Chate et al. T2* cardiac MR in thalassemia

Doi: 10.32677/1 JCH.2015.v02.i04.007 Original Article

Assessment of cardiac iron overload in multiply transfused thalassemic children
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Abstract

Background: Cardiac failure secondary to transfusional iron overload is the most common cause of death in patients with thalassemia. Early
detection of myocardial iron deposition is necessary to prevent overt heart failure. Objective: Assessment of myocardial and hepatic iron
deposition by T2* weighted magnetic resonance (MR). Materials and Methods: A total of 32 transfusion dependent thalassemic children
were enrolled in a cross-sectional study conducted at thalassemia center in a teaching hospital. Gradient echo T2* MR was done in all patients
for the assessment of myocardial and hepatic iron deposition. Results: Out of these 32 thalassemic patients studied, 21 (65.6%)were males
and 11 (34.4%)were females. The mean age of the enrolled patients was 14.6 years (range 9-24 years). Out of 32 patients studied, cardiac iron
deposition (cardiac T2* <20 ms)was present in 14 (43.8%)patients and was absent (cardiac T2* >20 ms)in the remaining 18 (56.3% )patients.
The hepatic iron deposition was assessed by T2* MR in 31/32 patients. None of the patients had normal liver iron (hepatic T2* - more than
6.3 ms). Out of those 31 patients, 1 (3.2%)patients had mild (hepatic T2* - 6.3-2.7 ms), 17 (54.83%)patients had moderate (hepatic T2* - 2.7-
1.4 ms), and 13 (41.93%)patients had severe (hepatic T2* - <1.4 ms)hepatic iron deposition. No significant correlation could be found
between hepatic and cardiac T2* (p=0.415, Cramer’s V 0.313). The mean serum ferritin was 5202 ng/ml. No significant association was
found between cardiac T2* and serum ferritin levels (p=0.270, Cramer’s V 0.350). Conclusion: There is no significant correlation between

hepatic and cardiac iron deposition. Similarly, no correlation was seen between cardiac iron deposition and serum ferritin levels.
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characterized by defective hemoglobin synthesis and

ineffective erythropoiesis. Patients with these disorders
require blood transfusions at regular intervals throughout their
lives to eliminate the ensuing anemia and compensatory bone
marrow expansion. However, this treatment causes inexorable
accumulation of iron in tissues, which, without the treatment,
leads to congestive heart failure and is usually fatal in the
second decade of life [1].

Thalassemias are a group of chronic, inherited anemias

The heart failure due to myocardial iron overload remains
the leading cause of death in patients with transfusion-
dependent anemias. Iron overload-induced cardiomyopathy is
reversible if intensive chelation therapy is instituted on time.
Once heart failure develops and left ventricular function is
reduced, the prognosis is poor [2]. Therefore, early detection
of myocardial iron deposition is imperative to prevent overt
heart failure.

Iron is usually stored in the human body as crystalline iron
oxide within ferritin or as hemosiderin. A magnetic resonance
imaging (MRI)detects iron indirectly, by the paramagnetic
effects of stored iron in the form of ferritin and hemosiderin.

Interaction with nearby hydrogen nuclei in tissue water
produces changes in the MR signal intensity, susceptibility
variability and shortens relaxation times T1, T2, and T2*.
Anderson et al. first reported the utility of T2* imaging in
detecting myocardial iron content [3]. The T2* relaxation
time is measured by summation of tissue relaxation (T2)
and magnetic inhomogeneity known as T2 prime (T2’)and
expressed as (1/T2* = 1/T2 + 1/T2’). Normal cardiac T2*
values range from 52+16 ms (applicable only to 1.5 Tesla
scanners). Cardiac MRI gradient echo T2* technique is a
highly sensitive, non-invasive, diagnostic modality that can
detect myocardial iron deposition [3].

Myocardial iron overload cannot be predicted from
serial measurements of serum ferritin or liver iron
content. Conventional assessment of cardiac function by
electrocardiography, echocardiography only detects advanced
cardiac disease [4,5]. T2* weighted cardiac MR (CMR)is the
gold standard investigation for early detection of cardiac iron
overload [3].

The present study is undertaken to assess the cardiac iron
deposition by T2* weighted MR and its correlation with
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hepatic iron deposition and serum ferritin levels in patients with
transfusion-dependent thalassemia.

MATERIALS AND METHODS

The present prospective study was conducted at thalassemia
center in Lokmanya Tilak Municipal Medical College, Sion,
Mumbeai, India. A total of 32 transfusion dependent thalassemic
patients were enrolled in the present study. Approval from
Institutional Ethical Committee was taken and informed
consent from patients or parents (for patients <18 years old)
was obtained. Thalassemic children >7 years of age who
were on regular blood transfusions administered at 2-4 weeks
intervals to maintain pre-transfusion hemoglobin above
9 g/dl and received blood transfusions for minimum 5 years,
irrespective of presence or absence of a congestive cardiac
failure (CCF)were included in the study. Thalassemic children
with congenital cardiac defects and those with claustrophobia
were excluded.

