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Abstract. We investigate synchronization between the low-frequency
oscillations of heart rate and blood pressure having in humans a basic
frequency close to 0.1Hz. A quantitative estimation of this synchro-
nization based on calculation of relative time of phase synchronization
of oscillations is proposed. We show that assessment of synchronization
between the considered oscillations can be useful for selecting an opti-
mal dose of beta-blocker treatment in patients after acute myocardial
infarction. It is found out that low value of synchronization between
the low-frequency rhythms in heart rate and blood pressure at the first
week after acute myocardial infarction is a sensitive marker of high risk
of mortality during the subsequent 5 years.

1 Introduction

Human cardiovascular system is one of the most important physiological systems
whose operation is governed by several rhythmic processes interacting with each other.
The most significant among them are the main heart rhythm, respiration, and low-
frequency (LF) oscillations in heart rate (HR) and blood pressure (BP) with a basic
frequency close to 0.1Hz having a great importance for maintaining cardiovascular
homeostasis [1,2]. The LF cardiovascular oscillations appear spontaneously across a
frequency range from 0.04Hz to 0.15Hz, although generally close to 0.10Hz. The
origin of these oscillations is still a subject of controversy [3,4]. According to one
hypothesis, the 0.1-Hz oscillations in HR and BP are largely an index of baroreflex
gain [5,6]. On another hypothesis these oscillations have a central origin and represent
an intrinsic property of autonomous neural network [7,8].
It has been found that LF cardiovascular oscillations can be synchronized with the

main heart rhythm, respiration, and between themselves [9–11]. Optimal adjustment
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between these LF rhythmic processes resulting in their internal synchronization en-
sures a high adaptability of cardiovascular system that is necessary for global healthy
behaviour of the organism. The analysis of synchronization of 0.1-Hz oscillations in
HR and BP is based on the assumption that they are generated in different central
neural structures involved in the autonomic regulation of cardiovascular system. Sev-
eral facts count in favor of this hypothesis. In particular, the results of experiments
where the LF oscillations were present only in one of the signals, either HR or BP,
point to the presence of at least two different centers responsible for generation of
oscillations with a frequency of about 0.1Hz. For example, elimination of HR vari-
ability in supine humans by using a fixed-rate cardiac pacing with electrical stimuli
did not alter LF BP oscillations [12]. On the other hand, implantation of a left ven-
tricular assist device in patients with severe heart failure restore the LF oscillations
in HR, even in the absence of any LF oscillations in BP [8]. After such implantation
the native heart remains innervated and continues to be regulated by the autonomic
nervous system while interactions between HR and BP are absent [8]. Another ar-
gument in favor of the hypothesis of the presence of two interacting self-sustained
oscillators with basic frequencies close to 0.1Hz is different response of the LF HR
and BP oscillations to external stimulation [11].
In this paper we study synchronization between the LF oscillations in HR and BP

in healthy subjects and patients after acute myocardial infarction (AMI). We discuss
a possibility of controlling beta-blocker treatment in patients after AMI basing on a
degree of synchronization between the 0.1-Hz oscillations in HR and BP. This degree
of synchronization is used also for evaluation of the 5-year risk of mortality in patients
after AMI.

2 Method of synchronization detection

To estimate synchronization between the LF cardiovascular oscillations we used the
method proposed by us recently [11]. The signals of electrocardiogram (ECG) and
photoplethysmogram (PPG) measured on the middle finger of the subject’s hand were
simultaneously recorded in a supine resting condition under spontaneous breathing.
The signals were sampled at 250Hz and digitized at 14 bits. The duration of each
record was 10 minutes. Only ECG and PPG records without artifacts, extrasystoles,
and considerable trends were left for the analysis.
Extracting from the ECG signal a sequence of RR intervals, i.e., a series of time

intervals between the two successive R peaks, we obtain information about the HR
variability. To obtain equidistant time series from not equidistant sequence of RR
intervals we approximate it with cubic splines and resample with a frequency of 5Hz.
Generally the Fourier power spectrum of RR intervals exhibits well-distinguished

