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Abstract
Introduction Population modelling using mixed effects
models provides a means to study variability in paediatric
drug responses among individuals representative of those in
whom the drug will be used clinically.
Discussions Explanatory covariates explain the predictable
part of the between-individual variability. Growth and
development are two major aspects of children not seen in
adults. These aspects can be investigated by using size and
age as covariates. Problems attributable to co-linearity can be
approached by using size as the first covariate. Size stan-
dardisation is achieved using allometric scaling, a mechanis-
tic approach that has a strong theoretical and empirical basis.
Age is used to describe the maturation of clearance. The
quantitative models (linear, exponential, first-order, variable
slope sigmoidal) used to describe this maturation process
vary depending on the span of the ages under investigation.
Measures of response are not always straightforward and can
be more difficult to quantify in children.

Conclusion Covariate investigation in children is improv-
ing the understanding of developmental aspects of drug
disposition and effects in the paediatric population, ulti-
mately leading to more effective use of medications.

Keywords Pharmacokinetics . Pharmacodynamics .

Population modelling . Children . Allometry

Abbreviations
BMR Basal metabolic rate
BSA Body surface area
CL Clearance
CLcr Creatinine clearance
CPR Creatinine production rate
GFR Glomerular filtration rate ka; absorption rate

constant
ln Natural logarithm
NONMEM Nonlinear mixed effects model
PD Pharmacodynamics
PK Pharmacokinetics
PMA Postmenstrual age
PNA Postnatal age
PWR Allometric power exponent
Tabs Absorption half time
TDM Therapeutic drug monitoring
V Volume of distribution

Introduction

Growth and development are two major aspects of children
not seen in adults. These aspects can be investigated by
using size and age as covariates. One advantage of
population modelling programs such as NONMEM [12, 13]
is the ability to investigate covariates. Problems exist
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because covariates can exhibit co-linearity. Clearance, for
example, may increase with weight, height, age, body
surface area and creatinine clearance. All of these covariates
may show a high degree of correlation and they are not
mutually exclusive [15]. Any one covariate may or may not
predict another. This current paper explores the use of
covariates and priors in paediatric pharmacokinetic model-
ling and introduces some examples of the sigmoidal Emax
model used to describe pharmacodynamic effects in children.

Covariate pharmacokinetic considerations
in paediatrics

Size adjustment

The range of body weights in children is far greater than
that seen in adults and can vary 200-fold (e.g. 0.5–100 kg).

Size may be closely linked to age and both covariates may
have an impact on the prediction of clearance (Fig. 1a,b).
Size, however, is the primary covariate used in the
investigation of co-linearity. Debate exists concerning the
methodology used to adjust pharmacokinetic (PK) param-
eters to body size. Empirical approaches that focus on body
weight (W) or body surface area (BSA) have traditionally
been used. However, the linear per kilogram and surface
area models are inappropriate for scaling small children to
adults [32]. The linear per kilogram model under-predicts
clearance, while the surface area model over-predicts
clearance in children. These errors increase with decreasing
weight [32, 44]. Linear size models for young children have
led to the idea that there is an enhanced capacity of children
to metabolise drugs due to proportionally larger livers and
kidneys than their adult counterparts [58]. This idea arises
because clearance, expressed per kg of body weight, is
larger in children than in adults.

Fig. 1a, b Data from studies
investigating paracetamol clear-
ance. a Clearance increases with
weight. Individual predicted
paracetamol clearances (CL),
from the NONMEM post hoc
step, are plotted against weight.
b Clearance also increases with
age. Individual predicted para-
cetamol clearances (CL), from
the NONMEM post hoc step,
are plotted against postnatal age
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It now widely recognised that there is a nonlinear
relationship between weight and drug elimination capacity
[25]. Body surface area (BSA) was proposed in 1950 to be
a more satisfactory index of drug requirements than body
weight or age, particularly during infancy and childhood
[24]. The surface area is calculated from height and weight
[26], but it can also be estimated from weight using a power
exponent of 0.67 [18, 32]. However, infants are not
morphologically similar to adults—infants have short legs,
relatively big heads and large body trunks. The surface area
formula is inaccurate in children with a predicted surface
area of less than 1.3 m2 (an average 12-year-old) by direct
photometric measurement [44]. The mass of empirical
evidence suggests that the appropriate scaling factor is
significantly different from 0.67 and is compatible with the
theoretically expected value of 0.75 [37, 52, 65, 66].

It is possible to show that, in almost all species, including
humans, the log of the basal metabolic rate (BMR) plotted
against the log of body weight produces a straight line with a
slope of 0.75 (Fig. 2). West et al. [65, 66] have used fractal
geometry to mathematically explain this phenomenon. The
3/4 power law for metabolic rates was derived from a general
model that describes how essential materials are transported
through space-filled fractal networks of branching tubes. A
great many physiological-, structural- and time-related
variables scale predictably within and between species with
weight exponents (PWR) of 0.75, 1 and 0.25, respectively.
These allometric “1/4 power” models can be applied to
pharmacokinetic parameter estimates in children, e.g.
clearance (0.75), half-life (0.25), volume of distribution (1):

Fsize ¼ W

Wstd

� �PWR

where Fsize is the factor for size, W is the weight of an indi-
vidual and Wstd is the weight standard (e.g. a 70-kg person).

