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Abstract Growth failure is a clinically important issue in
children with chronic kidney disease (CKD) and is asso-
ciated with significant morbidity and mortality. Many
factors contribute to impaired growth in these children,
including abnormalities in the growth hormone (GH)–
insulin-like growth factor-I (IGF-I) axis, malnutrition,
acidosis, and renal bone disease. The management of
growth failure in children with CKD is complicated by the
presence of other disease-related complications requiring
medical intervention. Despite evidence of GH efficacy and
safety in this population, some practitioners and families
have been reluctant to institute GH therapy, citing an
unwillingness to comply with daily injections, reimburse-
ment difficulties, or impending renal transplantation. Sub-
optimal attention to growth failure management may be
further compounded by a lack of clinical guidelines for the
appropriate assessment and treatment of growth failure in
these children. This review of growth failure in children
with CKD concludes with an algorithm developed by
members of the consensus committee, outlining their rec-
ommendations for appropriate steps to improve growth and
overall health outcomes in children with CKD.

Keywords Growth hormone . Chronic renal
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Renal transplant . Growth failure

Introduction

Growth failure is a common and significant clinical problem
in children with chronic renal insufficiency (CRI). Affected
children exhibit a range of potentially serious medical and
psychological complications, as well as increased mortality
[1–8]. The etiology of growth failure in this population is
multifactorial, reflecting both abnormalities in the growth
hormone (GH)–insulin-like growth factor (IGF)-I axis and a
variety of nutritional and metabolic problems, each requiring
management to improve growth potential. Although the
safety and efficacy of recombinant human GH therapy in
promoting growth in children with CRI are proven, the
frequency of GH administration in pediatric nephrology
patients remains low. One potential barrier to the use of GH
therapy is the lack of clear guidelines regarding the initiation
and monitoring of GH therapy in children with CRI. This
article provides an overview of our current understanding of
growth failure in children with CRI and proposes an
algorithm for the rational evaluation and treatment of growth
failure in this population. This overview is derived from
information presented by the authors at a consensus con-
ference on growth failure in children with chronic kidney
disease (CKD) in December 2003.

Defining chronic renal insufficiency and chronic kidney
disease

Historically, the term chronic renal insufficiency has been
used to describe patients with a glomerular filtration rate
(GFR) <75 ml/min per 1.73 m2 body surface area. More
recently, clinical practice guidelines developed by the
National Kidney Foundation (NKF) Kidney Disease Out-
comes Quality Initiative (K/DOQI) have introduced the
term chronic kidney disease and a classification schema to
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promote early disease detection, delay disease progression,
and prevent related complications [9]. This classification
identifies five stages of CKD, based on the presence of
kidney damage and the degree of functional impairment
observed, irrespective of the underlying diagnosis (Table 1).
Kidney damage relates to the presence of any pathologic
abnormality or renal disease marker, such as proteinuria.
Functional impairment is determined by estimating the
GFR; values between 30 ml/min per 1.73 m2 and 59 ml/min
per 1.73m2 for at least 3months signify stage 3 CKD [9]. At
this value the GFR is reduced by at least 50%, and clinical
complications become more prevalent. At stage 5 CKD,
kidney failure is present, as characterized by a GFR <15 ml/
min per 1.73 m2 or the need for renal replacement therapy
(dialysis or transplantation). The GFR cutoff values for
CKD staging shown in Table 1 apply only to children aged 2
years and older, because younger children normally have a
lower GFR [9].

Growth failure in children with CKD: the North American
Pediatric Renal Transplant Cooperative Study
experience

The annual report of the North American Pediatric Renal
Transplant Cooperative Study (NAPRTCS) provides a
comprehensive profile of growth in pediatric patients with
CRI undergoing dialysis or after renal transplantation [10].
This report provides evidence that growth failure is a
significant problem in this population and is not being
adequately managed. Of the 5,927 enrolled children with
CRI included in the 2005 annual report, more than one-third
exhibited significant growth failure at the time of registry
entry, defined by a standardized height measurement below
the third percentile for age [height standard deviation score
(SDS) ≤−1.88]. Patients who entered the NAPRTCS CRI
registry at a younger age tended to exhibit substantial height
deficits more frequently, with significant growth failure
reported in 58%, 43%, 33%, and 23% of patients aged 0 to 1
years, 2 to 5 years, 6 to 12 years, and more than 12 years,
respectively. Although a correlation was found between
renal function and growth impairment, significant short

stature was seen at all levels of renal function. Specifically,
among those with a relatively good estimated GFR (50–
75 ml/min per 1.73 m2), nearly 20% exhibited significant
short stature. Overall, minimal changes in standardized
height occurred in patients followed up over a 2-year
period, except for the youngest children (<1 year), who
demonstrated an initial 6-month period of catch-up growth
as reflected by a change in height SDS of 0.5 [10].

Children enrolled in NAPRTCS remain short at the initi-
ation of dialysis, suggesting that prevention and treatment
strategies during the period of CRI before dialysis may be
suboptimal. After 1 month of dialysis (equivalent to base-
line), the mean height SDS in 3,910 evaluable patients was
−1.66. Similarly to the subset of children enrolled in the
CRI registry, younger age at the initiation of dialysis was
associated with more severe growth failure, with mean
height SDS values after 1 month of dialysis of −2.54, −1.98,
−1.69, and −1.30 in patients aged 0 to 1 years, 2 to 5 years, 6
to 12 years, and older than 12 years, respectively. Sub-
sequent evaluations following 6 and 12 months of dialysis
demonstrated little-to-no improvement in height SDS dur-
ing dialysis [10]. Growth impairment was similarly evident
at the time of renal transplantation, again with greater height
deficits in younger patients. Among evaluable transplant
recipients (n=8,141) who underwent renal transplantation
between 1987 and 2004, the mean baseline height SDS was
−1.85; mean values of −1.98, −2.34, −2.07, and −1.49 were
observed in patients aged 0 to 1 years, 2 to 5 years, 6 to 12
years, and older than 12 years, respectively. Younger pa-
tients (aged 0–5 years) showed some improvement in
growth after transplantation, whereas older patients (>12
years) showed no increase in mean height SDS score after
renal transplantation.

An encouraging finding of the NAPRTCS is that the
standardized height of children at the time of initial renal
transplantation has improved from a mean of –2.40 SDS in
1987 to −1.4 SDS in the most recent cohort [10]. This
improvement may reflect, at least in part, the increased use
of GH therapy before primary transplantation.

Impact of growth failure in children with CKD

Two important long-term registry studies by Furth and col-
leagues showed that growth impairment in children requiring
dialysis may be associated with an increased risk of mor-
tality. In the first study based on data from the United States
Renal Data System (USRDS) Pediatric Growth and Devel-
opment Study involving 1,112 dialysis patients followed up
from 1990 to 1995, 5-year death rates were higher in children
with severe growth failure (height velocity SDS <−3.0) or
moderate growth failure (height velocity SDS <−2.0 and >
−3.0) during the first year of the study compared with
patients with normal growth (height velocity SDS >−2.0)
(16.2%, 11.5%, and 5.6%, respectively) [2]. This translated
into an almost threefold increase in mortality in the patients
with severe growth impairment. Growth failure was also
associated with an increased incidence of hospitalization,
primarily for the treatment of infection. These investigators

Table 1 National Kidney Foundation Kidney Disease Outcomes
Quality Initiative classification of the stages of chronic kidney
disease [28]

Stage GFR
(ml/min per 1.73 m2)a

Description

1 ⩾90 Kidney damage and co-morbid
conditions

2 60−89 Kidney damage with mild reduction
of GFR

3 30−59 Moderate reduction of GFR
4 15−29 Severe reduction of GFR
5 <15 (or dialysis) Kidney failure
aGFR ranges apply to children aged 2 years and older
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suggested that, although short stature was unlikely to have
been the direct cause of mortality, it might reflect other
factors, such as poor nutritional status, which is known to be
associated with increased infectious complications and ad-
verse outcomes. In addition, GH insensitivity due to
diminished hepatic GH receptor expression may contribute
to the catabolic state observed in patients with CKD [11].

