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Fulminant hepatic failure and serum phosphorus levels
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Amaç: Çocukluk ça¤› fulminan karaci¤er yetmezli¤inde iyilefl-
meyi gösteren klinik ve laboratuvar belirteçleri oldukça s›n›rl›-
d›r. Son zamanlarda, fulminan karaci¤er yetmezli¤i olan ço-
cuklarda bafllang›çta hipofosfatemi varl›¤›n›n karaci¤er fonksi-
yonlar›nda düzelmenin göstergesi oldu¤u bildirilmektedir.
Merkezimizde fulminan karaci¤er yetmezli¤i olan çocuklarda
hipofosfatemi s›kl›¤›n› ve klinik sonuç ile iliflkisini araflt›rmay›
amaçlad›k. Yöntem: Fulminan karaci¤er yetmezli¤i tan›s› al-
m›fl 21 çocu¤un dosyalar› incelendi. Klinik ve laboratuvar bul-
gular› hastan›n gelifl tarihinden itibaren spontan düzelme,
ölüm ya da transplantasyon yap›lana dek kaydedildi. Bulgu-
lar: Sekiz vaka (38%) ölmüfltü, 6’s› (28.6%) transplantasyon’a
ihtiyaç göstermiflti ve 7’si (33.3%) spontan düzelmiflti. Fulmi-
nan karaci¤er yetmezli¤i olan çocuklarda hipofosfatemi s›kl›¤›-
n› %57.1 olarak bulduk. Serum fosfor düzeyleri spontan düze-
lenlerde, transplantasyon+ölen gruba göre belirgin düflük bu-
lundu. Ensefalopati varl›¤› spontan düzelen grupta, transplan-
tasyon+ölen grubuna göre düflük bulundu. Serum fosfor düze-
yinin ≥2.9 mg/dL olmas› ve ensefalopati varl›¤› mortalite için
ba¤›ms›z risk faktörleri olarak belirlendi. Sonuç: Fulminan
karaci¤er yetmezli¤i olan çocuklarda bafllang›çta hipofosfatemi
varl›¤›, iyileflmenin göstergesi olarak tan›mlanabilir. Ensefalo-
pati varl›¤› ve serum fosfor düzeyinin ≥2.9 mg/dL olmas› ise
kötü prognoz iflaretidir. 

Anahtar kelimeler: Karaci¤er yetmezli¤i, karaci¤er, çocuk, fos-
for, transplantasyon

Background/aims: Clinical and laboratory predictors of reco-
very in children with fulminant hepatic failure  are limited. Re-
cently, hypophosphatemia has been reported as a laboratory in-
dicator of recovering liver function in children with fulminant
hepatic failure . We aimed to determine the incidence of hypop-
hosphatemia and its association with clinical outcome in chil-
dren in our center with fulminant hepatic failure. Methods: We
analyzed 21 children who had been diagnosed with fulminant
hepatic failure. Laboratory findings were recorded from admis-
sion date until the patient spontaneously recovered, underwent
orthotopic liver transplantation or died. Results: Eight pati-
ents (38%) died, 6 (28.6%) underwent orthotopic liver trans-
plantation, and 7 (33.3%) recovered without orthotopic liver
transplantation. We identified hypophosphatemia in 57.1% of
children with fulminant hepatic failure. Serum phosphorus le-
vels were significantly lower in patients who recovered than in
the orthotopic liver transplantation+death group. The presence
of encephalopathy was determined at a much lower rate in the
recovery group than in the orthotopic liver transplantation+de-
ath group. Serum phosphorus concentration ≥2.9 mg/dl and
presence of encephalopathy were identified as independent risk
factors for mortality. Conclusions: Hypophosphatemia can be
identified as a marker of recovery in children with fulminant
hepatic failure. Presence of encephalopathy and a serum phosp-
horus level ≥2.9 mg/dl appear to indicate a poor prognosis in
children with fulminant hepatic failure.  

