2.59+0.63 2.63+0.58 2.70£0.68*
Compared with control group, * P<0.05, **P<0.01.
Table 2

Comparison of inflammatory indicators between AF and
control groups

Variables control group AF1 group AF2 group
WBC (x109/L) 5.89+1.88 6.07+1.91 6.12+2.03
hsCRP (mg/I) 1.28+1.09 2.76+1.18** 3.90+1.25* ##
cystatin C (mg/l)  0.84+0.17 1.05+0.28* 1.3520.41**#

Compared with control group, * P<0.05, **P<0.01; Compared with AF1 group, #
P<0.05, " P<0.01

Comparison of echocardiogram parameters between AF
and control groups

As outlined in Table 3, Echocardiogram showed AF1
and AF2 groups had higher values of LAD and LVD but
lower values of LVEF than those of control group (P<0.05
or P<0.01). Compared with AF1 group, AF2 group had
higher values of LAD and LVD but lower values of LVEF
(P<0.05 or P<0.01).

Analysis for correlation between cystatin C and high risk
factors of AF

As demonstrated in Table 4, after adjusting age, gender
and body weight, cystatin C was closely related to hsCRP,

LAD, SBP and Cr, and their correlation coefficient
respectively were 0.658, 0.502, 0.475 and 0.53 (P<0.05 or
P <0.01) whereas cystatin C was inversely related to LVEF
(P=0.01).

Multivariate Analysis of AF risk factors

As presented in Table 5, all selected variables from AF
and control groups were analysed by stepwise regression
analysis and the related indicators were picked out. Finally,
hsCRP, cystatin C, LAD and LVEF by turns entered the
regression equation, showed in Table 4, included respec-
tively hsCRP (OR: 3.76; 95% CI: 1.18—13.90; P=0.015),
cystatin C (OR: 3.41; 95% CI: 1.09—11.08; P=0.008),
LAD (OR: 1.84;95% CI: 0.91-5.75; P=0.037), SBP (OR:
1.78; 95% CI: 1.05—4.32; P=0.006) and LVEF (OR: 1.26;
95% CI: 0.85—3.09; P=0.043).

Discussion

Cystatin C is a cysteine protease inhibitor having
a molecular weight of 13kD, synthesized in all nucleated
cells at a constant rate and present in an unglycosylated
protein form, which extensively exists in animals and
plants tissue and participate in proteolytic regulation
between the interior and the exterior of the cell [7,12].
Due to its free filtration in the glomerulus, nearly complete
reabsorption and catabolism in the proximal tubule, and
lack of tubular secretion, serum cystatin C concentrations
are closely related to the glomerular filtration rate (GFR)
reflecting renal function [7, 9, 12]. So cystatin C is thought
to be a specific, accurate and more sensitive marker than
creatinine clearance rate.

In recent years, a large number of studies have con-
firmed that cystatin C is likely to be an independent risk
factor of cardiovascular disease [7, 12]. The close relation-
ship between cystatin C and cardiovascular disease is not
only involved to kidney function but also is mediated by
inflammatory mechanism [7, 13, 14]. The unique associa-
tion of AF with renal dysfunction could be explained by
the fact that AF and renal dysfunction share a number of
risk factors [15]. Although mechanical stress on atrium
due to volume overload could be the mediating factor that

Comparison of ultrasound parameters of left heart between AF and control groups

Variables control group
left atrial diameter (LAD, mm) 33.67+3.40
Left ventricular diameter (LVD, mm) 49.49+7.33
LVEF 54.82+8.46

Compared with control group, * P<0.05, **P<0.01; Compared with AF1 group, *P<0.05, " P<0.01

Analysis for correlation between cystatin C and AF high risk factors

hsCRP LAD LvVD LVEF
r 0.658 0.502 0.246 -0.353
P 0.00 0.000 0.044 0.010

Table 3
AF1 group AF2 group
43.54+10.61** 47.09+11.75**#
52.63+11.29* 54.14+11.38**#
50.07+10.50* 47.31£12.13** #
Table 4
SBP FBG Cr BMI LDL
0.475 0.213 0.53 0.153 0.164
0.035 0.048 0.009 0.057 0.036
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leads to development of AF in patients with renal dysfunc-
tion, this may not be the case in earlier phases. One possi-
ble mechanism for a higher prevalence of AF in early
stages of renal insufficiency could be relevant to inflam-
mation [15]. In this study, only cystatin C among indica-
tors reflecting renal function in multivariate analysis had
strong connection with AF It is explained that cystatin C
is more sensitive than other markers to reflect renal func-
tion. Some researchers also disclosed that cystatin C is a
more reliable marker of renal function compared to creati-
nine or estimated GFR as it is less affected by age, gender,
and ethnicity [9].

Many researchers have verified that cystatin C has
a linear positive interrelation with a variety of inflamma-
tory cytokines such as hsCRP and reflects the severity of
inflammatory activity in a renal function-independent
manner [12]. Cystatin C and its fragments may also affect
the phagocytic and chemotactic functions of granulocytes
and participate in the inflammatory process [9, 12]. In
atrial tissue of the patients with atrial fibrillation, inflam-
mation results in inflammatory cell infiltration, oxidative
stress and damage. Then fibrous tissue repairs the local
tissue damage. As a result, the pathological process leads
to the atrial remodelling [6—8]. It is worth mentioning that
Targonski et al. found the serum concentration of hsCRP
is closely positive correlation with the diameter size of left
atrium [16]. This study result was consistent with Tar-
gonski ’s conclusion and showed the serum concentration
of cystatin C also coincided with LAD.

This study confirmed that atrial fibrillation groups had
higher values of cystatin C, hsCRP and LAD than those in
control group. Furthermore, persistent atrial fibrillation
group had significantly higher values of cystatin C, hsCRP
and LAD than those in paroxysmal AF and control groups.
At the same time, correlation analysis showed that cystatin
C is closely related to hsCRP and LAD of patients with
atrial fibrillation. Therefore it is speculated that the inflam-
matory cytokines such as cystatin C and hsCRP should
modulate process of inflammatory, participate in the
hypertrophic degeneration of atrial muscle fiber, and
induce atrial structural abnormalities in patients with atrial
fibrillation, thus lead to atrial electrical remodelling [6—8].
Inflammation is closely associated to atrial fibrillation [6]
and may be the important medium (such as high blood
pressure and obesity, etc.), which links with known risk
factors for atrial fibrillation and results in the occurrence
and development of atrial fibrillation [1, 3, 17]. Even the
atrial pathoanatomy in lone atrial fibrillation showed
inflammatory infiltration, muscle cell necrosis and fibrosis
[1, 17]. Modern research confirmed that chronic inflam-
mation has arrhythmogenic effect giving rise to the devel-
opment of AF in susceptible populations. Inflammatory
markers could be the result of atrial fibrillation rather than
the cause of atrial fibrillation [18]. Conen et al. found the
augment of hsCRP increased the risk of AF by 31% in the
elderly [18]. In this study, monofactorial analysis showed

Table 5
Multiple logistic regression analysis
of predictive factors for AF

Variables B SE OR P 95%ClI

hsCRP 0.73 2.90 3.76 0.015 1.18-13.90
cystatin C 0.60 2.35 3.41 0.009 1.09-11.08
LAD 0.34 1.12 1.84 0.037 0.91-5.75

SBP 0.58 0.91 1.78 0.006 1.05-4.32

LVEF 0.56 0.81 1.26 0.043 0.75-3.09

that the serum levels of hsCRP and cystatin C in 2 atrial
fibrillation groups were higher than those in control group,
and they were closely related to each other. Multifactor
analysis showed that both cystatin C and hsCRP entered
the regression equation and had higher OR values (3.41
and 3.76, respectively). It was demonstrated that atrial
fibrillation is closely associated with inflammation regard-
less of the duration of atrial fibrillation. However, this
study showed no significant relationship between white
blood cell count and risk of incident atrial fibrillation,
which differs from the result of the Framingham Heart
Study [19].

Cystatin C is not only an independent risk marker
of predicting cardiovascular risk but also is an independent
risk factor of MetS [7]. As mentioned above, Cystatin C
was not only related to inflammation but also was associ-
ated with the risk factors of atrial fibrillation, and these risk
factors were properly the components of metabolic syn-
drome. Compared with no metabolic syndrome, the gen-
erating possibility of atrial fibrillation in patients of meta-
bolic syndrome increased by 88% |[3]. Atrial fibrillation
and metabolic syndrome share common risk factors: obe-
sity, hypertension, hyperglycemia and hyperlipidemia. The
patients with higher level of cystatin C have higher meta-
bolic state: higher BMI, blood pressure, blood sugar and
lipid levels [12]. Researchers have shown that cystatin C is
closely related to the metabolic syndrome [3, 7]. Insulin
resistance is not only the pathogenesis of metabolic syn-
drome but also may be the pathological process that con-
nects cystatin C with metabolic syndrome [7, 20]. Presum-
ably, from another perspective, atrial filbrallation and the
metabolic syndrome may have a common pathological
relationship mediated by inflammtory biomakers such as
cystatin C. This study confirmed that BMI, SBP, FBG and
LDL in AF groups, especially in permanent atrial fibrilla-
tion group (AF2), were higher than those in the control
group. Blood pressure is the most common risk factor
of atrial fibrillation. Moreover SBP is the better predictor
of atrial fibrillation than DBP [3]. This study also revealed
that SBP closely correlated to cystatin C as showed in the
univariate analyse. Linssen, et al. pointed out that AF
facilitate the progression of HF in several ways. Due to
rapid heart rates, an irregular ventricular rhythm, loss of
atrioventricular synchrony, and an increase in mitral and
tricuspid regurgitation, AF may further decrease cardiac
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output and aggravate HF [21]. As shown in this study,
LVEF was also independently aligned with AF. Some stud-
ies have validated that obesity is an independent risk factor
for predicting atrial fibrillation [3]. But this study showed
that BMI did not enter the regression equation in the mul-
tivariate analysis.

Study limitations

There were several limitations in this study. Our sample
size, although small, was sufficient to display differences
between the control group and the AF group, however
further studies with larger scale of cohorts are needed
to confirmed these results. Additionally, some inflamma-
tory indicators such as interleukin-6 and tumor necrosis
factor -o were not applied in this study. Although these
indicators maybe do not affect the conclusion of this study,
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MODERN ELECTROCARDIOGRAPHIC METHODS OF ESTIMATION OF CORONARY REPERFUSION AT
THROMBOLYSIS IN ACUTE PERIOD OF MYOCARDIAL INFARCTION

Belaya I. Ye.

In the article the sensitivity of new vectorcardiographic research method of patients
on the cardiodiagnostic complex MTM-SKM in the process of thrombolytic therapy
is proved by clinical example.

Clinical case. In a patient with acute myocardial infarction of anterior wall of the
left ventricle vectorcardiogram results give the opportunity to confirm a significant
diminution of the area of myocardial damage with concomitant deterioration of
conductivity and preserving of ischemic events due to reduction of electromotive
force of the heart in the anterior wall of the left ventricle. In addition, the dynamic
decrease of the electrical activity of the atria with a significant slowing of the pulse
and repolarization disorder may indicate involvement of atriums in the pathological
process with a considerable blood flow disorder in them.

Conclusion. This method allows to make a quality and quantitative evaluation of the
efficiency of the reperfusion therapy, as well as to obtain the information about the
electromotive force of the heart both in the necrobiosis zone and out of myocardium
affection zone.
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COBPEMEHHBIE 3JIEKTPOKAPANOIrPA®UYECKUE METOLbl OLLEHKWU KOPOHAPHOU PENEP®Y3UUN
NP TPOMBOJIUSNCE B OCTPOM NEPUOAE NHOAPKTA MUOKAPLA

Belaya I. Ye.

B cTatbe pokasaHa 4yBCTBUTENbHOCTb HOBOrO BeKTOpKapAvorpaduyeckoro
METOAA MCCNef0BaHUs NaLVEHTOB Ha KAPAMOANArHoCTNYeckom komnnekce MTM-
CKM B npouiecce npoBefieHrst TPOMBOANTNHECKON Tepanui Ha KIMHUYECKOM npui-
mepe.

Knunnueckuii cnyvaii. Y naumeHToB ¢ 0CTpbIM MHGAPKTOM M1oKapaa nepeaHei
CTEHKW NIeBOr0 Xenyao4ka pesynbTarbl BEKTOPKapAMOrpaMmbl Aal0T BO3MOXHOCTb
NOATBEPANTb 3HAYMTENbHOE COKpalleHWe MIoLWaan NOBPEXAeHUs Muokapaa C
OBHOBPEMEHHBIM YXY/LLIEHNEM NPOBOANMOCTY 1 COXPAHEHNS! NLLIEMUYECKNX COObI-
TWI 13-3a CHKEHNA SNEKTPOABUXYLLIEV cuna cepaua B NepeaHeit CTEHKe NeBoro
xenypouka. Kpome TOro, AMHaMWU4YHOE CHUXEHUE 3NeKTPUYECKOW aKTUBHOCTU
npeacepams C CyLeCTBEHHbIM 3aMeAJIeHIEM NyNbCa U PACCTPONCTBOM PENONspu-

According to Euro Heart Survey I, in the last decade,
the 30-day mortality in acute ST elevation myocardial
infarction (STEMI) in Europe has decreased from 8,4% to
6,4% [1]. This happened owing to the introduction into
clinical practice of methods of recanalization of the culprit
coronary artery, which was the key to restoring of blood
flow to the heart and preventing necrosis, or at least
significantly reducing the damage of the heart muscle.
According to the guidelines of the European Society of
Cardiology (2008), with a confirmed diagnosis of STEMI,
there are two real ways to restore patency of the culprit
coronary artery — it is thrombolytic therapy and/or
primary percutaneous coronary intervention (PCI) [2].

Primary PCI has an advantage over thrombolytic
therapy, initiated in hospital. Invasive approach contributes
to further reduce of the death risk by 30%, non-fatal
recurrent MI — by 58%. In addition, there is a lower rate
of intracranial bleeding. Currently, PCI is preferred if
implemented no later than 90 minutes after the onset of

3aUMM MOXET 03HayaTb y4acTue Mpencepauvii B NaTonorMyeckoM npouecce co
3HaYUTENbHBIM PACCTPONCTBOM KPOBSIHOTO MOTOKA B HUX.

BbiBOA. 3TOT MeTOA MO3BONSIET AaTh KAYECTBEHHYIO U KOJIMYECTBEHHYIO OLLEHKU
APDEKTUBHOCTM penepdy3nMoHHO Tepanum, a Takke noayyutb nHGopmaumio 06
3NEKTPOABVXYLLEN CUIbl B CEPALLE, KK B 30HE HEKPOOMO3a, Tak 1 B 30He NoBpe-
XOEeHWs Muokapaa.

Poccuiickuii kapauonoruyeckuii xypHan 2014, 4 (108), Aurn.: 39-45

KnioueBble cnoBa: ocTpblii MHPAPKT MUOKapAa, KapayoaarHoCTUHECKUIA KOM-
nnekc MTM-CKM, Bektopkapavorpacdusi, TpoM6onmTnyeckas tepanmsi.

myocardial infarction, prior to contact with the medical
staff [3]. This advantage is also evident in terms of
operations with highly qualified personnel in appropriate
conditions [4]. In Europe and in the United States the
number of invasive procedures in STEMI has increased:
coronary angiography — 52—63%, PCI — 25-37%,
aortocoronary bypass — 12% [1].

Dr. Goldstein Patrick from Lille University Hospital,
France, stressed that saving of patient with MI is a race
against time. However, access to timely and optimal
primary PCI is limited worldwide. Thus, about 20—30% of
those with STEMI in Europe still do not receive reperfusion
therapy in any form, and for many of those with reperfusion
it goes beyond the recommended “therapeutic window”
[5]. Even in the United States, only 20% of the population
lives in areas where there is a possibility of PCI [6]. At the
same time, fibrinolytic therapy is universally available and
canbescheduled inatimely manner by general practitioners
and emergency care to patients in the first hours of STEMI
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Figure 1. Electrocardiogram of patient R. before thrombolysis

[7]. Obviously, if invasive treatment is impossible or is
conducted with a significant delay in time and cannot be
executed under appropriate conditions, it is necessary to
give fibrinolytics and subsequently, if necessary, to consider
the possibility of revascularization [8]. In the first 2—3
hours of ischemia MI mortality in the thrombolytic
therapy and PCI is comparable [4].

The main aim of the culprit coronary artery opening
is not the restoration of its patency, but firstly the
resumption of blood flow at the tissue level, which is
achieved with thrombolytic therapy in 30—40% of cases
[9]. In clinics with modern equipment it is possible to
estimate myocardial reperfusion using coronary
angiography (index MBG), myocardial scintigraphy with
99mTc, Doppler echocardiography and magnetic
resonance imaging with contrast, positron emission
tomography, and electrocardiography (ECG) [4, 10]
which is used in the practice of infarct compartments as
the most accessible method. However, in some cases, to
control the dynamics of thrombolytic therapy, ECG
failed to disclose all aspects of change in the electromotive
force of the heart (EMF/H). Its vector analysis is a
promising area in detecting myocardial electrical
instability. In recent years, in case of acute coronary
pathology researchers use adjusted orthogonal systems of
leads, including those according to Frank and Mac Fi-
Parunhao, not only in Ukraine [11] and Russia [12], but
also in many countries of European Union (Sweden [13],
Bulgaria [14]), as well as in the United States [15]

Canada [16] Singapore [17]. 1. T. Akulinichev methodic
does not have the faults of vector analysis of ECG due to
the location of electrodes near the heart instead of
geometric shapes building. VCG projections reflect the
potential of certain arecas of myocardium, which is
especially important in case of its focal damage: first
projection reflects the electrical activity of the anterior
region of the heart, the second — the posterior-lateral
areas of left ventricle (LV), third — right lower
diaphragmatic area, the fourth — of the apex, and the
fifth — base of the heart. M. B. Tartakovskij made some
changes to the I.T. Akulinichev precardiac system by
placing the electrode from the back to v, ECG position,
with the recording of three chest leads according to Neb
[18]. Five leads system by I.T. Akulinichev leads in
Tartakovskij modification gives an advantage in examining
of critically ill patients with acute cardiovascular disorders
due to better electrodes location. Comparing the results
of ECG and VCG allows to expand diagnostic capabilities
of both methods. In the 50—70s of the last century in the
USSR the study of VCG features in MI on the VEKS-O1
device (constructed by Akulinichev 1. T.) was conducted,
which was very difficult because of the lack of automated
material handling, multi-stage analysis, a large scatter of
results, lack of time characteristics. Diagnostic errors
were the result of low resolution of the device, which
made the analysis of loops track, and differential diagnosis
of convergence and loops intersection harder, and almost
insufficient information content in the isoelectric point.
Since 2003 Sieverodonetsk Scientific and Production
Enterprise “Microterm” together with the Lugansk State
Medical University and Volodimir Dal East-Ukrainian
National University have developed a new advanced
polygraph MTM-SCM [19]. This device makes it possible
to obtain, with high resolution (up to 3000 times)
additional indicators of electrical activity of the heart,
that were not previously possible to research; real-time
analysis of received topographic information and
automatic processing of the results, including in the
process of reperfusion therapy control [20].

