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Abstract The voiding cystourethrogram (VCUG) is a
widely used study to define lower urinary tract anatomy
and to diagnose vesicoureteric reflux (VUR) in children.
We examine the technical advances in the VCUG and other
examinations for reflux that have reduced radiation expo-
sure of children, and we give recommendations for the use
of imaging studies in four groups of children: (1) children
with urinary tract infection, (2) siblings of patients with
VUR, (3) infants with antenatal hydronephrosis (ANH),
and (4) children with a solitary functioning kidney. By
performing examinations with little to no radiation, care-
fully selecting only the children who need imaging studies
and judiciously timing follow-up examinations, we can
reduce the radiation exposure of children being studied
for reflux.
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Introduction

The traditional method for diagnosing vesicoureteric reflux
(VUR) is the fluoroscopic voiding cystourethrogram
(VCUG). This study is primarily used to screen children
who are at risk of VUR and to provide detailed anatomical
information on the genitourinary system. Because this
examination is mainly performed in children, who are at
greatest risk of the harmful effects of ionizing radiation, we
must find ways to achieve diagnostic accuracy while
minimizing radiation dosage.

In this article, we review the technical advances in the
diagnosis of VUR and present recommendations for the
evaluation of four groups of children widely studied for
reflux: (1) children with urinary tract infection (UTI), (2)
siblings of patients with VUR, (3) infants with antenatal
hydronephrosis (ANH), and (4) children with a solitary
functioning kidney. In addition, we discuss the timing and
frequency of imaging studies to detect VUR resolution. By
defining patients at risk of reflux and determining the
differences between patient groups, we can utilize studies
judiciously and minimize radiation exposure. Our recom-
mendations are based on the imaging studies available at
our hospital. The ultimate choice of imaging modality
depends on diagnostic availability, the individual patient
and the referring physician’s preference.

Technical advances in voiding cystography

In the last two decades enormous strides have been made in
reducing the radiation dosage in patients studied for VUR.
The improvement has been a result of replacement of
standard fluoroscopic machines with digital and pulsed
fluoroscopy, judicious use of radionuclide cystograms
(RNC), and the introduction and growing popularity of
voiding urosonography (VUS).

A traditional VCUG exposes the patient to 100 times the
radiation of an RNC. In the last 10 years, low-dose
fluoroscopy techniques, including digital fluoroscopy and
pulsed fluoroscopy, have led to a decrease in the radiation
dose to the patient [1–5] while providing similar diagnostic
quality images [6–10]. By changing from continuous to
pulse fluoroscopy, the effective dose of radiation can be
reduced by approximately 90% with minimal loss of
resolution [10]. Pulsed fluoroscopy is now considered a
requisite for optimal pediatric fluoroscopy [11].

Digital fluoroscopy offers the advantage of “image or
screen save” so that the last image can be saved without
additional radiation to the patient. Limiting the number of
spot images and maximizing the number of image-save
acquisitions decreases radiation [12]. Meticulous image
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coning also significantly decreases patient radiation
exposure. Thus low magnification, low-pulse-per-second
fluoroscopy and image-save acquisition should be used
when performing a VCUG.

In our department, the effective radiation dose of a
VCUG using modern low-dose fluoroscopic methods is
approximately 10 times that of RNC (mentioned below).
For example, the average effective dose of a VCUG in a
3-year-old patient is 3 mrem, compared to 0.5 mrem for an
RNC. For comparison, the average effective dose of an
airplane ride from Boston to San Francisco is 5 mrem. The
average effective dose of the VCUG is variable and
depends on the patient size, operator and machinery.

The main advantage of RNC over fluoroscopic VCUG is
decreased radiation exposure of the patient. The sensitivity
of RNC for detecting reflux is equal to or greater than that of
VCUG; however, the spatial resolution and anatomic detail
seen on an RNC are inferior to those seen on a VCUG. To
increase the sensitivity of either test, a cyclic study should be
performed in children younger than 1 year [13].

In order to avoid instrumentation, methods of indirect
cystography have been tested. Indirect cystography uses
intravenously injected Tc 99m pentetate, which is cleared
by the kidneys into the bladder to assess for reflux without
bladder catheterization. Unfortunately, this method has a
high percentage of false-negative studies, so it is not
recommended.

During the last two decades, in an effort to eliminate the
radiation exposure intrinsic to RNC and VCUG, sonography
has been used to evaluate reflux. Indirect US methods
without the use of contrast agents avoid instrumentation but
are significantly less sensitive [14–16]. A normal non-
contrast US scan of the urinary tract without contrast agent
does not exclude reflux [17]. The availability of a stable US
contrast agent that can be administered intravesically is a
great breakthrough that has popularized VUS [18]. During
contrast sonocystography, the bladder is filled through a
catheter with a US contrast agent, and reflux is assessed by
the sonographic appearance of contrast agent within the
kidneys and ureters. The grading system is similar to that for
a VCUG [19]. This method is not as popular in North
America as elsewhere in the world. In some German
institutions, this method has led to a significantly reduced
number of VCUGs and the associated ionizing radiation
[20].