In a second study investigating 2,306 patients from the
NAPRTCS who began dialysis between 1992 and 2001,
death rates were higher in shorter patients (height SDS <
−2.5) compared with rates in their taller counterparts (90.5
vs 39.6 deaths per 1,000 patient-years, respectively) based
on their height at dialysis initiation [1]. Younger patient age
was independently associated with higher mortality, but
poor growth was a risk factor for death in both very young
children (<1 year) and older children. Patients with short
stature spent significantly more days per month in the
hospital, although the reason for hospital admission was
not reported. Although the causes for increased mortality in
these two studies were not clear, the results suggest that
short stature may be associated with a more complex
clinical course and less favorable outcomes in children with
end-stage renal disease (ESRD) [1].

Although limited data are available on the subject from
children with CRI, clinical experience in patients with
growth hormone deficiency (GHD) has shown that growth
failure can have important effects on a child’s psychosocial
development, psychological development, and quality of life
(QOL) [12, 13]. Short children are often perceived by adults
to be younger than their true age, leading to “juvenilization”
or lowered expectations, whereby children are not given age-
appropriate authority, responsibility, or respect and may be
overprotected and given excessive attention. As a result, they
may become dependent, remain immature, and achieve
“secondary gain,” a perceived special status that allows
children to manipulate family members. Children may also
adopt “mascot” or “clown-like” behaviors to gain temporary
acceptance by their peers; however, these behaviors may
become dysfunctional, reinforcing the child’s perceived
immaturity and impairing self-esteem and QOL. Further-
more, patients with growth failure may develop co-mor-
bidities that affect psychological development and QOL,
such as attention deficit hyperactivity disorder, learning
disability, and mood disorders. On occasion, the magnitude
of the psychological disturbance has been correlated with the
degree of GHD [12]. In turn, a clinical trial by Stabler and
colleagues showed that 3 years of GH therapy in 196 children
with GHD or idiopathic short stature (ISS) not only im-
proved standardized heightmeasurements, but also produced
a significant and sustained reduction in problem behavior as
measured by the Child Behavior Checklist [14].

Finally, children with a history of poor growth associated
with CKD often become very short adults. Hokken-Koelega
and colleagues retrospectively evaluated the growth of 52
patients who underwent renal transplantation before the age
of 15 years [15]. Their results showed that the median height
SDS was below the third percentile for age at the time of first
dialysis (reflective of CRI management), decreased sig-
nificantly during dialysis, and did not improve following

renal transplantation. Final height remained below the third
percentile for age for 77% of male patients and 71% of
female patients [15]. Other, more recent, clinical trials
continue to support the observation that final height remains
decreased following renal transplantation in children with
pre-existing height deficits related to CKD [16, 17].

Some researchers believe that short stature during child-
hood may be associated with academic underachievement
and social impairment with possible implications in later life
[13], although others have argued that the psychosocial
burden of adult short stature is either less dramatic or
nonexistent [18].

A study by Busschbach and colleagues evaluated QOL in
five groups of short adults, including 17 male patients with
childhood-onset renal failure [19]. QOL in the renal failure
group was close to average as measured by the Nottingham
Health Profile. In all groups the patients perceived their
chance of having a partner as low, except those patients with
idiopathic short stature who had been selected from the
general population. Only 40% of renal failure patients had a
partner; however, thiswas attributed primarily to the constant
risk of transplant rejection rather than to short stature.
Nevertheless, 60% of renal failure patients reported they
would like to be taller, and 33%were prepared to sacrifice an
average of 4% of expected life-years to be taller. Time trade-
offs for all symptoms associatedwith renal transplantation or
dialysis (respectively, 15% and 47% of expected life-years)
were considerably larger than for height alone [19].

Using a questionnaire to determine long-term social out-
comes among 244 adults who had received a kidney
transplant in childhood, Broyer and colleagues have shown
that final height is significantly associated withmarital status
(P<0.0001) and level of education (P<0.001), and inversely
related to level of employment (P=0.02) [20]. Most recently,
a survey conducted by Rosenkranz et al. found that, among
39 young adults with CKD requiring dialysis, or after
transplantation, 36%were dissatisfiedwith their adult height.
This dissatisfaction correlated significantly with subjective
patient perceptions regarding overall quality of life at the
time the survey was conducted (r=0.41, P=0.008) [21].

Causes of growth failure in children with CRI

Growth failure in children with CRI may have multiple
causes. The GH–IGF-I axis is an important regulator of
growth and metabolism, and substantial abnormalities in
this axis have been identified in children with CRI [22]. As
shown in Fig. 1a, normal GH production and release by the
anterior pituitary is regulated by hypothalamic GH-releasing
hormone (GHRH) and somatostatin (SRIF), with circulating
GH and IGF-I levels providing negative feedback to the
hypothalamus. Release of GH is also stimulated by the GH-
releasing peptide ghrelin, which is expressed by the stomach
and hypothalamus and is possibly involved in nutritional
regulation of the GH–IGF-I axis. Circulating GH stimulates
the production and release of IGF-I, primarily from the liver.
Most circulating IGF-I is bound as a complex with IGF-
binding protein (IGFBP)-3 and acid-labile subunit (ALS),
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and a smaller amount is associated with other IGFBPs; less
than 1% occurs in the free or bioactive form. Circulating free
IGF-I mediates many of the biological effects of GH, in-
cluding stimulation of longitudinal bone growth and
regulation of renal hemodynamics. GH also has a direct
effect on several tissues, including bone [22].

Children with CRI demonstrate increased circulating lev-
els of GH as a result of increased pulsatile release and
reduced renal GH clearance; however, they show reduced
responsiveness to endogenous GH and IGF-I [22]. This
resistance is thought to play an important role in the reduc-
tion of linear bone growth observed in CRI and, therefore, in
growth impairment. An important mechanism for GH resis-
tance in uremia involves a defect in the post-receptor GH-
activated Janus kinase 2 (JAK2) signal transducer and
activator of the transcription (STAT) pathway [23]. This
signaling pathway must be intact in order for GH-stimulated
IGF-I gene expression to occur. A decrease in the density of

GH receptors in target organs also likely plays a role in GH
insensitivity in patients with uremia. The receptor density is
reflected by the circulating level of GHBP, a product of
proteolytic cleavage of the GH receptor [24], and GHBP
serum levels are inversely related to the severity of renal
dysfunction.

The presence of IGF-I resistance reflects an increase in
levels of circulating IGFBPs-1, -2, -4, and -6, leading to a
reduction in the concentration of bioavailable IGF-I
(Fig. 1b). In addition, increased proteolysis of IGFBP-3
leads to a decrease in IGF-I available for the formation of
IGF-I–ALS–IGFBP-3 complexes. Taken together, these
events impair both the direct and indirect effects of GH on
the growth of children with CRI [22].

In addition to the abnormalities associated with the GH–
IGF-I axis, disturbances in the gonadotropic hormone axis
have also been described in children with CRI. While
gonadotropin levels may be elevated due to decreased renal
clearance in patients with CRI, pituitary secretion of
bioactive luteinizing hormone (LH) is substantially reduced
in these patients compared with normal adolescents [25].
Subsequently, plasma testosterone concentrations are re-
duced in CRI, and free testosterone levels are further de-
creased due to a rise in sex hormone-binding globulins; these
physiological abnormalities may contribute to suboptimal
pubertal growth and development in affected children [26].

Several other factors can contribute to growth impairment
in children with CRI, including age at onset of renal disease;
etiology of renal disease; and the presence of calorie–protein
malnutrition, metabolic acidosis, and renal osteodystrophy
(ROD) [5, 8, 27]. Because children attain one-third of their
final adult height during the first 2 years of life, growth
impairment during infancy has a greater impact on adult
stature than has later-onset disease [8, 27]. Nevertheless,
renal insufficiency limits growth throughout childhood and,
as mentioned above, is associated with a delayed pubertal
growth spurt and reduced pubertal height gain.

The influence of disease origin is reflected by the fact
that children with renal dysplasia tend to exhibit the most
severe height deficits, whereas those with focal segmental
glomerulosclerosis display less severe height deficits [28].
This may be a manifestation of the age at onset of renal
disease, or alternatively, the degree of tubular abnormality
inherent in the condition and the resultant loss of renal
substances important for growth [5].