The new method has been worked out and tried on 181
patients with acute M1, icluding14 patients with STEMI in
thrombolysis. A clinical case may be an example of the use
of highly sensitive polycardiography in the dynamics of
thrombolytic therapy evaluation.

Purpose of the research — to evaluate the electrical
activity of the myocardium in acute MI with thrombolytic
therapyusing a modification of electro-vectorcardiography.

Clinical case
Patient R. was taken to the infarction department of
Luhansk City Clinical Multihospital No 1 with complaints
of precordial discomfort in 2 hours after the beginning of
growing pressing pain in chest, that were stopped by
ambulance crew before the patient was brought to hospital.
Blood pressure — 160/90 mm Hg.

40



NOVEL APPROACHES IN DIAGNOSTICS

BA5 BA2
i Q
N \
N i :
mV = 0,87 mV = 0,87
BA1 [
mV = 0,87
BA3 BA4 1
|
i
mV = 0,87 mV = 0,87

Figure 2. Vectorcardiogram of patient R. before thrombolysis

Discussion

The ECG on admission showed right sinus rhythm, 78
per minute, the voltage is reduced to the chest leads,
electrical axis of the heart is normal (a +67° angle). QR in
V, 5 are registered with ST-segment elevation in V, 6 and
I, avL with a dominant in V, to 0.4 mV with total right
bundle branch block as a reflection of damage and necrosis
of anteroseptal-apical-lateral region of the LV and the
reciprocal changes in III, avF as segment ST depression
(Figure 1). Taking into account the time of admission from
the beginning of anginal attack, the ECG data, and the
lack of absolute and relative contraindications, the patient
was assigned 1.5 million units of streptokinase intravenously
on a background of basic therapy according to the protocol
of care for patients with MI with Q wave.

With the help of vector analysis additional information
about the EMF/H was provided (Figure 2). QRS loop is
shifted to the left and up a little forward, because electrical
forces, directed forward, are decreased [21]. In the first
projection QRS loop has a sharp shift upwards and to the
left, the initial part is increased and directed upwards and
to the right. Local symptoms of intraventricular blockade
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Figure 3. P loops of vectorcardiogram, enlarged up to 2000 times, before
thrombolysis

are seen in the initial location of the QRS loop in the 111
quadrant in first projection and in the IV quadrant in the
third projection, and loops are crossed in BA4,5. At the
same time QRS loop in BA , with a start in the upper half
of the coordinate system moves to the bottom; in 8 BA, the
main part of QRS loop is located in quadrants I and I'V; in
BA, the initial part of the loop is in the lower half of the
coordinate system, which is typical for nontransmural
spread MI [18]. In the second and third projections QRS
loops are asymmetrical, apexes are pointed, in the initial
part there is an additional pole [21], they change their
direction: the projection of the second loop moves
clockwise, and the third projection — counterclockwise.
Phase relations disorder manifests itself a peculiar direction
of QRS loop in BA it begins in the I quadrant, and the
main part is located on the left (in space — behind) from
the isoelectric center [22], which confirms the anterior
localization of MI. At the same time, the location of most
of the QRS loop in the IV quadrant in BA, indicates that
the side wall of the left ventricle is involved in the
pathological process. QRS loops orientation changes in
the in projection I'V shows apex damage: initial part of the
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Figure 4. Electrocardiogram of patient R. 90 minutes after thrombolysis

loop is located in the lower half of the coordinate system
[18].

The formation of additional pole with a cross in the
final part of the QRS loop in projections 4 and 5, that is
recorded with a slow movement of the recording beam and
is directed upwards and to the right, recording of the initial
part of QRS loop with fast movement of the beam in
projections 2, 3 and 4 confirm the presence of a complete
right bundle branch block, and indicates that the zone of
ischemia and/or necrosis is spread to the heart septum
[21].

Reduction of the total area of QRS loops happened due
to 2—2,5 times decrease in the area of 1, 4 and 5, without
significant changes in projections of maximum vector.
Timestamps thickening is observed throughout QRS loop
in BA| 4 and also in the final deviation vector in IVand V
projections. T loops are directed to the right and down,
they are rounded and situated outside the QRS loops of all
projections, their maximum vector is reduced in 1, 4 and 5
projections. In these projections, there is thickening of the
time stamp of the loop T. The area of T loops is increased
in all projections with maximal changes in BA, .. Recording
of broadened T loops and QRS loops in pI‘OjCCthIlS 1, 4
and 5 is in the opposite direction. The angular dlvergence
of loops QRS and T is increased in BA . (Table 1-3).
Loops QRS and T are not closed: in BA to — 0.32mV, in
BA, . 0.08 mV, in BA,~0.46 mV and in BA —0.33mV. The
Vector ST is directed forward to the left and downwards as
the equivalent of damaged anterior septum-apical-lateral
wall of the LV.
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Figure 5. Vectorcardiogram of patient R. 90 minutes after thrombolysis

Thus, in addition to the ECG information about
damage and necrosis of the anterior septum-apical-lateral
wall of the left ventricle, vectorcardiography allowed to
obtain data about the disorder of myocardial blood supply
in the basal parts of the ventricles, which is confirmed by a
disorder of the interrelation of QRS and T loops and
qualitative changes of the loop T in projection 5, and about
pulse slowing in the anterior wall of the left ventricular
apex and basal parts of the ventricles due to the change in
speed markers in BA1 . In addition, the increase in the of
P loops area in the first three projections at 1,3—1,8 times
at unchanged indicators of their maximum vectors show
hemodynamic overload of the atria (Figure 3). Cove-like P
loops route, their cross at the base of BA4’ s with a change
in the loops rotation direction, thickening of the time
markers on the P loopsin all projections indicate excitation
spread slowing of the atrial myocardium, concentrated
mainly in the posterior-lateral wall of the left atrium and
posterior wall of the right atrium. The increase in the
angular divergence of the loops in the QRS-P in
projectionsl, 4 and 5 shows repolarization disorder in
front of the atrial posterior-lateral wall of the left atrium
and posterior wall of the right atrium (Table 1, 4).
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Figure 6. P loops of vectorcardiogram, enlarged up to 2000 times, 90 minutes after
thrombolysis

90 minutes after thrombolysis ST-segment depression
by 50% or more from baseline in the V, , and reperfusion
arrhythmias are not registered on the ECG, butin V, /ST
segment is decreased to contour and R wave amphtude is
increased (Figure 4). VCG-study showed a slight decrease
in the dynamics of QRS area in all projections, decrease
of the total area of T loops in projections 1, 4 and 5, the
increase in the angular divergence of QRS and T loops in
BA, " decrease in the disjunction of QRS and T loops in
prOJectlon 1t00.13 mV, in projection 4 — to 0.25 mV and
in projection 5- to 0.15 mV (Figure 5). At the same time,
R loops area was increased in projections 2 and 3 together
with decrease in the angular divergence of QRS and P
loops and multidirectional changes of speed markers in
all projections. However, in the BA4 significant decrease
in P loops area was followed by two loops crosses (Figure
6). So, as a result of vector analysis together with decrease
in the electrical activity of the LV myocardium reduction
of damage zone is registered (1,8—2,5 times decrease of
the QRS and T loops opening) in the anterior septum-
apex-side area with persistent left ventricular ischemia
around damage zone. In addition, the decrease in the

Figure 7. Electrocardiogram of patient R. 180 minutes after thrombolysis

EMF/H in the posterior atrial wall is registered, together
with a local blockade (P loops cross in BA, /) with
hemodynamic overload of the atria against the functlonal
heterogeneity of the myocardium due to ischemic
manifestations (Table 1, 4).

180 minutes after the start of thrombolytic therapy
ECG showed signs of effective reperfusion therapy in the
form of ST-segment decrease in v, by 0,10 mV, in V3—0,15
mV, in V4—0,25 mYV, which corresponds to a reduction in
ST-segment to 50% or more from the initial number.
Reperfusion arrhythmias are not registered (Figure 7).

VCG shows QRS loop cross in projection 1 together
with the reduction of its area, T loops cross in
projections 1, 4 and 5, and decrease of T loops area in
all projections (in BA2’3 parameter was normalized),
thickening of the time markers in T loops in projections
2 and 3, some increase in the angular divergence of
QRS and T loops in projection 1, 1,3—1,8 times more
decrease of QRS and T loops opening value: in BA, to
0.07 mV, in BA, — to 0.06 mV, in BA, — t00.05 mV, in
BA, —to 0,16 mV, and in BA, — to 0,11 mV (Figure
8). In all projections the cross of P loops can be seen,
with the change of their rotation direction, a progressive
decrease in their areca, multidirectional changes of the
angular divergence of P and QRS loops, and time
markers thickening in the dynamics of the loop P in

A, (Figure 9, Table 1, 3, 4). Thus, VCG results
allow to confirm a significant reduction in the
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Figure 8. Vectorcardiogram of patient R. 180 minutes after thrombolysis

myocardial injury zone with a concomitant
deterioration of conductivity on the front wall of the
left ventricle and the resumption of ischemic events
together with EMF/H decrease. Dynamic reduction in
the electrical activity of the atria with a pulse slowing
and the repolarization disorder may indicate that the
atria are involved into pathological process with a
major blood supply disorder in them.
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A TIME-DOMAIN HYBRID ANALYSIS METHOD FOR DETECTING AND QUANTIFYING T-WAVE ALTERNANS

Xiangkui Wan1, Kanghui Yan1, Jun Zhang1, Yanjun Zeng2

T-wave alternans (TWA) in surface electrocardiograph (ECG) signals has been
recognized as a marker of cardiac electrical instability, and is hypothesized to be
related with patients at increased risk for ventricular arrhythmias. A novel time-
domain TWA hybrid analysis method (HAM) utilizing the correlation method and
least squares regression technique is described in this paper. Simulated ECGs
containing artificial TWA (cases of absence of TWA and presence of stationary or
time-varying or phase-reversal TWA) under different baseline wanderings are used
to test the method, and the results shows the HAM has a better ability to
quantifying TWA amplitude compared with the Correlation Method (CM) and
Adapting Match Filter Method (AMFM). The HAM is subsequently used to analyze
the clinical ECGs, and results produced by the HAM have, in general, demonstrated
the consistency with those produced by the CM and the AMFM, while the
quantifying TWA amplitudes by the HAM are universally higher than those by the
other two methods.
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rMBPUOHbIA METOA AHAJIN3A BPEMEHHOIO JOMEHA 019 BbISIBJIEHUS U KOJIMMECTBEHHOMN

OLEHKU UBMEHEHWIA T-BOJIH
XiangkuiWan1, KanghuiYan1, NioHb Zhang1, Yanjun Zeng2

MameHenns T-BonH (TWA) B curHanax anekrpokapavorpadpum (3KI) Geinm npu-
3HaHbl MapKepoM 3NeKTPUYECKON HecTabunbHOCTV Cepauad, U rMnoTeTUYecKu
CBSi3aHbl C NALMEHTaMM, y KOTOPbIX MOBBILUEH PUCK PA3BUTHS XENYA04KOBbIX apuT-
MuiA. HoBbIl rmbpuaHbIi MeTo, aHannaa BpemeHHoro fomera TWA (HAM) ucnonb-
3YIOWMIA METOA, KOPPENSUMN U METOAUKU PEerpeccuyt HavMeHbLUMX KBaapaTtos,
onucaH B aToi ctatbe. Cumynupyemble 9K, copepxalume nckycctseHHble TWA
(B cnyyasx orcytctBus TWA 1 NpUCYTCTBUS CTALMOHAPHBIX WM U3MEHSIIOLLMXCS
BO BpeMeHu nnu $asa-BocctaHoBneHme TWA) npy pasnuyHbix 61yXaaHnsx MCXOA-
HbIX NOKa3aTteniei NCNonb3ylTCs 418 TECTUPOBaHNS METOAA, U Pe3ynbTaThl noka-
3bIBatoT, 4T0 HAM “MeeT nyyLlyio BO3MOXHOCTb KOJIMYECTBEHHOM OLLEHKM amnnin-
Tyabl TWA, no cpaBHEHMIO C KOPPENsiLUMoHHbIM MeTogoM (CM) 1 meTopgom ananTa-

Introduction

The T-wave alternans (TWA) has been considered as
one of the most promising markers of sudden cardiac
death (SCD) over past 10 years. TWA is a phenomenon
appearing in the surface electrocardiograph (ECG) as a
consistent fluctuation in the repolarisation morphology on
an “every-other-beat” basis (2:1 behaviour). This fluctua-
tion refers to a beat-to-beat variability in the amplitude,
morphology and/or polarity of the T-wave. Numerous
clinical studies have demonstrated TWA is associated with
ventricular arrhythmias. Nowadays TWA has been consid-
ered an independent predictor for cardiac arrhythmias.

Several signal processing methods have been proposed
to detect and estimate TWA in the ECG on a single-lead or
multi-lead basis [1—8]. And a comprehensive and system-
atic discussion of methods for TWA detection and analysis
is reported in [9]. Most widely used TWA detection methods
work in two different domains: time and frequency.

The disadvantage of the frequency based methods is
that they treat the alternans signal as a stationary wave with
the constant amplitude and phase, which is not true in

umu maty-punstpauun (AMFM). HAM B panbHeiiliem ncnonb3yeTcs Ans aHanmsa
KnuHnyecknx SKI, n pedynbrathl, nonydeHHsle HAM, B Lenom, nokasanu cornaco-
BAHHOCTb C TeMW, 4TO Bblnu nonyyeHbl npu npoeeaeHHsix CM n AMFM, a konnyecT-
BeHHas oueHka amnamtyn TWA npu HAM sBnsieTcs NOBCEMECTHO BbILLE, YEM MPU
MCNONb30BaHUM [IBYX APYrVIX METOL0B.

Poccwiickuii kapanonoruyeckuii xypHan 2014, 4 (108), Aurn.: 46-53

KnioueBble cnoea: anektpokapavorpad, u3MeHeHus T-BosH, rnbpuaHble MeTOabI
aHanu3a, MeTo[, Koppensumun, MeToq, agantauun maty-bunstTpaumum, MeTon per-
peccun HauMeHbLUIUX KBaapaToB.

general. They cannot detect non-stationary characteristics
of the signal.

The time domain methods can detect TWA in short-
time, non-stationary ECG signal, and they have also been
used on Holter data. Correlation Method (CM) [6, 7] as a
well known time-domain method performs well under
different conditions, but it is sensitive to noise, especially
the baseline wandering. In the presence of baseline oscilla-
tions at TWA frequency, a strong overestimation of TWA
mean amplitude, and even TWA detection from TWA-free
ECG tracings, is produced by the CM. And in the pres-
ence of higher frequency baseline fluctuations, the CM is
not able to identify TWA [10]. An adapting match filter
method (AMFM) was proposed by the same authors of the
CM to overcome the CM limitations [11]. The AMFM
yielded a significant improvement in algorithm-based
identification of duration and amplitude of TWA from
ECG tracings with frequency of baseline oscillations both
lower and higher than that of TWA. Nevertheless, in the
presence of baseline fluctuations at the TWA frequency, it
produced erroncous TWA detection from ECG tracing
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with no TWA, and even strong overestimation of TWA
amplitude, when present.

Based on above background, we propose a hybrid
approach for the TWA detection, which is based on correla-
tion method and least squares regression technique. The
study aims to develop a novel TWA detector to overcome the
CM limitations, which can detect and measure transient
TWA with more accuracy in the time domain, even in the
presence of higher frequency baseline fluctuations.

The rest of the paper is organized as follows. In Section
II, we present a novel method of TWA detection, simu-
lated cases and clinical cases are also prepared. Then, in
Section III, we report the results of its validation on the
simulation database and clinical database, and compare
the results to that of the CM and the AMFM. Next, in
Section IV, we give the discussion. Finally, we summarize
the conclusions of this work in Section V.

Material and methods

1. The hybrid analysis method (HAM) using correlation
method and least squares regression technique. The hybrid
analysis method consists of three different blocks: pre-pro-
cessing, TWA detection and TWA evaluation. The whole
TWA analysis process is described as below:

1) Data pre-process.

Before detecting TWA, the clinical ECG used here are
required to be submitted to a preliminary pre-processing
stage. This consists of various steps, which are: baseline
wandering suppression, QRS complex detection and seg-
mentation of the T-wave.

+ Baseline wandering suppression: this is performed
using a cubic spline interpolation technique [12].

* QRS complex detection: it is determined using a
wavelet-based algorithm [13].

« T-wave segmentation: it is done by selecting intervals
of 300 ms, beginning at a distance from the QRS fiducial
point dependent on the RR interval. The interval onset for
the ith beat, b; , is given by the expression:

b=4 +13R ' (mg)

« T-wave alignment: after T-wave segmentation, 128
consecutive T-waves present in the ECG are used to com-
pute the median T-wave ( 7,, , which has each sample point
given by the median value of the corresponding sample
points of the 128 available T-waves), which is used as a
template. Synchronization of the ith T-wave is performed
according to a recursive procedure that keeps the seg-
mented T-wave window length constant but varies its
position *£30ms from the original position, with a time
increment of one sample point. For each position of the
T-wave window, the windowed ith T-wave is cross-corre-
lated against the template. Optimal alignment occurs
when maximum correlation is reached.

2) Qualitative detection of TWA.

After the data pre-processing, TWA is detected by look-
ing for an alternating trend in the T-wave morphology
quantified by a correlation index. To this aim, an alternans

correlation index (ACI) is computed to measure morpho-
logical changes of each of the consecutive 7, waves in com-
parison to 1127“ [12], which is as shown in equation (1)

XL ()
Acr == i=12,---,128 (1),

YI7,(j1°

Jj=1

where 7}, isthe median T wave computed using 128 T
waves available in each ECG tracing. N is the number of
samples in each T wave.

ACI; is defined as the ratio of the maximum value of
the cross-correlation function of 7; and 7,, over the max-
imum value of the auto-correlation function of 7,,. 7; is
classified as alternating.

The presence of TWA is considered when the value of
ACI strictly oscillates (not necessary around one) in the
case of monophasic TWA at least 7 consecutive beats. Fig-
ure 1 shows an example of alternating values of AC7; , indi-
cating the presence of TWA.

To limit false detections caused by noise, a local
threshold criterion, with 7h , , equal to 0.06 [6], is consid-
ered, such that ACI values alternations have to exceed 0.12
for at least seven consecutive beats to be detected as TWA.

3) Quantitative estimation of TWA.

The odd and even beats of above detected consecutive
beats are labelled as 4 and B , respectively. The odd T
waves are obtained from A series and the even T waves are
obtained from B series. The odd T waves constitute a
matrix:

=

TAO,O TAO,I o TAo,n

T T T
Ty =Ty TyoTy) = .A.n.,o ."fl.,l .A'lin

TAm,O TAm,l o TAm,n

Where 7, is the nth point of the mth odd T wave.
Anal- "o gously  the even T-wave
matrix 7z can be constituted.

