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Abstract

Background: Cardiac resynchronisation therapy (CRT) has beneficial effects on cardiac function, exercise tolerance, symptoms,
and prognosis. Coronary blood flow impairment has been observed in patients with non-ischaemic dilated cardiomyopathy
(DCM) despite angiographically normal coronary arteries. No data are available on coronary blood flow and coronary flow
reserve (CFR) measured by intracoronary Doppler in different coronary arteries in patients with DCM and left bundle branch
block (LBBB) before and during treatment with CRT.

Aim: Thus, the major aim of our study was to assess the effect of CRT on coronary blood flow in patients with non-ischaemic
DCM and to compare coronary blood flow and CFR measured in the 3 major coronary arteries (left anterior descending [LAD],
left circumflex [LCX], and right coronary artery [RCA]).

Methods: Twenty one patients with DCM and LBBB (mean left ventricular ejection fraction 26 = 7%, 5 females, mean age
57.8 £ 8.1 years) were studied. Average peak velocity, diastolic/systolic velocity ratio and CFR were measured using intra-
coronary Doppler before and 6—9 months after implantation of CRT-D or CRT-P

Results: In patients with a clinical improvement (71.4%), CFR increased in LAD. CFR measured in LCX and RCA did not
improve either in the overall study group or in patients with a clinical improvement. The observed increase in CFR in LAD
correlated only with reduction of QRS duration.

Conclusions: In non-ischaemic DCM, CFR is reduced only in LAD. A significant improvement of CFR in LAD after CRT cor-
relates with reduction of QRS duration.
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INTRODUCTION
Cardiac resynchronisation therapy (CRT) has a beneficial effect
on left ventricular (LV) function, reduces clinical symptoms of
heart failure (HF), and reduces mortality [1-4].

Reduction of coronary blood flow and coronary flow
reserve (CFR) in patients with HF is associated with worse
outcomes [5, 6].

Improvement of LV function with CRT results from im-
proved synchrony of ventricular contraction and improved
interventricular mechanical synchrony, which does not have

to be associated with improved electrical synchrony, i.e. QRS
complex narrowing [7].

A left bundle branch block (LBBB) is often present in
patients with non-ischaemic dilated cardiomyopathy (DCM).
LBBB itself has a negative effect on coronary perfusion, par-
ticularly within the interventricular septum, and reduces dura-
tion of coronary flow which may be additionally shortened
due to diastolic dysfunction [8, 9].

A larger baseline mean coronary blood flow velocity, as
measured by intracoronary Doppler and echocardiography
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in the left anterior descending artery (LAD), and lower CFR
was found in patients with LBBB and no evidence of HF or
reduced (< 50%) LV ejection fraction (LVEF) compared to
patients without LBBB [8, 9]. No similar comparisons were
reported for flow in the right coronary artery (RCA) and the
left circumflex artery (LCX).

The aim of our study was to evaluate the effect of CRT on
coronary blood flow and CFR, and the importance of these for
the improvement of cardiac function in patients with DCM.
Specifically, we evaluated blood flow parameters including
flow reserve in large epicardial arteries (LAD, LCX, and RCA)
and correlated them with cardiac function at baseline and
at the end of follow-up (clinical, echocardiographic, and
electrocardiographic parameters) to determine possible as-
sociations between changes in coronary blood flow and CFR
parameters resulting from CRT and cardiac functional status.

METHODS
Patients

The study group included 21 patients (5 women, mean age
57.8 = 8.1 years, median 56 years, range 45-76 years)
with HF resulting from DCM and concomitant LBBB who
were selected for CRT (CRT-D or CRT-P). All patients had
angiographically normal coronary arteries. The patients were
prospectively included into the study. The study protocol was
accepted by the bioethics committee at the Pomeranian Medi-
cal University in Szczecin, Poland. All patients signed a written
informed consent for participation in the study.

Coronary blood flow measurements
Immediately after coronary angiography, a Doppler probe
(FloWire, Cardiometrics, Inc., Mountain View, CA, USA) was
introduced to proximal LAD, the initial part of distal LCX,
and the second segment of RCA. We measured average peak
velocity (APV) and diastolic/systolic velocity ratio (DSVR) in
resting conditions and during hyperaemia after intracoronary
administration of adenosine (40 ug to LAD and LCX, 30 ug
to RCA) [10]. CFR was calculated automatically as the ratio
of APV after adenosine administration to APV in resting con-
ditions. Measurements were performed at baseline (before
initiation of CRT) and at 6-9 months (mean 6.7 = 0.9 months,
median 7 months) after CRT-D or CRT-P implantation.