Caloric deficiency and abnormal protein metabolism may
also play an important role in growth impairment, particu-
larly in younger children [5, 8, 29]. In their classic study,
Betts and Magrath demonstrated that energy intake sig-
nificantly correlated with growth velocity in children whose
CRI developed during infancy such that normal growth
could continue if energy intake exceeded 80% of recom-
mended values, but it would be expected to cease if intake
fell below 40% [29]. In a separate study utilizing the
infancy–childhood–puberty model, the European Study
Group reported significant growth failure (height SDS –3)
in children with CKD during infancy, a period of growth
strongly impacted on by nutritional factors [30]. Reduced
caloric intake in these patients may be a result of anorexia,

Fig. 1 The GH–IGF-I axis. a Normal GH–IGF-I physiology. b In
patients with CRI, several abnormalities in the GH–IGF-I axis exist.
IGF-I resistance likely reflects an increase in circulating IGFBPs-1,
-2, -4, and -6, which leads to a reduction in bioavailable IGF-I. In
addition, increased proteolysis of IGFBP-3 leads to a reduction in
IGF-I circulating in the IGF-I–ALS–IGFBP-3 complex. The reduced
bioavailability of IGF-I and increased concentrations of IGFBPs-1
and -2 in patients with CRI are thought to contribute to the lack of
responsiveness to GH. In addition, the direct effects of GH on bone
are inhibited in patients with CRI [19]
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emotional distress, altered taste sensation, or nausea and
vomiting. Optimization of protein intake is important aswell,
since excessive intake can lead to hyperfiltration and
accelerated progression to ESRD (although pediatric data
to substantiate this claim are limited), whereas inadequate
protein intake can lead to malnutrition and insufficient
growth [31]. Importantly, studies have shown that nutritional
supplementation in malnourished children with CRI can
improve growth [4, 32, 33].

Metabolic acidosis is well recognized as a cause of im-
paired growth, as previously demonstrated in children with
untreated renal tubular acidosis [34].Metabolic acidosis may
contribute to derangements in the GH–IGF-I axis by reduc-
ing GH secretion and serum IGF-I levels [5]. Research has
shown thatmetabolic acidosis can also cause resistance to the
anabolic actions of GH [35], suppress albumin synthesis,
promote calcium efflux from bone [36], and promote protein
degradation [37, 38]. In a study of children with renal
insufficiency, Boirie and colleagues observed a significant
inverse correlation between plasma bicarbonate and the
leucine rate of appearance, a measure of protein breakdown,
suggesting that growth in childrenwithCRImay be impaired
as a result of protein breakdown induced by metabolic
acidosis [38].

Growth may be further impaired by the development of
ROD, one of the most severe clinical problems complicating
CRI. ROD represents a range of disorders, from high-turn-
over bone disease as a result of secondary hyperparathy-
roidism to low-turnover osteomalacia and adynamic bone
[5]. Secondary hyperparathyroidism may cause growth fail-
ure by modulating genes involved in endochondral bone
formation and altering the architecture of the growth plate
[5]. The consequences of long-standing ROD can include
reduced bone mineral density, increased numbers of bone
fractures, and bone deformities, in addition to growth impair-
ment [5, 8]. Noteworthy is the finding by Kuizon et al. that
growth failure can occur in children with adynamic bone
disease undergoing peritoneal dialysis in association with
high-dose pulse calcitriol therapy [39].

Other causes of growth failure in children with CRI must
also be considered. Children with salt-wasting disease may
experience growth failure if salt and water losses are not
corrected [31]. Additionally, long-term steroid therapy may
affect growth by several mechanisms, such as depressing
pulsatile GH secretion, inhibiting hepatic production of IGF-
I, and by peripherally interfering with cartilage metabolism,
bone formation, nitrogen retention, and calcium metabolism
[40].

Treatment of growth failure

The current NKF K/DOQI pediatric nutrition guidelines
recommend correction of existing nutritional deficiencies
and metabolic abnormalities prior to consideration of GH
therapy for growth failure [41]. The guidelines state that
dietary adjustment or supplemental nutritional support may
be necessary in patients with insufficient intake of energy,
protein, or other nutrients. It is further recommended that

patients with metabolic acidosis (serum bicarbonate
<22 mmol/l) receive orally administered alkali therapy or
are dialyzed against a higher bicarbonate concentration
during maintenance dialysis, if the latter option is available.
It is necessary to maximize control of serum phosphorus
before starting GH therapy as well; serum phosphorus levels
should be less than 1.5-times the upper limit for age. Serum
phosphorus and serum parathyroid hormone (PTH) must be
controlled to avoid exacerbation of secondary hyperpara-
thyroidism subsequent to the initiation of GH and to avoid
the associated risk of development of bone deformities [42].
Although a recommendation regarding the target PTH level
during GH therapy in children on dialysis is currently
published in the nutritional guidelines (goal: intact PTH
<500 pg/ml prior to starting GH), updated recommendations
on this issue are forthcoming from the NKF K/DOQI
pediatric bone work group.

Efficacy of GH therapy in children with CKD

Clinical trials have demonstrated the safety and efficacy of
GH therapy in promoting linear growth in children with
CRI, on dialysis, or following renal transplantation
(Tables 2 and 3). A multicenter, randomized, double-
blind, placebo-controlled trial by Fine and colleagues
showed that GH therapy may significantly improve the
height of growth-impaired children with CRI [43]. In total,
125 pre-pubertal children with irreversible renal insuffi-
ciency and growth failure were randomly allocated to
receive GH 0.05 mg/kg per day (n=82) or placebo (n=43)
for 2 years. GH-treated patients achieved a significant
improvement in mean height SDS from baseline to year 2
of treatment (−2.9 to −1.6, P<0.00005) and as compared
with placebo (P<0.00005) [43]. Mean growth rates were
significantly higher in the GH-treated group at both the first
year (10.7±3.1 vs 6.5±2.6 cm/year, respectively) and the
second year (7.8±2.1 vs 5.5±1.9 cm/year, respectively) of
treatment (P<0.00005, both comparisons).

Long-term GH therapy in children with CRI has been
shown to result in catch-up growth, and many patients
achieve a final height within the normal range. Hokken-
Koelega and associates evaluated growth in 45 pre-pubertal
children with CRI and severe growth deficiency who had
received GH therapy for up to 8 years [3, 44]. Although
most patients (34 of 45) received treatment for fewer than 6
years, long-term GH therapy resulted in catch-up growth
and a significant improvement in height relative to baseline
(P<0.001). Mean standardized height reached the lower
limit of normal [height (ht) SDS −2] after 3 years of therapy
and approached target height after 6 years. In addition,
recombinant human growth hormone (rhGH) treatment
during puberty was associated with a sustained improve-
ment in height SDS without deleterious effects on GFR and
bone maturation. Similar growth outcomes were reported
by Kari and Rees, who demonstrated a significant increase
in the height SDS of 21 conservatively managed children
(−2.5±−1.4 to −1.6±0.6, P=0.001) who were treated with
GH for a mean of 3.7±2.5 years) [45].
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Table 3 Efficacy of GH therapy in patients with renal disease and short stature: height velocity

Study Design Duration
(years)

No. of patients
examined

Study drugb

(no. of patients)
Height velocity (cm/year)a

Pre-study Month 6 Year 1 Year 2

Fine et al.
1994 [43]

R, DB, PC 2 82 CRI,
pre-pubertal

GH (55) NR – 10.7 (±3.1)c 7.8 (±2.1)c

P (27) NR – 6.5 (±2.6) 5.5 (±1.9)
Hokken-Koelega
et al. 1991 [71]

R, DB, PC, X 1 16 CRI,
pre-pubertal

GH/P (8) 1.5 (±0.7) 5.2
(±1.2)a,d,e

1.5 (±0.4)a,g,h –

P/GH (8) 1.5 (±0.5) 2.4
(±1.0)a,f

4.4 (±1.6)a,g,h –

Haffner et al.
2000 [46]

OL, HC Long-termi 38 CRI,
pre-pubertal

GH (32 boys) 3.3 – 8.4k,l 8.8m

GH (6 girls) 3.7 – 9.7k,l 7.8m

50 Matched
controlsj

Nil (31 boys) NR – NR 7.6j

Nil (19 girls) NR – NR 6.7j

Van Dyck et al.
2001 [59]

OL 1 10 CRI,
pre-pubertal

GH (10) 5.1a (3.0−8.8) – 10.6 a,k

(8.2−12.7)
–

Berard et al.
1998 [48]

OL 1–5 42 Dialysis,
pre-pubertal
and early pubertal

GH (42) 3.5 (±2.2) – 7.0 (±2.3)d –

Postlethwaite
et al. 1998 [6]