The amplitude corrections of odd and even T waves are
performed using the first-degree polynomial as shown in
equation (2).

f@)=T 4 +b (),

where T;, is the ithrow and kth column point of odd
(or even) T-wave matrix. And the coefficients a, b are esti-
mated by the linear least squares fitting process.

Each column vector 7, of 7 e is divided into 7-point
epochs, and the equation (2) is recursively applied to each
epoch throughout the entire7, . Denote ¢, as the ith
deviation point of 7, from the fitting line:

0, =T - 1@ ().

Then the mean deviation value of 7, can be expressed
as equation (4):
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Ifm x(0,)>3x6 ,thenthe 6§ is considered to be cor-
rected and replaced by the ith column mean value T(k)
(as shown in equation (5)) of odd (or even) T-wave

matrix. .
T;
_ ZO: *(9).
T(k)y=——

And the arlgplitude correction of entire 7, is recalcu-
lated, until the m X(6,) <3x6 or m x(6;,)<2uV .

A specific example of amplitude correction of odd T
wave matrix using linear fitting function is shown as
Figure 2. The Figure 2 (a) represents the uncorrected T
waves, and the Figure 2 (b) represents the corrected T
waves.

Measure TWA, as the maximum absolute value of the
difference between 7, and T :

TWA(k) = max,_" [T, (1)~ Ty, ()| (6),

where TWA(k) denotes the kth local TWA (i.e. relative
to a single odd (or even) beat), k = 1,2+, m.

The TWA of the analyzed consecutive ECG segment
(segment TWA) is measured as the mean value of meas-
ured local TWAs:

3 TWA(K)

_ k=1
seg —

).

And the global TWA (i.c., relative to the entire ECG
tracing analyzed) is measured as the mean value of seg-
ment TWAS:

!
> TWA,
W4 =1

WA
m

1
/

Above process can be described as the block diagram
(Fig. 3).

2. Simulated cases. There is no generally accepted
TWA-measuring criterion to be used as a gold-standard.
Therefore, a simulation approach was used in the present
study in different controlled cases.

A realistic, clean simulated ECG was obtained as a
K-fold repetition of a single beat extracted from a real
ECG [14].This guarantees that all the T waves of the sim-
ulated ECG are identical, so no TWA can be present in the
original signal. In particular, we used a 0.7-s beat sampled
at 500 samples per second. Length of each simulated ECG
tracing was assumed to count 128 consecutive heart beats.
Our choice relies on the fact that 128 consecutive beats
were originally used for SM applications, and later on, this
became the standard ECG length [5] for TWA detection
and quantification. A constant RR interval of 0.7 s was
assumed, so that TWA fundamental frequency was 0.71 Hz
(that is, 1/(0.7x 2s) or 0.5 cycles per beat). TWA was simu-
lated by varying T-wave amplitude (10, 50 and 100 ¢V) in
a time window of 160 ms centered around the T-wave
apex.

Four different sets of ECG simulation were considered,
respectively reproducing the cases relative to the absence

of TWA, the presence of stationary TWA, the presence of
time-varying TWA and the phase-reversal TWA, which are
described below.

1) Case 1: simulated ECG tracing with no TWA.

The simulated ECG tracing with no TWA (N_TWA) is
assumed not to be affected by any kind of noise. This sim-
ulated signal is thought to test the ability of recognizing the
absence of TWA, which is represented in Figure 4 (a).

2) Case 2: simulated ECG tracings with stationary
TWA.

The simulated ECG tracings with stationary TWA (S_TWA)
are designed to test the ability of quantifying TWA ampli-
tude in the presence of stationary alternating T-wave pro-
files. Three kinds of simulated ECG tracings were consid-
ered; namely, a tracing with a 10 uV” TWA (S_TWAIO0), a
tracing with 50 uV TWA (S_TWAS50), and a tracing with
100 4V TWA (S_TWA100). An example of a tracing with
50 uV TWA is represented in Figure 4 (b).

3) Case 3: simulated ECG tracings with time-varying
TWA.

ECG with visible TWA clearly shows the non-station-
ary nature of this phenomenon, whose variability often
shows on-off or cyclic trends. Evaluation of dynamic
aspects of TWA is important in clinics since transient TWA
has been observed during acute ischemia [15]. To test the
ability of the HAM in detecting non-stationary TWA, two
simulated ECG tracings were considered, each one incor-
porating a specific beat-to-beat varying (and then,
time-varying) A (n) sequence. A sinusoidal A (n)
sequences, with 128 beats period, were affecting the first
(TV_TWAI) ECG tracing, while An A (n) varying from 50
uV to 20 uV, following a smoothed (24 beats transition)
step pattern, was affecting the second ECG tracing (cas-
caded TWA, TV_TWA?2). The two simulated tracings were
characterized by a uniform profile of TWA, which are
represented in Figure 5 (a) and (b). The examples of TV _
TWALI and TV_TWA?2 are represented in Figure 6 (a) and
(b), respectively.

4) Case 4: simulated ECG tracing with phase-reversal
TWA.

Arrhythmias can sometimes trigger a phase reversal so
that the alternans pattern changes from ABABAB to
BABABA [5]. The simulated ECG tracing with phase-re-
versal TWA (PR_TWA) is designed to test the ability of the
method in detecting phase-reversal TWA. PR_TWA trac-
ing incorporates a stationary 10 uV TWA, which changes
phase twice, at beats 40 and 80, respectively. This simu-
lated case may also be used to help the interpretation of
realistic cases in which a beat is missed (false negative QRS
detection) or wrongly inserted (false positive QRS detec-
tion). An example is represented in Figure 6 (c).

Finally the noise is also considered to be added to above
simulated ECG tracings in this study. In clinical settings,
power line interfere is generally eliminated by hardware filter.
When computing the ACI indexes (equation (1)) the white
noise is already taken into account. So baseline wandering is
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considered to the present simulated cases which might cause
erroneous detection of TWA. Baseline wandering can be
eliminated by pre-processing stage, whereas ECG amplitude
modulation may survive, and elimination by pre-processing
of ECG modulation related to T-wave variability should be
prevented because TWA is a specific case of it [4]. Based on
these considerations, ECG simulations with baseline wan-
dering are considered. Baseline wanderings are simulated
with a sinusoid of 0.1 mV amplitude and various frequencies:
0.30, 0.71 and 1.50 Hz, respectively, which we denote as
bw030, bw071 and bw150. These frequencies are, respec-
tively, lower, equal and greater than TWA frequency. The
frequency of 0.30 Hz relates to usual breathing pattern in
patients. And the baseline fluctuations are simply added to
each simulated ECG tracing. Two representative examples of
our simulated ECG tracings, with and without baseline fluc-
tuations, are displayed in Figure 7.

3. Clinical cases. Two clinical data sets are considered in
this study: ECG tracings from healthy subjects (H_sub-
jects) and that from patients.

ECG tracings from H_subjects belong to the Digital
Electrocardiology Study databases of Liuhuagiao Hospi-
tal, Guangzhou, which includes 320 Holter ECG tracings
from H_subjects. The study was approved by the institu-
tional research ethics committee of Guangzhou Medical
College, and it was conducted following required rules for
human subjects’ research principles, according to the
Declaration of Helsinki, as well as to Title 45, U.S. Code
of Federal Regulations, Part 46, Protection of Human
Subjects, Revised November 13, 2001, effective December
13, 2001. Each subject underwent 10-min ECG recording
in resting conditions. Nine standard leads (V1-V6, 1, 11,
and III) were recorded using equipment by Siemens-El-
ema AB and digitized at a sampling rate of 500 Hz with
amplitude resolution of 0.6 ¢V. Leads aVF, aVR, and aVL
were derived from leads I. II, and III.

ECG tracings from patients belong to the T-Wave
Alternans Challenge Database (TWACD) [16], which
contains 100 multichannel ECG records sampled at 500
Hz with 16 bit resolution over a £ 32 mV range. The sub-
jects include patients with myocardial infarctions, tran-
sient ischemia, ventricular tachyarrhythmia, and other
risk factors for sudden cardiac death, as well as healthy
controls and synthetic cases with calibrated amounts of
T-wave alternans. the databases is chosen for two rea-
sons: one is that previous studies found T-wave alternans
episodes, some of them related to annotated ischemic
episodes. Another is that the databases are well-known
and available by many research groups.

In the specific, a group of fourteen healthy subjects was
compared with a group of fourteen patients. A subject was
classified as belonging to the H-group when fulfilling the
following criteria [17]:

1). no overt cardiovascular disease or history of cardio-
vascular disorders (including stroke, TIA, and peripheral
vascular disease);
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2). no history of high blood pressure (>150/90 mmHg);

3). not taking medication,;

4). no other chronic illness (e.g. diabetes, asthma,
chronic obstructive pulmonary disease, etc.);

5). diagnosed as being healthy if evaluated by a physi-
cian for cardiovascular-related syndrome (chest pain,
palpitation, syncope);

6). normal physical examination;

7). sinus rhythm in 12-lead ECG without any suspicious
abnormalities (e.g. signs of ventricular hypertrophy, inverted
T-wave, intraventricular conduction disturbances);

8). normal echo and normal ECG exercise testing in
presence of suspicious ECG changes;

9). no pregnancy.

4. Statistics. To evaluate the ability of the presented
method to quantify TWA, the other two related time-do-

main methods, which are the CM and the AMFM, are
used here for comparison.

In our simulation study, the root mean square error
(RMSE) in the estimate of TWA amplitudes are computed
[13]:

RMSE,, =

9,

where N is the total number of beats in an ECG trac-
ing, and A(n) (relative to the nth beat) is assumed equal to
the absolute value of the maximum difference between the
nth and the (n+1)th T-wave sample amplitude, and
TWA, (n) is the estimated local TWA (relative to the nth
beat) by the three competing methods. Subscript M is for
either the HAM or the CM or the AMFM. In this study,
the resolution of RMSE is 0.1uV, and the predefined A(n)
are considered as constitutive reference TWA-amplitude
signals (gold-standard).

When analyzing clinical data, the Lilliefors test was
used to evaluate the hypothesis that estimated TWA had a
normal distribution (significance was set at 5% level) over
a population. Comparisons between normal distributions
were performed using Student’s test, whereas distributions
that could not be considered normal would be compared
using the Wilcoxon rank sum test. Statistical significant
differences were assumed for P<0.05.

\/ SN (TWdyy (n) - A(n))?
N

Results

For the simulated data and clinical data set, ECG seg-
ments of 128 consecutive beats were randomly extracted
and directly submitted to the AMFM, which does not
require pre-processing [11]. Rather, a data preprocessing
stage, described in 2.1 section, was performed prior to
submit the CM and the HAM.

1. Simulated cases. For the simulated cases, results
obtained from TWA analysis, by applying the CM, the
AMFM and the HAM respectively, are reported in below
tables.

In Table 1 are reported the results obtained from the
simulated ECG tracing with no TWA (N_TWA). These
three methods applying to tracings with no baseline
yielded accurate identification of TWA amplitude. In the
presence of 0.30 and 1.50 Hz baseline wandering, a slight
overestimation of TWA amplitude was produced by the
CM. In the presence of baseline fluctuations with fre-
quency equal (0.71 Hz) to that of TWA, the strong overes-
timations of TWA amplitude were produced by the three
methods.

In Table 2 are reported the results obtained from the
simulated ECG tracing with stationary TWA (S_TWA). In
the presence of 0.30 and 1.50 Hz baseline wandering, the
CM and the AMFM produced underestimation of TWA
amplitude for different stationary TWA, while the HAM
yielded an accurate identification of TWA (RMSE-
s OY). In the presence of baseline fluctuations at the
TWA frequency of 0.71 Hz, the CM produced underesti-
mation of TWA amplitude, and the AMFM still produced
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Table1
TWA amplitude measurements and errors evaluation for N_TWA case
TWACM TWAAMFM TWAHAM RMSECM RMSEAMFM RMSEHAM

N_TWA (no bw) 0 0 0 0 0 0

N_TWA (bw030) 2 0 0 4.6 0 0

N_TWA (bw071) 34 200 23 34.4 385.9 22.6

N_TWA (bw150) 1 0 0 5.2 0 0

Table 2
TWA amplitude measurements and errors evaluation for S_TWA case
TWACM TWAAMFM TWAHAM RMSECM HMSEAMFM HMSEHAM

S_TWA10 (no bw) 6.5 5.7 10.0 3.2 4.23 0

S_TWA10 (bw030) 6.5 5.8 10.0 4.7 4.2 0

S_TWA10 (bw071) 12 219.7 10.1 21.6 209.7 0.2

S_TWA10 (bw150) 7.2 5.9 10.0 26 4.2 0

S_TWA50 (no bw) 36 28.6 50.0 14.3 21.4 0

S_TWAS50 (bw030) 36 28.8 50.0 14.8 28.9 0

S_TWA50 (bw071) 17.3 198.8 32.0 32.4 198.8 18.4

S_TWA50 (bw150) 38.2 29 50.0 1.7 29

S_TWA100 (no bw) 74.9 57.7 100.0 25.3 423

S_TWA100 (bw030) 74.9 57.5 70.0 25.6 42.4

S_TWA100 (bw071) 54.7 176.2 100.0 45.0 76.0 29.5

S_TWA100 (bw150) 79.2 57.6 100.0 21.1 424 0
strong overestimation of TWA amplitude. While the HAM, Table 3
even produced a slight underestimation of TWA ampli- TWA errors evaluation for TV_.TWA1 and TV_TWA2 cases
tude, showed a better ability to quantifying TWA ampli-

. . . RMSE, RMSE RMSE
tude with more accuracy in this case, and RMSFE cm AMF HAM
. fiA TV_TWAT (no bw) 13.8 12.7 0.9
obtained OuV for S TWAI10, 18.4uV for S TWAS0,29.5uV T TWAT (6030 o 00 .5
for S TWA100, respectively. T TWAT (EW071) 25'5 29'6 . 1'4 .

For TV._TWAI and TV_TWA?2 cases, the local TWA | -TWAT (BwO71) : : :
. LT . . TV_TWA1 (bw150) 16.1 12.6 1
comparisons are considered because of time-varying

. . . TV_TWA2 (no bw) 6.9 2.8 0.5
amplitudes. A graphical representation of the results TV TWA2 (bw00 0.1 ”5 '3
obtained from ECG simulations with presence of TV TWAD :bwo71; 19'9 3;12 ) 1:5 ]
. . . Wi R . b

time-varying TWA (TV_TWAIl and TV_TWA2) is =
- - TV_TWA2 (bw150) 7.5 3.0 0.5

depicted in Figure 8. The columns of panels from left to
right display simulated TWA-amplitude signals (128
beats), and detected TWA-amplitude signals provided
by the CM, the AMFM and the HAM, respectively. For
the cases of the simulated ECG tracing with 0.30 and
0.71 Hz baseline wandering, analogous results are
obtained.

The root mean square errors obtained are reported in
Table 3. The three methods were able to track the time
course of TWA. But the local TWA-amplitude signals pro-
vided by the CM showed vigorous amplitude fluctuation,
and RMSE,  are higher then RMSE, = and RMSE, .
uniformly. The CM and the AMFM produced underesti-
mation of TWA amplitude, which are same to the above
mentioned cases, while the HAM provided a good esti-
mate of TWA (RMSE < 1-5uV, except the case of fre-
quency of baseline equal to that of TWA)

In Table 4 are reported the results obtained from
the simulated ECG tracing with phase-reversal TWA

(PR_TWA). The AMFM produced underestimation of
TWA amplitude (40%) in the presence of 0.30 and 1.50
Hz baseline wandering, while the CM and the HAM
produced a good results (RMSE_ =0uV, RMSE, =
OuV). In the presence of baseline fluctuations at the
TWA frequency of 0.71 Hz, the three methods pro-
duced strong overestimation of TWA amplitude, but
obviously the results provided by the HAM are more
close to the simulated TWA (TWA,, =19.7uV, RMSE-
13- 1uV).

2. Clinical cases. TWA levels quantified by the three
competing methods in the H-subjects and patients data are
reported in Table 5, The CM, the AMFM, and the HAM
detected various levels of TWA in same H-subjects and all
patients. TWA was detected in two H-subjects by the CM
and the AMFM, while only one H-subjects was affected by
TWA according to the HAM (Table 5). And the three
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methods detected the presence of TWA in all patients.
TWA showed a normal distribution over patients’ popula-
tions. Mean TWA values estimated by the HAM in H-sub-
jects (0.5=1.9uV) and patients (10.8+3.7uV) were higher
than the corresponding mean TWA estimates provided by
the AMFM (H-subjects: 0.4%1.9uV; patients: 8.6+3.3ul)
and the CM (H-subjects: 0.5t1.3uV; patients: 9.5£3.5uV).
All these methods provided mean TWA estimates which
showed significant differences between H-subject and
patient groups.

The CM, the AMFM and the HAM detected the pres-
ence of TWA in all patients, and provided similar TWA
estimates. The CM and the AMFM tend to underestimate
TWA (Fig. 9 and simulation study results), and this finding
is confirmed by our clinical result.

Discussion
In this study four simulated cases were generated with
characters of: absence of TWA; presence of different kinds
of stationary TWA; presence of two kinds of non-station-
ary (time-varying) TWA; and presence of phase-reversal
TWA. The other two time-domain methods, namely the
CM and the AMFM, are compared with the HAM in

that the HAM allows detection and quantification of TWA
better than the CM and the AMFM.

The CM was found to underestimate TWA amplitude
in the simulated ECG tracing, since it assumed TWA being
distributed along the entire length of the T wave [18]. And
in the case of ECG simulations with presence of time-var-
ying TWA, the CM produced the worst results compared
with other method (Figure 9 and Table. 3).

The AMFM showed a good performance of time-vary-
ing TWA detection, due toitsheart-rate adaptive-match-fil-
ter yielded the suppression of all ECG and interferences
frequency components, while it produced strong overesti-
mation of TWA amplitude in the presence of baseline
fluctuations at the TWA frequency, and the reason and a
potential solution were given in literature [10].