Allometric size modelling is used with increasing
frequency in paediatric PK population analyses. The model
building procedure can be accomplished by either fixing
the allometric exponent (PWR) [9, 20, 50] or by estimating
it as a parameter of a nested model [53, 67]. Estimation of
an allometric exponent from typical human data is fraught
with problems because of the relatively narrow weight
ranges and the estimation error involved in such a nonlinear
parameter. It is safer to rely on theory and observation from
much broader data and use the “1/4 power” allometric
models. Allometric scaling is a mechanistic approach that
has a strong theoretical and empirical basis [5, 49, 50, 65,
66]. Fixing the power exponent allows investigators to
delineate secondary covariate effects from the effect of
size. Allometric scaling also allows the direct comparison
of paediatric estimates with adults when a weight standard
of 70 kg is used. For example, a clearance of 0.2 L/h/kg,
when standardised to a 70-kg person (14 L/h/70 kg), is
reduced in a 1.5-kg intrauterine growth retarded term
neonate (5.4 L/h/70 kg) when compared to a 4-kg term
neonate (6.9 L/h/70 kg). Clearance is not the same in the
three individuals, although the linear per kilogram model
would suggest that this is so. The emergence of a
relationship between clearance and age can be seen in
Fig. 3a, where clearance is scaled allometrically, compared
to Fig. 3b, where the linear per kilogram model was used.

Allometric scaling is commonly used to predict paediatric
dosing based on adult dose (Table 1). Estimates are
commonly taken from the surface area model but fail in
infancy because age, which is commonly used to describe
clearance maturation, is unaccounted for.

Fig. 2 A comparison of the
temperature-standardised rela-
tion for whole-organism meta-
bolic rate as a function of body
mass. The “allometric 3/4 power
model” fits for unicells, poiki-
lotherms and homeotherms, un-
corrected for temperature, are
also shown. From Gillooly et al.
[28], with permission
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Effects of age

Clearance

Once size is standardised, the effects of other covariates,
such as age [9], temperature [3] and renal function [17], can
be investigated. Age is used to describe the maturation of
clearance. The quantitative models used to describe this
maturation process vary depending on the span of the ages
under investigation. A linear model is commonly used for a
population sample limited to a small defined age band. An
exponential model may describe the gradual increase of
clearance in premature neonates [1], while a first-order
process has been used to describe clearance maturation
from birth to adolescence [9].

The maturation of clearance begins before birth, suggest-
ing that postmenstrual age (PMA) would be a better predictor
of drug elimination than postnatal age (PNA). The foetus is
capable of metabolising morphine (hepatic enzyme uridine 5′-
diphosphate glucuronosyl transferase-2B7, UGT2B7) from

15 weeks gestation [46, 47]. The neonate can use sulphate
conjugation as an alternative route for substrates, such as
morphine or acetaminophen, before glucuronidation matures.
There are distinct patterns associated with isoform-specific
developmental expression of the cytochrome P450 (CYP)
enzymes. CYP2D6 has been detected in premature neonates
as young as 25 weeks PMA [2]. Although some CYPs
appear to be switched on by birth, while in others birth is
necessary but not sufficient for the onset of expression [31,
35, 39], there are no direct demonstrations that clearance
changes as a consequence of being born. Maturation of
clearance in neonates may be described by both PMA and
PNA, but PMA is a more physiologically appropriate
covariate to explain the time course of changes in clearance.

An example of a linear model investigating age-related
changes for clearance is:

FPMA ¼ 1þ SLPCL� PMA� 40ð Þ L=h
where FPMA is the factor for PMA and is centred on
40 weeks PMA (full term gestation), PMA is the post-

Fig. 3a, b Data from a study
investigating paracetamol clear-
ance. a Individual predicted
paracetamol clearances (CL)
from the NONMEM post hoc
step, expressed using the allo-
metric 3/4 power model, are
plotted against postnatal age.
The trend line shows an increase
in clearance with age. b Indi-
vidual predicted paracetamol
clearances (CL) from the NON-
MEM post hoc step, expressed
using the linear per kilogram
model, are plotted against post-
natal age. There is no obvious
relationship between age and
clearance
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menstrual age in weeks and SLPCL is a slope parameter
describing changes of clearance with PMA.

