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Evaluation of vascular calcifications in CKD patients
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ABSTRACT: In observational studies on dialysis patients, there has been a consistent association
between vascular calcifications and mortality. Hyperphosphatemia and calcium treatment are some
of the factors associated with development of vascular calcifications, especially in the presence of
low bone turnover disease. Several non-invasive imaging techniques have been used to screen for
the presence of vascular calcifications: plain X-Ray, echocardiography, ultrasonography, and com-
puted tomography. Presence of vascular calcifications is a warning sign for increased cardiovascular
risk and this information may be relevant for choosing the most suitable treatment for dialysis pa-
tients. (Int J Artif Organs 2009; 32: 81-6)

KEY WORDS: Vascular calcifications, Imagiology, Chronic kidney disease

INTRODUCTION

High cardiovascular risk in chronic kidney disease pa-
tients is not fully explained by traditional risk factors. The
Framingham risk score, based on age, gender, diabetes,
hypertension, lipid profile and smoking habits, fails to
predict cardiovascular events in dialysis (1) and pre-dialy-
sis (2) patients and several non-traditional risk factors are
commonly considered to contribute to the high cardio-
vascular risk in this population.

In the last few years a new explanation has been added
to the list of the already numerous cardiovascular risk
factors of chronic kidney disease patients. The associa-
tion of cardiovascular calcifications with mortality, veri-
fied in multiple observational studies, is considered to be
a consistent finding and has been classified as grade B
evidence in recent KDIGO recommendations. In experi-
mental studies, it is demonstrated that an altered mineral
metabolism has a direct causal effect on vascular calcifi-
cations. In a model using vascular smooth muscle cells
from the human aorta, Giachelli (3) demonstrated that hy-
perphosphatemia and hypercalcemia were inducers of
vascular calcification by activation of intracellular Cbfa1,
which led to the transformation of the vascular smooth
muscle cell into an osteoblast. 

Hypercalcemia and hyperphosphatemia are commonly
seen in dialysis patients under two opposing conditions.
In secondary hyperparathyroidism, a situation with high

bone turnover, the bone itself contributes to the high lev-
els of phosphorus and calcium. In adynamic bone dis-
ease, a condition with low bone turnover, the bone be-
haves as if it were “frozen” and is unable to capture ex-
traosseus calcium and phosphorus derived mainly from
food and, in the case of calcium, from treatment as well.

These observations have led to the hypothesis that a
link exists between bone disease and vascular disease in
dialysis patients. In the KDIGO position paper published
in 2006 , the presence of soft tissue and of vascular cal-
cifications have been included in the definition of chronic
kidney disease mineral and bone disorder (CKD-MBD)
(4).

Types of vascular calcification

Vascular calcifications present two different histological
types: intimal and medial calcification. Thus far, intimal
and medial calcifications have been considered to be two
distinct entities, with different clinical presentations and
prognoses. The possibility that these two entities may
constitute a continuum of vascular pathology in CKD pa-
tients has been hypothesized (5). However, the fact that
media calcification is detected earlier in the course of
CKD, and in the absence of lipid and cholesterol deposi-
tion, challenges this hypothesis (6). Intimal calcification is
related to dyslipidemia and accompanies the progression

Review



82

Non-invasive diagnosis of vascular calcifications in CKD patients

of atherosclerotic plaque. Medial calcification is associat-
ed with arteriolosclerosis, and develops mainly in diabet-
ic, chronic kidney disease, and elderly patients. Clinical
manifestations of intimal calcification are related to the
presence of atherosclerotic plaques that obstruct the ar-
teries by rupture and /or thrombosis. Medial calcification
does not cause arterial obstruction and was once consid-
ered a radiological finding with no clinical consequences.
Today we know that medial calcification modifies the
properties of the arterial wall and is one of the factors
that contributes to arterial stiffness. Arterial stiffness in
manifested by an increase in pulse wave velocity and in
pulse pressure. Due to the loss of distensibility in the aor-
ta, there is an earlier reflection of the aortic wave that
finds the aortic valve still opened. The consequence is an
increase in the systolic and a decrease in the diastolic
pressure. Systolic pressure increase contributes to the
development of left ventricular hypertrophy. Decrease in
diastolic pressure may compromise the coronary perfu-
sion that is mainly performed during diastole. Medial cal-
cification may then be associated with symptomatic
coronary disease in the absence of obstructive coronary
artery disease. 