We can find that the HAM vyielded, in general, a more
accuracy TWA estimation in the simulated cases,
although in the presence of baseline fluctuations with
frequency equal to that of TWA the deviation from TWA
amplitude was produced which are also produced by the
CM, and the reason is that the accuracy of isoelectric line
estimation by the cubic spline interpolation technique
reduces. And all simulation cases showed RMSE oy VeTe

detection TWA. Results of our simulation study indicate ~ systematically smaller than TWA, and TWA, _ , evenin
Table 4
TWA amplitude measurements and errors evaluation for PR_TWA cases
TWACM TWAAMFM TWAHAM RMSECM RMSEAMFM RMSEHAM

PR_TWA (no bw) 10 6 10 0 2.8 0

PR_TWA (bw030) 10 6 10 5.1 3.1 1.3

PR_TWA (bw071) 32 230 19.7 22.5 348.3 13.1

PR_TWA (bw150) 9 6 10 0 3.2 0
Table 5

TWA amplitude measurements of clinical data applying the CM, the AMFM and the HAM

H-subjects WA, WA, WA, TWACD WA, TWA,,.., TWA,,,

1 0 0 Twa06 6.55 5.73 7.05

2 0 0 Twa09 6.91 6.21 8.11

3 0 0 Twa10 7.05 5.93 7.65

4 3.02 2.11 0 Twal8 3.75 3.23 4.25

5 0 0 0 Twa22 14.17 12.56 15.10

6 0 0 0 Twa23 12.91 10.83 13.47

7 0 0 0 Twad1 12.08 11.10 14.48

8 0 0 0 Twad6 5.95 4.91 7.55

9 412 4.08 7.11 Twab1 11.83 11.06 13.06

10 0 0 0 Twa71 7.12 7.10 8.80

11 0 0 0 Twa85 10.88 10.06 13.16

12 0 0 0 Twa92 13.10 12.55 14.21

13 0 0 0 Twa94 13.79 12.94 15.41

14 0 0 0 Twa99 7.16 6.38 8.23

0.5+1.3 0.4+1.9 0.5+1.9 9.5+3.5* 8.6+3.3* 10.83.7*

'P < 0.05 when comparing H-subjects vs. patients with the t-test for normal distributions.
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the presence of baseline fluctuations at the TWA fre-
quency of 0.71 Hz.

The HAM performs a amplitude corrections proce-
dure based on the linear least squares fitting technique
before calculating the local TWA, which further sup-
presses the interferences, and the local threshold crite-
rion, integrated in the HAM, appears to help improving
detecting accuracy. The limitation of the CM is that
then computing the ACI, the exact location of the max-
imum amplitude difference between the two waves is
lost, so that a mean (over T wave) TWA amplitude value
is provided (assumption of uniformly distributed TWA),
while in our method TWA is measured by the maximum
absolute value of the difference between the corrected
matrixes for odd and even T waves, which also improves
the accuracy of TWA estimation. The baselines with
various frequencies are considered in the simulated
cases, and the test results also show the HAM is robust
to the noise.

Our results relative to the clinical data highlighted con-
sistency in the detection and quantification of TWA by the
three different methods, and significant differences
between H-subject and patient groups are manifested, as
shown in Table 5. While the TWA amplitudes measured by
the CM and the AMFM are slight lower than that by the
HAM. The results of our simulation test help interpreta-
tion of TWA data obtained from clinical cases.

Conclusions
A novel time-domain TWA detector is presented in this
paper based on the correlation method and linear least
squares fitting technique. Although the method is simple,
it was validated using simulated ECG test signals with arti-
ficial TWA of various amplitudes and baseline wanderings,
and achieved a good performance under reasonable levels
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MINNESOTA LEISURE TIME PHYSICAL ACTIVITY QUESTIONNAIRE AS AN ADDITIONAL TOOL IN CLINICAL
ASSESSMENT OF PATIENTS WITH CORONARY ARTERY DISEASE TREATED WITH ANGIOPLASTY

Zbigniew Nowak, Agata Nowak

Out of many methods used for assessment of physical activity, a questionnaire
seems to be a simple and affordable method of assessing the risk of occurrence of
coronary insufficiency. However the number of clinical studies done on the
application of physical activity questionnaires is limited.

Aim. The objective of the present study was to analyze the suitability of Minnesota
Leisure Time Physical Activity Questionnaire (MLTPAQ) in assessment of physical
activity in patients after percutaneous coronary intervention (PCI)

Material and methods. Design: prospective analysis — before and 6 months after PCI
and correlation between level of physical activity and physical capacity assessed with
treadmill exercise test (ET), ejection fraction (LVEF%) Setting: Upper Silesia Medical
Center. Department of cardiology. Population: One hundred fiftieth four inpatients
(mean of 56 y), among which there were patients with acute myocardial infarction (MI),
with history of past MI and with IHD without MI. All subjects underwent coronarography
procedure with optional PCI. All patients underwent phase | and Il cardiac rehabilitation.
The MLTPAQ was administered to all patients at the time of PCl and then 6 months
later, so was the treadmill stress test (TST) and echocardiography (ECHO).
Results. Total energy expenditure calculated with the MLTPAQ remained at the
same level and was of low intensity (<4 MET, <2000 kcal/week) 6 months after the
PCI. There was an increased physical capacity noted 6 months after initial PCI:
increased metabolic cost (MET); maximal oxygen consumption (VOZmX); maximal
heart rate (HRmax) obtained during the TST and decreased resting heart rate (HRreS‘).
ECHO examination showed improved LVEF%.

Clinical Rehabilitation Impact: the helpfulness of the research may be used in the
work of cardiologists or physiotherapists. The research will allow to estimate the
actual level of physical activity and physical endurance of patients that were treated
by angioplasty. Moreover, this is the simple and cheap method of estimation.

Conclusion. Despite increased physical capacity and improved heart hemody-
namic resulting most likely from PCI procedure, patients presented with similar level
of leisure time physical activity 6 months after the PCI.
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MWHHECOTCKWIA ONPOCHUK ®U3UYECKOWN AKTUBHOCTU B KAYECTBE LOMNOMIHUTENIbHOIO
WHCTPYMEHTA AN19 KJIMHWYECKOMW OLEHKW NALMEHTOB C ULLEMUYECKOW BOJIE3HbIO CEPALIA

MNOCJIE AHTUONJIACTUKU

Zbigniew Nowak, Agata Nowak

M3 MHOrMX MeTOA0B, UCTONB3YEMbIX N1 OLIEHKU PU3NYECKON aKTVBHOCTU, aHKETbI
KaXyTCst NPOCTBIM 1 HELOPOTM METOAOM OLIEHKV PUCKA BO3HMKHOBEHNS KOPOHAPHO
HenocTaTto4HOCTW. OfHAKO KOMMYECTBO KIMHUYECKUX UCCNEeN0BAHWA, NPOBEAEHHbIX
Ha MPYMEHEHNWN aHKETUPOBaHNS GU3NHECKO aKTUBHOCTU aHKET, OFPaHNYeHo.

Llenb. Llenbio HacTosLLero uccnenosaqns Gbin aHanus npuroagHocTM MuHHecoT-
CKOro onpocHuka ¢uanyeckoit aktmeHocTu (MLTPAQ) B oueHke ¢uanyeckoin
aKTMBHOCTM NaLMEHTOB NOCNE YPECKOXHOr0 KOPOHAPHOro BMeLaTensctaa (YKB)
Matepuan un metoppl. [ln3aiiH: nepcnekTyBHOE UCCnefoBaHne — [0 U Yyepesd 6
mecsaues nocne YKB un koppensums mexay ypoBHem U3N4ECKOW akTUBHOCTU
1 HU3NYECKOI CNOCOBHOCTM, OLLEHMBAEMOI C MOMOLLBIO TpeaMuA-TecTa ¢ Guam-
yeckoit Harpyskoit (TT), dpakuum Beibpoca (PB J1K%). BeinonHeHo: B MeanuyH-
CKOM LieHTpe BepxHeit Cuneann, otaeneHne kapavonoruu. MNaunentsl: 154 naum-
€HTa B CTauMoHape (CpeaHwii Bo3pacT 56 NeT), cpeay KOoTopbIX Oblav NauyeHTb
C OCTpbIM UHdapkToM Muokappa (MM), UM B aHamHese u ¢ UBC 6e3 VM. Bce
nauueHTbl GbinnM NoABEPrHYTHI KopoHaporpadun ¢ Bo3amoxHbIM YKB. Bce naup-
€HTbl npoLuny aTansl | v Il cepaeyHoit peabunmtaumm.

OnpocHyk npeanarancs Bcem naumeHtam Bo Bpems nposeaeHust YKB u 3atem
yepes 6 mecaueB, kak 1 Tpeamun-TecT (TST) n axokapauorpadus (3X0).
Pesynbratbl. O6WMIA pacxon SHEPruM, paccyMTaHHbii ¢ nomolusto MLTPAQ,
oCTasncs Ha NpexHeM ypoBHe 1 Bbl HU3KOM NHTeHcMBHOCTU (<4 MET, <2000 kcal/

Hepento) B 6 Mecaues nocne YKB. OTMedeHo yBennyeHne ousuyeckoin paboTtocno-
Cco6HOCTM Yepe3 6 MecsiLieB nocne nepsoHayanbHoro YKB: yBennyeHne aHepretu-
yeckux 3atpat (MET); makcumansbHoro notpebnexHuns kucnopoaa (VOZmax); Makcu-
MasbHbIi CEPAEYHBIA PUTM (HRW) 6b1n nonyyeH B xoae TST, cHM3Mnach yactota
nynsca B cnokoiHoM coctosiHum (HRrest). 9XO nccnefoBaHne nokasano yiyulle-
Hue ®B J1X,%.

KnuHnyeckoe Bo3aeicTBue peabunmutauum: NonesHocTb WCCNEeR0BaHUsS MOXET
6biTb MCNONb30BaHa B paboTe Bpayeil-kapavonoro wnu GpuanoTepanesToB.
WccnenoBaHne No3BOAMT ONpesnennTb peasnbHblii ypoBEHb GU3NYECKON aKTUBHO-
CTU 1 HU3NYECKON BLIHOCIMBOCTY MALMEHTOB, KOTOPbIE NEYUIUCH C MOMOLLbIO
aHrvonnacTukn. Kpome Toro, 910 camblii NPOCTON W AELIEBbIA METOL, OLEHKM.
3aknioyeHune. HecmMoTps Ha yBenmyeHne Gusnyeckoin CnocobHOCTM 1 yNyyLleHne
cepaeyHon remoauHamukn B pedynbtate YKB, naumeHTbl nokasanu 0auHaKoBbIiA
YPOBEHb GU3MYECKON aKTUBHOCTH Yepe3 6 mecsiLes nocne YKB.

Poccuiickuit kapanonornyeckuii xypian 2014, 4 (108), Aurn.: 54-59
KnioueBble cnoBa: vwemnyeckas 60ne3Hb cepaua, YpeckoxHoe KOpoHapHoe

BMeLLaTeNbCTBO, aHKeTbl GU3NYECKON akTUBHOCTU, TPEAMUN-TECT, 9XOKapamo-
rpadus.
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Introduction

In recent years there have been many papers published
on the research methods aimed at measurement of physical
activity. Some were based on monitoring of selected
physiological parameters such as heart rate and whole
body movements with the use of accelerometers or
pedometers [1—3]. Other were aimed at assessment of
energy expenditure derived from food, using direct and
indirect calorimetry, kinematic analysis as well as doubly
labelled water [4]. In epidemiological studies, the
application of such methods is limited due to high costs,
potential contraindications, advanced age of subjects,
their health status and low reliability. It seems that a
questionnaire constitutes a simple and inexpensive tool in
assessment of physical activity [6—9]. In some
questionnaires only occupational activity is of interest, in
others, only leisure time exercise, but many seek
information about activity both on and off the job.

The questionnaires assess the physical activity over a
wide age range for various periods of time — the previous
24 hr, the previous week, month or even a year [7, 9].

The data obtained in this way allows for calculation of
average energy expenditure of an individual, which informs
us whether the form, frequency and intensity of physical
activity reach the values required for prevention and
treatment of many so-called civilization diseases.

Such measurement is of great importance, since the
sedentary lifestyle is one of the risk factor responsible for
occurrence of IHD and at the same time physical activity
constitutes a major factor in treatment and secondary
prevention of IHD [10, 11].

However, the number of studies done on the application
of questionnaires for clinic purposes in patients with IHD
is limited. We attempted to answer the following questions:

1. What is the average weekly amount of physical
activity and energy expenditure calculated using the
MLTPAQ in patients with coronary artery disease (CAD)
before and after percutaneous coronary intervention
(PCI)?

2. Do obtained questionnaire results correlate with the
level of physical capacity [assessed with submaximal treadmill
exercise test (ET)] and cardiac haemodynamical parameter —
Ejection Fraction (evaluated with echocardiography),
making it a usable tool in clinical studies?

3. Is there a correlation between the obtained
questionnaire results and combined endpoint?

Material and methods

The study group consisted of 211 patients, aged between
32—74 years (mean age of 561+7), among which there were
patients with acute MI, with history of past MI and with
IHD without MI. Patients with post-MI complications
such as cardiogenic shock, circulatory arrest, pericarditis,
resting arrhythmias and heart conductivity disorders were
excluded from the study. All patients were informed about
the type and aim of the research and they gave written

informed consent before participating in the study. Subjects
were told that they may withdraw from the study at any
time. The study was approved by the Senate Ethics
Committee of the Academy of Physical Education in
Katowice, Poland.

All subjects underwent coronarography procedure with
optional percutaneous coronary intervention (PCI). Out of
154 patients 32 (20,77%) did not receive stent implantation,
108 subjects (70.12%) received one stent, while 8 (5,19%) two
stents implantation. All patients underwent phase I, inpatient
cardiac rehabilitation which lasted from 5 to 7 days. After
hospitalization all patients were referred to phase 11, 24-day
cardiac rehabilitation in health resort (sanatorium). All
subjects filled the MLTPAQ twice: first, at the time of
hospitalization due to PCI procedure, and then for the
second time after the lapse of 6 months. The MLTPAQ results
enabled the calculation of the level of recreational physical
activity and household activities during leisure time. The
results were expressed in a weekly value [kcal/week] after
dividing the calculated 6-month energy expenditure by 26
weeks. The following ranges of activity intensity were used:
low [< 4 MET], medium [4 — < 6 MET] and high [> 6
MET], where 1 MET equals the resting metabolic rate,
whiclh is approximately 3.5 ml oxygen kg body weight per
min’ . The value of total averaged weekly energy expenditure
was calculated separately for recreational activity (RA) and
household activity (HA) (shopping, cleaning, gardening,
house remodelling and repairing). Additional categorization
of weekly energy expenditure into 4 ranges was also made: <
999, 1000—1999, 2000—2999, > 3000 [kcal/week]. The MET
for a given activity value was calculated according the
Compendium of Physical Activities Tracking Guide [12]. In
order to increase reliability of the questionnaire calculations
(avoiding possible misunderstanding of some questions,
especially those concerning the time of activity) the authors
of this study read the questions of the MLTPAQ and filled in
the questionnairesforpatientsduringindividualappointments.

The level of work capacity was assessed with the use of
submaximal treadmill stress test (according to Bruce’s
protocol) performed 1—3 months before the initial PCI
procedure and 6 months after. The following variables of
stress test were subjected to statistical analysis: test duration
[min], metabolic cost [MET], resting and the highest
recorded value of heart rate [beats/min], maximal oxygen
consumption VOzmaX [ml] and the reason for stress test
termination: submaximal value of HRmax (85%)
calculated with formula: HR max = 208—07 x age, fatigue,
stenocardia, changes of S-T segment in electrocardiogram
(ECG), occurrence of arrhythmias, heart conductivity
disorders and excessive increase in arterial blood pressure.
The value of VO max was calculated according to the
following formula [13]:

VO, max = 13,3-0,03 (t) + 0,297 (t 2) —0,0077 (t.z) +
4,2 (CHS),

where, t — time [minutes], CHS — cardiac health
status, 1- patients with angina pectoris, after MI, after
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Table 1
Results of treadmill stress test at the time of PCI and 6 months after

Parametr at the time of PCI, N = 154 6 months after PCI, N = 150 P

Stress test time [min] 4,24+2 22 6,32+3,12 <0,001
MET 6,52+1,26 8,21+2,86 <0,001
VO, max [ml] 28,23+5,94 32,52+8,25 <0,001
Resting HR [beats/min] 72+4,23 70+6,22 <0,001
HR _ atthe test [beats/min] 11814,52 129+16,47 <0,001

Abbreviations: PCl — percutaneous coronary intervention, MET — metabolic cost, VO,max — maximal oxygen consumption, HR _

heart rate.

Table 2
Indications for treadmill stress test termination

Indications for stress test at the time of PCI 6 months after PCI
termination N % N %
Reaching submaximal HR 19 12,33 118 78,66
Othert 135 87,67 32 21,34
Total 154 100 150 100

P <0,001
Abbreviations: PCI —  percutaneous  coronary intervention,
HR — heart rate. ' stenocardia, S-T segment changes in ECG,
occurrence  of arrhythmias and heart conductivity disorders,
excessive increase in arterial blood pressure.

Table 3
Echocardiography results

Parametr  at the time of PCI, N = 154 6 months after PCI, N=150 P
LVEF% 50,45+7,21 51,3646,12 <0,02
Abbreviations: PCl — percutaneous coronary intervention, LVEF% — left

ventricular ejection fraction.

PCI, 0 — patients without clinical symptoms of angina
pectoris, without history of MI or PCI.

Left ventricular ejection fraction (LVEF%) was
analyzed. The assessment of heart structure was done with
2-dimennsional echocardiography (HP Sonos 1100) by a
physician, cardiology specialist, after completion of
echocardiography training.

All statistical analyses were performed using
Statistica (v. 7.1) software, Statsoft USA and MedCalc
software (v.8.0.0.1) by E Schoonjans and included the
calculation of means and standard deviations (SD) of
variables. The distribution of means was evaluated with
Wilk-Shapiro test for normality. A criterion of p<.05
defined statistical significance. Student’s t-test for
independent variables with normal distribution was
used. This test was preceded by the Fisher’s test for
verification of the homogeneity of variance. In case the
variance was not equal, Sattherwaite’s test was used.
Student’s t-test for dependent variables was also used,
as well as one-way variance analysis proceeded by
Bartlett’s test for verification of variance homogeneity.

.—resting heartrate, HR _ — maximal

st

For variables with non-normal distribution, U Mann-
Whitney test, Kruskall-Wallis ANOVA test and
Sperman’s rang correlation test were used.

Results

Out of 211 patients who initially underwent PCI
procedure, there were 207 subjected to the second
questionnaire administration (2 patients died due to
coronary insufficiency in second and fifth month after
the PCI, 2 patients resigned from the study due to general
discomfort). Compared to the stress test performed at the
time of the initial PCI procedure, the improvement of
patients’ physical capacity was noted during the treadmill
stress test: increased metabolic cost (MET); maximal
oxygen consumption (VOZmax); maximal heart rate
(HR ) obtained during the test and decreased resting
heart rate (HR_ ) (Table 1). The number of patients who
terminated the stress test due to pathological reasons
reduced (Table 2).

After the 6-month period, there was a favourable
tendency noted in the changes of heart hemodynamic,
though only in the case of EF% statistical significance was
observed (Table 3).