characteristic peaks at frequencies fr and fh associated with the respiratory and LF
fluctuations of HR, respectively (Fig. 1(a)). A power spectrum of PPG signal exhibits
peaks at frequencies fr and fp associated with the respiratory and LF oscillations of
BP, respectively (Fig. 1(b)).
To extract the LF components of RR intervals and PPG signal we used band-

pass filtration (0.05–0.15Hz). Then we determined the phases ϕ1 and ϕ2 of these
components using the Hilbert transform and calculated their difference φ = ϕ1 − ϕ2.
The presence of 1:1 phase synchronization is defined by the condition |φ| < const. In
this case the phase difference φ(t) fluctuates around a constant value. We detected all
epochs of synchronization as the regions where φ fluctuates in time around a constant
value, calculated their total duration S, and expressed it in percent of the duration

T of the entire record: S =
(∑N

k=1 dk/T
) × 100%, where dk is the duration of the
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Fig. 1. Typical Fourier power spectra of RR intervals (a) and PPG signal (b). The frequen-
cies fr are associated with the respiratory oscillations and the frequencies fh and fp are
associated with the LF oscillations.

Fig. 2. Illustration of the automated procedure for detecting epochs of phase synchroniza-
tion. (a) Linear approximation of normalized φ(t) in a moving window. (b) Slope of the
approximating line.

k-th epochs of synchronization and N is the number of epochs. Index S defines the
relative time of synchronization between the considered 0.1-Hz rhythms.

For automated detection of phase synchronization epochs we developed an algo-
rithm based on a linear approximation of instantaneous phase difference φ(t) in a
moving window. A time series of φ(t) normalized by 2π is linearly approximated in a
window of width b by using the method of least squares (Fig. 2(a)). As a result, for a
time moment ti corresponding to the middle of the window we obtain a coefficient αi
of the approximating line slope (Fig. 2(b)). Moving the window by one point along
the time series of φ(t), we calculate a slope αi+1 for a time moment ti+1, and so
on. In the regions of phase synchronization the relative phase φ(t) exhibits plateaus
resulting in small values of |α|. The regions of small |α| values are detected as syn-
chronization episodes if |α| ≤ |a|, where a is a threshold value. Let us assume that
the second necessary condition for the detection of synchronization is a sufficiently
large duration of the region of small |α| values. The duration of this region should
exceed the value l (Fig. 2(b)) to exclude short regions with a high probability of ac-
cidental coincidence of instantaneous phases of oscillations. It should be noted that
finite width of the moving window does not allow us to investigate synchronization at
the initial and final regions of φ(t) whose duration is equal to b/2. A similar method
of automated detection of cardiorespiratory synchronization was used by Bartsch et
al. [13]. However, it was based on the analysis of synchrograms instead of a relative
phase.

We tested the method efficiency for detecting synchronization depending on the
choice of the parameters b, a, and l. The value of S decreases with decreasing of |a| or
increasing of l. The dependence of S on the parameter b is not monotonous. Choosing
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Fig. 3. Distribution functions of synchronization measure S in healthy subjects (solid line)
and AMI patients (dashed line) calculated over all records.

the method parameters we were guided by the following concept: the automated
procedure should identify the epochs of synchronization similarly to the usually used
visual detection of synchronization. We found out that this condition is satisfied if l is
about 1–2 characteristic periods of oscillations, b is close to the characteristic period,
and |a| is about 0.005–0.01. In this paper the following fixed values of the parameters:
b = 13 s, |a| = 0.01, and l = 16 s were used for the investigation of all experimental
records.