Obs ≤2 30 Renal failuren,
pubertal
status unknown

GH (30) 4.9 (±2.6) – 7.4 (±2.7)k 5.2 (2.6)

Guest et al.
1998 [50]

R, OL ≥1 85 Transplant,
pre-pubertal
and early pubertal

GH (41) 4.1 (±2.0) – 7.7 (±2.5)o –

Nil (44) 4.2 (±2.1) – 4.6 (±2.7) –
Maxwell and
Rees 1998 [53]

R, OL 2 15 Transplant,
pre-pubertal

GH (9) 3.9 (±1.7) – 8.1 (±2.7)p 5.7 (±2.9)q

Nil (6) 4.9 (±1.8) – 3.7 (±1.5) 8.5 (±1.6)q

7 Transplant,
pubertal

GH (4) 4.5 (±2.5) – 10.1 (±1.2)p 6.4 (±2.1)

Nil (3) 2.7 (±1.6) – 3.9 (±2.3) 6.1 (±4.7)
Hokken-Koelega
et al. 1996 [73]

R, DB, PC, X 1 11 Transplant,
pre-pubertal

GH/P (6) 1.5 (±0.7) 5.3 (±1.0)a,d 1.5 (±0.9)a,g,h –

P/GH (5) 1.0 (±0.5) 1.9 (±0.7)a 3.9 (±1.3)a,g –

(DB double-blind, HC historical control, NR not reported, Obs observational, OL open-label, P placebo, PC placebo-controlled,
R randomized, X crossover)
aResults presented as mean (± SD) height velocity (cm/year), except for Hokken-Koelega et al. 1991 [71] [mean (± SD) height velocity
(cm/6 months)] and Van Dyck et al. 2001 [59] [median (range) height velocity (cm/year)]
bGH dosage was generally equivalent to 0.05 mg/kg per day
cP<0.00005 vs control group
dP<0.0001 vs pre-study period
eP<0.001 vs control group
fP<0.04 vs pre-study period
gResults for the second 6-month period following crossover
hOverall mean effect of GH minus placebo, +2.9 cm/6 months, P<0.0001
iMean duration of GH therapy 5.3 years (range 2.8–8.8 years)
jPatients in the matched control group had little or no growth impairment at baseline, declined participation in the trial, or were ineligible for
GH therapy because of advanced puberty
kP<0.001 vs pre-study period
lPeak results for the pre-pubertal period; P<0.001 vs control group
mPeak results for the pubertal period; not significantly different from control group (P=0.26, boys; P=0.18, girls)
nPatients with severe chronic renal failure, on dialysis, or with a functioning renal transplant
oP=0.0001 vs control group
pP=0.005 vs control group
qP=0.005 vs pre-study period
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In a study of 38 children with CKD (47% with CRI),
Haffner and colleagues demonstrated that the administra-
tion of GH over a mean of 5 years resulted in significantly
greater pre-pubertal height gain than in children who did
not receive GH (boys 18.6±9.3 cm vs 9.9±4.8, P<0.001;
girls 16.6±8.7 cm vs 9.1±9.8, P=0.014) [46]. Although the
pubertal height gain achieved and the duration of the
pubertal growth spurt of the former group was similar to
that experienced by untreated children and inferior to that
of healthy children, two-thirds of treated patients achieved
a normal final adult height (ht SDS >−1.88) [46]. Similar
benefits have been demonstrated in rhGH-treated adoles-
cents following renal transplantation [47].

Additional clinical studies support the efficacy of GH
therapy in patients requiring renal replacement therapy.
Berard and co-workers retrospectively evaluated the effects
of GH treatment (1 IU/kg per week by daily subcutaneous
injection for 1 to ≥5 years) in 42 pre-pubertal and early
pubertal growth-impaired children undergoing hemodialy-
sis [48]. During the first year of GH therapy, the mean
growth velocity increased from 3.5 cm/year to 7.0 cm/year
(P<0.0001). Growth rates declined in subsequent years but
remained significantly higher than baseline in year 2
(6.2 cm/year, P<0.0001), year 3 (5.5 cm/year, P<0.0002),
and year 4 (5.3 cm/year, P<0.002). In contrast, while Kari
and Rees described an initial improvement in the growth
velocity of 11 patients on dialysis (height SDS from −2.7±
0.5 to −2.3±0.5, after 1 year, P=0.002), no subsequent
improvement in the ht SDS was observed with continued
GH treatment [45].

Poor growth outcomes observed in the post-transplan-
tation population are associated with a number of factors,
including corticosteroid administration, decreased GFR,
and an abnormal GH–IGF-I axis [49]. Nevertheless, Guest
and colleagues have shown that GH therapy can sig-

nificantly enhance height velocity in renal transplant
recipients [50]. Ninety pre-pubertal or early pubertal
growth-impaired patients who were at least 12 months
past transplantation and with stable renal function were
randomly chosen to receive GH, 30 U/m2 per week, either
immediately (n=46) or 1 year later (control group, n=44).
GH-treated patients achieved a significant increase from
baseline in height velocity after 1 year (from 4.1 cm/year to
7.7 cm/year) vs no change in the control group (P<0.0001).
First-year growth velocities in GH-treated children after
renal transplantation did not, however, increase to the level
observed in patients with CRI (∼10 cm/year). In patients
followed up for up to 4 years of GH treatment, growth
velocities declined following the first year of treatment but
remained higher than baseline values.

Similarly, data from 68 growth-retarded pediatric renal
allograft recipients enrolled in NAPRTCS demonstrated a
significant increase in the height SDS of patients who
received 1 year of GH therapy compared with untreated
controls (+0.49±0.1 vs −0.10±0.08, P<0.001) [51]. In a
more recent study from the NAPRTCS database, Fine and
Stablein have shown that final adult height SDS scores
were significantly better in transplant recipients who
received GH therapy (n=513) than in those who did not
(n=2,263) (−1.83±0.14 vs −2.60±0.05, P<0.001) [16].
Comparison of the two groups also revealed no difference
in the incidence of either graft rejection or graft loss.

A recent meta-analysis identified four randomized,
controlled trials (including two already mentioned) that
examined the effect of GH versus placebo or no treatment
on height SDS in children with CKD either before dialysis
or after transplantation [52]. After 1 year, GH treatment
produced a significant increase in height SDS as measured
by a weighted mean difference (WMD) of 0.77 (95% CI

Table 4 Incidence of adverse events associated with growth hormone therapy [65]

Parameter CRI Dialysis Transplant

GH No GH GH No GH GH No GH

Number of patients 1,376 4,550 478 2,030 479 1,953
Mean (± SD) duration of therapy (years) 3.2±5.9 NA 2.1±2.9 NA 7.7±8.5 NA
Mean (± SD) GH dose (mg/kg per week) 0.33±0.20 NA 0.35±0.13 NA NA NA
Incidence of adverse events: slipped capital femoral epiphysis
Number of events 1 1 2 4 1 2
Events per 1,000 patients 0.726 0.220 4.184 1.970 2.088 1.024
Avascular necrosis
Number of events 1 2 0 0 4 12
Events per 1,000 patients 0.726 0.440 0 0 8.351 6.144
Benign intracranial hypertension
Number of events 3 0 0 2 0 5
Events per 1,000 patients 2.180 0 0 0.985 0 2.560
Other serious adverse events
Number of events 34 106 68 183 86 247
Events per 1,000 patients 13.081 14.066 50.206 45.320 102.296 76.805

GH dosage was not collected for patients in the transplant component of the North American Pediatric Renal Transplant Cooperative Study.
NA not applicable
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0.51 to 1.04). In a child aged 10 years, this WMD translates
into a height gain of 4.7 cm in 1 year [43, 50, 53, 54].

It should be re-emphasized that, although dialysis
patients and transplant recipients show improved growth
with GH therapy, children with CRI respond better to
treatment with GH than do children with ESRD [8, 55]. As
mentioned previously, this may be partially related to
differences in the severity of alterations in IGF-binding
protein concentrations and GH receptor density. Therefore,
it is recommended that GH therapy be considered and
initiated at a young age and/or early in the evolution of
CKD in order to make possible the greatest achievement of
growth potential.