Clinical evaluation of improved cardiac function
Clinical improvement at 6-9 months of CRT was defined as
reduction by > 1 functional class in the New York Heart As-
sociation (NYHA) classification, and an increase in the 6-min
walk test distance by > 20%.

Statistical analysis
Numeric variables were reported as mean values + standard
deviation and as medians and ranges. Continuous variables
were compared using the Mann-Whitney U test, and dichoto-

mous variables were compared using the y? test and the Fisher
exact test. Intragroup comparisons of blood flow parameters
were performed using the analysis of variance (ANOVA) and the
Wilcoxon test. P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics and baseline echocardiographic pa-
rameters in the study group are shown in Table 1.

At baseline, we did not find any relations between APV,
DSVR and CFR in any of the coronary arteries and parameters
of cardiac function and HF (NYHA class, LVEF, LV end-diastolic
diameter, mitral regurgitation, 6-min walk test distance) and pa-
rameters of cardiac dyssynchrony (QRS duration, septal-to-pos-
terior wall motion delay, difference between pulmonary and
aortic flow delay as measured from the beginning of the QRS).
Detailed data for LAD are shown in Table 2.

Comparison of blood flow parameters

in coronary arteries at baseline (before CRT)
In resting conditions, LAD flow was larger than RCA flow
(p = 0.001) and LCX flow (marginal difference at p = 0.051).
Peak flow velocity in LCX was significantly higher compared to
RCA (p = 0.0005). During hyperaemia, LCX peak flow velocity
was significantly higher compared to RCA (p = 0.026), and
LAD peak flow velocity was marginally higher compared to
RCA (p = 0.091) (Table 3).

In resting conditions, DSVR was significantly higher in
LAD compared to LCX (p = 0.027) and insignificantly higher in
RCA compared to LCX (p = 0.088). During hyperaemia, DSVR
in LCX significantly higher compared to LAD (p = 0.015) and
RCA (p = 0.022) (Table 4).

CFR was significantly smaller in LAD compared to LCX
and RCA (p = 0.025 and p = 0.016, respectively). Differ-
ences in CFR between LCX and RCA were not significant
(p = 0.065). Detailed results are shown in Table 5.

Comparison of blood flow parameters
in coronary arteries after CRT

At 6-9 (mean 6.9 = 0.9) months of CRT, comparisons of
resting APV between the major coronary arteries yielded
results similar to those found at baseline (Table 3). During
hyperaemia, peak flow velocity in LAD was higher compared
to RCA and marginally higher compared to LCX. Differences
between LCX and RCA were not significant (Table 3).

Compared to baseline (before CRT), DSVR measurements
in resting conditions showed significant differences between
LAD and RCA (a marked increase in DSVR in LAD, p = 0.017).
During hyperaemia, DSVR was significantly higher in LAD
compared to RCA. Differences between LAD and LCX were
not significant, and differences between LCX and RCA were
marginally significant (Table 4).

Coronary flow reserve increased in LAD and thus differences
between the major coronary arteries became insignificant (Table 5).
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Table 1. Clinical characteristics and baseline echocardiographic parameters in the study group

Overall

Age [years]
Men
Atrial fibrillation
Diabetes
Hypertension
NYHA class
LVEF [%]
LVEDD [mm]
SPWMD [ms]
QPul-QAo [ms]
MR (graded 0-4)
Left bundle branch block (n)
QRS duration [ms]
Six-min walk test distance [m]
Medications:
Diuretic
ACE inhibitor
Beta-blocker
Digoxin

Amiodarone

(n=21)
57.8 = 8.1; 56; 45-76
75%
4.8%
24%

29
3.0+0.4;3;,2-35
26 = 7;25; 15-35
71 = 8;70; 58-87

118 + 29; 120; 60-180
59 =+ 23; 55; 30-109
26+08;251-4

21

153 +17; 150; 120-180
300 + 99; 300; 140-425

75%
95%
1%
9.5%
9.5%

Responders Non-responders P (responders vs.
(n = 15) (n =6) non-responders)