All the enrolled patients were subjected to detailed history,
clinical examination, estimation of serum ferritin levels and
gradient echo T2* MR for the assessment of myocardial and
hepatic iron deposition. The area measured for myocardial iron
assessment was interventricular septum. Gradient echo T2*
MR was performed using 1.5T Sonata scanner from Siemens
by a single breath hold technique and cardiac T2* and liver T2*
measurements were noted [3,6].

The data obtained were analyzed using the SPSS 15.0
software by applying Chi-square test. A p<0.05 was considered
statistically significant. The strength of association between
the two variables was measured by Cramer’s V. Cramer’s V
ranges from 0 to 1. The strength of association increases from
0 toward 1 [7].

RESULTS

Out of 32 thalassemic patients studied, 21 (65.6%) were males
and 11 (34.4%) were females. The mean and median age of
the enrolled patients was 14.6 years and 14 years, respectively
(range 9-24 years). Out of 32 patients studied, cardiac iron
deposition (cardiac T2* <20 ms) was present in 14 (43.8%)
patients and was absent (cardiac T2* >20 ms)in the remaining
18 (56.3%) patients. The mean cardiac T2* was 24.05 ms
(range 3.6-57 ms). Among the 14 patients having cardiac iron
deposition, 8 patients had mild (cardiac T2* between 12 and 20
ms), 1 had moderate (cardiac T2* between 8 and 12 ms) and 5
had severe (cardiac T2* <8 ms) cardiac iron deposition.

Fig. 1 shows a correlation of age with cardiac iron
deposition detected by T2* MR. The number of patients
showing cardiac iron deposition and the severity of the same
was found to increase with the age as shown in Fig. 1. All the
5 patients having signs of CCF on clinical examination had
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Figure 1: Correlation of age with cardiac iron deposition

severe cardiac iron deposition (cardiac T2* <8 ms). There was
a strong association between severe cardiac iron deposition and
signs of CCF (p=0.0001, Cramer’s V 1.000).

None of the patients had serum ferritin value <1000 ng/ml.
10 out of 32 (31.25%)patients had serum ferritin values between
1000 and 2500 ng/ml and remaining 22/32 (68.75%) patients
were having serum ferritin values more than 2500 ng/ml. Out
of 10 patients having serum ferritin values between 1000 and
2500 ng/ml, cardiac iron deposition was present in 3 (30%)
patients and out of 22 patients having serum ferritin values
more than 2500 ng/ml, cardiac iron deposition was present in
11 (50%) patients. The mean serum ferritin was 5202+3546 ng/
ml. No significant association was found between cardiac T2*
and serum ferritin levels (p=0.270. Cramer’s V 0.350)as shown
in Fig. 2.

Hepatic T2* was noted in 31/32 patients due to technical
difficulty in 1 patient. Out of these, 1 (3.2%) patient had
mild (hepatic T2* - 6.3-2.7 ms), 17 (54.83%)had moderate
(hepatic T2* - 2.7-1.4 ms)and 13 (41.93%) had severe (hepatic
T2* - <1.4 ms) hepatic iron deposition. None of the patients
had normal liver iron (hepatic T2* >6.3 ms).

One patient having mild hepatic iron deposition had no
cardiac iron deposition. Out of 17 patients with moderate
hepatic iron deposition, 6 (35.3%) had a cardiac iron deposition.
Of these 6 patients, 5 had mild, and 1 had a severe cardiac
iron deposition. Out of 13 patients having severe hepatic iron
deposition, 8 (61.5%) had cardiac iron deposition. Of these
8 patients, 3 had mild, 1 had moderate, and 4 patients had severe
cardiac iron deposition. In our study, no significant correlation
could be found between hepatic T2* and cardiac T2* (p=0.415,
Cramer’s V 0.313) as shown in Fig. 3. Fig. 4 depicts the
discordance between cardiac and hepatic iron deposition [3].

DISCUSSION

The mainstay of therapy in B-thalassemia major is transfusion
therapy. However, due to multiple red cell transfusions, excess
iron is deposited in various organs including the heart. Cardiac
complications represent significant morbidity and remain the
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Figure 2: Correlation between cardiac T2* and serum
ferritin levels
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Figure 3: Correlation between liver T2* and cardiac T2*

Figure 4: (a and b) Discordance between liver and
myocardial iron deposition

leading cause of mortality in transfusion-dependent thalassemia
patients[8]. Conventional cardiac monitoring, including
physical examination, electrocardiography, echocardiography,
or serum ferritin levels fail to predict manifest or subclinical
myocardial involvement resulting from iron overload [4,5]. The
cardiovascular MRI T2* correlates well with myocardial iron
levels[9]. This study also showed the association of myocardial
iron overload and CCF in multiply transfused thalassemic
patients.