Alternative models (exponential, first-order, variable
slope sigmoidal) can approximate the linear model over a
narrow age range (e.g. premature neonates) (Fig. 4a). The
maturation of clearance must develop before birth and
extrapolation of a linear function does not allow this. An
exponential function allows for a gradual increase in
clearance at earlier postmenstrual ages (Fig. 4b). This
exponential function was used by Kimura et al. [36] in their
study of vancomycin pharmacokinetics in neonates:

FPMA ¼ exp SLPCL� PMA� 40ð Þð Þ

An exponential model may be a more robust empirical
model than the linear model because the prediction is
always positive. This exponential function, in common with
the linear model, predicts increasing clearance with age.
This model is empirical and does not extrapolate to adult
values, although, physiologically, clearance must rise and
plateau at some age. A first-order model, common in
biological systems, has been previously used to investigate
the clearance maturation of other drugs during infancy
[9, 17]. A “mature” clearance can be estimated (Fig. 4c) at a
plateau by:

FPMA¼ 1� 1� βclð Þl � exp � PMA� 40ð Þ � ln 2ð Þ
Tcl

� �� �

where βcl is a parameter estimating the fractional CLstd
at 40 weeks PMA and Tcl describes the maturation half-

life of the age-related changes of CL. This model has been
used to investigate paracetamol age-related clearance and
consequent dosing predictions [8]. Clearance was low
(0.74 L/h/70 kg) at 28 weeks PMA, but reached 86% of
adult values (i.e. plateau 12.5 L/h/70 kg) by 60 weeks. A
mean steady state target concentration above 10 mg/L at
trough can be achieved by a maintenance oral dose of
25 mg/kg/day in 30-week-gestation premature neonates,
rising to 90 mg/kg/day at 6 months. The dose required in
infancy to achieve a set target concentration is greater than
in older children because clearance is nonlinearly related to
weight [8].

The first-order model has been successfully used to
compare clearance maturation rates for different clearance
enzyme processes. The maturation half-time for morphine
(uridine 5′-diphosphate UGT2B7) of 12 weeks [17] is quite
different from the rapid clearance maturation of 5 days
described for the opioid, alfentanil (CYP3A4) [5]. This
model has also been used to investigate the pharmacoge-
netics of tramadol in premature neonates [2]. Maturational
clearance of tramadol was almost completed by 44 weeks
PMA. CYP2D6 activity, measured by metabolite formation,
was observed as early as 25 weeks PMA, but the impact of
CYP2D6 polymorphism on the variability in the pharma-
cokinetics, metabolism and pharmacodynamics of tramadol
could not be established.

This first-order model suffers because it assumes zero
clearance at the x intercept (Fig. 4b,c). A variable slope
sigmoidal model (Hill equation) allows the gradual matu-
ration of clearance in early life and a “mature” clearance to
be achieved at a later age (Fig. 4b,d):

FPMA ¼ PMAHillCL

PMAHillCL þ EMATCLHillCL50

� �

where EMATCL50 is the PMA at which clearance is 50%
that of the mature value and HillCL is the Hill coefficient
for clearance. A variable slope model has been used to
investigate vancomycin clearance and covariate effects in
premature neonates [4]. Size explained 49%, postmenstrual
age 18% and renal function 14% of the clearance
variability. The use of a variable slope sigmoidal model to
describe the relationship between clearance and postmen-
strual age predicted a reasonable adult clearance of 3.79
(95% CI: 2.76-4.98) L/h/70 kg from premature neonatal
data [4]. Scaling adult data to predict infant clearance is
unreliable in infancy because maturation is unaccountable;
scaling neonatal data may predict adult clearance when size
and age are included as covariates.

Plasma esterases are responsible for the hydrolysis of
propacetamol to paracetamol. This rate of hydrolysis has
been investigated [6]. The rate was the same in all age
groups when standardised for size (physiological time) [5].

Table 1 Paediatric maintenance doses of drugs expressed as a
percentage of adult dose using an allometric 34 power model. The
neonatal estimate based on size has been reduced further by 50% to
account for age-related maturational changes of clearance. (Modified
from Holford and Anderson (1997) Paediatric dosages. In: New
ethicals catalogue. Adis International, Auckland, New Zealand, C9)

Approximate
age

Weight
(kg)

Percentage
of adult dose

Fraction of
adult dose

Birth 3.2 5 1/20
2 months 4.5 13 1/8
4 months 6.5 17
12 months 10 23 1/4
18 months 11 25
5 years 18 36
7 years 23 43.5
10 years 30 53 1/2
11 years 36 61
12 years 40 66
14 years 45 72 3/4
16 years 54 82
Adult 70 100 1
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The rate in real time (chronological time) is fastest in the
youngest patients. Remifentanil is also cleared by plasma
esterases and its clearance is similarly fastest in the
newborn period when expressed as per kilogram [34, 51].

These models for the effect of age on clearance may
prove useful in teasing out information concerning possible
temporal switches that may “turn up” clearance at birth. It
is postulated that birth itself may have an effect on the
ontogeny of clearance. The disappearance of the placenta as
“external” clearance may also play a role. The placenta has
enzyme capacity to clear drugs (e.g. cytochrome P450 and
conjugation) and the interpretation of hepatic maturation
remains unravelled in the foetus.