The total energy expenditure from the leisure time
activities calculated with the MLTPAQ was higher 6
months after the angioplasty procedure (2829,52 vs
2799,92kcal/week). As far as physical activity of low
intensity was concerned, there was an increase noted
(1759,30 vs 1811,06 kcal/week). The values of activity of
medium and high intensity dropped from 1300,99 to
1190,46 and from 714,63 to 491,73 kcal/week,
respectively. Nevertheless, none of the above changes
were statistically significant. The value of recreational
activity was higher 6 months after the angioplasty for the
range of low intensity (<4 MET) and in majority of
patients did not exceed 3000 kcal/week. For the range of
medium intensity (4—6 MET) it stayed under 2000
kcal/week in majority of patients. In the range of high
intensity (>6MET) it did not exceed 1000 kcal/week in
those few patients who presented with that level of
intensity. In case of household activity, there was an
increase noted in medium range of intensity (4—6MET)
which did not exceed 3000 kcal/week in majority of
patients. For the household activities of high intensity
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Table 4
Types and ranges of physical activity energy expenditure calculated with the MLTPAQ
Parameter below 999 kcal 1000-1999 kcal 2000-2999 kcal over 3000 kcal TOTAL
before 6 months before PCI 6 months  before 6 months after before 6 months before 6 months P
PCI after PCI after PCI  PCI PCI PCI after PCI PCI after PCI.
Low intensity < 4 MET
RA Mean 498,18 521,75 1333,52 1451,66 244565 2512,62 4186,59  4105,97 1619,94 1707,99  <0,24
SD 270,17 212,64 216,62 220,38 329,21 312,40 875,31 601,03 1232,93  1104,06
N 51 52 54 65 20 20 7 6 132 143
HA Mean 191,46 429,11 1210,46 — 2312,30 2403,93 4116,90  4000,07 1632,29 1320,53  <0,34
SD 45,54 201,79 33,97 — — 152,60 427,10 187,11 1611,22  1481,89
N 5 10 3 0 1 2 4 4 13 16
Total Mean 435,65 501,51 1235,39 1366,11  2568,12 2489,92 4452,98  4481,01 1729,10  1801,14  <0,31
SD 292,09 232,50 233,37 222,51 307,08 309,43 1076,02 900,03 1421,13  1291,56
N 56 Sil 23 35 40 7 19 3 131 138
Medium intensity 4 — >6 MET
RA Mean 309,90 420,33 1318,01 1501,26  2500,76 2401,10 3048,04  4623,12 545,12 601,18 <0,11
SD 253,55 261,49 324,92 223,30 190,19 288,27 — — 534,81 641,21
N 84 85 22 10 9 4 4 2 119 101
HA Mean 371,91 524,22 1418,24 1495,28 2417,56 2484,60 4410,14  3765,73 1064,42 1011,12 <0,45
SD 245,38 290,29 278,60 302,84 99,96 412,87 1295,59 531,09 1529,76  1129,48
N 65 66 21 28 5 5 13 11 104 110
Total Mean 415,37 515,90 1541,89 1352,59 2320,16 2355,92 422167  4112,71 1289,85 1088,42  <0,71
SD 111,00 207,23 292,12 296,89 125,83 283,95 1007,42 568,86 1326,26  1198,55
N 74 81 34 29 12 15 12 8 132 133
High intensity >6 MET
RA Mean 372,70 321,41 1226,15 1561,54 — 2225,00 3113,01  5226,14 511,94 643,90 <0,6
SD 224,21 232,07 22,12 — — — — — 621,73 1005,01
N 24 21 3 1 0 1 1 1 28 24
HA Mean 332,15 231,94 1409,01 1206,15 201538 — 464461 — 723,74 195,34 <0,6
SD 180,21 181,79 — — — — — — 1220,53 252,87
N 18 25 2 2 1 0 5 0 26 28
Total Mean 361,61 281,26 1354,15  1396,15 2195,38 2068,45 4126,15  5106,14 700,63 391,73 <0,9
SD 272,61 219,48 307,81 230,48 — — 1293,36 — 1092,74 806,73
N 34 39 6 3 2 1 3 1 45 44
Total energy  Mean 581,11 589,29 1449,74  1530,92 2477,41 2499,81 4796,96  4536,78 2363,11 241253  <0,6
SN sp 292,31 199,13 154,43 110,69 100,83 154,70 1327,55 1107,28  1647,09  1599,55
N 28 23 45 42 37 48 44 37 154 150

Abbreviations: PCl — percutaneous coronary intervention, RA — energy expenditure of recreational activity, HA — energy expenditure of household activity,
Total — energy expenditure of either RA, HA or both forms of activity, SD — standard deviation.

(>6 MET) there was a significant drop of the energy
expenditure noted in all ranges (Table 4).

There was a significant increase of work tolerance
noted during the stress test 6 months after the angioplasty.
There were considerable changes in values of all observed
parameters. Patients, whose physical activity in leisure
time wasin therange 0of2000—2999 and over 3000 kcal/week,
obtained the most significant improvement during the
stress test (Table 5).

The echocardiography examination performed
6 months after the angioplasty showed improvement of the
heart structure dimensions. Statistically significant changes
(within the normal range) considered the LVESD and
LVEF% values. In the group of patients whose weekly

energy expenditure was below 2000 kcal/week, there was a
slight increase of the dimensions in majority of parameters,
except for LVEF%, where there was a small decrease
(within the normal range) observed in the group of patients
with weekly energy expenditure under 999 kcal/week
(Table 6).

There were weak correlations observed between total
energy expenditure calculated with the MLTPAQ stress
test parameters and ECHO results (Table 7 and Table 8).

Discussion
The average amount of weekly energy expenditure
related to recreational activity, and therefore the one
whichisofgreatimportance for prevention of cardiovascular
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Table 5
Selected parameters of stress test in relation to the intensity ranges of activity calculated with the MLTPAQ
Parameter below 999 kcal 1000-1999 kcal 2000-2999 kcal over 3000 kcal TOTAL
before 6 months before 6months  before ~ 6months before ~ 6months  before 6 months B
PCI after PCI  PCI after PCI PCI after PCI  PCI after PCI PCI after PCI

Test duration Mean 5,70 5,64 5,71 7,16 5,31 7,35 6,15 8,18 4,24 6,32 <0,001
[min] SD 279 240 2,44 2,06 2,57 2,70 2,86 2,39 2,22 3,12

N 33 18 57 45 37 42 82 73 154 150
Metabolic cost ~ Mean 7,51 7,70 7,68 8,95 7,01 9,26 7,73 9,66 6,52 8,21 <0,001
[MET's] SD 276 270 2,71 2,38 2,54 3,02 2,66 2,38 1,26 2,86

N 33 18 57 45 37 42 82 73 154 150
VO2max Mean 28,93 27,16 28,54 32,90 27,70 34,54 3049 37,94 2823 32,52 <0,001
[ml/kg/min] SD 955 7,16 8,32 8,65 9,32 10,95 1,50 11,02 5,94 8,25

N 33 18 57 45 37 42 82 73 154 150
HR resting Mean 75,55 75,94 77,44 71,82 78,70 73,79 77,10 73,52 72,00 70,00 <0,001
[beats/min] SD 853 863 9,40 10,13 9,11 10,46 9,41 9,72 4,23 6,22

N 33 18 57 45 37 42 82 73 154 150
HR max Mean 120,52 136,50 120,38 132,04 125,65 129,50 125,90 131,78 118,00 129,00 <0,001
[beats/min] SD 1556 11,64 18,89 15,02 1823 15,51 16,09 14,85 14,52 16,47

N 33 18 57 45 37 42 82 73 154 150
HR submax not N/ 16/17  6/20 43/51 16/46 24/33  11/41 35/53  15/43 118/154 48/150 <0,001
reached % 94,11% 30,00% 84,31%  3478%  72,72% 26,82%  66,03% 34,88% 76,62%  32,00%
Positive results N/ 21/30  8/23 33/41 11/30 26/32  16/37 41/51 7/60 121/154  42/150 <0,001
of stress test % 70,00% 34,78%  80,48%  36,66%  81,25% 43,24%  80,39%  11,66% 78,57%  28,00%

Abbreviations: PCl — percutaneous coronary intervention, MET — metabolic cost, VO,max — maximal oxygen consumption, HR o

- resting heart rate, HRW— maximal

heart rate: HR sumbax — HR calculated with formula: (220 — age) x 0,85; SD — standard deviation.

Table 6
Selected echocardiography variables, in relation to the intensity ranges of activity calculated with the MLTPAQ

Parameter below 999 kcal 1000-1999 kcal 2000-2999 kcal over 3000 kcal TOTAL

before 6 months before 6 months before 6 months before 6 months before 6 months P<

PCI after PCI PCI after PCI PCI after PCI PCI after PCI PCI after PCI
LVEF% Mean 51,33 50,56 53,37 53,45 49,76 52,62 51,12 52,42 50,45 51,36 <0,02
[%] SD 912 985 8,03 8,00 7,64 7,21 10,26 8,69 7,21 6,12

N 33 27 57 47 37 47 82 81 154 150

Abbreviations: PC| — percutaneous coronary intervention, LVEF% — left ventricular ejection fraction, SD — standard deviation.

diseases [12, 14, 15], did not exceed in our study the value
of 2000 kcal/week before the first PCI and was mainly of
low intensity — <4 MET (morning warm-up exercises,
walking, fishing), or of moderate intensity, 4—6 MET
(cycling, including stationary cycling, general conditioning
exercises). The range of physical activity remained below
the level of 1000 kcal/week.

Such low level of physical activity may result from
limitation of exercise tolerance due to atherosclerotic
process in coronary vessels or history of MI, but most
likely from the sedentary lifestyle [13, 15, 16]. The majority
of patients did not engage in any form of sport or
recreational physical activity and even if they did, such
activity was short-lasting and sporadic. There were however
a few patients (6) who systematically participated in
various forms of recreation (skiing, jogging, swimming);
their weekly energy expenditure resulting from such

activities very often exceeded the level of 2000 and
sometimes even 3000 kcal per week.

That group of few patients included individuals who
used to do sports in the past or who were really enjoying
such activities. After the angioplasty procedure the increase
of the level of physical activity as well as energy expenditure
was anticipated. We assumed that one factor which would
favourably affect patients’ attitude to physical activity was
the cardiac rehabilitation programme, both in hospital and
in the health resort.

There was, however, no increase in total weekly energy
expenditure noted after the PCI procedure; nor was there
in the intensity or type of performed activities. During the
6-month period preceding the second PCI, patients
engaged mainly in recreational activities of low intensity,
in the range of 1000—1999 or 2000—2999 kcal/week, and
in household activities of moderate intensity (4—6 MET).
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The values of these activities however still remained at an
unchanged level. We found an improvement in variables
obtained at the second ET. The higher the increase in
energy expenditure in relation to the initial examination,
the more the improvement in selected ET parameters was
noted. Patients who exceeded the value of 2000 kcal/week
after the first PCI were able to exercise longer, resulting in
higher values of obtained MET, VO2max and maximal
HR. In this group of patients, there was a considerable
increase in the number of patients reaching the level of
submaximal HR and a decrease in the number of positive
ET results. Similar findings were reported by Nowak et al
[13]. The angioplasty procedure restores proper circulation
in coronary arteries, improves work tolerance and thus
allows patient to exercise longer and with increased
intensity. The procedure resulted in improvement of left
ventricle function of studied subjects (increase in EF%)
what was also reported by other authors [17—20]. We also
evaluated correlation between the delta of energy
expenditure assessed in the questionnaire versus the delta
of selected parameters of treadmill stress test and
echocardiography examination. As far as stress test results
were concerned we found weak correlation with the delta
oftest time and VO2 max. There was however no association
with the delta values of echocardiography procedure. This
situation may result from patients’ fear of ischemic
symptoms reproduction associated with considerable chest
pain and perhaps from their unwillingness to physical
effort in general.

Conclusion
Our findings suggest that MLTPAQ may be used as an
additional tool in clinical assessment of patients undergoing
PCI. The results obtained in this study indicate that the
level of leisure time physical activity in studied subjects was
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FACTOR INFLUENCING LENGTH OF STAY (LOS) OF PATIENTS UNDERGOING BYPASS SURGERY
AT SHAHEED MADANEE CARDIAC TEACHING HOSPITAL -TABRIZ — IRAN

Reza Gholi Vahidi', Rahim Khodayari’, Shabnam lezadi’, Kamal Gholipour®

Aim. This study aimed to study the effect of patients’ and physician’s characteristics
as a predictor of length of stay (LOS) in patients undergoing coronary bypass surgery.
Material and methods. This was a retrospective study conducted at Tabriz Shaheed
Madanee Cardiac Teaching Hospital in Iran in 2010. The 349 patients who did undergo
abypass surgery during 2008-2010 were studied. Patients and physicians characteristic
were collected from patients medical records using a researcher developed checklist.
Independent Samples Test of ANOVA was conducted to compare LOS between
categorical variables. Data was analyzed using the SPSS17 statistical package.
Results. The mean age of the patients was 59.7 years. Overall average LOS was
15.58 (10.02) days. The findings of this study indicate that older patients stayed in the
hospital for a significantly longer period than did younger patients. Patients’ stay at the
hospital was statistically significant and longer than assessed expected length of stay
estimated by physicians (P< 0.05). Patient admitted to the hospital through emergency
department and patients with no hospitalization history stayed longer in the hospital
(P<0.01).).Early discharged patients and death cases also had a longer LOS (P <
0.01).Patient whose attending physicians were working in private sector, in addition to
Shaheed Madanee Hospital and had higher level of education stayed longer than
those whose physicians worked only at Shaheed Madanee Hospital (P<0.01).
Conclusion. Institutional characteristics —physicians practice both in private sector
and public teaching hospital, physicians’ level of education, discharge process
guidelines, and admission protocols were most important factor in predicting LOS.
The patient’s hospitalization history whether patient was hospitalized before or not,
was also a predictor.
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®AKTOP, BJIMSIIOLLUIA HA NPOAOJIKUTENIBHOCTb NMPEBBIBAHUA (NM) NALWMEHTOB, MEPEHECLUMX
OMNEPALMU LUYHTUPOBAHUS B KAPOUONOMMYECKOW KITMHUYECKOW BOJIbHULLE SHAHEED

MADANEE -TEBPU3 — UPAH

Reza Gholi Vahidi', Rahim Khodayari’, Shabnam lezadi’, Kamal Gholipour

Llenb. 310 vccneoBaHue 6bin10 NPOBEAEHO C LENbIO U3YYEHUS BIUSHUS HA Xapak-
TEPUCTVKM NALMEHTOB ¥ Bpayel Takoro MPeaMKTopa, Kak MPOAOMKUTENbHOCTb
npe6biBanus (M) nauMeHToB, NEPEHECLUUX KOPOHAPHOE LLYHTUPOBAHME.
Marepuan u metoabl. 310 Obl1 PETPOCNEKTUBHLIN aHaNN3, NPOBeeHHbIN B Kap-
[IMONOTNYECKOM KnnHMYeckoit BonbHuue Shaheed Madanee ropoga Te6pusa
B MpaHe B 2010 roay. Bbino uccnenosaHo 349 nauneHToB, KOTOPbIE NMPOLLN LUYH-
TposaHue B TeyeHne 2008-2010 rr. XapakTepucTuKu NaLMEHTOB 1 Bpayeii Gbiam
M3BNIEYEHbl U3 MEAMLIMHCKMX 3anvceil NauyeHTOB C MOMOLLBIO CheuuanbHOro
KOHTPOMLHOrO cnycka, pa3paboTaHHOro uccnenosartensiMu. TecT He3aBUCUMbIX
BbI6opok ANOVA nposoguncs ans cpasHeHus MM Mexay kateropuanbHbiMu nepe-
MEHHbIMW. [laHHble GblM MPOaHanM3MpoBaHbl C UCMONb30BaHWEM CTaTUCTUYe-
ckoro naketa SPSS17.

Pesynbratbl. CpesHuii Bo3pacT naumeHToB coctaBun 59,7 ropga. Cpepnssa MMM
6bina 15.58 (10.02) gHei. PeaynbTaTbl 3TOr0 MCCNnefoBaHUS MOKa3blBAIOT, YTO
NoXusble NaLUyeHTbl OCTaBaNMCh B GOMbHYLIE B TEYEHWE ropasno 6onee AnuTenb-
HOro Mepuosa, Yem y Monoaple nauneHTsl. MNpebbiBaHMe NauMeHToB B 6ONbHULE
6bI/10 CTATUCTUYECKM 3HAYMMO U AOSIbLUE, YeM oxuaaemoit M no oueHkam Bpayeit

Introduction

Coronary artery bypass surgery is a safe and accepted
technique to treat coronary artery diseases [1], with its
own costs implications [2]. The annual cost of it is more
than 10 billion US dollars for 500,000 coronary bypass
surgeries in the United States [3]. Because of the large
number of surgeries performed, even modest reductions in
bypass unit cost by rationalizing the length of stay could

(P<0,05). MaumneHTbl, NOCTyNMBLIME B GONbHULY YEpe3 OTAENEHWNE HEOTNOXHOMN
NOMOLLN, 1 NauneHTbl 6e3 NCTopuM rocnuTannsaumm 3afepXuBanvchb B 60nbHULE
nonblue (P=<0.01). PaHee BbINMCaHHbIE NALMEHTbI, @ TAKXKe Cly4an CMepPTU, Takke
nmenu pamtenshyio MM (P=<0.01). MauwveHT, 4bk nevatme Bpayn paboTanu B yacT-
HOM CekTope, NoMMMO GosbHMULI Shaheed Madanee, v menn 6onee BbICOKWIA
ypoBeHb 06pa3oBaHusi, 0CTaBaAUCh JONbLUE, YEM Te NaLMEHTI, Ybl Bpaun pabo-
Tanu Tonbko B 6onbHULEe Shaheed Madanee (P=<0.01).

3aknoveHne. WHCTUTYUMOHANbHbIE XapakTEPUCTMKM — TMpakThka Bpaven
1 B YaCTHOM CEKTOPE 1 B rOCYAPCTBEHHOW KMHUYECKON 60NbHULIE, BBICOKUIA ypO-
BeHb 06pa3oBaHUa Bpayeil, BbiNosHeHMe TpeboBaHWUii pekoMeHaLUuWiA, 1 npuem
NPOTOKO0B GbiNy BaxHbIMU dakTopamy B nporHoauposaquu M. Mctopus rocnu-
TanM3auuu naumenTa, Gbin M NauMeHT rocnuMTanuanpoBaH 0 UK nocne, Takke
SBNSIETCS NPELUKTOPOM.

Poccuiickuit kapauonorudeckuii xxypian 2014, 4 (108), Aurn.: 60-63

KnioyeBble cnoBa: KOPOHAPHOE LLYHTUPOBAHWE, CPOK I'IpeﬁblBaHVlﬂ B 6onbHULE.

significantly reduce expenditures at both the hospital and
national levels [3].

However it has been shown that length of stay is associ-
ated with resource use [4], additionally it is a sensitive and
specific marker of inefficiency in using scarce resources of
hospitals in inappropriate length of stay [4].

