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Abstract Calculating pulmonary vascular resistance is
important in many fields of medicine. Although the influ-
ence of hematocrit on calculated resistance has been known
for many years, it is rare to find the appropriate corrections
in published articles. This review discusses the relationship
between viscosity and resistance and shows how the effect
of viscosity can be allowed for by calculating hindrance or
relative viscosity.

Keywords Vascular resistance - Vascular hindrance -
Blood viscosity

Introduction

Studies of pulmonary hypertension measure pulmonary
arterial pressures and blood flows and then calculate pul-
monary vascular resistance, an essential component of the
underlying mechanisms. After reading many articles in this
field, I remain astonished that so few of them consider the
effect of changes in hematocrit on pulmonary vascular
resistance.

The Resistance Concept

The concept of vascular resistance was taken from
hydraulic and electrical engineering. The resistance is the
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ratio of the pressure (or voltage) decrease across a tube or
vascular bed (or a wire) to the flow of fluid (current)
through it. Thus (Eq. 1):

P, —-P
Resistance = —— > 7 2, (1)

where P; and P, are the upstream and downstream pres-
sures, respectively, and F is flow.

As defined, resistance is a ratio of two measured quanti-
ties; to understand what controls resistance, we turn to the
basic studies of Hagen and Poiseuille, who independently
examined the steady laminar flow of Newtonian fluids
through straight glass tubes. They described the relationship
between pressure decrease and flow (resistance) as (Eq. 2):

Resistance — (ﬁ) (i)” 2)

where [ is tube length, r is tube radius, and 7 is viscosity.
Because a vascular bed has many tubes in parallel, we
can modify this equation to be (Eq. 3):

. 8 l
Resistance = <l'[> <kr4> 1, (3)

where k is the number of parallel vessels. This is based on
the electrical analogy of parallel circuits and has some
confirmation in physiology [26]. The equation is presented
in this way to show that resistance has three components:
the first is a constant 8/7; the second is a geometric com-
ponent relating tube length, tube diameter, and numbers of
tubes; and the third is viscosity. As the equation shows,
increased pulmonary vascular resistance can be caused by
(1) increased length of resistance vessels, which is seldom a
factor, even with lung growth; (2) decreased radius of these
vessels, which is the most common cause; (3) decreased
number of resistance vessels, which may occur at times in
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Table 1 Comparison between glass tube and pulmonary vascular bed

Factor Poiseuille tube Lung

No. of tubes One Many

Wall Rigid Viscoelastic
Curvature of tube None Present
Cross-section Circular Often elliptical
Branching None Present

Ratio length to diameter Large Small
Tapering None Present
Internal surface Smooth Slightly rough
Fluid Newtonian Non-Newtonian
Flow Steady Pulsatile

various forms of congenital heart disease and some lung
diseases; and increased viscosity, which occurs fairly fre-
quently but is often disregarded. The conditions under
which Hagen and Poiseuille made their measurements are
not the same as those found in the body (Table 1).

Despite these many differences, pressure-flow relations
in body segments are fairly well approximated by the
Hagen—Poiseuille relationship. Endothelial roughness has
little effect; the roughness is negligible in larger arteries,
and in small vessels, where the roughness is substantial, the
flow rate is too low for roughness to have much effect [32].
The elasticity of the vessel walls, the elliptical cross-sec-
tion, the degree of tapering, and the amount of curvature are
too slight to affect pressure-flow relations materially [3, 32].
Therefore, although blood is not a Newtonian fluid, this
factor does not affect pressure-flow relations at normal
flows and hematocrits beyond causing some slight curvature
of the relationship [3, 5, 32]. These conclusions were sub-
stantiated in a detailed review of the subject by Roos [24].

Strictly speaking, resistance is a steady-state concept:
The loss of energy across the tube is due entirely to fric-
tional resistance. If the flow is pulsatile, then we refer to
impedance, in which energy losses are also incurred rela-
tive to inertance (acceleration of the fluid) and capacitance
(distension of the tubes). We can break down pulsatile flow
components into different harmonics of the fundamental
frequency. In the pulmonary vascular bed, >95% of energy
is contained in the first six harmonics [22, 23]. In vascular
beds, the steady state component, i.e., the resistance,
accounts for most of the energy loss, and it takes only
approximately 30% more energy to perfuse the lungs with
pulsatile rather than steady flow. Therefore, for simplicity
we use the resistance concept.