3 Synchronization between LF cardiovascular oscillations in healthy
subjects and patients after AMI

We studied 17 healthy subjects (8 women) aged 20–48 years and 42 patients (14
women) aged 41–80 years after AMI. With each subject several measurements were
carried out at different days. In all, we measured 126 records for healthy subjects and
167 records for AMI subjects. For AMI patients all recordings were performed during
the first three weeks after the infarction.
Using the proposed method we calculated the measure S of synchronization be-

tween the 0.1-Hz rhythms for all subjects. Figure 3 depicts the distribution functions
of S values computed over all records of healthy subjects and AMI patients. We reveal
that the measure S is greater in average in healthy subjects than in AMI patients.
In our experiments S took the values 34.4±16.1% (mean ± standard deviation) for
healthy individuals and 16.0 ± 9.5% for patients after AMI. It should be noted that
the absolute values of S depend on the parameters of the automated procedure for
synchronization detection considered in Sect. 2. However, in a wide range of these pa-
rameters variation the value of S remains in average considerably greater in healthy
subjects than in AMI patients. We assume that the decrease of synchronization mea-
sure S in patients after AMI is caused by breakdown of functional couplings between
the systems of LF regulation of HR and BP during infarction.
To investigate the changes in interaction between the LF cardiovascular rhythms

during rehabilitation after the AMI we conducted supplementary measurements for
the same patients but after 6 months after AMI. These subjects showed an increase
of S in 1.3 times in average in comparison with their own S values during the first
3 weeks after AMI. However, these S values after 6 months after AMI were less in
average in comparison with average S values in healthy subjects.
The evidence that substantial decrease of phase synchronization index S between

the LF cardiovascular rhythms in the group of AMI patients is caused by infarction
rather than effects of aging is substantiated by the following two observations. Firstly,
at a spontaneous breathing the variability of the phase shift between HR and BP fluc-
tuation near the frequency of 0.1Hz is similar in young versus older healthy subjects
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[14]. Secondly, as we have observed, the subjects after 6 months after AMI show in
average an increase of S in comparison with themselves during the first 3 weeks after
AMI. This observation suggests that the functional couplings in the autonomic control
system of the cardiovascular system leading to synchronization of 0.1-Hz oscillations
may be gradually restored after AMI.

4 Control of treatment of patients after AMI basing on the degree
of synchronization between LF cardiovascular oscillations

The analysis of synchronization between the LF oscillations in HR and BP seems
to be promising for studying a degree of disruption of autonomic regulation of the
cardiovascular system and for controlling the efficiency of medical treatment and
rehabilitation in patients after AMI. Such patients are usually treated with beta-
blockers that improve autonomic function and decrease fatal risk. In accordance with
the contemporary guidelines for beta-blocker treatment, the target dose should be
used or, if not tolerated, the highest tolerated dose [15]. At present time the control
of beta-blocker treatment is based mainly on the analysis of HR, ejection fraction,
and BP. However, there is no any criterion for controlling beta-blocker treatment
basing on the functional state of cardiovascular system and interaction between its
subsystems. The aim of our study was to propose a criterion for selecting an optimal
dose of beta-blocker in AMI patients basing on the degree of synchronization between
0.1-Hz oscillations in HR and BP.
Our study included 37 patients with coronary heart disease (16 women) aged

between 41 and 77 years with AMI six months prior to the start of the study. We
used the following criteria to enroll the patients in our study:

i) the confirmed diagnosis of AMI [16] about six months prior to the start of the
study;

ii) the absence of systolic dysfunction of left ventricular (ejection fraction is greater
than 50%);

iii) everyday treatment with beta-blockers in doses no more equivalent of metoprolol
50mg/day.