58 = 8; 56; 45-76 56 = 9; 55; 47-69 0.25
73% 83% 0.31

0% 17% 0.0001

20% 33% 0.05

33 17 0.05
3.1+0.2;3;3-35 27=05;3;2-3 0.04
25 +£7,;25;15-35 28 =7;30; 15-35 0.04
73 = 9; 74, 58-87 67 = 2; 66.5; 63-69 0.03
113 £32;116; 60-180 132 = 16; 125; 118-155 0.03
61 = 26; 55; 30-109 55 + 15; 57; 32-74 0.06
28+07;3;,1-4 2.1 £06;23;1-3 0.02

15 6

154 = 19; 150; 120-180 150 = 14; 150; 130-170 0.14
307 + 72; 300; 220-475 283 = 121; 275; 140-450 0.10
87% 50% 0.06

100% 83% 0.06

73% 67% 0.10

7% 17% 0.15

7% 17% 0.15

Continuous variables are expressed as mean = standard deviation; median; range. Responders were defined as patients with a clinical improve-
ment following cardiac resynchronisation therapy (CRT), and non-responders as patients with no clinical improvement following CRT, NYHA — New
York Heart Association; LVEF — left ventricular ejection fraction; LVEDD — left ventricular end-diastolic diameter; SPWMD — septal-to-posterior
wall motion delay; QPul-QAo — difference between pulmonary and aortic flow delay as measured from the beginning of the QRS; MR — mitral
regurgitation; ACE — angiotensin-converting enzyme

Table 2. Correlations between average peak velocity (APV), diastolic/systolic velocity ratio (DSVR), and coronary flow reserve (CFR)
in the left anterior descending artery and parameters of cardiac functional status and cardiac dyssynchrony at baseline

Correlation coefficient (R)

NYHA

LVEF

LVEDD

SPWMD
QPul-QAo

MR (graded 0-4)
QRS duration

Six-min walk test distance

DSVR
-0.160 -0.130 0.222
0.136 -0.140 0.058
-0.075 0.159 -0.186
-0.164 0.007 0.211
0.026 -0.137 -0.002
0.117 -0.053 -0.0002
-0.145 0.049 -0.047
0.099 0.014 -0.037

Abbreviations — see Table 1

Comparison of coronary blood flow parameters
before and after CRT
Clinical improvement following CRT was noted in 15 of 21 pa-
tients (responders, 71.4%). In the overall study group, NYHA
class was reduced to mean 2.3 = 0.4. Among 15 responders,
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NYHA class was 2.1 = 0.2 compared to 2.6 = 0.5 among
the remaining 6 non-responders. The 6-min walk test dis-
tance increased to 377 = 62 m among 15 responders, and
did not change significantly among the remaining patients
(303 = 125 m).
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Table 3. Average peak velocity (APV) in resting conditions and after intracoronary adenosine administration (hyperaemia) at base-
line and following cardiac resynchronisation therapy (CRT) in the overall study group

APV [cm/s]
Baseline Baseline vs. CRT  Baseline vs. CRT
Resting Adenosine Resting Adenosine Resting Adenosine

LAD 203 +54 46.2 = 10.0 21.3+42 55.9+9.0 NS 0.001

LCX 18.6 = 3.5 474 = 6.5 189 = 3.2 51385 NS 0.055

RCA 14.4 = 3.6 41.7 =114 154 +24 452 = 8.7 NS 0.06

LAD vs. LCX 0.051 NS 0.045 0.065

LAD vs. RCA 0.001 0.091 0.001 0.042

LCX vs. RCA 0.0005 0.026 0.001 NS

Values are expressed as mean = standard deviation; LAD — left anterior descending; LCX — left circumflex; RCA — right coronary artery

Table 4. Diastolic/systolic velocity ratio (DSVR) in resting conditions and after intracoronary adenosine administration at baseline
and following cardiac resynchronisation therapy (CRT) in the overall study group

Baseline Baseline vs. CRT Baseline vs. CRT
Resting Adenosine Resting Adenosine Resting Adenosine
LAD 1.06 = 0.17 1.00 = 0.15 1.27 = 0.25 1.22 = 0.21 0.045 0.038
LCX 0.93 =0.13 1.14 = 0.21 1.05=0.14 1.17 = 0.22 0.08 NS
RCA 0.99 £ 0.11 1.02 =0.10 1.01 =0.12 1.04 =0.12 NS NS
LAD vs. LCX 0.027 0.015 0.021 NS
LAD vs. RCA NS NS 0.017 0.045
LCX vs. RCA 0.088 0.022 NS 0.058