Viscosity and Its Effects

It is almost universal to find corrections for body size by
calculating flows per square meter of body surface area, but
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seldom is any correction made for viscosity. One of the
reasons for this might be that viscosity is seldom measured
in clinical practice, and it is difficult to make accurate
viscosity measurements in the living body. There is,
however, literature relating to the physiological effects of
viscosity, and a few selected studies will be discussed.

“Viscosity” refers to the resistance offered by a mate-
rial’s attempts to deform it. If a stress is applied to a fluid to
make it flow, the relationship of stress to flow defines the
viscosity of the fluid. In vitro, this is measured in a vis-
cometer, initially performed by measuring the flow of the
fluid through tubes but later, and more accurately, by a
variety of other instruments, e.g., cone and plate instru-
ments [6, 25]. One of the complicating factors is that vis-
cosity measurements depend on the shear rates used. The
unit of viscosity is the Poise (P), named after Poiseuille,
which hasunits | P=1 g em sl (=1 dyne sec cm ™).
In the International System of Units, the analogous unit is
the Pascal second, and 10P=1Pas=1kgm ' s "
Most physiological fluids have viscosity <1 P, and these
are usually measured in centipoises (cP) which are 1/100th
of a Poise. Water has a viscosity at 25°C of almost exactly
1 cP. Frequently viscosities are measured relative to the
viscosity of water. Serum has a relative viscosity of 1.2
with little variability except for increasing at low temper-
atures. Plasma viscosity is similar to that of serum but may
be greater and more variable with changes in fibrinogen
and globulin concentrations as seen in the well-known
hyperviscosity syndrome in macroglobulinemia [11, 19].
Fibrinogen is important not only for its direct effect on
plasma viscosity but also for inducing increased aggrega-
tion of red blood cells [18, 20]. Under most circumstances,
however, variations in plasma viscosity have only a minor
effect on whole-blood viscosity.

In vitro measurements of blood viscosity, however, are
not useful in physiology because of many factors unique to
living systems. The viscosity of whole blood will change
with shear rate, deformability of red blood cells (which are
decreased greatly by iron deficiency), the Fahracus-Lind-
quist effect [8] (in which the viscosity decreases in tubes
10-300 pm in diameter because the red blood cells move
to the axis of the vessels with a sleeve of plasma between
them and the vessel wall), and even the white blood cell
count. On the whole, however, hematocrit plays a major
role in changing the viscosity of whole blood.

One of the early classical in vivo experiments was
performed on the isolated dog hind-limb by Whittaker and
Winton [33], who compared the effects of changes in
hematocrit on a glass viscometer and a canine hind-limb.
They pointed out the difficulties and inconsistencies of the
glass tube viscometer due to variable effects of flow rates
and tube diameters. The hind-limb preparation, however,
showed more consistency. There were linear pressure-flow



Pediatr Cardiol (2011) 32:557-561

559

curves, and the slope of the curves (reflecting viscosity)
decreased as hematocrit increased. Compared with plasma
or blood with hematocrit <5%, normal blood has a relative
viscosity of 2.2 (SD 0.2), which approximately doubles
when hematocrit increases from 45 to 70%. They found the
relationship between blood viscosity and hematocrit to be
(Eq. 4):

1L @
Mo 1—¢3

where 7 is the viscosity of blood with hematocrit ¢, 1 is
the viscosity of plasma, and k is a factor related to blood
pressure, which was usually constant at 0.6 unless pres-
sures were extremely low. This formula was based on one
derived from colloid science, which in turn is related to
Einstein’s equation for spheres in suspension [6]. Other
similar expressions have been derived [6]. Similar experi-
ments performed by Benis et al. [3] and by Levy and Share
[17] under more controlled conditions confirmed these
results.

How applicable is this information to the pulmonary
circulation? Barer et al. [2] studied the effect of polycy-
themia induced in rats who breathed 10% oxygen for
3 weeks to simulate high altitude. Just as Whittaker and
Winton saw in the canine hind limb, they observed linear
pressure-flow relations in isolated perfused lungs. At a flow
rate of 20 ml/min in isolated rat lungs, they found that
pulmonary arterial pressure increased by 40% when
hematocrit increased from 42 to 61% and, in another set of
experiments, by 24% when hematocrit increased from 35 to
53%. They used a torque viscometer to measure viscosity
in vitro of blood with hematocrits of 43.4% (SD 1.6%) and
62.2% (SD 2.2%). At a rate of 23 c/s, viscosity changed
from 7.8 (SD 0.6) to 13.9 (SD 0.8) cP, and at a rate of 230
c/s it changed from 4.4 (SD 0.3) to 8.4 (SD 0.3) cP. They
recognized that factors other than hematocrit affect pul-
monary arterial pressures because these pressures were
lower in controls compared with hypoxic rats, but in each
group the effect of increased hematocrit in increasing
pressure was similar. A further demonstration of the effect
of hematocrit independent of the effects of hypoxic chan-
ges was that increased hematocrit in turn increased blood
viscosity and mean pulmonary arterial pressure in norm-
oxic rats whose red cell mass was increased by erythro-
poietin [34].