Key words: Hepatic failure, liver, children, phosphorus, trans-
plantation

INTRODUCTION

Fulminant hepatic failure (FHF) is a rare but of-
ten fatal disorder in children who were previously
healthy. Despite the advent of orthotopic liver
transplantation (OLT), the mortality rate attribu-

table to FHF remains high, at 20% to 68% (1-3).
Clinical and laboratory recovery predictors for
children with FHF are limited. Encephalopathy,
metabolic acidosis, hyperlactatemia, increasing

Manuscript received: 09.02.2009 Accepted: 05.03.2010

doi: 10.4318/tjg.2010.0099

Address for correspondence: Yeflim ÖZTÜRK
Dokuz Eylül University, School of Medicine 
Department of Pediatrics
‹nciralti-35340, ‹zmir, Turkey
Phone / Fax: + 90 232 412 36 21
E-mail: yesimzaferozturk@gmail.com, yesim.ozturk@deu.edu.tr



serum levels of bilirubin and ammonia, and lower
levels of clotting factors II, V and VII have all be-
en associated with lower survival rates (4, 5). Re-
cently, serum phosphorus (Ph) levels have been
reported as a predictor of the outcome in adult and
pediatric patients with FHF (5-7). Severe hypop-
hosphatemia is a common metabolic abnormality
that is seen in the immediate postoperative period
in donors undergoing right hepatic lobectomy for
living-related transplants and is believed to be the
consequence of the rapid liver regeneration that is
associated with partial hepatectomy (8, 9). The re-
lationship between liver regeneration and hypop-
hosphatemia postulates in patients with FHF was
reported. Low serum levels of Ph represent increa-
sed consumption by the rapid synthesis of liver
adenosine triphosphate (ATP) as a consequence of
the high rate of liver regeneration (5). Thus,
hypophosphatemia may be a laboratory indicator
of recovering liver function in children with FHF.
We aimed to determine the incidence of hypop-
hosphatemia in children in our center with FHF
and its association with clinical outcomes of FHF. 

MATERIALS AND METHODS

We retrospectively analyzed 21 children referred
to the Pediatric Gastroenterology, Hepatology and
Nutrition Department at Dokuz Eylül University
between November 2000 and December 2007who
had a diagnosis of FHF. The inclusion criteria we-
re the following: (1) Diagnosis of FHF made accor-
ding to the criteria of the Acute Liver Failure
Study Group (ALFSG) definition of FHF in chil-
dren (December 1999) (7): (i) absence of unknown
chronic liver disease; (ii) evidence of hepatic in-
jury; (iii) prothrombin time (PT) >15 sec/interna-
tional normalized ratio (INR) >1.5 with encephalo-
pathy or PT >15 sec/INR >2.0 with or without en-
cephalopathy; (2) Complete medical records; and
(3) Length of hospitalization more than 24 hours
before a terminating event (OLT, recovery, death).
Of 29 FHF patients treated, 21 patients fulfilled
the inclusion criteria.

We reviewed the charts of children with FHF. Age,
gender, etiology of liver disease, and presence of
encephalopathy were analyzed. Serum bilirubin,
albumin, creatinine, ammonium, alkaline phosp-
hatase, magnesium, calcium, HCO3, PT, INR, and
serum Ph levels were recorded from the admission
date until the patient spontaneously recovered,
underwent OLT or died. 

Serum inorganic Ph levels were measured accor-

ding to the phosphate ammonium molybdate ab-
sorbance method (Beckman Synchron LX-20;
Beckman Instruments, Fullerton, CA).

Since the normal range for serum Ph levels is age-
dependent, we defined hypophosphatemia at a Ph
level that is at least 2 SD below the mean for the
age of the child. The mean Ph±SD is: 0 to <2 years:
5.6±0.7 mg/dl; 2 to <5 years: 5.2±0.8 mg/dl; 5 to
<12 years: 4.6±0.8 mg/dl; and 12 to <16 years:
3.8±0.6 mg/dl. 

Data analyses were performed with SPSS for Win-
dows (version 11.0) and NCSS and PASS (2004).
Univariate analyses was performed using the odds
ratio (OR), likelihood ratio (LR) and the chi-squa-
re or Fisher’s exact test to evaluate the associati-
on between binary clinical findings and termina-
ting event or outcome. Mann-Whitney U test was
used to assess the relationship between laboratory
variables and terminating event. The power of the
study to detect risk factors for predicting death in
children at the p<0.05 significance level was grea-
ter than 90%.

In order to evaluate the accuracy of significant
predictive variables, we used the area under the
receiver operating characteristic curve (ROC are-
a). The statistically significant (p<0.05) risk fac-
tors were then dichotomized (high risk 1, low risk 0).

RESULTS

The median age of patients was 8 years (range: <1-
14.7 years), and 33.3% of the patients were fema-
le. Nine patients (42.8%) had infections, 5 (23.8%)
had Wilson’s disease and the rest had autoimmu-
ne hepatitis (2), cryptogenic liver disease (2), mus-
hroom poisoning (2), or Budd-Chiari disease (1).
The median follow-up until terminating event was
six days.