Values are expressed as mean =+ standard deviation; abbreviations — see Table 3

Table 5. Coronary flow reserve (CFR) at baseline and following cardiac resynchronisation therapy (CRT) in the overall study group

P
Baseline Baseline vs. CRT

LAD 2.39+0.47;2.4;,1.7-3.2 2.61 = 0.49; 2.6; 1.8-3.0 0.055
LCX 2.64 = 0.35; 2.6; 2.1-3.6 2.71 =0.45;2.7;2.2-3.7 NS
RCA 2.97 £0.81;3.0; 1.4-4.4 2.95 = 0.67; 3.0; 1.5-4.1 NS
P LAD vs. LCX 0.025 NS

LAD vs. RCA 0.016 0.056

LCX vs. RCA 0.065 NS

Values are expressed as mean = standard deviation; median; range; abbreviations — see Table 3

In the overall study group, APV in resting conditions did
not increase significantly following CRT in any of the coronary
arteries, and during hyperaemia it increased significantly
in LAD and insignificantly in LCX and RCA (Table 3). Ta-
ble 6 shows APV during hyperaemia at baseline and following
CRT in the responder and non-responder subgroups. Signifi-
cant differences between subgroups were found at baseline
in all coronary arteries, and following CRT in LAD only. In
addition, CRT resulted in a significant increase in CFR in all
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coronary arteries in the non-responder group, and in LAD
only in the responder group.

The DSVR increased significantly only in LAD both at
baseline and during hyperaemia (Table 4).

In the overall study group, CFR in LAD increased from
2.39 = 0.47 to 2.61 = 0.49 but this difference was not sig-
nificant (p = 0.055).

However, CFRin LAD increased significantly to 2.85 = 0.62
(p = 0.045) among 15 responders. CFR in LCX and RCA did
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Table 6. Average peak velocity (APV) after intracoronary adenosine administration (hyperaemia) at baseline and following cardiac
resynchronisation therapy (CRT) in the responder and non-responder groups

Responders vs. Responders vs.

non-responders

non-responders

Responders Non-responders at baseline after CRT

Baseline CRT Baseline CRT P P
LAD 48.0=10.7 57.8%=9.7 0.002 418=+6.7 49886 0.003 0.05 0.045
LCX 492 = 6.1 50.8 £ 6.9 NS 428 +53 51.8+59 0.004 0.04 NS
RCA 432 +129 45479 NS 380=52 449=+6.7 0.002 0.05 NS
LAD vs. LCX NS 0.01 NS NS
LAD vs. RCA 0.02 0.005 NS 0.055
LCX vs. RCA 0.01 0.045 NS 0.05

Values are expressed as mean = standard deviation; abbreviations — see Table 3

Table 7. Coronary flow reserve (CFR) at baseline and following cardiac resynchronisation therapy (CRT) in the responder and non-
-responder groups

Responders vs. Responders vs.

non-responders

non-responders

Responders Non-responders at baseline after CRT

Baseline CRT Baseline CRT P P
LAD 233+049 285+062 0045 253=x044 239=053 NS 0.067 0.048
LCX 258 =031 2.69 =042 NS 279+044 275+048 NS 0.064 NS
RCA 3.01 =0.83 2.96 = 0.81 NS 2.87 =082 291068 NS NS NS
LAD vs. LCX 0.020 NS 0.05 0.017
LAD vs. RCA 0.013 NS 0.043 0.027
LCX vs. RCA 0.055 0.068 NS 0.071

Values are expressed as mean = standard deviation; abbreviations — see Table 3

not change significantly in the overall study group and among
responders and non-responders. Detailed results of CFR
measurements in the responder and non-responder groups
are shown in Table 7. The observed improvement of CRF in
LAD correlated only with reduction of QRS duration follow-
ing CRT (R = 0.36, p = 0.05). No other studied clinical or
echocardiographic parameter showed a significant correlation
with CFR increase in LAD.

DISCUSSION
According to our knowledge, it is the first study that evalu-
ated coronary blood flow and CFR in all three major coronary
arteries using intracoronary Doppler in patients with DCM
before and after CRT.