However, there does not appear to be much evidence in
the literature to support the assumptions that there is a golden

60



SUPPORTING A PRACTITIONER

standard of length of stay for patients undergoing coronary
bypass surgery, but finding of studies indicates that longer
preoperative hospital stay can be a risk factor for deep wound
infection [4, 5], in addition longer preoperative hospital stay
was associated with a increased risk of surgical site infections
[5]. In recent years, there has been data published from sev-
eral studies suggesting that the predictors of length of stay as a
patient outcome can range from clinical mix [1, 6, 7], to
patient, [6, 8—10] and care providers characteristics [6, 8].
Therefore the risk of prolonged length of stay on patient’s
outcome may be no different than clinical predictors of
patient outcome in regards to service quality. However it
seems possible to decrease coronary bypass surgery patients’
length of stay with lower resource utilization and costs with-
out adversely affecting patient’s outcomes. It is not something
out of sight, and it can be achieved with minor interventions
in clinical and administrative procedures, processes, provid-
ers behaviour, and the guidelines, for instance, some studies
show that the development of fast-track anaesthetic tech-
niques for cardiac surgery has helped to decrease intensive
care unit (ICU) and hospital length of stay (LOS) without
adversely affecting mortality and morbidity [4, 11]. Therefore
this study aimed to study the effect of patients’ and physi-
cian’s characteristics as a predictor in length of stay of patients
undergoing coronary artery bypass surgery at Shaheed Mada-
nee Cardiac Teaching Hospital in Tabriz.

Material and methods

We used a retrospective-observational study at Tabriz
Shaheed Madanee Cardiac Teaching Hospital to study 349
hospitalized patients who did undergo a bypass surgery in
2010. About 349 hospitalized patients who did undergo a
bypass surgery were studied. Study data were collected
using a researcher developed checklist from patient medi-
cal records during 2008—2010.

Trained personnel collected data using a standardized
checklist on 349 patient’s undergone coronary bypass surgery
during 2008—2010. Patients in this study had a coronary bypass
grafting surgery (CABG) as their principal procedure defined
by International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code, according to their
medical records. During years 2008—2010 we randomly
selected 15 medical records every month out of those records
showing that patient has undergone a bypass surgery

Study checklist included demographic information
such as: patient’s sex, occupation, patients insurance,
marital status, type of admission, history of hospitaliza-
tion, discharge status, physician specialties, physicians
practice in private in addition to practice at Shaheed
Madanee Hospital sector, and length of stay at the hospi-
tal. Furthermore, in regards to determining the assessment
of physicians on expected length of stay of patients under-
going coronary bypass surgery data was collected from
physicians who had enough experience in diagnosing and
performing coronary bypass surgery. The pessimistic, opti-
mistic and most likely length of stay for patients undergo-

ing coronary bypass surgery at this hospital were collected
though conducting interviews with physicians and then
expected length of stay was calculated using the PERT
(Program Evaluation and Review Technique) Weighted
Average formula:

Expected time = (Pessimistic value + 4*most likely value
+ Optimistic value) /6

Frequencies and percentages were used to describe
demographic information of patients. Independent Sam-
ples Test, ANOVA was conducted to compare LOS between
categorical variables after testing the normality of their
distribution and confirmation by a Kolomogrov-Smirnov
test. One-Sample T Test was used to describe the differ-
ences between physicians’ estimated and actual LOS
derived from patients’ records. Furthermore data was ana-
lyzed using the SPSS17 statistical package. The P values <
0.05 were considered as statistically significant.

Results

Data were collected on all 349 patients undergone cor-
onary bypass surgery. Overall average LOS derived from
patients’ records was 15.58 (£10.02) days. The mean age
of the patients studied was 59.7 (9.8) years. Further analy-
sis of the data indicates that older patients stayed in the
hospital for a significantly longer period than did younger
patients (P<0.001). Table 1 summarizes the findings of the
patients’ characteristics according to gender, occupation,
type of insurance (Insurance plan), mode of admission,
history of hospitalization (previous hospitalization due to
cardiac problems), discharge status, physicians’ educa-
tional level, and their practice in private sector.

Study findings indicate females’ LOS statistically was
longer than male (p=0.014). There was no significant associ-
ation between length of stay and patients’ marital status and
place of residence -rural or urban- (P>0.05). Significant
association was observed between length of stay and type of
admission and, hospitalization history, and physicians prac-
tice in private sector (P<0.001), also, data related to practice
in private sector for two physicians were not available. With
the exception discharge status which was a little longer for
partial recovery (P=0.049). Table 1 also reports the length of
stay according to physicians status; patients whose physician
was a specialist did stay one and half day longer than those
whose physician was a sub-specialist, this difference wasn’t
statistically significant (P=0.061) (Table 1).

Table 2 indicates detailed pessimistic, optimistic and
most likely length of stay according to physician’s point of
view. To calculate the expected length (time) of stay physi-
cians were asked to estimate pessimistic, optimistic and
most likely length of stay for patients undergoing coronary
bypass surgery. Then the Expected length (time) of stay
was determined using PERT Weighted Average formula.

The physicians estimated LOS was 10.72 days and actual
LOS derived from patients’ medical records was 15.58 days. The
difference between estimated and actual LOS using One-Sam-
ple T Test was statistically significant (P<0.05) (Table 2).
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Length of Stay according to Patient and Physician characteristics

Characteristics No (%)
Sex

Male 246 (70)
Female 103 (30)
Occupation

Unemployed 109 (31.1)
Employee 33(14.6)
Technical worker 30 (5.9)
Non-Technical worker 15 (8.6)
Retired 51(4.3)
Farmer 34(9.7)
Other 77 (22)
Patient Insurance type

Health services 170 (48.7)
Social security 120 (34.4)
Military insurance 40 (11.5)
Private insurance 8(2.3)
Uninsured 11(3.1)
Patient Marital status

Married 347 (99.5)
Single 2(0.5)
Type of admission

Elective 261 (74.7)
Emergency 88 (25.3)
History of hospitalization (previous hospitalization due to cardiac problems)
Yes 231 (66.2)
No 118 (33.8)
Discharge status

Complete recovery 278 (79.7)
Partial recovery 42 (12)
Death 29 (8.3)
Physician’s educational status

Specialist 215 (61.6)
Sub-Specialists 134 (38.4)
Physician’s work in private sector

Yes 106 (35)
No 197 (65)

Table 2

Physicians estimated LOS related to real LOS
Conditions LOS (day) p
Optimistic 5.64
Pessimistic 20.34
Most likely 9.59
Te. (Expected Time) 10.72 <0.05
Real LOS according medical record 15.58

Discussion
Previous researchers have found that there is consider-
able variation in the resource use and LOS associated with
bypass surgery. Our study examines the length of stay for a
single regional specialist heart hospital in Tabriz. We found
substantial associations between patients’ and physician’s

Table 1
Mean of Length of Stay (SD) Min_Max p
14.77 (8.94) 3-60 0.014
17.53 (10.79) 2-71
17.56 (10.82) 2-71 0.052
13 (5.77) 6-31
13.93 (6.22) 3-29
15.47 (9.07) 4-40
17.56 (10.82) 4-46
15.68 (6.41) 3-33
14.10 (8.56) 3-60
16.16 (9.48) 2-60 0.672
14.42 (8.81) 3-71
16.55 (8.53) 4-54
14.50 (3.85) 9-20
14 (7.55) 5-27
15.6 (9.86) 2-71 0.401
13.5 (2.27) 6-21
14.11 (6.45) 2-60 <0.001
19.94 (10.54) 2-71
13.7 (9.09) 3-46 <0.001
19 (7.49) 2-71
14.86 (7.59) 2-60 0.049
15.57 (6.90) 4-36
22.30(17.95) 4-71
15.83 (7.24) 3-60 0.061
14.35 (6.25) 2-46
13.45(7.2) 3-60 <0.001
15.97 (8.35) 2-71

characteristics and length of stay in this study. LOS was
higher for patients, who were unemployed, retired, female,
and had no hospitalization history due to cardiac prob-
lems, emergency admission patients, and death cases.
These findings are generally consistent with prior studies
that used medical records identify the predictors of length
of stay [1, 2, 12]. Despite previous research findings failure
to explain patients and physicians non clinical character-
istics [7, 13] as predictors of variation of length of stay [1],
our findings identify some association between institu-
tional characteristics and length of stay as additional risk
factors for prolonged length of stay which are consistent
with previous findings [11, 14]. Length of stay differs due
to many factors some of which may be modifiable such as
discharge status and physicians practice in private and
public sector at the same time [13, 14]. Therefore variation
in pattern of staffing of physicians may affect the length of
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stay [11, 14]. Research findings indicate that some hospi-
tals adopted protocols to shorten the length of stay, which
are being considered to be effective. These studies also
revealed that hospital discharge policy, hospital size and
managerial factor have a major role in LOS [11, 13, 14].
Furthermore several recent studies suggest using critical
pathways, care maps, and a fast-track protocol is effective
to increase the efficiency by reducing LOS [11, 14].

Our study provides such information that could be used
to predict and distinguish patients who as a result longer
period of stay in the hospital. Furthermore, we could
determine that savings will be extended if we use integrated
hospital and home care services. That is to say, since Sha-
heed Madanee Hospital is the only hospital serving a vast
geographical area (more than three provinces in North
West of the country) and most of the residents have diffi-
culty in accessing the post-operative services, the providers
and patients tend to prolong the hospital stay. Thereby
offering post-operative services through home care can
considerably reduce the LOS.

Further research is needed to address these issues, particu-
larly in light of the trend toward shorter hospitalizations and
resource utilization without sacrificing the quality of care [15].

On the other hand, due to non-linear pattern of hospital
costs and revenue, most of the costs of hospitalization and
profitable services for are incurred at the beginning of hos-
pital stay, so, by reducing LOS hospital marginal profit’s
increase [16]. Along with this factor according to present
study findings technical expectancy of LOS based on physi-
cian’s estimation was significantly shorter than real LOS
derived from medical records. In this regard, findings in the
literature also indicate that other factors such as quality of
care and hospitals volume can influence this issue [17].

Although we tried to limit the constraints of our study but
there are still a number of limitations. First, our findings do
not take into account the patients’ residency and economic
characteristics, although, these factors play an enormous role
in LOS. In our study context due to lack of access to post-op-
erative services in some setting some patient and provider
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SUCCESSFUL TREATMENT OF A PARAHISIAN WOLFF-PARKINSON-WHITE CASE WITH CRYOABLATION

Cenk Conkbayir, Kamil Gulsen

A 27-year-old patient with Parahisian Wolff-Parkinson-White Syndrome (WPW), who
had very frequent tachycardia attacks and pre-syncope complaints, could not be
cured with the RF ablation method previously. Since RF ablation may necessitate a
permanent cardiac pacemaker, cryoablation was decided to be performed in
another session. Herein, we report a successful treatment of a WPW case via
cryoablation.
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YCMELLHOE JIEYEHUE CJTY4AS NAPATUCUAJIBHOIO CUHAPOMA BOJIb®A-MAPKUHCOHA-YAUTA

KPMOAECTPYKLMEHN

Cenk Conkbayir, Kamil Gulsen

27-neTHUI NauveHT C maparvcuanbHbiM CuHAPOMOM Bonbda-MapkuHcoHa-Yaita
(WPW), y KoTOpPOro 6blnn 04eHb YacTble MPUCTYMbI TAXMKAPAWM 1 MPECUHKONE, paHee
He Mor ObiTb BblleYeH METOAOM PaaMo4acToTHON abnauuu. Mockonbky pagmoya-
CTOTHasi abnaLusi MOXET Bbl3BaTb HEOOXOAUMOCTb MOCTOSIHHOM KapANOCTAMYSISLWAN,
6bIN10 PeLleHo B 3TOT Pa3 BbIMOMHWTL KPUOAECTPYKLIMIO. B JaHHOM COOBLLEHUN Mbl
roBopum 06 ycretHoM nevernn WPW ¢ nomoLLbio KproAeCcTPYKLIMY.

Introduction

The recent developments in ablation treatment have
revealed the possibility of transmitting the cryoenergy by
the guidance of a catheter [1]. The first percutaneous cry-
oablation procedure was performed in 1999, and the
cumulative results were reported in 2001 [2]. In 2003, FDA
(Food and Drug Administration) approved the use of the
cryoablation method, and subsequently the studies con-
cerning the issue have gained acceleration. Cryoablation is
also used in AVNRT cases with parahisian localization,
where the RF ablation method has failed to succeed.
Occasionally, when there is a close proximity to his bundle
in patients with WPW syndrome where RF ablation is
risky, cryoablation is used in order to prevent a possible
cardiac pacemaker-dependence. Herein, we have reported
the successful treatment of a case of parahisian wolff-par-
kinson-white with cryoablation.

Case Report

A 27-year-old male patient presented to our clinics due
to frequent tachycardia attacks. Following the ECG (Fig.
1) monitoring and clinical evaluation, electrophysiological
examination was planned due to suspicion of Wolff-Par-
kinson-White syndrome. The patient was taken into the
electrophysiology laboratory after he had signed the
informed consent. Diagnostic catheters were placed into
superior right atrium, apex of the right ventricle, His bun-
dle region and the coronary sinus. Following the electro-
physiological study, a radiofrequency ablation procedure
was planned. The site of ablation was decided according to

Poccwiickuii kapanonoruyeckuii xypHan 2014, 4 (108), Aurn.: 64-65
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the fluoroscopic and intracardiac activation mapping.
Radiofrequency energy was applied onto the region adja-
cent to the His bundle. Meanwhile, it was observed that
the temperature was as high as 51 °C. Despite the radiofre-
quency ablation procedure, the short PR and the delta
wave of the patient did not disappear. Cryoablation was
planned in another session due to the close proximity to
his bundle, where there was a risk of permanent cardiac
pacemaker installation. Following the arrangements, the
patient was taken into the electrophysiology laboratory in
another session, and a quadripolar electrophysiology cath-
eter was placed through the right femoral vein into the
superior right atrium, coronary sinus and his bundle. Fol-
lowing the mapping with a cryoablation catheter at —30 °C

MUSTAFA DEVECIOGLU
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Figure 1. The ECG of a Parahisian Wolff-Parkinson-White case with 12 derivations
(very short PR and intertwined delta waves).
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Figure 2. Parahisian-located accessory pathway during mapping with ablation
catheter.

(Fig. 2), cryoablations of 300 seconds at —80 °C were
performed 3 times to the accessory pathway with close
proximity to the his bundle. The accessory pathway was
observed to be ablated. The delta waves in the ECG disap-
peared and the QRS interval was shortened (Fig. 3). The
patient, who was seen to have no problems on the fol-
low-up, was discharged and asked to return for a later
control.

Conclusion
The theory of generating transmural heart lesions via
cryoenergy was first attempted by Hass and Taylor [2] in
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Figure 3. The successful disappearance of the delta wave and extension of the PR
interval during cryoablation at -80 “C (ECG with 12 derivations).
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CORONARY ARTERY VASOSPASM SECONDARY TO TYPE | VARIANT KOUNIS SYNDROME:
A CASE SERIES OF MEN. IS THE GENDER DIFFERENCES IMPORTANT?

Cuneyt Kocas1, Ahmet Cagri Aykanz, Okay Abaoi1, Gokhan Cetinka|1, Sukru Arslan1, Mustafa Yildiz'

Kounis syndrome is a well-known cause of acute coronary syndrome and more than
100 cases are reported with allergic reactions to various drugs, animal and insect
bites, even with drug eluting stents and endovascular devices. In this paper we
report five-patients with Kounis syndrome related to different drugs. The main char-
acteristic of patients is given in Table 1. All of them were male and their age was from
18 to 35. All patients presented with ST- elevation myocardial infarction. Coronary
angiography was performed in all patients and revealed normal coronary arteries.
From history of allergic exposure, electrocardiographic, laboratory (Total IgE and
tryptase levels) and angiographic findings the diagnosis was Kounis syndrome type
| for all patients and was treated with oral antihistamines and prednisolone. Despite
Type 1 KS is not associated with atherosclerotic risk factors and CAD all patients in
or report and many patients in literature are male. Gender differences in KS should
be investigated in further studies.
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BA30CNA3M KOPOHAPHbIX APTEPUA CPEOHEIO TUMA | BAPUAHT KOUNIS CUHOPOMA: CEPUS
CNYYAEB Y MYXXYUH. BAXXHbI JIU FTEHAEPHBIE PA3JIN4UA?

Cuneyt Kocas1, Ahmet Cagri Aykan2, Okay Abaci1, Gokhan Cetinkal1, Sukru Arslan1, Mustafa Yildiz'

Kounis-CrHApPOM SIBNSIETCS M3BECTHON MPUYMHOM OCTPOr0 KOPOHAPHOr0 CYHApPOMA
1 coobaetcst o 6onee 100 cnyyasx 3aboneBaHNS NPU ANNEPTUYECKMX PeaKLNX
Ha pa3nnyHble NpPenaparbl, YKyCbl XXMBOTHBIX 1 HACEKOMbIX, fidXe Ha CTEHTbI C niekap-
CTBEHHbIM MOKPBLITUEM 1 3HIOBACKY/NSiPHbIE YCTPOICTBA. B 3TOii cTaThe Mbl A0KNA-
[bIBaEM O NSATU NaLMEHTax ¢ CMHAPOM Kounis, N0 OTHOLLEHWIO K Pa3nnyHbIM Jiekap-
cTBaM. [NaBHas xapakTepuctvika 60mbHbIX NpyBeaeHa B Tabnuue 1. Bce oHW Gbian
MYyX4rHaMu, 1 ux Bodpact oT 18 1o 35 neT. Y Bcex naUMeHToB NpeacTaBneH MHdapkT
Muokapaa ¢ nogbemom ST. KopoHapHasi aHrvorpadus BbisiBUna y BCeX GOMbHbIX
HOpPMasbHble KOPOHApHbIE apTepun. M3 nCTopum annepryeckoro BO3LEVCTBMS,
anekTpokapavorpaduyeckux, nabopatopHbix (O6wwii IgE 1 ypoBHK TpuUNTasbl)

Introduction

The first paper in the literature, examining the acute myo-
cardial infarction (MI) related to prolonged allergic reaction
was published in 1950 [1]. But the definition of Kounis syn-
drome (allergic angina) was in 1991 as “the coincidental
occurrence of chest pain and allergic reactions accompanied
by clinical and laboratory findings of classic angina pectoris
caused by inflammatory mediators released during the allergic
insult” [2]. In 1996 “allergic myocardial infarction” term was
defined in literature [3]. As today, Kounis syndrome is a well-
known cause of acute coronary syndrome and more than 100
cases are reported with allergic reactions to various drugs (anti-
biotics, analgesics, antineoplastics, contrast media, intrave-
nous anaesthetics, no steroidal anti-inflammatory drugs, anti-
coagulants, proton pump inhibitors), animal and insect bites,
even with drug eluting stents and endovascular devices [4, 5].