Methods to diagnose vascular calcifications:
quantitative evaluation of coronary 
calcifications

Electron Beam Computed Tomography (EBCT) and
Multislice Computed Tomography (MSCT)

Braun et al (7) in 1996 used Electron Beam Computed
Tomography (EBCT) to evaluate coronary calcifications in
dialysis patients. Quantification of calcification is per-
formed by calculating the Agatston score. This method is
based on the maximum X-ray attenuation coefficient,
measured in Hounsfield units, and the area of calcifica-
tion is multiplied by the density scores. Analysis of 49 he-
modialysis patients demonstrated that the mean cardiac
calcification score was more than 10-fold higher in he-
modialysis patients than in 102 non-dialysis control pa-
tients with documented or suspected cardiovascular dis-
ease. The meaning of the Agatston score may be differ-
ent in renal and non-renal patients. In non-renal patients
the amount of coronary calcium is related to the overall
atherosclerotic plaque burden and is an effective predic-

tor of coronary artery disease. It is well established that
individuals with Agatston scores above 400 have an in-
creased occurrence of coronary procedures (bypass,
stent placement and angioplasty) and of cardiac events
(myocardial infarction and cardiac death) within the 2 to 5
years after the test. The extent and site of calcification
may not correspond to the site of stenosis but the greater
the amount of calcification, the greater the likelihood of
obstructive disease somewhere in the coronary arteries.
In general population, several studies have shown a good
correlation between calcium scores and coronary steno-
sis (8). 

Dialysis patients, however, can have very high coronary
Agatston scores without coronary stenosis. Haydar et al
(9) compared coronary angiographies with coronary
Agatston scores obtained by EBCT in a group of 46 he-
modialysis patients. A higher coronary Agatston score
was associated with a higher number of diseased ves-
sels, however, eleven patients with no occlusive coronary
disease in the angiography had a median coronary Agat-
ston score of 619, which, in the general population, is as-
sociated with coronary stenosis. Three- or four-vessel
disease in twenty dialysis patients was associated with a
median coronary Agatston score of 3748, a score rarely
seen in the general population. Since this method does
not discriminate intimal from medial calcification, these
very high calcification scores in dialysis patients may be
explained by the probable occurrence of both types of
vascular calcification in coronary arteries. 

The existence of a different morphology of coronary le-
sions in CKD and non-CKD patients has been demon-
strated in an autopsy study (10). CKD patients show
heavy calcification of the media, with higher calcium con-
tent in the media and in the intima and with more fre-
quent presence and greater intensity of inflammation
markers. In dialysis patients, there is, however, a good
correlation between coronary calcifications and cardio-
vascular risk. Coronary calcifications have been related
with cardiovascular events (11) and with mortality (12,
13). Nevertheless, the clinical significance of Agatston
score cut-off values in the general population for the di-
agnosis of occlusive coronary disease cannot be applied
to dialysis patients. Likewise, coronary calcification has
also been a predictor of mortality in dialysis patients but
in association with lower coronary Agatston score values
than those described in association with coronary occlu-
sive disease (9). In prevalent patients a coronary Agat-
ston score greater than 200 was associated with all-
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cause death (12), and in incident patients, a coronary
Agatston score greater than 400 was associated with
lower survival (13). Therefore, the association of coronary
calcifications with mortality is consistent with all the other
observational studies showing that the presence of vas-
cular calcifications, independently of their location, is
predictive of mortality. 

Currently, evaluation of coronary calcifications with
EBCT has been substituted by multislice computed to-
mography (MSCT). Application of EBCT is limited to the
assessment of coronary calcification, while MSCT has
multiple uses and with software adjustments may also
evaluate coronary calcification. This technique is widely
available and is now an alternative for quantitative evalu-
ation of coronary calcification. It has been demonstrated
that MSCT is a viable technique for the evaluation of
coronary arteries and aortic vascular calcification in CKD
patients (14).