Recommendations for long-term GH therapy in patients
with CRI have been made with recognition that discontin-
uation of GH once the target height has been achieved may
result in a substantial reduction in growth velocity [56]. In
one study, 16 of 22 (73%) children experienced catch down
growth to 2.7±1.7 cm/year after a mean (± SD) of 9±4.6
months off GH. Restarting GH in these patients increased
the growth velocity to 7.2 ± 1.7 cm/year. In contrast,
stopping GH prior to transplantation in a separate study of
29 children did not result in significant catch down growth
after transplantation [45].

Finally, in addition to promoting growth, GH therapy
may provide other benefits to children with CRI that
deserve mention. Early trials by Fine and colleagues
demonstrated significant GH-related anabolic effects, as
evidenced by improvements in body weight, midarm
circumference, and midarm muscle circumference [57].
Although data from patients with CRI are limited, research
has shown that GH therapy may also improve QOL and
parameters of bone metabolism [14, 58]. A study of ten
pre-pubertal patients with CRI showed that GH therapy for
1 year produced a significant increase in lumbar spine and
total body bone mineral content and bone mineral density
[59]. Whereas GH therapy may be associated with
neurodevelopmental and cardiovascular improvements,
more research is needed to elucidate these benefits in the
CRI population [60, 61]. Several studies have already
documented the important role of GH in maintaining
cardiovascular health in children and adolescents with
GHD [62–64].

Safety of GH therapy

Several clinical studies support the safety of GH therapy in
children with CRI. Over a 6.5-year period, Fine and
colleagues compared the frequency of GH-related adverse
events in patients in the CRI, dialysis, and renal transplant
registries of the NAPRTCS to untreated children with CKD
(Table 4) [65]. Compared with untreated children, GH-
treated patients showed no significant increase in the
incidence of malignancy, slipped capital femoral epiphysis,
avascular necrosis (AVN), glucose intolerance, pancreati-
tis, progressive deterioration of renal function, acute
allograft rejection, or fluid retention. There was no signif-
icant increase in the incidence of benign intracranial

hypertension (ICH) observed among GH recipients, and
three of 1,376 GH-treated patients showed signs and
symptoms related to ICH at 2, 50, and 1,131 days,
respectively, after discontinuing GH treatment. Interestingly,
ICH occurred in two and five children who did not receive
GH in the dialysis and transplant registries, respectively.

Several studies have reported a significant elevation of
insulin levels during the first year of treatment, which is
consistent with the known activity of GH [66]; however, a
return toward baseline was generally observed with long-
term treatment [43, 53, 67, 68]. One long-term study
involving 152 children with short stature of various
etiologies, including 16 patients with CRI, showed that
mean insulin levels increased but remained within normal
limits during 5 years of GH treatment [68]. Thus, while
irreversible diabetes mellitus has not been observed in
patients with CKD [43, 50, 53, 67–69], careful monitoring
of glucose metabolism is advised.

Of particular interest to the CKD population is a
radiographic evaluation of 205 children with CKD by
Boechat et al., which revealed no association between the
incidence of AVN and the type or duration of renal disease
or GH therapy [70]. In other studies, no apparent accel-
eration in deterioration of renal function has been observed
in GH-treated patients with CRI or following renal
transplantation [47, 50, 51, 66, 71, 72]. Furthermore, and
as already stated, GH therapy has not been associated with
a significant increase in acute rejection episodes in renal
transplant recipients compared with rejection rates prior to
GH treatment or in untreated controls [50, 73]. Although
some authors have suggested that patients with a history of
more than one prior acute rejection episode are at an
increased risk of acute rejection following initiation of GH
therapy, no definitive evidence of a causal relationship has
been found in this regard [50, 51].

Dosing recommendations

Currently, somatropin (recombinant human growth hor-
mone for injection) is approved for the treatment of growth
failure in children with CRI in the United States of America
(Nutropin AQ, Genentech), Europe (Nutropin AQ, Ipsen;
Genotonorm, Pharmacia & Upjohn; Norditropin, Novo
Nordisk), Japan (Genotropin, Pfizer Japan; Norditropin,
Novo Nordisk), and Australia (Genotropin, Pfizer Aus-
tralia). In children with GHD, the recommended dosage in
pre-pubertal children is up to 0.30 mg/kg per week (24 IU/
m2 per week) administered as a daily subcutaneous
injection [74]. In contrast, patients with CRI require higher
GH doses, and in accordance with results from the
numerous clinical trials reviewed, it is recommended that
these patients receive 0.35 mg/kg per week (28 IU/m2 per
week) to achieve the desired growth response [74].

Although the recommended GH dosage for patients with
CRI has been extensively evaluated in clinical trials, future
research may allow further optimization of the therapeutic
regimen in this population. Two dosing considerations of
interest to clinicians include a pubertal dosing regimen and
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dose modifications based on IGF-I levels. Studies in
patients with GHD suggest that higher doses of GH may be
required during puberty for some patients, such as those
with severe growth failure or a delayed diagnosis of growth
impairment [75, 76]. A study in adolescents with GHD
showed that “pubertal doses” of GH (0.7 mg/kg per wk)
resulted in greater near-adult height (defined as height
attained at a bone age of >16 years for boys and >14 years
for girls) than conventional doses, did not produce undue
advancement of bone age, and were well tolerated [75].
Research is required to determine the optimal pubertal GH
dosing regimen in patients with CRI.

Because administration of GH should increase plasma
IGF-I levels, and many of the growth-promoting effects of
GH are mediated by IGF-I, it has been suggested that a
relationship might exist between plasma IGF-I concentra-
tions and catch-up growth in children with GHD receiving
GH therapy [77]. Thus, IGF-I may be a useful measure of
therapeutic efficacy and adherence to prescribed therapy.
On the other hand, there are no data on this subject as it
relates to patients with CRI. Accordingly, what, if any,
relationship exists between the concentration of IGF-I, the
growth rate of children with CRI, and the value of IGF-I in
predicting growth and modifying the GH dosage, remains
to be determined.

Current GH utilization in children with CRI

Currently, a large proportion of growth-impaired children
with CRI are not receiving GH therapy. The NAPRTCS
2005 annual report showed that GH utilization in patients
with CRI and growth failure (height SDS <−1.88 and
Tanner stages I–III) was low, reaching a maximum of
22.1% at 12 months after entry into the registry (Fig. 2)
[28]. This low level of use is an area of concern, given that
GH is an approved therapy for patients with growth failure
associated with CRI. Accordingly, it is important for
clinicians to identify and address the possible reasons for
such low GH usage.

In our clinical experience, the most significant barriers to
GH use in children with CKD include the patient’s and
family’s unwillingness to begin and comply with treatment,

difficulties with reimbursement, and an expected short time
until transplantation. We believe that additional barriers
reflect the clinician’s perception of the impact of short
stature and a lack of urgency to treat children with CRI-
related short stature because it may be deemed a cosmetic
issue by clinicians and families that does not warrant
immediate and aggressive intervention. The perception that
growth is primarily an endocrine problem, perceived
complexity associated with the initiation of GH therapy,
and lack of familiarity or guidelines related to the
evaluation and implementation process for GH therapy in
CKD may also hinder GH use.

As mentioned previously, the cost of GH and the belief
that treatment might not be reimbursed likely contribute to
the reluctance to initiate therapy in patients with CKD in
some centers [78]. In addition to the direct costs of GH
therapy (e.g., drug and training expenses), indirect costs
also may be incurred, such as those related to the
development of adverse events and their management
and the psychological and family burden associated with
therapy. These costs are less easily measured and may vary
considerably among patients. On the other hand, a dollar
“value” defining the clinical benefits of GH therapy may be
nearly impossible to determine. Both the social and
psychological benefits and the positive effects on morbid-
ity and mortality are difficult to quantify. Nevertheless, the
cost-effectiveness of GH therapy is an area that requires
continued exploration.

Proposed algorithm for the evaluation and treatment
of growth failure in children with CRI

To address the need for clear clinical guidelines, an
algorithm for the evaluation and treatment of growth failure
in children with CRI was developed (Fig. 3). These
recommendations are based on the results of clinical
studies demonstrating the safety and efficacy of GH
therapy in this population [6, 42–44, 51, 52, 59], appraisal
of the relevant GH and CRI guidelines [41, 74, 79, 80], and
the expert opinion of the consensus conference partici-
pants. At this time, limited data are available regarding the
non-growth-related benefits of GH therapy in children with
CRI, such as the psychosocial and QOL benefits, bone
development, neurodevelopment, and cardiovascular ben-
efits, and thus they are not addressed by this algorithm.