Eight patients (38%) died, 6 patients (28.6%) un-
derwent OLT, and 7 patients (33.3%) recovered
without OLT (Table 1). We identified hypophosp-
hatemia in 57.1% of children with FHF. 

There were no differences between the recovery
group versus the OLT+death group in age, gender
and serum bilirubin, albumin, creatinine, ammo-
nium, alkaline phosphatase, magnesium, calcium,
HCO3, PT, and INR (Table 2).

Hypophosphatemia was found in all of the chil-
dren who recovered without OLT and in 35.7% of
the OLT+death group. Serum Ph levels were sig-
nificantly lower in patients that recovered versus
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those in the OLT+death group (p>0.05) (Table 2).
Presence of encephalopathy was determined at a
much lower rate in the recovery group than in the
OLT+death group (p<0.05) (Table 2). 

By logistic regression analysis, Ph concentration
≥2.9 mg/dl (OR 15.0, 95% CI 1.6-122.1) and pre-
sence of encephalopathy (OR 9.2, 95% CI 1.3-65.5)
were identified as independent risk factors for
mortality. Association between serum Ph and cli-
nical outcome is seen in Figure 1. 

DISCUSSION

Nanji and Anderson (10) first reported hypophosp-
hatemia in a case of FHF in 1985. Thereafter, va-

rious studies reported hypophosphatemia in adult
and pediatric patients with FHF and hepatic re-
section (5-9, 11). The latter studies suggest that
hypophosphatemia may be the consequence of li-
ver regeneration.

The hypophosphatemia that develops in patients
with FHF suggests that a massive influx of Ph
may be occurring in the residual liver that is at-
tempting to regenerate (12). Hepatic Ph may ser-
ve to meet the metabolic or synthetic demands of
hepatic regeneration and may be used as substra-
te for various kinase enzymes that phosphorylate
proteins, which play critical roles in the regenera-
tion process (13-18). Hepatic Ph levels may also be

Age (year) 7.1±3.8

Gender

Female 7   (33.3%)

Male 14 (66.7%)

Diagnosis

Infection 9  (42.8%)

Wilson’s disease 5  (23.8%)

Mushroom poisoning 2  (9.5%)

Autoimmune hepatitis 2  (9.5%)

Budd-Chiari syndrome 1  (4.8%)

Cryptogenic 2  (9.5%)

Outcome

Spontaneous recovery 7  (33.3%)

OLT 6  (28.6%)

Death 8  (38.0%)
OLT: Orthotopic liver transplantation.

Table 1. Age, gender, diagnosis and outcome of 21 pa-
tients with fulminant hepatic failure

Parameter Recovery OLT+Death 
(n=7)2 (n=14)a

OLT (n=6) Death (n=8) p valueb

Presence of encephalopathy 2 (28.6%) 4 (66.7%) 7 (87.5%) <0.05
INR 2.8±1.2 3.2±1.7 3.4±1.3 >0.05
PT (s) 32.0±19.4 32.1±9.4 32.1±9.4 >0.05
Serum total bilirubin (mg/dl) 20.7±7.6 17.8±2.4 22.4±4.0 >0.05
Serum creatinine (mg/dl) 0.7±0.3 0.8±0.5 0.9±0.6 >0.05
Serum albumin (g/dl) 3.1±0.7 3.1±1.3 2.8±0.5 >0.05
Serum ammonium (Ìg/dl) 138.1±37.2 177.5±96.6 189.2±47.2 >0.05
Serum alkaline phosphatase (U/L) 155.7±41.3 171.6±52.0 143.2±40.1 >0.05
Serum magnesium (mg/dl) 1.9±0.3 1.8±0.3 1.9±0.3 >0.05
Serum calcium (mg/dl) 9.3±0.9 8.9±0.9 8.9±0.9 >0.05
Serum HCO3 (mmol/L) 19.1±3.2 19.0±2.6 18.5±2.0 >0.05
Serum phosphorus (mg/dl) 2.7±0.9 3.3±0.6 5.3±1.0 <0.05
aAnalyses include patients on supportive care.
bAnalyses show the difference between recovery versus OLT+Death group.
INR: International normalized ratio. OLT: Orthotopic liver transplantation. PT: Prothrombin time.