Ultrasonography and echocardiography

Ultrasonography was the method used by Blacher (15)
to evaluate vascular calcifications in four arterial territo-
ries in dialysis patients: the carotid, aorta, iliac and
femoral arteries. This study, performed in 2001, was the
first to demonstrate that vascular calcifications were as-
sociated with increased mortality in dialysis patients and
it showed that the higher the number of territories affect-
ed, the lower the survival. 

Calcification of heart valves can be evaluated by
echocardiography; this type of calcification was associat-
ed with lower survival in peritoneal dialysis patients (16).
In a group of 127 hemodialysis patients we have also ver-

ified that valvular calcification is a predictor of all-cause
and cardiovascular death. The simple vascular calcifica-
tion score evaluated in plain X-ray of pelvis and hands
(17), described in the next section, was associated with
valvular calcification, raising the hypothesis of a common
pathogenesis for valvular and vascular calcification in this
population (18). 

Plain X-ray

In 2003 London et al (19) were the first to demonstrate
that vascular calcifications evaluated by plain X-ray were
associated with all-cause and cardiovascular mortality.
These authors differentiated medial from intimal calcifica-
tion in plain X-ray films. Medial calcification is linear and
regular, presenting a railroad track type, while intimal cal-
cification is patchy and irregular. This study demonstrat-
ed that medial calcification is not a radiological finding
but has an important clinical signification. These two
types of calcification were sometimes found in the same
patient and in the same vessel and were independent
predictors of mortality. Intimal calcification was associat-
ed with older age and higher LDL-cholesterol levels. Me-
dial calcification was associated with hemodialysis vin-
tage and diabetes. Calcium carbonate dose and phos-
phorus levels were associated with both types of calcifi-
cation. 

Other studies (17, 20) have confirmed the association
between vascular calcifications, evaluated with plain X-
ray, and mortality in the CKD stage-5 hemodialysis popu-
lation. We developed a simple vascular calcification
score, evaluated in a plain X-ray of the pelvis and hands
(17) (Fig. 1). This simple score was an independent pre-

Fig. 1 - Simple va-
scular calcification
score evaluation.
Calcification score
is the sum of the
presence (1) or ab-
sence (0) of vascu-
lar calcifications in
each section. Pelvis
score (1+1+1+1) =
4 and hands score
(1+1+1+1) = 4. To-
tal score is 8.
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dictor of cardiovascular death, cardiovascular hospital-
izations and vascular disease in dialysis patients and was
an independent predictor of arterial stiffness evaluated by
pulse wave velocity and pulse pressure (21). 

The Kauppila score evaluates the presence of vascular
calcifications in the anterior and posterior wall of the ab-
dominal aorta using a lateral plain X-ray of the lumbar
vertebral segments from L1 to L4. This score has been
associated with cardiovascular death in a subgroup of
participants of the Framingham Heart Study (22). This
score has also been tested in dialysis patients. It pre-
sents a good correlation with the coronary Agatston
score and demonstrates high sensitivity and specificity in
predicting a high coronary Agatston score (23). The pre-
liminary results of the CORD study, evaluating outcomes
in relation with the Kauppila score, have shown that ab-
dominal aortic calcification is associated with age, dialy-
sis duration and previous cardiovascular disease (24).
The plain X-ray score and Kauppila scores are semi-
quantitative evaluations of vascular calcifications. Simpler
evaluations of vascular calcifications, assessing only the
presence or absence of vascular calcifications have also
been associated with mortality, such as the identification
by plain X-ray of vascular calcifications in the abdominal
aorta (20) or in the hemodialysis vascular access (25). 

CONCLUSIONS

What is the best non-invasive method to diagnose
vascular calcifications?

Several non-invasive imaging techniques have been
used to screen for the presence of vascular calcifications:
plain X-ray to evaluate different arterial territories,
echocardiography for assessment of valvular calcifica-
tion; two-dimensional ultrasound for calcification of
carotid arteries, femoral arteries and aorta; and comput-
ed tomography technologies.