We propose that the target population include children
with clinically defined CRI (GFR <75 ml/min per 1.73 m2

body surface area) and significant growth impairment
(height SDS <–1.88 or height velocity SDS <−2.00) [28].
As described, complicating factors for poor growth—such
as metabolic acidosis, malnutrition, salt-wasting, ROD,
and hypothyroidism—must be adequately addressed be-
fore GH therapy is initiated [41, 66, 79]. Correction of
these abnormalities is not likely to fully correct growth
abnormalities in these children, but it is necessary to ensure
an optimal growth response in those patients who
ultimately receive GH therapy. GH treatment is contra-
indicated in patients with active malignancies and should

Fig. 2 GH utilization in children with CRI and growth failure
(n=1,727). GH utilization in patients with CRI and growth failure
(ht SDS <−1.88 and Tanner stages I–III) is low, with fewer than 25%
of children receiving GH therapy at 12 months after entry into the
NAPRTCS registry [10]
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be used with caution in disorders associated with an
increased risk of malignancy.

Once metabolic and nutritional factors affecting growth
have been addressed (e.g., over a 3–6-month period),
patients may be evaluated for GH therapy. Height SDS,
height velocity SDS, absolute height velocity, pubertal
stage, and bone age should be reassessed before treatment
to confirm the patient’s eligibility for GH and to allow
accurate monitoring of growth while receiving treatment.
Baseline hip and knee X-rays, funduscopic examination,
blood chemistries, PTH levels, and thyroid studies should
also be performed to assist in monitoring for more rare
events such as slipped capital femoral epiphysis, glucose
intolerance, and benign ICH.

Following a comprehensive pretreatment workup, pa-
tients may be initiated on GH therapy at 0.05 mg/kg per
day (0.35 mg/kg per week or 28 IU/m2 per week)
administered by subcutaneous injection. Throughout GH
therapy, patients must be monitored regularly for dose
modification based on weight gain, response to therapy,
adverse events, and complicating factors that may result in
poor growth. Clinic visits every 3 to 4 months are recom-

mended for the assessment of height, weight (and GH dose
modification), occipitofrontal circumference (until 3 years
of age), pubertal maturation, nutritional status, funduscopic
examination, serum chemistries, and PTH. Yearly monitor-
ing of bone age should be accompanied by hip and knee X-
rays only if persistent hip or leg pain is present.

Patients demonstrating an inadequate growth response
may require correction of their weight-based GH dose or
complicating nutritional or metabolic factors for poor
growth and should be assessed for treatment compliance.
Patients with persistent poor growth despite correction of
these issues may require referral to a pediatric endocrinol-
ogist for further evaluation of other possible causes for
inadequate growth.

Finally, we recommend that GH therapy should be
discontinued when the epiphyses close or if the patient’s
height goal has been achieved (based on midparental height
or 50th percentile for age). It should be at least temporarily
discontinued in the presence of active neoplasia, slipped
capital femoral epiphyses, benign intracranial hyperten-
sion, severe hyperparathyroidism (PTH >900 pg/ml for
stage 5 CKD and lower values for early CKD), non-

Fig. 3 Proposed algorithm for
evaluation and treatment of
growth failure in children with
CRI
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compliance with treatment, or at the time of renal trans-
plantation. We recommend continued monitoring of
growth after the patient discontinues GH therapy, since
re-initiation of GH may be appropriate if the height
velocity decreases and the reasons for the discontinuation
of GH are resolved.

Summary

In summary, growth failure remains a significant clinical
problem in children with CRI, and growth assessment
should be a routine component of nephrology care. Growth
failure in this population is often multifactorial; it may
reflect substantial derangements of the GH–IGF-I axis and
may be compounded by nutritional and metabolic
abnormalities, each of which must be adequately addressed
to improve growth. Although the safety and efficacy of GH
therapy in growth-impaired children with CRI have been
demonstrated in numerous clinical trials, current use of GH
therapy in this population remains surprisingly low.
Several barriers to GH use exist, including the lack of
clear guidelines for clinicians regarding the initiation and
monitoring of GH therapy and the target height for treated
patients. Our proposed algorithm for the evaluation and
treatment of growth failure in children with CRI is
designed to address this important need.

References

1. Furth SL, Stablein D, Fine RN, Powe NR, Fivush BA (2002)
Adverse clinical outcomes associated with short stature at
dialysis initiation: a report of the North American Pediatric
Renal Transplant Cooperative Study. Pediatrics 109:909–913

2. Furth SL, Hwang W, Yang C, Neu AM, Fivush BA, Powe NR
(2002) Growth failure, risk of hospitalization and death for
children with end-stage renal disease. Pediatr Nephrol 17:
450–455

3. Hokken-Koelega AC, Saenger P, Cappa M, Greggio N (2001)
Unresolved problems concerning optimal therapy of puberty in
children with chronic renal diseases. J Pediatr Endocrinol
Metab 14 [Suppl 2]:945–952

4. Kari JA, Gonzalez C, Ledermann SE, Shaw V, Rees L (2000)
Outcome and growth of infants with severe chronic renal
failure. Kidney Int 57:1681–1687

5. Kuizon BD, Salusky IB (1999) Growth retardation in children
with chronic renal failure. J Bone Miner Res 14:1680–1690

6. Postlethwaite RJ, Eminson DM, Reynolds JM, Wood AJ,
Hollis S (1998) Growth in renal failure: a longitudinal study of
emotional and behavioural changes during trials of growth
hormone treatment. Arch Dis Child 78:222–229

7. Scharer K (1990) Growth and development of children with
chronic renal failure. Study Group on Pubertal Development in
Chronic Renal Failure. Acta Paediatr Scand Suppl 366:90–92

8. Tonshoff B, Mehls O (1995) Growth retardation in children
with chronic renal insufficiency: current aspects of pathophys-
iology and treatment. J Nephrol 8:133–142

9. National Kidney Foundation Kidney Disease Outcomes Quality
Initiative (2002) K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Part
4. Definition and classification of stages of chronic kidney
disease. National Kidney Foundation. Accessed 13 Sept 2004

10. North American Pediatric Renal Transplant Cooperative Study
(2005) Annual Report. Renal transplantation, dialysis, chronic
renal insufficiency. Available at: http://spitfire.emmes.com/
study/ped/resources/annlrept2005.pdf. Accessed 2 Sept 2005

11. Tonshoff B, Fine RN (1996) Recombinant human growth
hormone for children with renal failure. Adv Ren Replace Ther
3:37–47

12. Stabler B, Siegel PT, Tancer ME (1993) Psychiatric symptoms
in young adults treated for growth hormone deficiency in
childhood. In: Stabler B, Underwood L (eds) Growth, stature,
and adaptation. Behavioral, social and cognitive aspects of
growth delay. University of North Carolina, Chapel Hill, NC,
pp 99–106

13. Stabler B, Siegel PT, Clopper RR, Stoppani CE, Compton PG,
Underwood LE (1998) Behavior change after growth hormone
treatment of children with short stature. J Pediatr 133:366–373

14. Stabler B, Clopper RR, Siegel PT, Stoppani C, Compton PG,
Underwood LE (1994) Academic achievement and psycholog-
ical adjustment in short children. The National Cooperative
Growth Study. J Dev Behav Pediatr 15:1–6

15. Hokken-Koelega AC, van Zaal MA, van Bergen W, de Ridder
MA, Stijnen T, Wolff ED, de Jong RC, Donckerwolcke RA, de
Muinck Keizer-Schrama SM, Drop SL (1994) Final height and
its predictive factors after renal transplantation in childhood.
Pediatr Res 36:323–328

16. Fine RN, Stablein D (2005) Long-term use of recombinant
human growth hormone in pediatric allograft recipients: a
report of the NAPRTCS Transplant Registry. Pediatr Nephrol
20:404–408

17. Nissel R, Brazda I, Feneberg R, Wigger M, Greiner C, Querfeld
U, Haffner D (2004) Effect of renal transplantation in childhood
on longitudinal growth and adult height. Kidney Int 66:792–800

18. Voss LD, Sandberg DE (2004) The psychological burden of
short stature: evidence against. Eur J Endocrinol 151 [Suppl 1]:
S29–S33