Hindrance

There are many times when knowing the hematocrit and
making an allowance for apparent viscosity is important.
One of the ways of doing this is to calculate the hindrance
[9], which is defined as (Eq. 5):

. o,
Hindrance = Resistance (mm Hg/1/min m*)

— - 5
Absolute viscosity (Poise) )
As can be seen by referring to the original Poiseuille
equation, removing the effect of viscosity leaves the pure
geometric factor.

B ()

For example, consider patients who are to undergo
Fontan—Kreutzer single-ventricle repair. Because lung perfu-
sion after surgery depends on gravity and the respiratory
pump, it is essential to exclude increased pulmonary vascular
resistance before surgery. Consider also the preoperative
values of two patients who are to undergo Fontan—Kreutzer
repair and who have the preoperative data listed in Table 2.
Although a pulmonary vascular resistance of 3 Wood units/
m” would be usually regarded as a safe value for surgery, note
that in the anemic patient (column 3), the actual geometric
component of the impediment to pulmonary blood flow (the
hindrance) is twice as high as normal. This means that after
surgery in the anemic patient, when hematocrit returns to
normal, pulmonary vascular resistance would double
(resistance = hindrance x viscosity), and the patient might
not survive or might have to have the Fontan taken down and
revised.

Now consider two patients with the preoperative data
listed in Table 3. The first patient with a high pulmonary
vascular resistance would in most centers be excluded from
single-ventricle repair. However, in the patient with a high
hematocrit at the time of cardiac catheterization (column
3), the effect of high viscosity conceals the fact that hin-
drance is normal. This would allow successful repair once
the hematocrit returns to normal as it will after surgery.

Recently Ascuitto et al. [1] performed an elegant study
of computational fluid dynamics analysis of nonpulsatile
(passive) fluid flow through a conduit to investigate the
effect of blood viscosity on flow through narrowed portions

Table 2 Viscosity and resistance: Patients 1 and 2

Hematocrit (%) 45 20
Pulmonary vascular resistance (mm Hg/l/min/m?) 3 3
Absolute viscosity (Poise) 0.04  0.0205
Hindrance (mm Hg/l/min/m?*/Poise) 75 146

Table 3 Viscosity and resistance: Patients 3 and 4

Hematocrit (%) 45 75
Pulmonary vascular resistance (mm Hg/l/min/m?) 6 6
Absolute viscosity (Poise) 0.04  0.0852
Hindrance (mm Hg/l/min/mZ/Poise) 150 70
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of Fontan circulation (stenotic pulmonary arteries). They
concluded that viscous energy losses across a stenosis
increased in proportion to increased viscosity. Therefore,
increased viscosity affects more than small resistance
vessels, an added reason for taking viscosity into account,
especially when planning Fontan-Kreutzer surgery.

These same considerations apply to evaluating pul-
monary vascular resistance in patients with pulmonary
arterial hypertension, whether it is primary or secondary to
congenital heart disease. Many such patients, especially
those with Eisenmenger syndrome, are cyanotic and
polycythemic, and may even have red cells made rigid by
iron deficiency. It would be prudent to maintain a reason-
ably normal hematocrit when evaluating their pulmonary
vascular resistance, or if phlebotomy is judged unwar-
ranted, at least to see that it does not change substantially
when evaluating the effects of a new therapeutic agent.

Other patients affected by hyperviscosity due to poly-
cythemia are neonates secondary to placental overtransfu-
sion or intrauterine hypoxia [13, 16]. The hyperviscosity
may contribute to the pulmonary hypertension seen in
some of these neonates.

Viscosity and Hematocrit

Calculating hindrance requires knowledge of absolute
viscosities, and these may not be readily available. An
acceptable alternative is to calculate relative viscosity from
the relationship between viscosity and hematocrit, which is
based on standard data in the literature (Fig. 1).