Existing studies demonstrate that vascular calcifica-
tions, independently of their location, are predictors of
mortality in CKD patients. EBCT and MSCT are consid-
ered to be the gold standard for evaluating coronary cal-
cifications. They allow a quantitative assessment of vas-
cular calcifications and have been used in several ran-
domized clinical trials for evaluating progression of calci-
fication. These methods do not differentiate intimal from
medial calcification, and high coronary scores in dialysis

patients, though related with higher cardiovascular risk,
may not be related with coronary obstructive disease.
The clinical implications of this score in dialysis patients
are not identical to those for the general population. 

Plain X-Ray, ultrasonography and echocardiography
are less expensive and, for that reason, more convenient
for screening vascular calcifications. Plain X-ray methods
have the advantage of greater simplicity and the possibil-
ity of being easily interpreted by the attending physician.
The simple vascular calcification score and Kauppila
score perform a semi-quantitative evaluation of vascular
calcification with cut-off values that allow the identifica-
tion of patients with a higher cardiovascular risk. A car-
diovascular calcification index using the Kauppila score
and valvular calcification evaluated by echocardiography
have been demonstrated to be associated with coronary
calcification in hemodialysis patients evaluated by EBCT
(26). Simpler methods to evaluate vascular calcifications
seem to be an attractive option but the final choice of the
method to employ would depend on the available tests
and on the preference of the nephrologist.

Is it useful to screen vascular calcifications in dialysis
patients?

Cardiovascular death is the main cause of mortality in
CKD patients and, at present, very few therapeutic inter-
ventions have shown success in the reduction of all-
cause or cardiovascular mortality in this population. Can-
desartan (27), which has been associated with reduction
of cardiovascular events in dialysis patients, carvedilol
(28) in patients with dilated cardiomyopathy, and seve-
lamer (29), used to control phosphorus levels in incident
patients, are some of the few treatments that have been
associated with increased survival in dialysis patients. In
CKD patients, the presence of vascular calcifications is a
marker of increased cardiovascular risk and this associa-
tion, based on observational studies, is classified as
grade B evidence by the recent KDIGO recommenda-
tions. Vascular calcifications are multifactorial and result
from a complex balance between inducers and inhibitors.
At the present stage of knowledge we can only intervene
in a very small number of these factors, mainly, in the
correction of the mineral metabolism. Several studies
have already demonstrated that vascular calcifications in
dialysis patients may progress or remain stable depend-
ing on the control of the mineral metabolism and on the
type of phosphate binder (30-32). London et al demon-
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strated an association between vascular calcifications
and low bone turnover (33) and found a significant inter-
action between calcium-containing phosphate binders
and aortic calcification and stiffness in the presence of
adynamic bone disease (34). 

Identification of vascular calcifications in CKD patients
is included in the classification of CKD-MBD. This infor-
mation may be used for selecting the most suitable con-
trol of the mineral metabolism, such as intensive control
of hyperphosphatemia, suitable choice of phosphate
binder and prevention of low bone turnover status, for 
instance, by avoidance of calcium-containing binders or
of PTH oversupression. In predialysis (35) and dialysis
patients it has been demonstrated that, vascular calcifi-
cations are progressive and for this reason it seems logi-
cal to begin evaluation of vascular calcifications at an
early stage, possibly in predialysis patients.

In conclusion, different methods can be used for
screening vascular calcifications. Plain-X-ray is a simple

and inexpensive method to perform this evaluation. Con-
sidering the poor results of therapeutic interventions on
cardiovascular mortality in CKD patients, the available
evidence justifies the more frequent use of this simple
evaluation in these patients. This information may be
used to detect cardiovascular risk and to guide therapeu-
tic intervention in chronic kidney disease patients.

Conflict of interest statement 
Teresa Adragao has received research grants from Genzyme; lectu-
re fees from Amgen, Genzyme, Abbot and Novartis; and consul-
tancy fees from Genzyme and Abbot.