Major findings
Our study shows that in patients with severe HF (mean LVEF
26 + 7%) due to DCM (with concomitant LBBB) who showed
a clinical improvement after CRT, CFR increased significantly
in LAD. CFR in LCX and RCA did not improve either in the
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overall study group or among responders. CFR increase in
LAD correlated only with reduction of QRS duration follow-
ing CRT (R = 0.36, p = 0.05). In addition, no relations were
found at baseline between APV, DSVR and CFR in the major
epicardial coronary arteries and the parameters of cardiac
functional status and cardiac dyssynchrony.

Comparison with previous studies
The lower limit of CFR measured using various methods in
healthy subjects has been defined as 3.0 [11, 12]. Reduced
CFR was found in diseases associated with impaired coronary
microcirculation despite normal epicardial coronary arteries
such as dilated cardiomyopathy (1.9 = 0.2), hypertrophic
cardiomyopathy (2.21 = 0.2), and cardiac syndrome X
(2.27 = 0.3) [6, 13]. In our study, CFR in LAD was higher
compared to other studies. For example, Rigo et al. [14]
reported mean CFR in LAD of 2.0 = 0.5, and most patients
(64%) had CFR < 2.0 which was considered an independ-
ent predictor of poor outcomes [6]. In our study group, CFR
was < 2.0 in only 14% of patients with DCM. CFR in LCX
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and RCA did not differ from values obtained in these arteries
in our previous study in healthy subjects [15]. Of note, CFR
did not differ between the three major coronary arteries in
subjects without HF (and no LBBB) [8, 15].

Limited and inconsistent data are available regarding the
effect of CRT on coronary blood flow and CFR [2, 10-13,
16-18]. Some studies reported no effect of CRT on resting
global blood flow despite improved LV function [10, 11,
18-20]. Other studies showed an improvement of inhomo-
geneous regional flow distribution with CRT [10, 18, 21].

Flevari etal. [13] reported that CRT did not improve rest-
ing blood flow and CFR but improved flow during hyperaemia
(induced by dipyridamole). However, that study also included
patients with coronary artery disease (44%), and measure-
ments were performed by transoesophageal echocardiography
(TEE) under sedation with midazolam. In contrast, Valzania et
al. [17] showed an increase in coronary blood flow (in LAD,
measurements by TEE without sedation) with CRT in patients
with DCM which correlated with an improvement of regional
contractility and reduction of intraventricular dyssynchrony.

In an acute haemodynamic experiment, Nelson et al.
[2] found no difference in CFR (left main coronary artery and
proximal LAD) before and during CRT. The study was per-
formed under sedation, and the site of temporary LV pacing
was different than during permanent CRT. In addition, CRT
improved LV systolic function without a significant increase
in oxygen consumption [2].

Our study showed reduced CFR in LAD compared to
LCX and RCA. A question arises whether this was due to
intraventricular dyssynchrony. All our patients had LBBB
which is an electrocardiographic indicator of intraventricu-
lar dyssynchrony. In patients who responded to CRT, CFR
in LAD improved significantly, which correlated only with
reduction of QRS duration, although we found no significant
relationship between reduced CFR in LAD and baseline
QRS duration.

No studies on the relation between intraventricular
dyssynchrony and distribution of coronary flow evaluated
using intracoronary Doppler are available in the literature
but 1 study reported that in patients with DCM and LBBB,
the highest regional oxygen consumption and coronary flow
(measured using positron emission tomography [PET]) was
found within the lateral wall, and the lowest flow was found
within the interventricular septum. No such differences were
found in patients with DCM without LBBB [22].

In contrast, studies using thallium-201 and techne-
tium-99m scintigraphy showed that with LBBB, perfusion of
the interventricular septum was impaired without lesions in
the coronary arteries [23, 24]. RCA and LCX flow was not
measured in any of these studies. In experimental animal
studies, LBBB induced by ablation resulted in hypoperfu-
sion of the interventricular septum, and led to adverse left
ventricular remodelling in the long term [25, 26]. In a small

516

group (n = 8) of patients with DCM and LBBB, Neri et al.
[16] showed normal resting blood flow but impaired glucose
metabolism within the interventricular septum as measured
by PET. CRT only improved glucose metabolism in this area.