Table 2. The comparison of clinical and laboratory parameters as a prognostic factor between the spontaneous re-
covery group versus the OLT+Death group (mean±SD)

FFiigguurree  11.. Serum phosphorus and clinical outcome. Serum
phosphorus levels were significantly lower in patients that reco-
vered versus those that died or underwent OLT (2.7±0.9 versus
4.8±1.3 mg/dl; p<0.05).



required as substrate for the formation of ATP
that may be excessively consumed in rapidly divi-
ding hepatocytes (13-18). In fact, liver regenerati-
on after hepatectomy or ischemia has been asso-
ciated with derangement in energy metabolism, as
measured by the decrease in the ratio of ATP to its
inorganic Ph hydrolysis product (13, 14). The dep-
letion energy status was mirrored in biochemical
indices of liver function and restitution paralleled
the course of restoration of hepatic mass (13). In
the liver, Ph depletion may stimulate lactic acid
production by reducing hepatic ATP stores (Paste-
ur effect) and producing intracellular alkalosis.
ATP depletion may also limit the hepatic uptake
of lactate. These effects may complicate the clini-
cal course of FHF. Baquerizo et al. (5) also hypot-
hesized that the maximal rate of ATP synthesis in
the liver may be impaired in patients with low se-
rum Ph and that administration of supplemental
Ph may prevent the decrease in ATP synthesis, fa-
cilitating the regeneration of the liver and impro-
ving the outcome of patients with FHF.

Quirós-Tejeira et al (7) hypothesized that, if the
relative mass of the regenerating liver is small,
the decline in serum Ph may not be clinically evi-
dent. Alternatively, if the derangement in liver
synthetic function is mild, the actual size of the re-
generating liver may be insufficient to induce the
decline in serum Ph levels. The absence of hypop-
hosphatemia in a patient with normal renal func-
tion may be an indication of a liver whose regene-
rative mass is of insufficient size to induce chan-
ges in serum Ph. These opinions are supported by
the data in our study in which hypophosphatemia
was found in many FHF patients (57%). 

The ability to assess prognosis accurately in FHF
generates greater confidence in selecting patients
for transplantation. Many prognostic markers ha-
ve been extensively analyzed to identify patients
who will require OLT (4, 19-24). Although not

standardized, most centers have adapted the
King’s College (4) and the Clichy criteria (21). In
our study, the univariate analysis of the other fac-
tors further reinforced previous observations (1, 4,
21, 25, 26) that encephalopathy was a statistically
significant factor that differentiated between pati-
ents who recovered spontaneously and those who
died or required OLT. 

The results of this study demonstrate that serum
Ph level is an important predictive factor in chil-
dren with FHF. A statistically significant better
prognosis has been observed in patients with
hypophosphatemia. It may be hypothesized that
this is related to the metabolic and synthetic de-
mands of a liver with the capacity to regenerate.
In contrast, serum Ph greater than 2.9 mg/dl in
children with FHF was the main predictive factor
for spontaneous recovery failure and would sug-
gest massive hepatocyte necrosis and lack of liver
regeneration. 

The limitations of this study are two-fold: the
small number of cases and its retrospective de-
sign. The previous observation of hypophosphate-
mia in other clinical states of liver regeneration
suggests that low serum Ph level may be a useful
laboratory marker of a recovering liver in pediat-
ric patients with acute liver dysfunction. However,
the actual role of Ph and etiology of hypophospha-
temia in pediatric patients with FHF will need to
be assessed in a prospective, multi-center study.
Additional studies are required to further investi-
gate serum Ph as a potential prognostic parameter
in FHF.

In conclusion, hypophosphatemia is a frequent oc-
currence in the setting of FHF. Lower serum Ph
levels are noted in children who have recovered as
compared with those who have either died or had
OLT. Presence of encephalopathy and a serum Ph
level of ≥2.9 mg/dl appear to indicate a poor prog-
nosis in Turkish children with FHF. 

REFERENCES
1. Schiodt FV, Atillasoy E, Shakil AO, et al. Etiology and out-

come for 295 patients with acute liver failure in the United
States. Liver Transpl Surg 1999; 5: 29-34.

2. Vickers C, Neuberger J, Buckels J, et al. Transplantation
of the liver in adults and children with fulminant hepatic
failure. J Hepatol 1988; 7: 143-50.

3. Aydo¤du S, Ozgenç F, Yurtsever S, et al. Our experience
with fulminant hepatic failure in Turkish children: etiology
and outcome. J Trop Pediatr 2003; 49: 367-70.

4. O'Grady JG, Alexander GJ, Hayllar KM, Williams R. Early
indicators of prognosis in fulminant hepatic failure. Gas-
troenterology 1989; 97: 439-45.

5. Baquerizo A, Anselmo D, Shackleton C, et al. Phosphorus
as an early predictive factor in patients with acute liver fa-
ilure. Transplantation 2003; 75: 2007-14.