Address for correspondence: 
Teresa Adragão, MD
Nephrology Department
Hospital de Santa Cruz
Av Prof Reinaldo Santos 
2795-523, Carnaxide, Portugal
e-mail: tadragao@netcabo.pt

REFERENCES

1. Cheung AK, Sarnak MJ, Yan G, et al. Atherosclerotic car-
diovascular disease risks in chronic hemodialysis patients.
Kidney Int 2000; 58: 353-62.

2. Weiner DE, Tighiouart H, Elsayed EF, et al. Griffith JL. The
Framingham predictive instrument in chronic kidney disea-
se. J Am Coll Cardiol 2007; 50: 217-24.

3. Giachelli CM. Vascular calcification mechanisms. J Am Soc
Nephrol 2004: 15: 2959-64.

4. Moe S, Drueke T, Cunningham J, et al. Definition, evalua-
tion, and classification of renal osteodystrophy: A position
statement from Kidney Disease: Improving Global Outco-
mes (KDIGO). Kidney Int 2006; 69: 1945-53.

5. McCullough PA, Agrawal V, Danielewicz E, et al. Accelera-
ted atherosclerotic calcification and Monckeberg’s sclero-
sis: A continuum of advanced vascular pathology in chronic
kidney disease. Clin J Am Soc Nephrol 2008; 3: 1585- 98.

6. Amann K. Media calcification and intima calcification are di-
stinct entities in chronic kidney disease. Clin J Am Soc
Nephrol 2008; 3: 1599-1605. 

7. Braun J, Oldendorf M, Moshage W, et al. Electron beam
computed tomography in the evaluation of cardiac calcifica-
tion in chronic dialysis patients. Am J Kidney Dis 1996; 27:
394-401.

8. Wexler L, Brundage B, Crouse J, et al. Coronary artery cal-
cification: Patophysiology, epidemiology, imaging methods
and clinical implications. A statement for health professio-

nals from the American Heart Association. Circulation 1996;
94: 1175-92.

9. Haydar AA, Hujairi NM, Covic AA, et al. Coronary artery cal-
cification is related to coronary atherosclerosis in chronic
renal disease patients: a study comparing EBCT-generated
coronary artery calcium scores and coronary angiography.
Nephrol Dial Transplant 2004; 19: 2307-12.

10. Gross ML, Meyer HP, Ziebart H, et al. Calcification of Coro-
nary Intima and Media: Immunohistochemistry, Backscatter
Imaging, and X-Ray Analysis in Renal and Nonrenal Pa-
tients. Clin J Am Soc Nephrol 2007; 2: 121-34.

11. Raggi P, Boulay A, Chasan-Taber S, et al. Cardiac calcifica-
tion in adult hemodialysis patients. A link between end-sta-
ge renaldisease and cardiovascular disease? J Am Coll Car-
diol 2002; 39: 695-701.

12. Matsuoka M, Iseki K, Tamashiro M, et al. Impact of high coro-
nary artery calcification score (CACS) on survival in patients
on chronic hemodialysis. Clin Exp Nephrol 2004; 8: 54-8.

13. Block GA, Raggi P, Bellasi A, et al. Mortality effect of coro-
nary calcification and phosphate binder choice in incident
hemodialysis patients. Kidney Int 2007; 71:438-41.

14. Moe SM, O’Neill KD, Fineberg N, et al. Assessment of va-
scular calcification in ESRD patients using spiral CT. Neph-
rol Dial Transplant 2003; 18: 1152-8.

15. Blacher J, Guerin AP, Pannier B, et al. Arterial calcifications,
arterial stiffness, and cardiovascular risk in end-stage renal
disease. Hypertension 2001; 38: 938-42.

16. Wang AY, Wang M, Woo J, et al. Cardiac valve calcification



86

Non-invasive diagnosis of vascular calcifications in CKD patients

as an important predictor for all-cause mortality and cardio-
vascular mortality in long-term peritoneal dialysis patients: a
prospective study. J Am Soc Nephrol 2003; 14: 159-68.

17. Adragao T, Pires A, Lucas C, et al. A simple vascular calcifi-
cation score predicts cardiovascular risk in haemodialysis
patients. Nephrol Dial Transplant 2004;19: 1480-8.