Renal function

The clearance maturation of drugs almost exclusively
cleared by renal elimination using PMA as a predictor
predicts the time course of development of the glomerular

filtration rate (GFR). Estimates for amikacin clearance [1]
mirror GFR estimates in premature neonates [57, 59]. GFR
matures during infancy and approaches an adult rate (6 L/h/
70 kg) by 6 months postnatal age [11, 14]. Difficulties arise
in determining the renal function in children, although a
number of formulae have been published that allow the
estimation of GFR from clinical characteristics [45] (e.g.
Schwartz et al. [54, 55]).

Creatinine concentration decreases with age in the
newborn. Consequently, vancomycin clearance estimates
have been made using simply an inverse relationship to
creatinine concentration in premature neonates [29].
Creatinine concentration in the first few days of life reflects
maternal concentrations more than neonatal renal function
and subsequent concentrations are influenced by tubular
reabsorption [30]. Attempts to use the Cockcroft and Gault
models [22] to predict the creatinine production rate (CPR)
fail. Creatinine clearance (CLcr) can be predicted using
postmenstrual age (PMA) as a covariate to predict the

Fig. 4 a The four models used to investigate the relationship between
age and clearance maturation are similar in the age range of the
population studied. The boxed area is shown in more detail in Fig. 5b.
b The first-order and linear models intercept the x axis at fixed times
during the second trimester. This seems unlikely, as organogenesis is
occurring during the second trimester of pregnancy. The exponential
and variable slope sigmoidal model (Hill equation) allow for gradual

clearance maturation that starts early in foetal life. c, d Individual
predicted paracetamol clearances (CL) from the NONMEM post hoc
step, expressed using the allometric 34 power model, are plotted
against postmenstrual age: (c) a first-order model is used to describe
CL maturation with age; (d) a variable slope sigmoid model is used to
describe CL maturation with age
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creatinine production rate (CPR) with a scaling constant
(Kage) for age. This is based on assuming a CPR of 516
μmol/h in a 70-kg, 40-year-old male [22]:

CPR ¼ 516� exp Kage� PMA� 40ð Þ
52� 40

� �� �
μmol=h

CLcr ¼ CPR

Serum Creatinine
L=h

The renal function (RF) can then be standardised to an adult
creatinine clearance of 6 L/h/70 kg to enable the compar-
ison of neonatal with adult data [17, 43]. The increase of
CPR with age in neonates is assumed to be a consequence
of increasing muscle bulk with age, as opposed to the
decrease in muscle bulk that occurs with age in adults.

The population approach has been used to directly
estimate GFR in patients with renal disease in children
aged 0.8–18 years. The use of the squared length
compensates for the nonlinear relationship between muscle
mass and age-related changes of serum creatinine [40]:

CPR¼ 56:7�W kgð Þ þ 0:142� Length cmð Þ2 μmol=min

Cole et al. [23] used a population approach to investigate
CLcr in 50 paediatric cancer patients of similar age range
(0.8–19.8 years) and reported a linear model with good
predictive properties:

CLcr ¼ 36:76þ 1:91�W � 0:47

� Serum Creatinine ml=min

Volume of distribution

The total body water content constitutes 85% of the body
weight in the preterm neonate and 75% in term neonates.
This decreases to approximately 60% at 5 months and
remains relatively constant from this age onwards [27].
The major component contributing to this reduction in body
water is the decrease in extracellular fluid (ECF). ECF
constitutes 45% of the body weight at birth and 26% at
1 year. There is a further ECF reduction during childhood
until adulthood, where it contributes 18%. The percentage of
body weight contributed by fat is 3% in a 1.5-kg premature
neonate and 12% in a term neonate; this proportion doubles
by 4–5 months of age. “Baby fat” is lost when the infant
starts walking and protein mass increases (20% term
neonate, 50% adult). Albumin, globulin, lipoprotein and

glycoprotein concentrations change over the first year,
affecting drug binding [16]. Relative body proportions
change dramatically over the first few years of life and
may affect the volumes of the distribution of drugs.

Volume of distribution (V) changes and their relation
to age that occur as a consequence of body composition
changes can be described using quantitative functions
similar to those used for clearance maturation. Clarifica-
tion of these changes has debunked myths such as
respiratory drive sensitivity in neonates given morphine
that is attributable to the leaky blood–brain barrier [64].
Morphine volume of distribution is reduced in neonates and
increases exponentially with a maturation half-life of
26 days from 83 l per 70 kg at birth [17]. Neonates given
a similar dose as adults (mg/kg) achieve higher serum
concentrations because of the reduced V. Respiratory
depression is the same in children from 2 to 570 days of
age at the same morphine concentration [41]. Pethidine
causes less respiratory depression in neonates and it was
thought that pethidine, unlike morphine, is lipid soluble
and, therefore, crossed the immature or mature BBB
equally. However the lesser respiratory depression in
neonates given an equivalent mg/kg adult dose is probably
consequent upon an increased pethidine V and reduced
serum concentration.