Case Descriptions
In this paper we report five-patients with Kounis syndrome
related to different drugs. The main characteristic of patients is
given in Table 1. All of them were male and their age was from
18 to 35. Main symptom was chest pain in all patients whereas

1 aHruorpaduyeckmx AaHHbIX, Gbi1 NOCTaBAEH AnarHo3 cuHapoma Kounis tvna | ans
BCEX NaLMWEHTOB, KOTOPbIX JIEYMN NEPOPanbHO aHTUMMCTaMUHHLIMU NpenapaTamu
1 NpeaHn30i0HoM. HecmoTpst Ha To, 4To crHapom Kounis Tuna | He cBa3aH ¢ ¢akTo-
pamu pricka atepocknepo3sa 1 MBC, Bce NauMeHTbl B 0TYETAX, U MHOMME MaLMEeHTb,
OnVCaHHble B NUTEPATYpe, SBASIOTCS MyX4YMHaMW. [eHepHble pasnnyuns cuHapoMa
Kounis fomkHbl 6bITb M3y4eHbl B XOAE AANbHEWLLNX UCCNEA0BAHMIA.
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dyspnoea was present in case 1 and pruritus was also accompa-
nied in case 2. All patients presented with ST- elevation myo-
cardial infarction, case 1,3 and 5 with anterior MI, case 2
inferior MI and case 4 with inferolateral MI. Troponin levels
were increased in all patients, total immunoglobulin E (IgE)
levels were also increased in all of them, tryptase level could be
measured in two cases (Case 2 and 5) and elevated. Whole
blood count, D-dimer, antithrombin III, serum cholesterol
levels, C3 and C4 levels and antinuclear antibody, anti-DNA
tests were within normal limits. The reasons of Kounis syn-
drome were metimazol sodium in case 1, gadopentetic acid in
case 2, amoxicillin/clavulanic acid in case 3 and case 5, aceta-
minophen in case 4. The medical history for bronchial asthma,
any allergic disease or coronary artery disease was negative. The
serologic tests for viral actiology were also negative. Coronary
angiography was performed in all patients and revealed normal
coronary arteries. From history of allergic exposure, electro-
cardiographic, laboratory (Total IgE and tryptase levels) and
angiographic findings the diagnosis was Kounis syndrome type
I for all patients and was treated with oral antihistamines and
prednisolone. All symptoms electrocardiographic and echo-
cardiographic findings were resolved by the time of discharge.
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Table 1
The characteristics of patients with Kounis syndrome
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age, years 33 B85 31 24 18
Sex M M M M M
Atopy No No No No No
CVRF No No No No No
Symptoms Dyspnoea, chest pain  Pruritis, chest pain Chest pain Chest pain Chest pain
Allergic cause Metamizol 500 mg Gadopentetic acid 20 ml  Amoxicillin/ Clavulanic acid Acetaminophen 500 mg  Amoxicillin Clavulanic acid

1000 mg 1000 mg
ST segment elevation Anterior Inferior Anterior Inferolateral Anterior
Trop | (ng/ml) 40 13 15 46 50

Total IgE (0-100 IU/ml) 190 17 120 202 350
Tryptase (5.6-13.5 - 20 - - 45

ug/L)

CAG Normal Normal Normal Normal Normal

Abbreviations: CVRF — cardiovascular risk factors, Trop | — troponine |, CAG — coronary angiography.

Discussion

Kounis syndrome was defined as an acute coronary syn-
drome that manifests as unstable vasospastic or nonvasos-
pastic angina, and even as acute myocardial infarction trig-
gered by inflammatory mediators following exposure to an
allergic insult. There are currently 3 variants of Kounis
syndrome [6]. The first variant is observed in patients with
no cardiovascular risk factors and normal coronary arteries
in whom acute release of inflammatory mediators such as
histamine and leukotriens can trigger coronary spasm |[7].
In Type-1I variant of KS include patients with pre-existing
atheromatous disease in whom acute release of these medi-
ators can induce coronary artery spasm or rupture of ather-
omatous plaque. Recently, Type- 111 variant of Kounis syn-
drome has been defined in subjects with drug eluting coro-
nary stent thrombosis [4]. In this variant stent components
(nickel strut, polymer or impregnated drug) may play a role
as allergic insult [8]. All of our patients were Type 1 Kounis
syndrome. Several pathophysiologic mechanisms have been
described to explain the association between an allergic
reaction and acute coronary syndrome [6]. Mast cell
degranulation follows after antibody antigen complex or
sometimes allergen itself may start degranulation. After
mast cell degranulation vasoconstricting and collagen
degrading mediators such as, histamine, neutral proteases
(tryptase, chymase), platelet activating factor and newly

synthesized mediators are released locally and in the periph-
eral circulation [9]. These mediators appear to affect the
myocardium directly. Histamine, through its H1 receptors,
mediates coronary artery vasoconstriction, and increases
vascular permeability, whereas activation of H2 receptors
causes inotropic, chronotropic effects [10, 11]. Histamine
can also activate platelets and potentiates aggregatory
response. Tryptase level was elevated in two patients but not
applicable in other patients. Total IgE levels were increased
in all patients and this result may be the reflector of an aller-
gic reaction. All patients in our report are male. CAD fre-
quency is higher in male compared to female but Type 1 KS
is not associated with atherosclerosis and defined as KS with
normal coronary arteries. Although previous reports have
shown mortality or malignant course of Kounis syndrome
[4], our patients had an uneventful in-hospital course.

Conclusion

Although the exact pathophysiologic mechanism of Kou-
nis syndrome is not clear, the increasing number of reports
published in the last few year’s points that this syndrome
should be kept in mind for consideration in the differential
diagnosis of ischemic heart disease especially in young
patients without cardiac risk factors and concomitant allergic
symptoms. Gender differences in KS should be investigated
in further studies.

References

1. Pfister CW, Plice SG. Acute myocardial infarction during a prolonged allergic reaction to 6. Fassio F, Aimerigogna F. Kounis syndrome (allergic acute coronary syndrome): different
penicillin. Am Heart J 1950;40:945-7. views in allergologic and cardiologic literatute. Intern Emerg Med 2012;7:489-95.

2. Kounis NG, Zavras GM. Histamine-induced coronary artery spasm: the concept of 7. Nikolaidis LA, Kounis NG, Gradman AH. Allergic angina anda allergic myocardial
allergic angina. Br J Clin Pract 1991;45:121-8. infarction: a new twist on an old syndrome. Can J Cardiol 2002;18:508-11.

3. Kounis NG, Zavras GM. Allergic angina and allergic myocardial infarction. Circulation 8. Kounis NG, Hahalis G, Theoharides TC. Coronary stents, hypersensitivity reactions, and
1996;94:1789. the Kounis syndrome. J Interv Cardiol 2007;20:314-23.

4. Akyel A, Murat SN, Cay S, Kurtul A, Ocek AH, CankurtT. Late drug eluting stent 9. Galli SJ, Nakae S, Tsai M. Mast cells in the development of adaptive immune responses.

thrombosis due to acemetacine: type Ill Kounis syndrome: Kounis syndrome due to
acemetacine. Int J Cardiol 2012;155:461-2.

5. Almpanis GC, Tsigkas GG, Koutsojannis C, Mazarakis A, Kounis GN, Kounis NG. Nickel
allergy, Kounis syndrome and intracardiac metal devices. Int J Cardiol 2010;145:364-5.

Nat Immunol 2005;6:135-42.

10.  Wasserman SI. The heart in anaphylaxis. J Allergy Clin Immunol 1986;77:663-6.

11.  Raper RF, Fisher MM (1988) Profound reversible myocardial depression after anaphylaxis.
Lancet 1988;1:386-8.

67



Russian Journal of Cardiology N2 4 (108) Eng., 2014

RARE CORONARY ANOMALY ASSOCIATED WITH MASSIVE ACUTE MYOCARDIAL INFARCTION
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PEAKWUW CITYYAA AHOMAJIUM KOPOHAPHOI APTEPUU, B COMETAHUU C MACCUBHbIM OCTPbIM

MHOAPKTOM MUOKAPAA

Michael Patrick Flaherty', Todd Dorfmanz, Jon Resar’

Poccuiickuii kapauonoruyeckuii xxypHan 2014, 4 (108), Axrn.: 68-69

Indeed, considerable variability exists in the anatomy
of the left coronary artery, yet, the scientific record lists
only roughly five cases of an anomalous PDA originating
from the LAD [1] and ours is the second report of a PDA
originating from the LAD whereby the LAD continues as
the PDA across the left ventricular apex and into the
posterior inferior interventricular groove with a non-
dominant RCA [2]. Here we describe two cases of two
separate patients presenting with disparate clinical
syndromes both of which possess this extremely rare
coronary anomaly.

CASE 1: A 68 year old man was referred for coronary
angiography secondary to development of putative
cardiogenic pulmonary edema. Coronary angiography
revealed an especially unique variant (Figure 1). The

KnioueBblie cnoBa: aHOMasbHbI, KOPOHAPHbIN, apTepus, MHOAPKT.

patient was diagnosed with stage II diastolic dysfunction.
He was treated for heart failure with preserved systolic
function and discharged to home on a diuretic and a beta
blocker.

CASE 2: A 51 year old male presented to the emergency
department of a community hospital 1 hour following
acute onset of severe substernal chest pressure, nausea and
vomiting. He received thrombolytics and was transferred
to our tertiary care institution. Figure 2A illustrates his
electrocardiogram (ECG). The Flaherty, MP: “Anomalous
PDA arising from the LAD” coronary angiogram during
rescue PCI is shown in Figure 3. Stenting of the proximal
LAD was performed. Echocardiography following
percutaneous coronary intervention revealed severely
reduced left ventricular systolic function with an EF of

Figure 1. RAO and an LAO cranial views of the LCA (A and B) and an LAO view of the RCA (C): (i) the LCx is depicted by arrowheads and the LAD by arrows; (ii) note that
the LAD wraps around the apex and gives rise to an anomalous large posterior descending artery (asterisk) that courses within the posterior inferior interventricular groove
and gives rise to septal perforating branches before terminating at the level of the posterior atrioventricular groove; (iii) a small non-dominant right coronary artery originates
from the right coronary cusp.
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Figure 2. Electrocardiogram following thrombolytics (A) shows marked ST-segment elevation in leads V2-V3 with hyperacute T-wave in V4-V6 and greater than 1 mm of
ST-segment depression in the inferior limb leads. A repeat electrocardiogram approximately 6 hours after PCI (B) reveals less ST-segment elevation in the anterior leads

with biphasic T-waves and the new g-waves in the inferior leads.

Figure 3. LAO view of the RCA (A) and RAO caudal (B) and cranial (C) views of the LCA: (i) a small non-dominant right coronary artery originates from the right coronary
ostium; (ii) a large caliber LAD (arrowheads) is seen with a proximal filling defect consistent with thrombus and an underlying severe stenosis; (iii) note that TIMI Il distal flow
within the LAD distally shows the LAD wrapping around the apex (similar to Figure 1) giving rise to an anomalous large posterior Flaherty, MP: “Anomalous PDA arising from
the LAD” descending artery (arrows) that courses within the posterior inferior interventricular groove and gives rise to septal perforating branches before terminating at the

level of the posterior atrioventricular groove.

25—30% and akinesis of the distal anterior, apical, posterior
and inferior walls and associated apical aneurysm;
subsequent ECG also shows evidence of apical aneurysm
and transmural anterolateral, apical and inferior wall
infarctions (Figure 2B).

Discussion
Anomalous coronary anatomy occurs in 1% of the
population, 60% of which involve either separate LAD and
left circumflex ostia or the left circumflex artery originating
from the right sinus or the proximal right coronary artery
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EDITORIAL

METABOLIC SYNDROME CHALLENGING AND UNRESOLVED ISSUES
Chumakova G. A." VeselovskayaN G." GrltsenkoO v OttA v°

Abstract

The paper focuses on the contradictory issues related to metabolic syndrome (MS), its criteria, and real-world prognostic value. Different
types of obesity, which result from a variety of combinations of general and visceral obesity, are described. The authors emphasise the
need for two separate definitions of MS (a wider one and a more specific one), which are characterised by different pathogenetic
mechanisms and require different therapeutic approaches. The more specific MS definition could benefit from the inclusion of such
criteria as fatty liver and polycystic ovary syndrome. More detailed definitions for the multiple risk factor cluster syndrome, as an alternative
to the current MS definition, are proposed for further discussion.
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ORIGINAL ARTICLES
VASCULAR AND CARDIAC REMODELLING AND COMBINATION THERAPY OF ARTERIAL HYPERTENSION

IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE
Shpagina L. A , Shpaginl. S. PospelovaTI Gerasimenko O. N." SukhaterlnaN A" AIichevaYa.M.1’2

Abstract

Aim. To assess cardiac and vascular structure and function, blood flow parameters, endothelial dysfunction, and cytokine status in
patients with arterial hypertension (AH) and chronic obstructive pulmonary disease (COPD), who were administered combination Co-
renitec therapy.

Material and methods.The study included 37 patients with AH and COPD, who underwent laboratory, functional, and ultrasound
examination.
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Results.During the 6-month combination Co-renitec therapy, the parameters of clinical status, circadian blood pressure profile, and endothelial, vascular, and cardiac
structure and function were assessed in patients with AH and COPD.

Conclusion. The combination Co-renitec therapy was associated with normalised blood pressure levels, improved clinical and
hemodynamic status, cardiac and vascular structure and function, and blood flow and microcirculation, as well as with reduced levels of
the markers of endothelial dysfunction and systemic inflammation.

Russ J Cardiol 2014, 1 (105): 95-100

Key words: arterial hypertension, chronic obstructive pulmonary disease, cardiac and vascular remodelling, endothelial dysfunction,
systemic inflammation, therapy effectiveness.
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NEW APPROACH TOWARDS THE INTEGRAL ASSESSMENT OF CARDIOVASCULAR STATUS IN PATIENTS

WITH ARTERIAL HYPERTENSION
Gurfinkel Yu.l.' , At’kov O. Yu.” , Sasonko M. L SarimovR. M.'

Abstract

Aim. To assess the potential of the integral assessment of cardiovascular system status in patients with arterial hypertension (AH), based
on the evaluation of the parameters of microcirculation (non-invasive digital capillaroscopy) and macrocirculation (pulse wave velocity
(PWV) and endothelial function).

Material and methods. The study included 188 people aged 40 years and older: 32 patients with systolic blood pressure (BP) levels
120-139 mm Hg (“PreAH” group), 36 patients with Stage 1-2 AH (“AH” group), and 85 AH patients who achieved target BP levels due to
antihypertensive therapy (“Treated AH” group). The control group included 35 healthy volunteers, without any signs or symptoms of
cardiovascular disease (“Healthy” group). All participants underwent clinical and laboratory examination, including office BP measurement,
24-hour BP monitoring, and echocardiography, the assessment of nailfold microcirculation, pulse wave velocity, endothelial function, as
well as the measurement of BP and heart rate.

Results. There was an increase in remodelling coefficient (Cv/a) in the groups “PreAH”, “AH”, and “Treated AH”, compared to the
“Healthy” group. PWV levels were significantly higher in “PreAH” and “Treated AH” groups than in the “Healthy” group. Based on micro-
and macrocirculation parameters assessed, the integral index of cardiovascular status was calculated. The values of this index were
significantly higher in the “AH” group. Effective antihypertensive treatment was associated with a reduction in these values.

Conclusion. Based on the assessment of a range of micro- and macrocirculation parameters in AH patients, the integral index of
cardiovascular status had been developed. This index satisfactorily reflects the dynamics of micro- and macrocirculation in treated AH
and, therefore, can be used as an indicator of effective antihypertensive therapy. The complex assessment of macro- and microcirculation
provides an opportunity for early AH detection.
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CARDIAC MAGNETIC RESONANCE IMAGING AND POSITRON EMISSION TOMOGRAPHY IN THE
PREDICTION OF LEFT VENTRICULAR DYSFUNCTION REVERSIBILITY IN PATIENTS WITH CHRONIC

TOTALLY OCCLUDED CORONARY ARTERIES
Ryzhkova D. V.', Kostina I. S."

Abstract

Aim. To compare the prognostic value of cardiac positron emission tomography (PET) and contrast-enhanced magnetic resonance
imaging (ceMRiI) for the prediction of reversibility of regional left ventricular (LV) dysfunction after endovascular recanalization of chronic
totally occluded (CTO) coronary arteries (CA).

Material and methods. The study included 26 patients W|th chronic coronary heart disease and angiographically confirmed CTO CA. All
participants underwent cardiac ceMRI and PET with "“N-ammonia and "F- -fluorodeoxyglucose (18F-FDG). Successful CTO CA
recanalization was achieved in 20 patients. The standard for prognostic value assessment was the improvement of regional LV contractility
at the control ceMRI.

Results. The values of scar tissue extension and scar tissue volume were significantly higher in the segments with irreversible dysfunction,
compared to the respective values for viable myocardium (73,0+37% vs. 20,4+33,7% (p<0,0001) and 54,1+33,4% vs. 9,8+16,2%
(p<0,0001), respectively). An opposite tendency was observed for the 18F-FDG uptake (51,8£17% vs. 67+11,6% (p<0,001)). The ROC
analysis demonstrated that the maximal cut-off values of scar tissue extension and scar tissue volume, assessed by ceMRI (<50% and
<37,5%, respectively), predicted the improvement in the regional LV contractility with sensitivity, specificity, and accuracy of 80,2%, 78%,
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79,6%, and 92,7%, 73,2%, and 86,9%, respectively. The minimal cut-off value of >56,4% for the "*F.FDG uptake and the patterns of
perfusion-metabolism match/mismatch provided sensitivity of 81,1% vs. 91%, specificity of 67,5% vs. 65,5%, and accuracy of 75,2% vs.
83,3%, respectively.

Conclusion. Compared to cardiac PET, ceMRI has superior prognostic value and accuracy in the prediction of reversibility of the regional
LV dysfunction after endovascular revascularization of CTO CA. In psatlents with ceMRI contraindications, a complex PET assessment of
myocardial perfusion and metabolism is recommended. PET with "F-FDG only is less effective in the prediction of the LV dysfunction
reversibility, but can still detect the presence of viable cardiomyocytes in the severely affected myocardial segments.

Russ J Cardiol 2014, 2 (106): 72-78

Key words: myocardial viability, cardiac magnetic resonance imaging, positron emission tomography, chronic total occlusion, left
ventricular dysfunction.
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TISSUE DOPPLEROGRAPHY AND THE ASSESSMENT OF RIGHT HEART STRUCTURE AND FUNCTION IN

PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE
BartB. Ya.' , Kulbachinskaya O. M.” , Dergunova E. N. ? , Vartanyan E. A

Abstract

Aim. To assess the status of right heart structure and function in patients with mild chronic obstructive pulmonary disease (COPD).
Material and methods. The study included 56 COPD patients and 26 healthy volunteers. All participants underwent lung function
assessment and echocardiography.

Results. Based on the analysis of the Doppler spectrum of transtricuspid flow, the signs of disturbed right ventricular (RV) relaxation were
identified. A reduction in the total RV output was detected, based on the assessment of tricuspid annular amplitude and velocity.
Conclusion. In patients with mild COPD but without increased pulmonary vascular resistance or precapillary pulmonary hypertension, a
silent global longitudinal (systolo-diastolic) RV dysfunction could be detected by tissue dopplerography.

Russ J Cardiol 2014, 2 (106): 79-83
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HEART-TYPE FATTY ACID BINDING PROTEIN-BASED EXPRESS TEST IN THE DIAGNOSTICS OF ACUTE

MYOCARDIAL INFARCTION
Ryabov V. V., Kirgizova M. A., Markov V. A.

Abstract

Aim. To compare the effectiveness of two express tests — CardioFABP and Troponin | WB-Check- 1 in the diagnostics of acute myocardial
infarction (AMI).