In most studies, coronary blood flow was evaluated using
TEE, transthoracic echocardiography or PET. Doppler echo-
cardiography (TEE) may only assess LAD flow which correlates
well with intracoronary measurements [27]. RCA and LCX are
unavailable for this method.

Limitations of the study
The number of patients with DCM in the present study was
relatively small, which was related to a complex invasive
protocol of the study. We did not compare DCM patients
with or without LBBB, as we intended to evaluate patients
selected for CRT.

CONCLUSIONS
In non-ischaemic DCM with LBBB, CFR in LAD was signifi-
cantly lower than in LCX and RCA. A significant improvement
of CFR in LAD following CRT correlated only with reduction
of QRS duration.

The study was supported by a grant from the Polish Ministry
of Science and Higher Education (N N402 295036).

Confflict of interest: none declared
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Streszczenie

Wstep: Stymulacja resynchronizujaca (CRT) korzystnie wptywa na funkcje lewej komory, zmniejsza objawy kliniczne niewy-
dolnosci serca (HF), poprawia wydolnos¢ fizyczna, a takze zmniejsza Smiertelnos¢. Redukcja przeptywu wiericowego i jego
rezerwy (CFR), ktéra wystepuje u pacjentéw z HF w przebiegu kardiomiopatii rozstrzeniowej, wiaze sie z gorszym rokowaniem.
U o0s6b z kardiomiopatia rozstrzeniowa niewieficowa (DCM) czesto stwierdza sie obecno$¢ bloku lewej odnogi peczka Hisa
(LBBB). Juz sam LBBB niekorzystnie wptywa na funkcje lewej komory, perfuzje wieicowa, szczegélnie w zakresie przegrody
miedzykomorowej.

Cel: Celem badania byta ocena wptywu stymulacji resynchronizujacej na wieficowy przeptyw krwi i rezerwe przeptywu oraz
ich znaczenie dla poprawy wydolnosci serca u pacjentéw z DCM.

Metody: Zbadano 21 pacjentéw (5 kobiet, Sredni wiek 57,8 = 8,1 roku) z HF (Srednia frakcja wyrzutowa = 26 + 7%) na tle
DCM z LBBB zakwalifikowanych do CRT. Wszyscy mieli angiograficznie prawidtowe naczynia wieficowe. Pomiary przeptywu
krwi i CFR wykonano technika wewnatrzwieficowego doplera w 3 tetnicach wieficowych wyjsciowo i $rednio 6,7 miesigca
po zastosowaniu CRT.

Wyniki: U pacjentéw, u ktérych zaobserwowano poprawe kliniczng po zastosowaniu resynchronizacji, CFR wzrosta istotnie
w zakresie galezi przedniej zstepujace]j lewej tetnicy wieicowej (LAD). CFR dla gatezi okalajacej lewej tetnicy wieficowej
(LCX) i prawej tetnicy wieficowej (RCA) nie poprawita sie ani w catej grupie, ani w grupie pacjentéw z poprawa kliniczna.
Poprawa w zakresie CRF dla LAD koreluje jedynie ze zwezeniem zespotu QRS. Ponadto wyjsciowo nie stwierdzono zaleznosci
miedzy parametrami przeptywu krwi i CFR w duzych tetnicach nasierdziowych a stanem wydolnosci serca oraz parametrami
dyssynchronii (szerokoscia zespotu QRS, parametrami echokardiograficznymi).

Whioski: W DCM rezerwa przeptywu wiericowego w LAD byta znamiennie mniejsza niz w LCX i RCA. Istotna poprawa CFR
w LAD w wyniku zastosowania CRT koreluje jedynie ze zwezeniem zespotu QRS.

Stowa kluczowe: terapia resynchronizujaca, niewydolnos¢ serca, kardiomiopatia rozstrzeniowa, wieficowy przeptyw krwi,
rezerwa przeptywu wieicowego

Kardiol Pol 2014; 72, 6: 511-518

Adres do korespondenciji:

prof. dr hab. n. med. Jarostaw Kazmierczak, Klinika Kardiologii, Pomorski Uniwersytet Medyczny, ul. Powstancow Wikp. 72, 70-111 Szczecin,
e-mail: jar.kazmierczak@o2.pl
Praca wpfynetfa: 19.03.2013 . Zaakceptowana do druku: 21.11.2013 . Data publikacji AoP: 16.01.2014 .

518 www.kardiologiapolska.pl