Integrating priors

Estimates from prior analyses of data (e.g. adult, paedi-
atric or animal work) can be incorporated into paediatric
studies when these values cannot be estimated from the
available current data. The use of 0.75 as the power
parameter to scale clearance is based on prior knowledge
from animal [38, 49] and fractal geometry [65, 66].
Paediatric studies investigating metabolite data can
determine inter-compartment rate constants, but knowledge
of inter-compartment CL estimates may be of greater
practical use. The amount of drug that is metabolised down
different clearance pathways is unknown. This may be
calculated from a complete urine collection, but observed
data such as parent and metabolite concentrations only do
not allow the estimation of the metabolite volume of
distribution. Adult priors for metabolite V have been used
in paediatric studies [17, 60].

Pharmacodynamics

Pharmacokinetics (PK) is what the body does to the drug,
while pharmacodynamics (PD) is what the drug does to the
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body. Variability in PD response may be even greater than
that in PK. The precise boundary between PK and PD is ill
defined and often requires a link describing the movement
of drug from the plasma to the biophase and its target. It is
postulated that PD factors such as the number, affinity and
type of receptors or the availability of natural ligands alter
the drug–receptor interaction and are altered in childhood,
but there are few data concerning PD differences between
adults and children. Bronchodilators are less effective in
infants because of the immaturity of bronchial smooth
muscle fibres. Cyclosporin [42], warfarin [35] and benzo-
diazepine [21] are all thought to have altered PD in
children, but further examples are rare. Pharmacodynamics
may be further complicated by the development of
functional tolerance and the additive, synergistic or antag-
onistic effect of drug metabolites or isomers.

Observed effects may not be directly related to serum
concentration. There may be a delay due to the transfer of
the drug to the effect site (tubocurarine), a lag time
(frusemide), physiological response (antipyresis), active
metabolite (propacetamol) or elimination of physiological
substances (warfarin). A plasma concentration effect plot
can form a hysteresis loop because of this delay in effect.

Hull et al. [33] and Sheiner et al. [56] introduced the
effect compartment concept for neuromuscular blocking
drugs. The effect compartment concentration is not the
same as the blood or serum concentration and is not a real
measurable concentration. A single first-order parameter
(Teq, T1/2ke0) describes the equilibration half-time. It is
assumed that the concentration in the central compartment
is the same as that in the effect compartment at equilibra-
tion, but that a time delay exists before the drug reaches the

effect compartment. The concentration in the effect com-
partment is used to describe the concentration–effect
relationship.

Measures of response are not always as straightforward as
neuromuscular blockade monitoring in adults and can be
more difficult to quantify in children. Analgesic effect
measures, for example, vary between ages and even within
one age [61–63]. Covariate effects may be subtle and
unaccounted for in many studies. The placebo effect
contributed 50% of analgesia attributed to paracetamol a
few hours after tonsillectomy [10]. Similarly, Brown et al.
[19], in a study of paracetamol antipyresis, noted the
confounding effect of the initial temperature and normal
temperature fluctuations on antipyretic efficacy assessment.
A circadian night rhythm effect was noted in an investigation
of propofol sedation after major craniofacial surgery [48].

The relation between drug concentration and the magni-
tude of effect may be described by a variable slope sigmoid
curve (Fig. 5) according to the following equation:

Effect ¼ E max� CeN

ECN
50 þ CeN

where Emax is the maximum effect change, Ce is the
concentration in the effect compartment, EC50 is the
concentration producing 50% effect and N is the Hill
coefficient defining the steepness of the concentration–
response curve. At low concentrations, the nonlinear
relationship may approach linearity. A variable slope
sigmoid model is commonly used to describe the concen-
tration–response relationship. Ordinal data may be de-
scribed using logistic regression [7].

Fig. 5 The sigmoid Emax mod-
el for three drugs, each with a
different Hill coefficient. The
EC50 and efficacy are the same,
but the EC80 is different for each
drug. A higher concentration of
the drug with the lower Hill
coefficient will be required if an
effect of 80% of the maximal
effect is desired
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An understanding of the paracetamol analgesic effect has
come from population modelling. PD estimates for an
Emax model, in which the greatest possible pain relief
(VAS 0–10) equates to an Emax of 10, were Emax 5.17
(64%) and EC50 9.98 (107%) mg/l. The equilibration half-
time (Teq) of the analgesic effect compartment was 53
(217%) min [10]. These estimates confirm paracetamol as a
mild analgesic and that there is a delay after the peak serum
concentration before maximal pain relief becomes apparent.
An effect site concentration of 10 mg/L resulted in a pain
reduction of 2.6 pain units. An increased effect site
concentration of 40 mg/L reduced pain by 4.2 mg/L.
Higher concentrations are associated with a decrease in the
incremental pain relief and the maximum pain reduction
can only be 5.17 pain units. Increasing the dose will not
maximise benefit but will increase propensity to side effects
such as hepatotoxicity.