The exclusion of patients with small values of ejection fraction from the study allowed
us to reduce the influence of chronic heart failure on the results of investigation of
changes in synchronization index S in response to beta-blocker treatment.
We studied relative changes in degree S of synchronization between 0.1-Hz

rhythms in RR intervals and PPG as a response to vertical tilt before and after
three-month treatment with the highest tolerated dose of beta-blocker (metoprolol),
which was selected for each patient using titration. We have tested the synchroniza-
tion measure S by calculating it for the same subject several times per day and within
several days. The obtained results show that S takes very close values for the data
recorded within one or next day. The tilt test protocol was the following:

i) subject was lying in a horizontal position. It was a preliminary stage lasting
10 minutes without signal recording;

ii) the signals were recorded within 10 minutes in the horizontal position of patient’s
body;

iii) subject was put in a vertical position with a tilt angle of about 80◦. To exclude
the transients the signals were not registered within 5 minutes;

iv) the signals were recorded within 10 minutes in the vertical position of patient’s
body.
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Fig. 4. Change in S as a response to vertical tilt in Tilt (S-) and Tilt (S+) AMI patients
before and after three-month metoprolol treatment with the highest tolerated dose. Medians
with inter-quartile ranges (25%, 75%) are shown.

Fig. 5. Individual ΔS values for Tilt (S-) and Tilt (S+) AMI patients before and after
three-month metoprolol treatment with the highest tolerated dose. The subjects are ordered
with respect to ΔS value at the beginning of the study.

We calculated ΔS = Sv − Sh, where Sv is the degree of synchronization between
0.1-Hz rhythms in the vertical position and Sh is the degree of synchronization in the
horizontal position. Two groups of patients were identified on the basis of the results.
The first group was composed of patients (n = 20) with negative ΔS (P = 0.003)
at the beginning of the study (Fig. 4). We named this group as Tilt (S-) patients.
The second group was composed of patients (n = 17) with positive ΔS (P = 0.002)
before treatment with the highest tolerated metoprolol dose (Fig. 4). This group
was named as Tilt (S+) patients. After three-month treatment with the highest
tolerated metoprolol dose S increased as a response to vertical tilt in Tilt (S-) patients
(P = 0.04) and decreased in Tilt (S+) patients (P = 0.03) (Fig. 4).

To illustrate individual changes in ΔS we plot the figure that shows individual ΔS
values for subjects from the groups of Tilt (S-) and Tilt (S+) AMI patients at the
beginning of the study and after three-month treatment with the highest tolerated
metoprolol dose (Fig. 5).

Table 1 shows estimated S values in two groups of patients before and after three-
month metoprolol treatment. As can be seen from the table, before metoprolol treat-
ment S values in vertical position were greater in Tilt (S+) patients than in Tilt
(S-) patients. Since S increases as a response to vertical tilt in healthy subjects, the
response to a tilt test in Tilt (S-) patients was postulated to indicate the need to
increase beta-blocker dose for correction of autonomic dysfunction of cardiovascular
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Table 1. Estimated S values in Tilt (S-) and Tilt (S+) AMI patients before and after three-
month metoprolol treatment with the highest tolerated dose. The data are shown as medians
with inter-quartile (25%, 75%) ranges. Sign * indicates a significant difference (P < 0.05)
from parameter values before metoprolol treatment. Sign + indicates a significant difference
(P < 0.05) from the same parameter in Tilt (S-) patients.

Tilt (S-) patients Tilt (S +) patients
before after before after

Parameter treatment treatment treatment treatment

Sh, % 41 (29, 48) 27 (22, 41)* 26 (19, 29)+ 37 (27, 43)*+

Sv, % 19 (11, 25) 32 (25, 37)* 37 (33, 43)+ 24 (19, 33)*+

system. On the contrary, the response to a tilt test in Tilt (S+) patients was postu-
lated to indicate an already adequate beta-blocker dose. Otherwise, the increase of
beta-blocker dose for this group of patients will increase autonomic dysfunction of
cardiovascular system. Indeed, after three-month metoprolol treatment Tilt (S-) and
Tilt (S+) patients show opposite changes in S in response to a tilt test. The dynamics
of changes in S was positive in Tilt (S-) patients and negative in Tilt (S+) patients.
The results of our study show that assessment of synchronization of 0.1-Hz HR

and BP oscillations as a response to a tilt test can possibly be used as a guideline for
selecting optimal beta-blocker dose in post myocardial infarction patients. Otherwise,
the pay for decrease of angina pectoris events under the treatment with the highest
tolerated metoprolol dose will be the decrease in S in Tilt (S+) patients. As we have
shown recently (see Sect. 5), the decrease in S is the major factor of fatal risk in
AMI patients. Thus, the prescription of high doses of beta-blocker to subjects with
increased S as a response to vertical tilt after six months after AMI (about 46% of
patients in our study) should be probably avoided or done with care, since it increases
autonomic dysfunction of cardiovascular system.