Hematocrit on the X-axis is plotted against viscosity
relative to plasma on the left Y-axis or relative to a standard
hematocrit of 45% on the right Y-axis. The thin parallel
lines around the central thick curved line are rough indi-
cations of variability.
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Fig. 1 Relation of viscosity to hematocrit
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As hematocrit increases, viscosity increases as well, so
that with hematocrits >60% there is a marked effect on the
calculation of resistance. To use this figure, calculate a
resistance standardized to a hematocrit of 45% by dividing
the calculated resistance by the relative viscosity on the
right axis. Thus, a resistance of 6 Wood units with a
hematocrit of 75% becomes a standardized resistance of
6/2 = 3 Wood units, and a resistance of 3 Wood units with
a hematocrit of 20% becomes a standardized resistance of
3/0.5 = 6 Wood units.

Increased Blood Viscosity and Normal Hematocrit

Although the most common cause of increased blood vis-
cosity is increased hematocrit, in certain patients high
viscosity can be associated with a normal hematocrit.

1. As described previously, rarely macroglobulinemia or
hyperfibrogenemia increases viscosity.

2. In sickle cell disease, not only does viscosity increase
during deoxygenation of sickle cells, leading to micro-
thrombi and sickle cell crises, but even oxygenated
sickle cells are more rigid because of internal polymer-
ization, so that blood of a patient with sickle cell disease
has substantially increased viscosity [7, 27].

3. Transient increases in blood viscosity may occur when
intravascular contrast agents are used in angiography,
with the degree depending more on osmolality than
viscosity of the injected agent [ 14, 28, 29]. The tendency
is for blood viscosity to increase, sometimes markedly,
at high shear rates and to decrease at low shear rates such
that the final effect on pulmonary vascular resistance is
difficult to predict. These increases in blood viscosity
may account for some of the harmful side effects of
contrast media in patients with increased pulmonary
vascular resistance, but the viscosity changes are usually
transient.

4. Tron deficiency is know to make red blood cells more
rigid [4, 30] and has been proposed as one of the
causes of microthrombosis in patients with cyanotic
heart disease. Its effect on blood viscosity is unclear.
Some studies have found that microcytosis and iron
deficiency increase blood viscosity modestly [10, 15,
21], whereas others have described no change or even
a decrease in blood viscosity [12, 31]. The discrepancy
may be due in part to whether measurements were
made at high or low shear rates.

Conclusion

Viscosity plays a major role in evaluating pulmonary
vascular resistance. Although flow through vascular beds is
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complex and cannot easily be related to ideal physical
laws, a reasonable approximation to apparent viscosity can
be determined by referring to the hematocrit.

References

10.

12.

13.

14.

15.

. Ascuitto R, Ross-Ascuitto N, Guillot M (2010) Fluid viscosity

increases pressure decrease and exacerbates flow-energy loss
(relevance to modified-Fontan patients with increased hematocrit.
Congenit Cardiol Today 8:1-12

. Barer GR, Bee D, Wach RA (1983) Contribution of polycytha-

emia to pulmonary hypertension in simulated high altitude in rats.
J Physiol 336:27-38

. Benis AM, Usami S, Chien S (1970) Effect of hematocrit and

inertial losses on pressure-flow relations in the isolated hindpaw
of the dog. Circ Res 27:1047-1068

. Brandao MM, Castro MdL, Fontes A et al (2009) Impaired red

cell deformability in iron deficient subjects. Clin Hemorheol
Microcire 43:217-221

. Caro CG (1958) Mechanics of the pulmonary circulation. In:

Caro CG (ed) Advances in pulmonary physiology. Edwin Arnold,
London, pp 255-296

. Charm SE, Kurland GS (1972) Blood rheology. In: Bergel DH

(ed) Cardiovascular fluid dynamics. Academic Press, London,
pp 157-203

. Chien S, Usami S, Bertles JF (1970) Abnormal rheology of

oxygenated blood in sickle cell anemia. J Clin Invest 49:623-634

. Fahraeus R, Lindquist T (1931) The viscosity of blood in narrow

capillary tubes. Am J Physiol 96:562-568

. Fan FC, Chen RY, Schuessler GB, Chien S (1980) Effects of

hematocrit variations on regional hemodynamics and oxygen
transport in the dog. Am J Physiol 238:H545-H552

Gaiha M, Sethi HP, Sudha R et al (1993) A clinico-hematological
study of iron deficiency anemia and its correlation with hyper-
viscosity symptoms in cyanotic congenital heart disease. Indian
Heart J 45:53-55