Conclusions

Growth and development are two major aspects of children
not seen in adults. Problems attributable to covariate co-
linearity can be approached using size as the first covariate.
Size standardisation is achieved using allometric scaling, a
mechanistic approach that has a strong theoretical and
empirical basis. Age is used to describe the maturation of
clearance. The quantitative models (linear, exponential, first-
order, variable slope sigmoidal) used to describe this
maturation process vary depending on the span of the ages
under investigation. Postmenstrual age (PMA) is a more
physiologically appropriate covariate to explain the time
course of changes in clearance and studies using PMA have
improved the understanding of clearance maturation. It is
anticipated that this exploration of covariates will assist in
improving the understanding cellular clearance pathways, the
role of the placenta and differences attributable to pharma-
cogenetic polymorphisms. Covariate investigation in children
is improving the understanding of developmental aspects of
drug disposition and effects in the paediatric population,
ultimately leading to more effective use of medications.

Acknowledgement The clinical research of K. Allegaert is sup-
ported by the Fund for Scientific Research, Flanders (Belgium) by a
Clinical Doctoral Grant (A 6/5–KV–G 1).

References

1. Allegaert K, Anderson BJ, Cossey V, Holford NH (2006) Limited
predictability of amikacin clearance in extreme premature neo-
nates at birth. Br J Clin Pharmacol 61(1):39–48

2. Allegaert K, Anderson BJ, Verbesselt R, Debeer A, de Hoon J,
Devlieger H, van den Anker JN, Tibboel D (2005) Tramadol

disposition in the very young: an attempt to assess in vivo
cytochrome P-450 2D6 activity. Br J Anaesth 95(2):231–239

3. Anderson BJ (2005) Phenytoin elimination in a child during
hypothermia for traumatic brain injury. Paediat Perinat Drug Ther
6(3):133–138

4. Anderson BJ, Allegaert K, van den Anker JN, Cossey V, Holford
NHG (2006) Vancomycin pharmacokinetics in preterm neonates and
the prediction of adult clearance. Brit J Clin Pharmacol (in press)

5. Anderson BJ, Meakin GH (2002) Scaling for size: some
implications for paediatric anaesthesia dosing. Paediatr Anaesth
12(3):205–219

6. Anderson BJ, Pons G, Autret-Leca E, Allegaert K, Boccard E
(2005) Pediatric intravenous paracetamol (propacetamol) pharma-
cokinetics: a population analysis. Paediatr Anaesth 15(4):282–292

7. Anderson BJ, Ralph CJ, Stewart AW, Barber C, Holford NH
(2000) The dose–effect relationship for morphine and vomiting
after day-stay tonsillectomy in children. Anaesth Intensive Care
28(2):155–160

8. Anderson BJ, van Lingen RA, Hansen TG, Lin YC, Holford NH
(2002) Acetaminophen developmental pharmacokinetics in pre-
mature neonates and infants: a pooled population analysis.
Anesthesiology 96(6):1336–1345

9. Anderson BJ, Woollard GA, Holford NH (2000) A model for size
and age changes in the pharmacokinetics of paracetamol in
neonates, infants and children. Br J Clin Pharmacol 50(2):
125–134

10. Anderson BJ, Woollard GA, Holford NH (2001) Acetaminophen
analgesia in children: placebo effect and pain resolution after
tonsillectomy. Eur J Clin Pharmacol 57(8):559–569

11. Arant BS Jr (1978) Developmental patterns of renal functional
maturation compared in the human neonate. J Pediatr 92(5):705–712

12. Beal S, Sheiner L (1980) The NONMEM system. Am Stat
34:118–119

13. Beal SL (1991) Computing initial estimates with mixed effects
models: a general method of moments. Biometrika 78(1):217–220

14. Bergstein JM (2000) Introduction to glomerular diseases. In:
Behrman RE, Kliegman RM, Jenson HB (ed) Nelson textbook of
pediatrics, 16th edn. WB Saunders, Philadelphia, Pennsylvania,
pp 1574–1575

15. Bonate PL (1999) The effect of collinearity on parameter estimates
in nonlinear mixed effect models. Pharm Res 16(5):709–717

16. Booker PD, Taylor C, Saba G (1996) Perioperative changes in
alpha 1-acid glycoprotein concentrations in infants undergoing
major surgery. Br J Anaesth 76(3):365–368

17. Bouwmeester NJ, Anderson BJ, Tibboel D, Holford NH (2004)
Developmental pharmacokinetics of morphine and its metabolites in
neonates, infants and young children. Br J Anaesth 92(2):208–217

18. Boxenbaum H, DiLea C (1995) First-time-in-human dose selection:
allometric thoughts and perspectives. J Clin Pharmacol 35(10):957–966

19. Brown RD, Kearns GL, Wilson JT (1998) Integrated pharmaco-
kinetic–pharmacodynamic model for acetaminophen, ibuprofen,
and placebo antipyresis in children. J Pharmacokinet Biopharm 26
(5):559–579

20. Capparelli EV, Englund JA, Connor JD, Spector SA, McKinney
RE, Palumbo P, Baker CJ (2003) Population pharmacokinetics
and pharmacodynamics of zidovudine in HIV-infected infants and
children. J Clin Pharmacol 43(2):133–140