5 Evaluation of the five-year risk of mortality in patients after AMI
using degree of synchronization of LF cardiovascular oscillations

We have shown above that synchronization between the 0.1-Hz oscillations in HR
and BP is deteriorated at AMI and the values S of synchronization between these
oscillations can be used for estimating a degree of disruption of autonomic regulation
of the cardiovascular system. Taking into account this observation we compared the
prognostic value of synchronization measure S and established clinical characteristics
for evaluation of the five-year risk of mortality in patients after AMI. Our study
included 125 patients after AMI (53 women) aged between 30 and 83 years. The
period of observation of patients was 5 years with checkpoints at the second-fourth
day after infarction and after each year after infarction. Death was defined as endpoint
of observation.
We analysed the choice of critical value of S, above which the quality of functional

interaction between the regulatory LF processes in HR and BP can be considered as
satisfactory one in patients with AMI from the viewpoint of evaluation of personal
fatal risk. Figure 6 displays a receiver operating characteristics (ROC) curve for dif-
ferent critical values of S at the second-fourth day after infarction with respect to
evaluation of the risk of five-year mortality. A ROC graph depicts relative tradeoffs
between benefits (true positives) and costs (false positives). An optimal point in ROC
curve is the one that has high true positive rate plotted on the Y axis and low false
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Fig. 6. ROC curve for different critical values of index S at the second-fourth day after
AMI. Se is sensitivity and Sp is specificity for evaluation of the five-year risk of mortality.

Fig. 7. Kaplan-Meier estimates of cumulative probability of death up to 5 years for sub-
groups of post-AMI patients with S < 20% and S ≥ 20% at the second-fourth day after
AMI.

positive rate plotted on the X axis. As the optimal relationship between sensitivity
(Se) and specificity (Sp) of S as a factor of high risk of mortality we choose S = 20%.

The Kaplan–Meier cumulative curves are depicted in Fig. 7 for subgroups of pa-
tients with S < 20% and S ≥20% at the second-fourth day after AMI. The difference
between these groups is statistically significant (P = 0.03). Probability of five-year
death was higher in patients with S < 20% at the second-fourth day after infarc-
tion compared with those with S ≥ 20%. Note that risk of death differs across the
considered subgroups of patients beginning from the first year of observation.

We compared predictive value of baseline clinical characteristics for evaluation of
the five-year risk of mortality in patients after AMI using multivariable Cox’s regres-
sion model. Acute heart failure at myocardial infarction, S < 20% at the second-fourth
day after infarction, left ventricular ejection fraction and obesity were identified as
the most important factors for evaluation of the risk of five-year mortality in patients
after AMI (χ2 = 14.2, P = 0.003). The risk of mortality in patients increases with
the increase of acute heart failure Killip and obesity and the decrease of S and left
ventricular ejection fraction. Index S is exceeded in prognostic value only by acute
heart failure. However, the prognostic value of index S is higher than that of estab-
lished clinical characteristics, such as age over 65 years, hypertension, stenocardia,
prior myocardial infarction, stroke, chronic obstructive disease of lungs, low power of
LF and high-frequency ranges of HR variability power spectrum, which increase the
risk of mortality in patients after AMI.
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Fig. 8. Distribution functions F of S values for the post AMI patients who have died (a)
and survived (b) within the five-year period of observation.