18. Adragao T, Pires A, Lucas C, et al. Vascular and valvular
calcifications in dialysis patients: the same pathogenesis?
Port J Nephrol Hypertens 2007; 21: 281-5.

19. London GM, Guerin AP, Marchais SJ, et al. Arterial media
calcification in end-stage renal disease: impact on all-cause
and cardiovascular mortality. Nephrol Dial Transplant 2003;
18: 1731-40.

20. Okuno S, Maeno Y, Maekawa K, et al. Presence of Abdomi-
nal Aortic Calcification Is Significantly Associated With All-
Cause and Cardiovascular Mortality in Maintenance Hemo-
dialysis Patients. Am J Kidney Dis; 2007: 49: 417-25.

21. Adragão T, Pires A, Birne R, et al. A plain X-ray vascular cal-
cification score is associated with arterial stiffness and mor-
tality in dialysis patients. Nephrol Dial Transplant 2009; 24:
997-1002. 

22. Wilson PWF, Kauppila LI, O’Donnell CJ, et al. Abdominal
Aortic Calcific Deposits Are an Important Predictor of Va-
scular Morbidity and Mortality. Circulation 2001; 103: 1529.

23. Bellasi A, Ferramosca E, Muntner P, et al. Correlation of
simple imaging tests and coronary artery calcium measured
by computed tomography in hemodialysis patients. Kidney
Int 2006; 70: 1623-8.

24. Honkanen E, Kauppila L, Wikström B, et al; CORD study
group. Abdominal aortic calcification in dialysis patients: re-
sults of the CORD study. Nephrol Dial Transplant 2008; 23:
4009-15. 

25. Schlieper G, Krüger T, Djuric Z, et al. Calcification of the ar-
teriovenous fistula predicts mortality in haemodialysis pa-

tients. Kidney Int 2008; 74: 1582-7. 
26. Muntner P, Ferramosca E, Bellasi A, et al. Development of a

cardiovascular calcification index using simple imaging
tools in haemodialysis patients. Nephrol Dial Transplant
2007; 22: 508-14.

27. Takahashi A, Takase H, Toriyama T, et al. Candesartan, an
angiotensin II type-1 receptor blocker, reduces cardiova-
scular events in patients on chronic haemodialysis – a ran-
domized study. Nephrol Dial Transplant 2006; 21: 2507-12.

28. Cice G, Ferrara L, D’Andrea A, et al. Carvedilol increases
two-year survival in dialysis patients with dilated cardiomyo-
pathy: a prospective, placebo-controlled trial. J Am Coll
Cardiol 2003: 41: 1438-44.

29. Block GA, Raggi P, Bellasi A, et al. Mortality effect of coro-
nary calcification and binder choice in incident hemodialysis
patients. Kidney Int 2007; 71: 438-41.

30. Chertow GM, Burke SK, Raggi P, et al. Sevelamer attenua-
tes the progression of coronary and aortic calcification in
dialysis patients. Kidney Int 2002; 62: 245-52.

31. Block GA, Spiegel DM, Ehrlich J, et al. Effects of sevelamer
and calcium on coronary artery calcification in patients new
to dialysis. Kidney Int 2005; 68: 1815-24.

32. Russo D, Miranda I, Ruocco C, et al. The progression of co-
ronary artery calcification in predialysis patients on calcium
carbonate or sevelamer. Kidney Int  2007; 72: 1255-61.

33. London GM, Marty C, Marchais SJ, et al. Arterial calcifica-
tions and bone histomorphometry in end-stage renal disea-
se. J Am Soc Nephrol 2004; 15: 1943-51.

34. London GM, Marchais SJ, Guérin AP, et al. Association of
bone activity, calcium load, aortic stiffness, and calcifica-
tions in ESRD. J Am Soc Nephrol 2008; 19: 1827-35.

35. Russo D, Corrao S, Miranda I, et al. Progression of coronary
artery calcification in predialysis patients.  Am J Nephrol
2007; 27: 152-8.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.08333
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /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 true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 144
        /LineArtTextResolution 288
        /PresetName ([Bassa risoluzione])
        /PresetSelector /LowResolution
        /RasterVectorBalance 0.750000
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