21. Chugani DC, Muzik O, Juhasz C, Janisse JJ, Ager J, Chugani HT
(2001) Postnatal maturation of human GABAA receptors measured
with positron emission tomography. Ann Neurol 49(5):618–626

22. Cockcroft DW, Gault MH (1976) Prediction of creatinine
clearance from serum creatinine. Nephron 16(1):31–41

23. Cole M, Price L, Parry A, Keir MJ, Pearson AD, Boddy AV, Veal
GJ (2004) Estimation of glomerular filtration rate in paediatric
cancer patients using 51CR-EDTA population pharmacokinetics.
Br J Cancer 90(1):60–64

Eur J Pediatr (2006) 165:819–829 827



24. Crawford JD, Terry ME, Rourke GM (1950) Simplification of
drug dosage calculation by application of the surface area
principle. Pediatrics 5(5):783–790

25. Dawson WT (1940) Relations between age and weight and
dosages of drugs. Ann Intern Med 13:1594–1613

26. Du Bois D, Du Bois EF (1916) Clinical calorimetry: tenth paper.
A formula to estimate the approximate surface area if height and
weight be known. Arch Intern Med 17:863–871

27. Friis-Hansen B (1961) Body water compartments in children:
changes during growth and related changes in body composition.
Pediatrics 28:169–181

28. Gillooly JF, Brown JH, West GB, Savage VM, Charnov EL
(2001) Effects of size and temperature on metabolic rate. Science
293(5538):2248–2251

29. Grimsley C, Thomson AH (1999) Pharmacokinetics and dose
requirements of vancomycin in neonates. Arch Dis Child Fetal
Neonatal Ed 81(3):F221–F227

30. Guignard JP, Drukker A (1999) Why do newborn infants have a
high plasma creatinine? Pediatrics 103(4):e49

31. Hines RN, McCarver DG (2002) The ontogeny of human drug-
metabolizing enzymes: phase I oxidative enzymes. J Pharmacol
Exp Ther 300(2):355–360

32. Holford NHG (1996) A size standard for pharmacokinetics. Clin
Pharmacokinet 30(5):329–332

33. Hull CJ, Van Beem HB, McLeod K, Sibbald A, Watson MJ
(1978) A pharmacodynamic model for pancuronium. Br J Anaesth
50(11):1113–1123

34. Kan RE, Hughes SC, Rosen MA, Kessin C, Preston PG, Lobo EP
(1998) Intravenous remifentanil: placental transfer, maternal and
neonatal effects. Anesthesiology 88(6):1467–1474

35. Kearns GL, Abdel-Rahman SM, Alander SW, Blowey DL, Leeder
JS, Kauffman RE (2003) Developmental pharmacology—drug
disposition, action, and therapy in infants and children. N Engl J
Med 349(12):1157–1167

36. Kimura T, Sunakawa K, Matsuura N, Kubo H, Shimada S, Yago
K (2004) Population pharmacokinetics of arbekacin, vancomycin,
and panipenem in neonates. Antimicrob Agents Chemother 48
(4):1159–1167

37. Kleiber M (1961) The fire of life: an introduction to animal
energetics. Wiley, New York

38. Knibbe CA, Zuideveld KP, Aarts LP, Kuks PF, Danhof M (2005)
Allometric relationships between the pharmacokinetics of propofol
in rats, children and adults. Br J Clin Pharmacol 59(6):705–711

39. Koukouritaki SB, Manro JR, Marsh SA, Stevens JC, Rettie AE,
McCarver DG, Hines RN (2004) Developmental expression of
human hepatic CYP2C9 and CYP2C19. J Pharmacol Exp Ther
308(3):965–974, Epub 2003 Nov 21

40. Leger F, Bouissou F, Coulais Y, Tafani M, Chatelut E (2002)
Estimation of glomerular filtration rate in children. Pediatr
Nephrol 17(11):903–907

41. Lynn AM, Nespeca MK, Opheim KE, Slattery JT (1993)
Respiratory effects of intravenous morphine infusions in neonates,
infants, and children after cardiac surgery. Anesth Analg 77
(4):695–701

42. Marshall JD, Kearns GL (1999) Developmental pharmaco-
dynamics of cyclosporine. Clin Pharmacol Ther 66(1):66–75

43. Matthews I, Kirkpatrick C, Holford N (2004) Quantitative
justification for target concentration intervention—parameter
variability and predictive performance using population pharma-
cokinetic models for aminoglycosides. Br J Clin Pharmacol 58
(1):8–19

44. Mitchell D, Strydon NB, van Graun CH, van der Walt WH (1971)
Human surface area: comparison of the Du Bois formula with
direct photometric measurement. Pfugers Arch 325(2): 188–190

45. Paap CM, Nahata MC (1995) Prospective evaluation of ten
methods for estimating creatinine clearance in children with varying
degrees of renal dysfunction. J Clin Pharm Ther 20(2):67–73