6. Chung PY, Sitrin MD, Te HS. Serum phosphorus levels
predict clinical outcome in fulminant hepatic failure. Liver
Transpl 2003; 9: 248-53.

Fulminant hepatic failure and serum phosphorus levels 273



ÖZTÜRK et. al274

7. Quirós-Tejeira RE, Molina RA, Katzir L, et al. Resolution
of hypophosphatemia is associated with recovery of hepatic
function in children with fulminant hepatic failure.
Transpl Int 2005; 18: 1061-6.

8. Pomposelli JJ, Pomfret EA, Burns DL, et al. Life-threate-
ning hypophosphatemia after right hepatic lobectomy for
live donor adult liver transplantation. Liver Transpl 2001;
7: 637-42.

9. George R, Shiu MH. Hypophosphatemia after major hepa-
tic resection. Surgery 1992; 111: 281-6. 

10. Nanji AA, Anderson FH. Acute liver failure: a possible con-
sequence of severe hypophosphatemia. J Clin Gastroente-
rol 1985; 7: 338-40.

11. Schmidt LE, Dalhoff K. Serum phosphate is an early pre-
dictor of outcome in severe acetaminophen-induced hepato-
toxicity. Hepatology 2002; 36: 659-65.

12. Fisher B, Szuch P, Fisher ER. Evaluation of a humoral fac-
tor in liver regeneration utilizing liver transplants. Cancer
Res 1971; 31: 322-31.

13. Mann DV, Lam WW, Hjelm NM, et al. Human liver rege-
neration: hepatic energy economy is less efficient when the
organ is diseased. Hepatology 2001; 34: 557-65.

14. Yang M, Shimada H, Kobayashi T, et al. Predicting the vi-
ability of grafted livers in rats through a rapid and sensiti-
ve metabolic indicator assessed by 31P-NMR spectroscopy.
Surg Today 1995; 25: 711-6.

15. Morikawa S, Inubushi T, Takahashi K, et al. Glucose and
energy metabolism in rat liver after ischemic damage as-
sessed by 13 C and 31 P NMR spectroscopy. J Surg Res
1996; 63: 393-9.

16. Morikawa S, Inubushi T, Kitoh K, et al. Chemical assess-
ment of phospholipid and phosphoenergetic metabolites in
regenerating rat liver measured by in vivo and in vitro 31P-
NMR. Biochim Biophys Acta 1992; 1117: 251-7.

17. Lee RG, Lanir A, Clouse ME. Liver adenine nucleotide me-
tabolism during ischemia and reperfusion of mice livers
studied by phosphorous-31 nuclear magnetic resonance. In-
vest Radiol 1987; 22: 479-83.

18. Ellermann J, Gewiese B, David H, et al. Electron microsco-
pic and 31-P NMR studies of ischemic injured rat livers du-
ring preservation and reflow. Exp Toxicol Pathol 1992; 44:
245-53.

19. Bismuth H, Samuel D, Castaing D, et al. Orthotopic liver
transplantation in fulminant and subfulminant hepatitis.
The Paul Brousse experience. Ann Surg 1995; 222: 109-19.

20. Emond JC, Aran PP, Whitington PF, et al. Liver transplan-
tation in the management of fulminant hepatic failure.
Gastroenterology 1989; 96: 1583-8.

21. Bernuau J, Goudeau A, Poynard T, et al. Multivariate
analysis of prognostic factors in fulminant hepatitis B. He-
patology 1986; 6: 648-51.

22. Harrison PM, O'Grady JG, Keays RT, et al. Serial prot-
hrombin time as prognostic indicator in paracetamol indu-
ced fulminant hepatic failure. BMJ 1990; 301: 964-6.

23. Van Thiel DH, Udani M, Schade RR, et al. Prognostic valu-
e of thyroid hormone levels in patients evaluated for liver
transplantation. Hepatology 1985; 5: 862-6.

24. Pereira LM, Langley PG, Hayllar KM, et al. Coagulation
factor V and VIII/V ratio as predictors of outcome in para-
cetamol induced fulminant hepatic failure: relation to other
prognostic indicators. Gut 1992; 33: 98-102.

25. Castells A, Salmerón JM, Navasa M, et al. Liver transplan-
tation for acute liver failure: analysis of applicability. Gas-
troenterology 1993; 105: 532-8. 

26. Shakil AO, Kramer D, Mazariegos GV, et al. Acute liver fa-
ilure: clinical features, outcome analysis, and applicability
of prognostic criteria. Liver Transpl 2000; 6: 163-9.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