19. Busschbach JJ, Rikken B, Grobbee DE, De Charro FT, Wit JM
(1998) Quality of life in short adults. Horm Res 49:32–38

20. Broyer M, Le BC, Charbit M, Guest G, Tete MJ, Gangnadoux
MF, Niaudet P (2004) Long-term social outcome of children
after kidney transplantation. Transplantation 77:1033–1037

21. Rosenkranz J, Reichwald-Klugger E, Oh J, Turzer M, Mehls O,
Schaefer F (2005) Psychosocial rehabilitation and satisfaction
with life in adults with childhood-onset of end-stage renal
disease. Pediatr Nephrol 20:1288–1294

22. Roelfsema V, Clark RG (2001) The growth hormone and
insulin-like growth factor axis: its manipulation for the benefit
of growth disorders in renal failure. J Am Soc Nephrol
12:1297–1306

23. Rabkin R, Sun DF, Chen Y, Tan J, Schaefer F (2005) Growth
hormone resistance in uremia, a role for impaired JAK/STAT
signaling. Pediatr Nephrol 20:313–318

24. Tonshoff B, Kiepe D, Ciarmatori S (2005) Growth hormone/
insulin-like growth factor system in children with chronic renal
failure. Pediatr Nephrol 20:279–289

25. Schaefer F, Veldhuis JD, Robertson WR, Dunger D, Scharer K
(1994) Immunoreactive and bioactive luteinizing hormone in
pubertal patients with chronic renal failure. Cooperative Study
Group on Pubertal Development in Chronic Renal Failure.
Kidney Int 45:1465–1476

26. Wuhl E, Schaefer F (1999) Puberty in chronic renal failure.
Adv Ren Replace Ther 6:335–343

27. Kaskel F (2003) Chronic renal disease: a growing problem.
Kidney Int 64:1141–1151

28. North American Pediatric Renal Transplant Cooperative Study
(2003) Annual report. Renal transplantation, dialysis, chronic
renal insufficiency. http://spitfire.emmes.com/study/ped/resources/
annlrept2003.pdf. Accessed 15 Jan 2004

29. Betts PR, Magrath G (1974) Growth pattern and dietary intake
of children with chronic renal insufficiency. Br Med J 2:
189–193

928

http://spitfire.emmes.com/study/ped/resources/annlrept2005.pdf
http://spitfire.emmes.com/study/ped/resources/annlrept2005.pdf
http://spitfire.emmes.com/study/ped/resources/annlrept2003.pdf/http://spitfire.emmes.com/study/ped/resources/annlrept2003.pdf
http://spitfire.emmes.com/study/ped/resources/annlrept2003.pdf/http://spitfire.emmes.com/study/ped/resources/annlrept2003.pdf


30. Karlberg J, Schaefer F, Hennicke M, Wingen AM, Rigden S,
Mehls O (1996) Early age-dependent growth impairment in
chronic renal failure. European Study Group for Nutritional
Treatment of Chronic Renal Failure in Childhood. Pediatr
Nephrol 10:283–287

31. Uauy RD, Hogg RJ, Brewer ED, Reisch JS, Cunningham C,
Holliday MA (1994) Dietary protein and growth in infants with
chronic renal insufficiency: a report from the Southwest
Pediatric Nephrology Study Group and the University of
California, San Francisco. Pediatr Nephrol 8:45–50

32. Parekh RS, Flynn JT, Smoyer WE, Milne JL, Kershaw DB,
Bunchman TE, Sedman AB (2001) Improved growth in young
children with severe chronic renal insufficiency who use
specified nutritional therapy. J Am Soc Nephrol 12:2418–2426

33. Wingen AM, Mehls O (2002) Nutrition in children with
preterminal chronic renal failure. Myth or important therapeutic
aid? Pediatr Nephrol 17:111–120

34. Caldas A, Broyer M, Dechaux M, Kleinknecht C (1992)
Primary distal tubular acidosis in childhood: clinical study and
long-term follow-up of 28 patients. J Pediatr 121:233–241

35. Maniar S, Kleinknecht C, Zhou X, Motel V, Yvert JP, Dechaux
M (1996) Growth hormone action is blunted by acidosis in
experimental uremia or acid load. Clin Nephrol 46:72–76

36. Bushinsky DA, Frick KK (2000) The effects of acid on bone.
Curr Opin Nephrol Hypertens 9:369–379

37. Lim VS, Kopple JD (2000) Protein metabolism in patients with
chronic renal failure: role of uremia and dialysis. Kidney Int
58:1–10

38. Boirie Y, Broyer M, Gagnadoux MF, Niaudet P, Bresson JL
(2000) Alterations of protein metabolism by metabolic acidosis
in children with chronic renal failure. Kidney Int 58:236–241

39. Kuizon BD, Goodman WG, Juppner H, Boechat I, Nelson P,
Gales B, Salusky IB (1998) Diminished linear growth during
intermittent calcitriol therapy in children undergoing CCPD.
Kidney Int 53:205–211

40. Hochberg Z (2002) Mechanisms of steroid impairment of
growth. Horm Res 58 [Suppl 1]:33–38

41. National Kidney Foundation Kidney Disease Outcomes Quality
Initiative (2000) Clinical practice guidelines for nutrition in
chronic renal failure. National Kidney Foundation. Accessed 15
Jan 2004

42. Kaufman DB (1998) Growth hormone and renal osteodystro-
phy: a case report. Pediatr Nephrol 12:157–159

43. Fine RN, Kohaut EC, Brown D, Perlman AJ (1994) Growth
after recombinant human growth hormone treatment in children
with chronic renal failure: report of a multicenter randomized
double-blind placebo-controlled study. Genentech Cooperative
Study Group. J Pediatr 124:374–382

44. Hokken-Koelega A, Mulder P, De Jong R, Lilien M,
Donckerwolcke R, Groothof J (2000) Long-term effects of
growth hormone treatment on growth and puberty in patients
with chronic renal insufficiency. Pediatr Nephrol 14:701–706

45. Kari JA, Rees L (2005) Growth hormone for childrenwith chronic
renal failure and on dialysis. Pediatr Nephrol 20:618–621

46. Haffner D, Schaefer F, Nissel R, Wuhl E, Tonshoff B, Mehls O
(2000) Effect of growth hormone treatment on the adult height
of children with chronic renal failure. German Study Group for
Growth Hormone Treatment in Chronic Renal Failure. N Engl
J Med 343:923–930

47. Hokken-Koelega AC, Stijnen T, de Ridder MA, de Muinck
Keizer-Schrama SM, Wolff ED, de Jong MC, Donckerwolcke
RA, Groothoff JW, Blum WF, Drop SL (1994) Growth
hormone treatment in growth-retarded adolescents after renal
transplant. Lancet 343:1313–1317

48. Berard E, Crosnier H, Six-Beneton A, Chevallier T, Cochat P,
Broyer M (1998) Recombinant human growth hormone
treatment of children on hemodialysis. French Society of
Pediatric Nephrology. Pediatr Nephrol 12:304–310

49. Jabs K, Van DC, Harmon WE (1993) Growth hormone
treatment of growth failure among children with renal
transplants. Kidney Int Suppl 43:S71–S75

50. Guest G, Berard E, Crosnier H, Chevallier T, Rappaport R,
Broyer M (1998) Effects of growth hormone in short chil-
dren after renal transplantation. French Society of Pediatric
Nephrology. Pediatr Nephrol 12:437–446

51. Fine RN, Stablein D, Cohen AH, Tejani A, Kohaut E (2002)
Recombinant human growth hormone post-renal transplanta-
tion in children: a randomized controlled study of the
NAPRTCS. Kidney Int 62:688–696

52. Vimalachandra D, Craig JC, Cowell CT, Knight JF (2001)
Growth hormone treatment in children with chronic renal
failure: a meta-analysis of randomized controlled trials.
J Pediatr 139:560–567

53. Maxwell H, Rees L (1998) Randomised controlled trial of
recombinant human growth hormone in prepubertal and
pubertal renal transplant recipients. British Association for
Pediatric Nephrology. Arch Dis Child 79:481–487

54. Powell DR, Liu F, Baker BK, Hintz RL, Lee PD, Durham SK,
Brewer ED, Frane JW, Watkins SL, Hogg RJ (1997) Modu-
lation of growth factors by growth hormone in children with
chronic renal failure. The Southwest Pediatric Nephrology
Study Group. Kidney Int 51:1970–1979