. Ghobrial IM, Witzig TE (2004) Waldenstrom macroglobuline-

mia. Curr Treat Options Oncol 5:239-247

Halis H, Bor-Kucukatay M, Akin M et al (2009) Hemorheolog-
ical parameters in children with iron-deficiency anemia and the
alterations in these parameters in response to iron replacement.
Pediatr Hematol Oncol 26:108-118

Jeevasankar M, Agarwal R, Chawla D et al (2008) Polycythemia
in the newborn. Indian J Pediatr 75:68-72

Kendall BE (1980) Developments in contrast media applied to
neuroradiology. Br Med Bull 36:273-278

Khaled S, Brun JF, Wagner A et al (1998) Increased blood vis-
cosity in iron-depleted elite athletes. Clin Hemorheol Microcirc
18:309-318

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Kitterman JA (2003) Polycythemia (hyperviscosity syndrome).
In: Rudolph CD, Rudolph AM, Hosteter MK, Lister G, Siegel NJ
(eds) Rudolph’s pediatrics, 21st edn. McGraw-Hill, New York,
pp 192-194

Levy MN, Share L (1953) The influence of erythrocyte concen-
tration upon the pressure—flow relationships in the dog’s hind
limb. Circ Res 1:247-255

Lominadze D, Dean WL, Tyagi SC et al (2010) Mechanisms of
fibrinogen-induced microvascular dysfunction during cardiovas-
cular disease. Acta Physiol (Oxf) 198:1-13

MacKenzie MR, Lee TK (1977) Blood viscosity in Waldenstrom
macroglobulinemia. Blood 49:507-510

Merrill EW, Gilliland ER, Lee TS et al (1966) Blood rheology:
effect of fibrinogen deduced by addition. Circ Res 18:437-446
Milligan DW, MacNamee R, Roberts BE et al (1982) The
influence of iron-deficient indices on whole blood viscosity in
polycythaemia. Br J Haematol 50:467-471

Milnor WR (1972) Pulmonary hemodynamics. In: Bergel DH
(ed) Cardiovascular fluid dynamics. Academic Press, London,
pp 299-340

Milnor WR, Conti CR, Lewis KB et al (1969) Pulmonary arterial
pulse wave velocity and impedance in man. Circ Res 25:637-649
Roos A (1962) Poiseuille’s law and its limitations in vascular
systems. Med Thorac 19:224-238

Rosencranz R, Bogen SA (2006) Clinical laboratory measure-
ment of serum, plasma, and blood viscosity. Am J Clin Pathol
125(Suppl):S78-S86

Saari JT, Stinnett HO (1981) Diameter versus number in diameter
of vessel resistance. Physiol Teach 24:51-52

Schmalzer EA, Lee JO, Brown AK et al (1987) Viscosity of
mixtures of sickle and normal red cells at varying hematocrit
levels. Implications for transfusion. Transfusion 27:228-233
Smedby O (1992) Viscosity of some contemporary contrast
media before and after mixing with whole blood. Acta Radiol
33:600-605

Strickland NH, Rampling MW, Dawson P et al (1992) Contrast
media-induced effects on blood rheology and their importance in
angiography. Clin Radiol 45:240-242

Tillmann W, Schroter W (1980) Deformability of erythrocytes in
iron deficiency anemia. Blut 40:179-186

Van de Pette JE, Guthrie DL, Pearson TC (1986) Whole blood
viscosity in polycythaemia: the effect of iron deficiency at a range
of haemoglobin and packed cell volumes. Br J Haematol 63:
369-375

Whitmore RL (1968) Rheology of the circulation. Pergamon
Press, London

Whittaker SR, Winton FR (1933) The apparent viscosity of blood
flowing in the isolated hindlimb of the dog, and its variation with
corpuscular concentration. J Physiol 78:339-369

Zhou YR, Zhou TF, Ouzhuluobu et al (2009) Effect of polycy-
themia on hypoxia induced pulmonary hypertension and pul-
monary vascular remodeling in rats. Sichuan Da Xue Xue Bao Yi
Xue Ban 40:619-622

@ Springer



	Pulmonary Vascular Resistance and Viscosity: The Forgotten Factor
	Abstract
	Introduction
	The Resistance Concept
	Viscosity and Its Effects
	Hindrance
	Viscosity and Hematocrit
	Increased Blood Viscosity and Normal Hematocrit

	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