We analysed correlation between S values at the second-fourth day after myocar-
dial infarction and other clinical characteristics. It is found out that S shows weak
correlation only with the power of HR variability spectrum in the LF range (r = 0.21,
P = 0.02). The correlation between S and other clinical characteristics was not
significant.
It should be noted that left ventricular ejection fraction entered in the multivari-

able Cox’s regression model as a continuous variable yields in prognostic values for the
assessment of the five-year fatal risk only to acute heart failure and index S. However,
comparing Cox’s models with one variable we found out that the left ventricular ejec-
tion fraction below 35% entered in the model as a categorical variable has the highest
prognostic value for evaluation of the five-year risk of mortality in patients after AMI
(χ2 = 3.8 and P = 0.04) in comparison with the other risk factors. However, in our
study the case of pronounced left ventricular systolic dysfunction was rare in patients.
In 92% of patients in our study the ejection fraction was greater than 35%.
An informative content of the index S follows also from Fig. 8. It shows the

distribution functions of S values for the post AMI patients who have died (Fig. 8(a))
and survived (Fig. 8(b)) within the five-year period of observation. All the patients
who have died during the study had S ≤27% at the second-fourth day after AMI
(Fig. 8(a)). Moreover, 81% of these patients had S < 20%.
The results of the our study indicate that desynchronization of 0.1-Hz rhythms

in cardiovascular system of post AMI patients decreases the adaptation resources of
cardiovascular system and significantly increases the risk of mortality. Degree S of
synchronization between the 0.1-Hz rhythms in HR and BP is an important prognostic
factor for evaluation of the risk of fatal events in patients after AMI. The value of
S below 20% at the first week after infarction is a sensitive marker of high risk of
mortality during the subsequent 5 years. The predictive value of index S for the risk
of mortality in post myocardial infarction patients is higher than that of most of
established clinical characteristics.

6 Conclusion

We have investigated synchronization between the LF oscillations in HR and BP
having in humans a basic frequency close to 0.1Hz. For quantitative estimation of
synchronization between these processes we used the method based on calculation of
the measure S of phase synchronization of oscillations. This method is based on a
linear approximation of instantaneous phase difference of analyzed signals in a moving
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window. It is found out that healthy subjects exhibit in average substantially longer
epochs of synchronization between the LF cardiovascular rhythms than patients after
AMI.
We assume that assessment of synchronization of 0.1-Hz HR and BP oscillations,

as a response to a tilt test can possibly be useful for selecting an optimal dose of beta-
blocker treatment in patients after AMI. Two groups of AMI patients were identified.
The first group was composed of patients with decreased S as a response to vertical
tilt at the beginning of the study. The patients with increased S during vertical tilt
before treatment with the highest tolerated beta-blocker dose were attributed to the
second group. The response to vertical tilt in the first group of patients was postulated
to indicate the need to increase beta-blocker dose, and in turn, the response in the
second group to indicate an already adequate beta-blocker dose.
We have shown that low value of synchronization (S < 20%) between the 0.1-Hz

rhythms in HR and BP at the first week after AMI is a sensitive marker of high risk
of mortality during the subsequent 5 years. Our study revealed that predictive value
of index S for the risk of mortality in post-AMI patients is higher than that of most
of established clinical characteristics.

This work is supported by the Russian Foundation for Basic Research, Grant Nos. 12-02-
00377 and 13-02-00227.
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Circulation 108, 292 (2003)

15. Expert consensus document on β-adrenergic receptor blockers. The Task Force on Beta-
Blockers of the European Society of Cardiology, Eur. Heart J. 25, 1341 (2004)

16. Expert consensus document on Universal definition of myocardial infarction. Task Force
for the Redefinition of Myocardial Infarction, Eur. Heart J. 28, 2525 (2007)


	1 Introduction
	2 Method of synchronization detection
	3 Synchronization between LF cardiovascular oscillations in healthy subjects and patients after AMI
	4 Control of treatment of patients after AMI basing on the degree of synchronization between LF cardiovascular oscillations
	5 Evaluation of the five-year risk of mortality in patients after AMI using degree of synchronization of LF cardiovascular oscillations
	6 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