Mavrogeni et al. compared myocardial iron deposition
assessed by CMR with cardiac biopsy data in 25 patients and
concluded that heart T2 relaxation time appears in agreement
with cardiac biopsy, both in high and low iron deposition and
is a useful non-invasive index in beta thalassemia[10]. Ghugre
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et al. also supported the clinical use of cardiac MRI in iron
overload syndromes[11]. Casale et al. measured myocardial
and liver iron overload by T2* multiecho technique in 107
thalassemia major children and advised the first T2* CMR
for assessment of cardiac damage as early as feasible to
tailor chelation treatment[12]. Multislice multiecho T2* MRI
provides a noninvasive, fast, reproducible means of assessing
myocardial iron distribution[13]. Quatre et al. also validated
the application of cardiac MRI to monitor cardiac iron overload
in patients who have undergone multiple transfusions [14].

In our study, cardiac iron deposition was present in
14/32 (43.8%)patients. None of the patients under 9 years of
age demonstrated cardiac iron deposition and all 5 patients with
severe cardiac iron deposition were more than 19 years of age.
The number of patients showing cardiac iron deposition and
its severity was found to increase with the age of the patients.
Similar results were observed in a study of 77 thalassemic
children done by Wood et al. [15]. In their study, no patient
under 9.5 years of age demonstrated an abnormal cardiac T2*
(<20 ms)while 24% of patients aged 9.5-15 years and 36%
of patients aged of 15-18 years had detectable cardiac iron.
Recently, to determine the optimal initial age of cardiac iron
screening with MRI T2*, Chen et al. retrospectively reviewed
cardiac T2* assessments from 102 thalassemia major patients
(aged 3-32 years)and concluded that cardiac iron overload can
occur in young thalassemia major patients, even as young as
5.5 years old [16].

No significant association could be found between cardiac
T2* and serum ferritin levels. Similar results were found in a
large cohort of 106 thalassemia patients studied by Anderson et
al. [3]. Wood et al. [17], Hankins et al. [18], Chacko et al. [19],
Mavrogeni et al. [10], Eghbali et al. [20] and Konen et al. [21]
also found similar results that there was no correlation between
serum ferritin and cardiac T2*. In contrast to our study, Shamsian
et al found a significant correlation between serum ferritin levels
and cardiac T2* (p<0. 001) in the study of evaluation of iron
levels in cardiac and hepatic tissues using MRI T2* in 93 patients
with B-thalassemia major [22]. In our study, no significant
correlation could be found between hepatic and cardiac T2*.
Similar observations were noted in studies done by Anderson et
al. [3], Di Tucci et al. [23] and Mavrogeni et al. [24].

CONCLUSION

The number of patients showing cardiac iron deposition and
its severity was found to increase with the age of the patients.
However, no significant association was found between cardiac
T2* and serum ferritin level. Similarly, no significant correlation
was found between hepatic and cardiac iron deposition.

REFERENCES

1. Olivieri NF, Brittenham GM. Iron-chelating therapy and the
treatment of thalassemia. Blood. 1997;89(3):739-61.

Vol 2 | Issue 4 | Oct - Dec 2015

Indian J Child Health 171



Chate et al.

10.

11.

12.

13.

14.

Walker JM. The heart in thalassemia. Eur Heart J.
2002;23(2):102-5.

Anderson LJ, Holden S, Davis B, Prescott E, Charrier CC,
Bunce NH, et al Cardiovascular T2-star (T2*)magnetic
resonance for the early diagnosis of myocardial iron overload.
Eur Heart J. 2001;22(23):2171-9.

Nienhuis AW, Griffith P, Strawczynski H, Henry W, Borer J,
Leon M, et al. Evaluation of cardiac function in patients with
thalassemia major. Ann N'Y Acad Sci. 1980;344:384-96.

Henry WL, Nienhuis AW, Wiener M, Miller DR, Canale VC,
Piomelli S. Echocardiographic abnormalities in patients with
transfusion-dependent anaemia and secondary myocardial iron
deposition. Am J Med. 1978;64(4):547-55.

Pennell DJ. T2* magnetic resonance and myocardial iron in
thalassemia. Ann N'Y Acad Sci. 2005;1054:373-8.

Bryman A, Cramer D. Quantitative Data Analysis with SPSS 14,
15 and 16: A Guide for Social Scientists. London: Routledge;
2008.

Borgna-Pignatti C, Cappellini MD, De Stefano P, Del Vecchio GC,
Forni GL, Gamberini MR, et al. Survival and complications in
thalassemia. Ann N'Y Acad Sci. 2005;1054:40-7.