46. Pacifici GM, Franchi M, Giuliani L, Rane A (1989)
Development of the glucuronyltransferase and sulphotransferase
towards 2-naphthol in human fetus. Dev Pharmacol Ther 14(2):
108–114

47. Pacifici GM, Sawe J, Kager L, Rane A (1982) Morphine
glucuronidation in human fetal and adult liver. Eur J Clin
Pharmacol 22(6):553–558

48. Peeters MY, Prins SA, Knibbe CA, Dejongh J, van Schaik RH,
van Dijk M, van der Heiden IP, Tibboel D, Danhof M (2006)
Propofol pharmacokinetics and pharmacodynamics for depth of
sedation in nonventilated infants after major craniofacial surgery.
Anesthesiology 104(3):466–474

49. Peters HP (1983) Physiological correlates of size. In: Beck E,
Birks HJB, Conner EF (eds) The ecological implications
of body size. Cambridge University Press, Cambridge, UK,
pp 48–53

50. Rajagopalan P, Gastonguay MR (2003) Population pharmacoki-
netics of ciprofloxacin in pediatric patients. J Clin Pharmacol 43
(7):698–710

51. Ross AK, Davis PJ, Dear Gd GL, Ginsberg B, McGowan FX,
Stiller RD, Henson LG, Huffman C, Muir KT (2001) Pharmaco-
kinetics of remifentanil in anesthetized pediatric patients under-
going elective surgery or diagnostic procedures. Anesth Analg 93
(6):1393–1401

52. Schmidt-Nielsen K (1984) Scaling: why is animal size so
important? Cambridge University Press, Cambridge, UK

53. Schuttler J, Ihmsen H (2000) Population pharmacokinetics of
propofol: a multicenter study. Anesthesiology 92(3):727–738

54. Schwartz GJ, Feld LG, Langford DJ (1984) A simple estimate of
glomerular filtration rate in full-term infants during the first year
of life. J Pediatr 104(6):849–854

55. Schwartz GJ, Gauthier B (1985) A simple estimate of glomerular
filtration rate in adolescent boys. J Pediatr 106(3):522–526

56. Sheiner LB, Stanski DR, Vozeh S, Miller RD, Ham J (1979)
Simultaneous modeling of pharmacokinetics and pharmacody-
namics: application to D-tubocurarine. Clin Pharmacol Ther 25
(3):358–371

57. Sonntag J, Prankel B, Waltz S (1996) Serum creatinine concen-
tration, urinary creatinine excretion and creatinine clearance
during the first 9 weeks in preterm infants with a birth weight
below 1500 g. Eur J Pediatr 155(9):815–819

58. Tenenbein M (2000) Why young children are resistant to
acetaminophen poisoning. J Pediatr 137(6):891–892

59. van der Heijden AJ, Grose WF, Ambagtsheer JJ, Provoost AP,
Wolff ED, Sauer PJ (1988) Glomerular filtration rate in the
preterm infant: the relation to gestational and postnatal age. Eur J
Pediatr 148(1):24–28

60. van der Marel CD, Anderson BJ, Romsing J, Jacqz-Aigrain E,
Tibboel D (2004) Diclofenac and metabolite pharmacokinetics in
children. Paediatr Anaesth 14(6):443–451

61. van Dijk M, Koot HM, Saad HH, Tibboel D, Passchier J (2002)
Observational visual analog scale in pediatric pain assessment:
useful tool or good riddance? Clin J Pain 18(5):310–316

62. van Dijk M, Peters JW, Bouwmeester NJ, Tibboel D (2002) Are
postoperative pain instruments useful for specific groups of
vulnerable infants? Clin Perinatol 29(3):469–491

63. van Dijk M, Simons SH, Tibboel D (2004) Pain assessment in
neonates. Paed Perinatal Drug Ther 6(2):97–103

64. Way WL, Costley EC, Way EL (1965) Respiratory sensitivity of
the newborn infant to meperidine and morphine. Clin Pharmacol
Ther 6:454–461

828 Eur J Pediatr (2006) 165:819–829



65. West GB, Brown JH, Enquist BJ (1997) A general model for the origin
of allometric scaling laws in biology. Science 276(5309):122–126

66. West GB, Brown JH, Enquist BJ (1999) The fourth dimension of
life: fractal geometry and allometric scaling of organisms. Science
284(5420):1677–1679

67. Yukawa E, Satou M, Nonaka T, Yukawa M, Ohdo S, Higuchi S,
Kuroda T, Goto Y (2002) Pharmacoepidemiologic investigation of
clonazepam relative clearance by mixed-effect modeling using
routine clinical pharmacokinetic data in Japanese patients. J Clin
Pharmacol 42(1):81–88

Eur J Pediatr (2006) 165:819–829 829


	Population clinical pharmacology of children: modelling covariate effects
	Abstract
	Abstract
	Abstract
	Introduction
	Covariate pharmacokinetic considerations in paediatrics
	Size adjustment
	Effects of age
	Clearance
	Renal function
	Volume of distribution


	Integrating priors
	Pharmacodynamics
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