Material and methods. The study included 38 patients who were hospitalised with the acute coronary syndrome (ACS) diagnosis within
the first 12 hours after the pain onset. At the admission, the peripheral blood levels of CK-MB and troponin | were qualitatively assessed
using the immunochemiluminescent analyser “Access-2” (Beckman Coulter, USA). In addition, the express test Troponin | WB-Check-1
(VEDALAB, France; sensitivity 1 ng/ml) was used. Qualitative assessment of hearttype fatty acid binding protein (hFABP) was performed
with the express test “CardioFABP” (Biotest, Russia; sensitivity 15 ng/ml). For all tests, diagnostic sensitivity, diagnostic specificity,
positive and negative predictive value, and diagnostic effectiveness were assessed.

Results. The express tests for hFABP and troponin | demonstrated high positive predictive value and diagnostic specificity (100%).
However, both tests also had false negative results, and, therefore, negative predictive value was low for both the hFABP test (23,5%) and
the troponin | test (17,4%). Diagnostic sensitivity was 35,4% for the troponin | express test and 57,6% for the hFABP express test.
Diagnostic effectiveness was higher for the hFABP express test (62,2%). All positive results of the hFABP express test were confirmed by
the other tests, which resulted in high positive predictive value (100%) and high diagnostic specificity (100%). In patients within the first 6
hours of ACS, diagnostic sensitivity of the hFABP express test was significantly higher than in those with a longer ACS duration (83,3% vs.
42,8%, respectively).

Conclusion. The higher diagnostic sensitivity and diagnostic effectiveness of the hFABP-based express test in the first 6 hours of ACS,
compared to a qualitative assessment of troponin | and a later assessment of hFABP, agrees with the earlier obtained data and confirms
the status of hFABP as the earliest marker of myocardial necrosis.

Russ J Cardiol 2014, 2 (106): 84-88
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INTERACTION BETWEEN SYMPATHO-ADRENAL ACTIVITY AND IMMUNE MEDIATORS IN PATIENTS WITH

METABOLIC SYNDROME
Uzbekova N. R., Khuzhamberdiev M. A., Tashtemirova |. M.

Abstract

Aim. To investigate the interactions between the functional status of sympathoadrenal system and immune meditators in patients with
metabolic syndrome (MS).

Material and methods. In total, 55 patients (age 35-57 years, mean age 46,7+2,1 years) were examined, including 30 individuals with
MS. In all participants, the following parameters were assessed: carbohydrate metabolism parameters (fasting glucose and insulin), lipid
metabolism parameters (total cholesterol (TCH), triglycerides, high-density lipoprotein CH (HDL-CH), and low-density lipoprotein CH
(LDL-CH)), 24-hour urine excretion of free and conjugated catecholamines (CA), monoamine oxidase (MAO) activity, and cytokine status
(interleukin-6 (IL-6), IL-10, and tumor necrosis factor o (TNF-aL).

Results. MS patients demonstrated a significant increase in all CA fractions, particularly noradrenaline (NA). The total NA levels
were elevated, compared both to the levels of other bioactive amines and to the respective levels among controls and hyperten-
sive patients. There was a positive correlation between 24-hour NA excretion and glycemic index (r=0,67, p<0,01), as well as
between NA levels and body mass index (BMI) values (r=0,65, p<0,01). Moreover, there was a positive correlation between
24-hour NA excretion and blood pressure (BP) levels (r=0,62, p<0,01). The elevated 24-hour CA excretion was accompanied by
a significant reduction in MAO levels across all study groups. There was a negative correlation between MAQO and 24-hour NA excretion
in MS patients (r= -0,68, p<0,01). These patients also had elevated levels of IL-6 and TNF-a.. There was a positive correlation between
IL-6 levels and the following parameters: elevated BP (r=0,67, p<0,01), BMI (r=0,59, p<0,01), TNF-a levels (r=0,53, p<0,01), and
increased 24-hour NA excretion (r=0,65, p<0,01).

Conclusion: Increased sympatho-adrenal activity disturbs humoral immune response, which is an important pathogenetic marker of MS
progression. This emphasises the need for pathogenetically sound strategy of pharmacological treatment for these patients.

Russ J Cardiol 2014, 3 (107): 72-75
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EPICARDIAL ADIPOSE TISSUE THICKNESS — AN ALTERNATIVE TO WAIST CIRCUMFERENCE

AS A STAND-ALONE OR SECONDARY MAIN CRITERION IN METABOLIC SYNDROME DIAGNOSTICS?
Druzhilov M. A.", Beteleva Yu.E.", Kuznetsova T. Yu.”

Abstract

Aim. To assess the potential of echocardiographically assessed epicardial adipose tissue (EAT) thickness as a predictor of high cardio-
vascular risk (CVR) and subclinical target organ damage (STOD) in patients with abdominal obesity (AO).

Material and methods. In 132 normotensive AO patients (mean age 45,0+5,3 years), the following parameters were assessed: lipid
and carbohydrate profile, glomerular filtration rate, microalbuminuria, and CVR levels by the SCORE scale. Triplex ultrasound of
brachiocephalic arteries, echocardiography, bifunctional 24-hour blood pressure monitoring and arterial stiffness assessment were
also performed.

Results. Mean levels of EAT thickness were significantly different across age groups (4,2+1,0 mm in those aged 31-45 years vs. 5,1+1,1
mm in those aged 46-55 years; p<0,001). Metabolic syndrome (MS) was diagnosed in 74 (56,1%) patients, based on the presence of AO
and 2 additional criteria. In this group, the prevalence of STOD was relatively low. The combination of AO and EAT thickness >75% percen-
tile for each age group (4,8 mm for 31-45-year-olds and 5,8 mm for 46-55-year-olds) was regarded as an alternative predictor of high
CVR and STOD, observed in 38 (28,8%) patients. These individuals demonstrated a significantly higher prevalence of STOD (microalbu-
minuria, carotid atherosclerosis, carotid wall hypertrophy, left ventricular hypertrophy, and increased arterial stiffness). The alternative
prognostic model was significantly more effective than the conventional one in terms of the identification of individuals with subclinical
carotid atherosclerosis.

Conclusion. The alternative model for predicting high CVR and STOD in AQO patients, which included the combination of such criteria of
visceral obesity as AO and EAT thickness >75% percentile for each age group (4,8 mm for those aged 31-45 years and 5,8 mm for those
aged 46-55 years), did not perform any worse than the conventional MS model. Of note, the alternative markers of visceral obesity were
significantly more prevalent in patients who had both sets of criteria. AO patients with EAT thickness >75% percentile require further
screening for carotid atherosclerosis.

Russ J Cardiol 2014, 3 (107): 76-81

73



Russian Journal of Cardiology N2 4 (108) Eng., 2014

Key words: epicardial adipose tissue, metabolic syndrome, cardiovascular risk.

'Karelia Republic Federal Security Service Medical Centre, Petrozavodsk; *Petrozavodsk State University, Petrozavodsk, Russia.

ALTERNATIVE METHOD OF VISCERAL OBESITY ASSESSMENT IN THE DIAGNOSTICS OF METABOLIC

SYNDROME s , " ,
Veselovskaya N. G. ", Chumakova G. A.1,2, Ott A. V.", Gritsenko O. V., Shenkova N. N.

Abstract

At present, the existing main and additional criteria of metabolic syndrome (MS) lack a clear justification, which warrants further research.
Aim. To assess the potential of waist circumference (WC) and epicardial adipose tissue (EAT) thickness as alternative main criteria of MS.
Material and methods. In order to compare the specific features of MS diagnosed by different criteria of visceral obesity (WC and EAT
thickness), 186 male patients with general obesity were divided into two groups: MS by the EAT thickness-based criteria and MS diag-
nosed by the WC-based criteria. In all participants, main and additional metabolic risk factors were assessed. Systolic EAT thickness (mm)
was measured at the B-mode echocardiography, in the parasternal long-axis view, behind the free right ventricular wall.

Results. In patients with MS by the EAT thickness-based criteria (EAT thickness >7 mm), the levels of insulin (11,2 ulU/ml; 95% confidence
interval (Cl) 5,2-19,9 ulU/ml), HOMA-IR index (2,6; 95% CI 1,1-4,6), resistin (12,8 ng/ml; 95% CI 8,1-16,7 ng/ml), and interleukin-6 (12,4
pg/ml; 95% CI 7,6-15,0 pg/ml) were higher than those levels in patients with MS by the WC-based criteria (WC >94 cm): 6,9 (3,5-14,2) ulU/
ml (p=0,040); 1,8 (0,9-3,4) (p=0,041); 10,8 (6,6-16,1) ng/ml (p=0,044); and 9,8 (4,8-13,6) pg/ml (p=0,044), respectively.

Conclusion. Our results have demonstrated that the EAT thickness >7 mm is a more accurate non-invasive marker of insulin resistance
and visceral obesity-related neurohumoral and proinflammatory disturbances, compared to the traditional WC criterion (=94 cm in men).
In our opinion, the EAT thickness >7 mm could be used as a clarifying criterion of visceral obesity in MS.
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CLINICAL AND BIOCHEMICAL PREDICTORS OF DIABETES MELLITUS MANIFESTATION AFTER

MYOCARDIA1I2. INFARCTIO[‘I s . : - .
Barbarash O. L., Gruzdeva O. V. , Akbasheva O. E.", Palicheva E. |. *, Uchasova E. G. , Karetnikova V. N. ", Fedorova T. S.

Abstract

Aim. To identify the most informative parameters of carbohydrate and lipid metabolism which predict the manifestation of type 2 diabetes
mellitus (DM-2) within one year after myocardial infarction (MI).

Material and methods. The study included 200 MI patients who underwent the assessment of glucose and insulin levels, insulin
resistance (IR) index, and lipid profile at Days 1 and 12. The incidence of new DM-2 cases which manifested within a year after Ml was
assessed.

Results. After one year after Ml, incident DM-2 was diagnosed in 14,5% of the patients. It was associated with concomitant cardiovascular
risk factors, adverse clinical course of acute and longer-term MI periods, and lipid metabolism disturbances. A higher risk of incident
DM-2 after Ml was linked to IR and an elevation in free fatty acid (FFA) levels (9,5 times or higher) during the acute Ml phase.
Conclusion. Important risk factors of incident DM-2 which manifested within a year after Ml were IR (hyperglycemia and hyperinsulinemia)
and elevated FFA concentration during the in-hospital Ml period. FFA could be a promising marker for DM-2 risk stratification among Ml
patients.

Russ J Cardiol 2014, 3 (107): 87-94
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GLYCEMIA CONTROL, INSULIN RESISTANCE, AND FUNCTIONAL ACTIVITY OF T-HELPER

SUBPOPULATIONS IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
Kologrivova I. V., Koshelskaya O. A., Suslova T. E., Karpov R. S.

Abstract

Aim. To study the functional activity of T-helper subpopulations (pro-inflammatory T-helpers-17 (Th17) and T-helpers-1 (Th1) and
immune-suppressing FoxP3+T-regulators (Treg)) and its association with clinical parameters, glycemic control levels, and insulin resis-
tance severity among patients with arterial hypertension (AH) and Type 2 diabetes mellitus (DM-2).
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Material and methods. The study included 35 patients (17 men and 18 women) with Stage 1-2 AH and DM-2, aged 47-63 years. The
control group included 24 healthy volunteers, comparable by age and gender. All participants underwent standard clinical examination and
assessment of carbohydrate and lipid metabolism parameters. Flow cytometry method was used for the ssessment of Treg levels and
activated Th1 and Th17 numbers in the peripheral blood mononuclear cell fraction. Functional status of blood cells was assessed by the
secretion levels of interleukin (IL) 1B, IL-2, IL-6, IL-17, IL-10, tumor necrosis factor (TFN) a, and interferon (IFN) y.

Results. In diabetic patients, there was an increase in activated Th1 numbers and IL-17, IL-6, and TNF-a. secretion, combined with a
decrease in IL-10 secretion, FoxP3+ Treg numbers, and Treg/Th17 ratio, compared to the control group. In patients with HbA1c >7%,
more pronounced abdominal obesity was associated with reduced Treg numbers and Treg/Th17 and Treg/Th1 ratios, as well as with
elevated IL-17 secretion, compared to patients with adequate glycemia control. According to the cluster analysis results, DM-2 patients
could be divided into two subgroups by the severity of insulin resistance and HOMA index levels. Among patients with higher HOMA levels,
more pronounced abdominal obesity, hyperglycemia, and hyperinsulinemia were associated with increased Th1 numbers and pro-inflam-
matory cytokine (IL-2, IL-1(3, and IL-17) secretion, compared to their peers with less severe insulin resistance.

Conclusion. Our results suggest an important association between insulin resistance, inadequate glycemia control, and functional dys-
balance of T-helper subpopulations in patients with DM-2.
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METABOLIC PHENOTYPES AND CARDIOVASCULAR RISK IN PATIENTS WITH TYPE 1 DIABETES

MELLITUS1 ’s 1 1
Leonova N. V., Chumakova G. A.”", Vigel A. K., Pushkareva S. V.

Abstract

Patients with Type 1 diabetes mellitus (DM-1) represent a heterogeneous group with different phenotypes, which might include some
individuals with genetic predisposition towards insulin resistance (IR) and metabolic phenotype (MPH) development. At present, the IR
effects on cardiovascular risk development in DM-1 patients remain an understudied area.

Aim. To assess the prevalence of cardiometabolic risk factors (RF) and micro- and macrovascular complications by phenotype in patients
with DM-1.

Material and methods. The study included 3371 DM-1 patients from the Altay Region Diabetes Register. All participants were divided
into two groups, by the waist circumference/hip circumference ratio: those with normal phenotype (NPH) and those with metabolic
phenotype (MPH). Overall and separately in two age groups (under 50 and >50 years), the prevalence of the following characteristics was
assessed: overweight, obesity, arterial hypertension, diabetic retinopathy, diabetic nephropathy, diabetic polyneuropathy, acute
myocardial infarction, stroke (S), angina, and lipid metabolism disturbances.

Results. MPH was registered in 46,5% of DM-1 patients. Overall, MPH patients were 7 years older than their NPH peers. The percentage
of men was higher among MPH participants. Among DM-1 patients with MPH, the prevalence of all clinical conditions was significantly
higher (p<0,05), with S as the only exception. The effect of MPH on macroangiopathy development was greater than that for
microangiopathy development. MPH participants were characterised by a higher prevalence of hypercholesterolemia and
hypertriglyceridemia (p<0,01); however, this difference was less obvious in older patients. In the age group of 50 years and older, the
strength of the association between MPH and cardiovascular diabetic complications was different from that in younger patients.
Conclusion. In DM-1 patients, MPH is an additional RF of cardiovascular disease development, which should be taken into account while
choosing the appropriate therapeutic strategy
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CLINIC AND PHARMACOTHERAPY
AFOBAZOLE EFFECTIVENESS IN THE COMPLEX TREATMENT OF PATIENTS WITH ARTERIAL

HYPERTENSI20N 1 ,
Chumakova E. A.”, Gaponova N. I., Berezina T. N.

Abstract

Aim.To study the potential increase in the treatment effectiveness due to accounting for psychological and emotional status features of
patients with arterial hypertension (AH).

Material and methods. Psychological status features were assessed in 300 patients with essential AH, aged 35 years and older, who
attended the Moscow City Polyclinics No. 9. The main group (n=264) was administered antihypertensive therapy and Afobazole (30 mg/d),
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while the control group (n=36) received only antihypertensive therapy. The number of ambulance calls and the regularity of antihypertensive
pharmacological therapy over the last 3 years were assessed. The Spielberger-Khanin and Strelau scales were used for the questionnaire-
based assessment of psychological and emotional status. All participants underwent Holter blood pressure (BP) monitoring at baseline
and 6 and 18 months after the start of the treatment.

Results. Our variant of antihypertensive therapy was clinically effective and associated with normalised BP parameters, decreased levels
of state and trait anxiety, and reduced number of hospital admissions due to the main disease and comorbidities.

Conclusion. Adding Afobazole to the long-term complex treatment of AH patients facilitates stable positive dynamics of BP parameters,
normalisation of psychological characteristics, increased duration (up to 6-12 months) of clinical stability periods, and a halved number
of hospital readmissions over the following 1,5 years.
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MODERN POTENTIAL IN THE TREATMENT OF METABOLIC SYNDROME PATIENTS — FOCUS ON

ENDOTHELIUM
Mychka V. B.1, Tolstov S. N.2, Salov I. A.2, ProkhorovaYu.V.1, Uzueva E. I.1, Vertkin A. L.

Abstract

Numerous publications on the use of 3-blockers in patients with arterial hypertension (AH) and metabolic syndrome (MS) have reported
adverse effects of these medications on carbohydrate and lipid metabolism, as well as reduced cerebral perfusion. This review presents
the benefits of a third-generation B-blocker — nebivolol (NebiletR) — in the treatment of MS patients. The authors refer to their own find-
ings that demonstrate effectiveness and safety of nebivolol monotherapy in individuals with AH and MS. Nebivolol treatment resulted in a
sustained reduction of systolic and diastolic blood pressure levels and also improved carbohydrate and lipid metabolism parameters,
which beneficially differentiates nebivolol from all other known -blockers. Nebivolol treatment did not demonstrate any negative effects
on thyroid hormone levels and reduced aldosterone levels. Nebivolol-induced increase in the endothelial production of nitric oxide
resulted in a significant improvement of cerebral perfusion. Moreover, nebivolol treatment was associated with a reduction in mean
24-hour QT interval duration, which was increased at baseline. These findings suggest a beneficial effect of nebivolol on myocardial elec-
trophysiology. Nebivolol appears to be a promising medication in the treatment of patients with MS and AH.
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LITERATURE REVIEWS

WHETHER CONTROL OF THE HEAT RATE IN THE TREATMENT OF HYPERTENSION?
Nedogoda S.V.

Abstract

In this literature review indicates the importance of monitoring the heart rate in the selection and prescription of adequate antihypertensive
therapy.

Russ J Cardiol 2014, 1 (105): 107-110
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LECTURE

QUANTITATIVE ANALYTICAL METHODS IN STRESS ECHOCARDIOGRAPHY
Bobrov A. L., Bobrov L. L.

Abstract
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The paper discusses various methods of quantitative analysis used in stress echocardiography (EchoCG). For each method, its key
characteristics, specifics of applications, strengths, and weaknesses are described. The emphasis is on the methods widely recommended
by the professional community for routine use in stress EchoCG. The application of these methods provides an opportunity to qualitatively
assess the degree of myocardial contractility and relaxation disturbances, to identify early sings of heart failure, to calculate coronary flow
reserve, and to assess the status of cardiac valves.
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DIABETES MELLITUS AND CARDIOVASCULAR COMPLICATIONS: FOCUS ON HEMOSTASIS
Petrik G. G.'"? , Pavlishchuk S. A Kosmacheva E. D."

Abstract

This literature preview presents modern evidence on the mechanisms of prothrombotic status development in diabetes mellitus, taking
into consideration the association between metabolic disturbances, increased functional platelet activity, and hemocoagulation.

Russ J Cardiol 2014, 3 (107): 114-118
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