55. Wuhl E, Haffner D, Nissel R, Schaefer F, Mehls O (1996) Short
dialyzed children respond less to growth hormone than patients
prior to dialysis. German Study Group for Growth Hormone
Treatment in Chronic Renal Failure. Pediatr Nephrol 10:294–298

56. Fine RN, Brown DF, Kuntze J, Wooster P, Kohaut EE (1996)
Growth after discontinuation of recombinant human growth
hormone therapy in children with chronic renal insufficiency.
The Genentech Cooperative Study Group. J Pediatr 129:883–891

57. Fine RN, Yadin O, Moulton L, Nelson PA, Boechat MI, Lippe
BM (1994) Five years experience with recombinant human
growth hormone treatment of children with chronic renal
failure. J Pediatr Endocrinol 7:1–12

58. Wollmann HA, Schonau E, Blum WF, Meyer F, Kruse K,
Ranke MB (1995) Dose-dependent responses in insulin-like
growth factors, insulin-like growth factor-binding protein-3 and
parameters of bone metabolism to growth hormone therapy in
young adults with growth hormone deficiency. Horm Res
43:249–256

59. Van Dyck M, Gyssels A, Proesmans W, Nijs J, Eeckels R
(2001) Growth hormone treatment enhances bone mineralisa-
tion in children with chronic renal failure. Eur J Pediatr
160:359–363

60. Hull KL, Harvey S (2003) Growth hormone therapy and quality
of life: possibilities, pitfalls and mechanisms. J Endocrinol
179:311–333

61. Lilien MR, Schroder CH, Levtchenko EN, Koomans HA
(2004) Growth hormone therapy influences endothelial func-
tion in children with renal failure. Pediatr Nephrol 19:785–789

62. Lanes R, Gunczler P, Lopez E, Esaa S, Villaroel O, Revel-
Chion R (2001) Cardiac mass and function, carotid artery
intima–media thickness, and lipoprotein levels in growth
hormone-deficient adolescents. J Clin Endocrinol Metab
86:1061–1065

63. Szczepaniska KJ, Tolwinska J, Urban M, Gardziejczyk M,
Glowinska B (2004) Cardiac mass and function, carotid artery
intima media thickness, homocysteine and lipoprotein levels in
children and adolescents with growth hormone deficiency.
J Pediatr Endocrinol Metab 17:1405–1413

64. Salerno M, Esposito V, Spinelli L, Di Somma C, Farina V,
Muzzica S, de Horatio LT, Lombardi G, Colao A (2004) Left
ventricular mass and function in children with GH deficiency
before and during 12 months GH replacement therapy. Clin
Endocrinol (Oxf) 60:630–636

65. Fine RN, Ho M, Tejani A, Blethen S (2003) Adverse events
with rhGH treatment of patients with chronic renal insufficien-
cy and end-stage renal disease. J Pediatr 142:539–545

929



66. Mentser M, Breen TJ, Sullivan EK, Fine RN (1997) Growth-
hormone treatment of renal transplant recipients: the National
Cooperative Growth Study experience—a report of the Na-
tional Cooperative Growth Study and the North American
Pediatric Renal Transplant Cooperative Study. J Pediatr 131:
S20–S24

67. Haffner D, Nissel R, Wuhl E, Schaefer F, Bettendorf M,
Tonshoff B, Mehls O (1998) Metabolic effects of long-term
growth hormone treatment in prepubertal children with chronic
renal failure and after kidney transplantation. Pediatr Res
43:209–215

68. Saenger P, Attie KM, DiMartino-Nardi J, Fine RN (1996)
Carbohydrate metabolism in children receiving growth hor-
mone for 5 years. Chronic renal insufficiency compared with
growth hormone deficiency, Turner syndrome, and idiopathic
short stature. Genentech Collaborative Group. Pediatr Nephrol
10:261–263

69. Hertel NT, Holmberg C, Ronnholm KA, Jacobsen BB, Olgaard
K, Meeuwisse GW, Rix M, Pedersen FB (2002) Recombinant
human growth hormone treatment, using two dose regimens in
children with chronic renal failure—a report on linear growth
and adverse effects. J Pediatr Endocrinol Metab 15:577–588

70. Boechat MI, Winters WD, Hogg RJ, Fine RN, Watkins SL
(2001) Avascular necrosis of the femoral head in children with
chronic renal disease. Radiology 218:411–413

71. Hokken-Koelega AC, Stijnen T, de Muinck Keizer-Schrama
SM, Wit JM, Wolff ED, de Jong MC, Donckerwolcke RA,
Abbad NC, Bot A, Blum WF (1991) Placebo-controlled,
double-blind, cross-over trial of growth hormone treatment in
prepubertal children with chronic renal failure. Lancet
338:585–590

72. Hokken-Koelega AC, Stijnen T, de Jong MC, Donckerwolcke
RA, de Muinck Keizer-Schrama SM, Blum WF, Drop SL
(1994) Double blind trial comparing the effects of two doses of
growth hormone in prepubertal patients with chronic renal
insufficiency. J Clin Endocrinol Metab 79:1185–1190

73. Hokken-Koelega AC, Stijnen T, de Jong RC, Donckerwolcke
RA, Groothoff JW, Wolff ED, Blum WF, de Muinck Keizer-
Schrama SM, Drop SL (1996) A placebo-controlled, double-
blind trial of growth hormone treatment in prepubertal children
after renal transplant. Kidney Int Suppl 53:S128–S134

74. Genentech (2005) Nutropin AQ [somatropin (rDNA origin)
injection]. Prescribing information

75. Mauras N, Attie KM, Reiter EO, Saenger P, Baptista J (2000)
High dose recombinant human growth hormone (GH) treatment
of GH-deficient patients in puberty increases near-final height:
a randomized, multicenter trial. Genentech Inc Cooperative
Study Group. J Clin Endocrinol Metab 85:3653–3660

76. Mericq MV, Eggers M, Avila A, Cutler GB Jr, Cassorla F (2000)
Near final height in pubertal growth hormone (GH)-deficient
patients treated with GH alone or in combination with luteinizing
hormone-releasing hormone analog: results of a prospective,
randomized trial. J Clin Endocrinol Metab 85:569–573

77. Saggese G, Ranke MB, Saenger P, Rosenfeld RG, Tanaka T,
Chaussain JL, Savage MO (1998) Diagnosis and treatment of
growth hormone deficiency in children and adolescents:
towards a consensus. Ten years after the Availability of
Recombinant Human Growth Hormone Workshop held in
Pisa, Italy, 27–28 March 1998. Horm Res 50:320–340

78. Bryant J, Cave C, Mihaylova B, Chase D, McIntyre L, Gerard
K, Milne R (2002) Clinical effectiveness and cost-effectiveness
of growth hormone in children: a systematic review and
economic evaluation. Health Technol Assess 6:1–168

79. Gharib H, Cook DM, Saenger PH, Bengtsson BA, Feld S,
Nippoldt TB, Rodbard HW, Seibel JA, VanceML, Zimmermann
D, Palumbo PJ, Bergman DA, Garber JR, Hamilton CR Jr, Petak
SM, Rettinger HI, Service FJ, Shankar TP, Stoffer SS, Tourletot
JB, American Association of Clinical Endocrinologists Growth
Hormone Task Force (2003) American Association of Clinical
Endocrinologists medical guidelines for clinical practice for
growth hormone use in adults and children—2003 update.
Endocr Pract 9:64–76

80. National Kidney Foundation (NKF) (2003) National Kidney
Foundation Kidney Disease Outcomes Quality Initiative.
Clinical practice guidelines for bone metabolism and disease
in chronic kidney disease. Am J Kidney Dis 42(Suppl 3):
S1–S201

930


	Assessment and treatment of short stature in pediatric patients with chronic kidney disease: a consensus statement
	Abstract
	Introduction
	Defining chronic renal insufficiency and chronic kidney disease
	Growth failure in children with CKD: the North American Pediatric Renal Transplant Cooperative Study experience
	Impact of growth failure in children with CKD
	Causes of growth failure in children with CRI
	Treatment of growth failure
	Efficacy of GH therapy in children with CKD
	Safety of GH therapy
	Dosing recommendations
	Current GH utilization in children with CRI
	Proposed algorithm for the evaluation and treatment of growth failure in children with CRI
	Summary
	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