Kondur AK, Li T, Vaitkevicius P, Afonso L. Quantification
of myocardial iron overload by cardiovascular magnetic
resonance imaging T2* and review of the literature. Clin Cardiol.
2009;32(6):E55-9.

Mavrogeni SI, Markussis V, Kaklamanis L, Tsiapras D,
Paraskevaidis I, Karavolias G, et al. A comparison of magnetic
resonance imaging and cardiac biopsy in the evaluation of heart
iron overload in patients with beta-thalassemia major. Eur J
Haematol. 2005;75(3):241-7.

Ghugre NR, Enriquez CM, Gonzalez I, Nelson MD Jr, Coates TD,
Wood JC. MRI detects myocardial iron in the human heart. Magn
Reson Med. 2006;56(3):681-6.

Casale M, Meloni A, Filosa A, Cuccia L, Caruso V, Palazzi G, et al.
Multiparametric cardiac magnetic resonance survey in children
with thalassemia major: A multicenter study. Circ Cardiovasc
Imaging. 2015;8(8):¢003230.

Pepe A, Positano V, Santarelli MF, Sorrentino F, Cracolici E,
De Marchi D, et al. Multislice multiecho T2* cardiovascular
magnetic resonance for detection of the heterogeneous
distribution of myocardial iron overload. ] Magn Reson Imaging.
2006;23(5):662-8.

Quatre A, Jacquier A, Petit P, Giorgi R, Thuret I. MRI monitoring
of myocardial iron overload: Use of cardiac MRI combined
with hepatic MRI in a cohort of multi-transfused patients with
thalassemia. Diagn Interv Imaging. 2014;95(11):1065-9.

16.

17.

18.

19.

20.

21.

22.

23.

24.

T2* cardiac MR in thalassemia

Wood JC, Origa R, Agus A, Matta G, Coates TD, Galanello R.
Onset of cardiac iron loading in pediatric patients with thalassemia
major. Haematologica. 2008;93(6):917-20.15.

Chen X, Zhang Z, Zhong J, Yang Q, Yu T, Chan Q, et al. MRI
assessment of excess cardiac iron in thalassemia major: When to
initiate? J] Magn Reson Imaging. 2015;42(3):737-45.

Wood JC, Tyszka JM, Carson S, Nelson MD, Coates TD.
Myocardial iron loading in transfusion-dependent thalassemia
and sickle cell disease. Blood. 2004;103(5):1934-6.

Hankins J, Hillenbrand C, Joshi V, Loeffler R, Song R, Ware R,
et al. Cardiac T2* magnetic resonance imaging (MRI)in iron
overload and ventricular diastolic function. Blood (ASH Annu
Meet Abstr). 2007;110:2676.

Chacko J, Pennell DJ, Tanner MA, Hamblin TJ, Wonke B, Levy T,
et al. Myocardial iron loading by magnetic resonance imaging T2*
in good prognostic myelodysplastic syndrome patients on long-
term blood transfusions. Br J Haematol. 2007;138(5):587-93.
Eghbali A, Taherahmadi H, Shahbazi M, Bagheri B, Ebrahimi L.
Association between serum ferritin level, cardiac and hepatic
T2-star MRI in patients with major B-thalassemia. Iran J Ped
Hematol Oncol. 2014;4(1):17-21.

Konen E, Ghoti H, Goitein O, Winder A, Kushnir T, Eshet Y, et al.
No evidence for myocardial iron overload in multitransfused
patients with myelodysplastic syndrome using cardiac magnetic
resonance T2 technique. Am J Hematol. 2007;82(11):1013-6.
Shamsian BS, Esfahani SA, Milani H, Akhlaghpoor S,
Mojtahedzadeh S, Karimi A, et al. Magnetic resonance imaging
in the evaluation of iron overload: A comparison of MRI,
echocardiography and serum ferritin level in patients with
3-thalassemia major. Clin Imaging. 2012;36(5):483-8.

Di Tucci AA, Matta G, Deplano S, Gabbas A, Depau C,
Derudas D, et al. Myocardial iron overload assessment by T2*
magnetic resonance imaging in adult transfusion dependent
patients with acquired anemias. Haematologica. 2008;93:1385-8.
Mavrogeni S, Gotsis ED, Berdousi E, Ladis V, Verganelakis D,
Toulas P, et al. Myocardial and hepatic T2* magnetic resonance
evaluation in ex-thalassemic patients after bone-marrow
transplantation. Int J Cardiovasc Imaging. 2007;23(6):739-45.

Funding: None, Conflict of Interest: None Stated.

How to cite this article: Chate SC, Manglani M, Pote M. Assessment
of cardiac iron overload in multiply transfused thalassemic children
using T2* weighted cardiac magnetic resonance. Indian J Child
Health. 2015;2(4):169-172.

Vol 2 | Issue 4 | Oct - Dec 2015

Indian J Child Health 172





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