There is a 92% concordance in VUR diagnosis on VUS
and VCUG/RNC [18, 21, 22]. In comparison to VCUG, the
sensitivity and specificity of VUS range from 88% to 100%
and 86% to 100%, respectively [18]. Although comparable
to VCUG and RNC in sensitivity and accuracy in detecting
VUR [23–30], VUS as compared to a VCUG does not
provide comparable anatomic detail of the bladder, ureter,
and urethra. Current recommendations for the use of VUS
vary.

During MR cystography, images of the genitourinary
tract are obtained before and after the intravesical
administration of gadolinium and after voiding. The
method is less sensitive than VCUG for detecting reflux
and is experimental. The relative benefits of this examina-

tion are that it exposes the child to no additional radiation
and can evaluate the kidneys for changes related to reflux
nephropathy [31, 32]. However, the sedation or anesthesia
often required in the young patients evaluated by MRI
imposes medical risks and costs time and resources.

Children with urinary tract infection

Most UTIs in children are ascending and related to factors
such as dysfunctional voiding or impaired lower tract
defenses. The VCUG has been regarded as fundamental in
evaluating the child with a well-documented UTI because
it evaluates: (1) bladder and urethral anatomy, (2) bladder
capacity, (3) ability of the bladder to empty, (4) presence of
VUR, and (5) the grade of VUR.

Although cystitis alone does not pose a significant threat
to the health of a child, a UTI combined with VUR can
result in significant renal damage. VUR is present in
30–50% of children with a febrile UTI [33]. Studies
demonstrate that on initial evaluation of children with a
febrile UTI and VUR there is up to a 40% incidence of
renal scarring [34]. Although the majority of VURs resolve
spontaneously with time, the likelihood of resolution
depends on age at diagnosis, laterality and VUR grade.
In addition, as children get older, they are much less likely
to have VUR, because if they had it, it has resolved (Fig. 1)
[35]. The VCUG provides critical prognostic information
by detecting and then defining the severity of VUR.

The VCUG is invasive in terms of instrumentation and
radiation exposure; therefore, selectivity in its application
is appropriate. The greatest reduction in radiation exposure
occurs by avoiding the study altogether. Critical to
determining which patients require a VCUG is the

Fig. 1 Graphical representation of VUR prevalence determined
from 54 studies weighted by sample size of children with UTI
(reproduced with permission from Pediatrics vol. 103, pp 843–852,
copyright 1999 by the AAP)
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definition of a UTI. Urine specimens obtained by
catheterization or suprapubic aspiration are the gold
standard. Any significant pure growth from a catheterized
specimen or suprapubic aspiration is regarded as positive.
A bacterial count of >105 cfu/ml from a clean midstream
collection has an 80% (and two such collections a 90%)
likelihood of representing a true infection [35]. Specimens
that are obtained by adhering a plastic bag to the perineum
are useful only if no organisms grow, as any bacterial
growth usually reflects perineal flora. Contamination rates
range from 60% to 70% [36]. Results from catheterization
through a phimotic foreskin can also be misleading.

In addition, clinical presentation, age, race and social
factors contribute to selecting which patients should have a
VCUG. The combined presence of fever (>38.5°C) [37]
and UTI are important clinical findings, as they might
indicate a pyelonephritis as opposed to cystitis, which
typically does not produce fever. Pyelonephritis can result
in significant kidney damage unless prompt antimicrobial
therapy is instituted. Children with repetitive febrile UTI
are at further increased risk of renal damage. Therefore, in
the young child with a febrile UTI, cystographic evaluation
to rule out VUR is most strongly warranted.

Recently, attempts to link biomarkers of inflammation
such as procalcitonin, known to be associated with renal
scarring, have shown promise in attempting to stratify
patients by risk of renal damage [38]. Further investigation
is needed to accurately stratify patients by their risk of renal
damage.

The greatest risk of renal damage is during the first
2 years of life. Therefore, we recommend aggressive
screening of children <2 years of age, because of their
increased risk and inability to describe symptoms. For
prepubertal boys with a well-documented UTI, the VCUG
is the preferred diagnostic study so that the urethral
anatomy might be defined. In less well-documented cases,
an initial renal bladder US is reasonable. For prepubertal
girls with pyelonephritis, the VCUG is recommended,
whereas for prepubertal girls with recurrent lower UTI and
the ability to describe symptoms (>5 years of age) an RNC
is recommended. If the veracity of the diagnosis of UTI in a
girl is questioned, a US is a proper initial study.

Postpubertal children are at minimal risk of renal
scarring and do not require diagnostic imaging when
presenting with cystitis. Similarly, because of the low
incidence of reflux in black children, the black child
between the age of 5 years and puberty presenting without
fever but with infection do not require a VCUG [39]. In
settings where parental vigilance is questionable, an
aggressive approach should be considered.

Sibling vesicoureteric reflux

VUR is the most common heritable disorder of the
genitourinary tract, but has not been linked to a particular
chromosome or genetic defect. A recent research synthesis
of 1,768 siblings of various ages showed a mean VUR
incidence of 32% [40]. The research demonstrated that

certain factors help predict the risk of sibling VUR. When
stratified by sibling age, 44% of children <2 years of age
have VUR, as opposed to 9% of children >6 years [40]. If
the sex of the sibling or index patient is considered
individually there is no statistically significant difference in
VUR risk; however, if the sex of both patients is
considered, female siblings of female index patients are
at higher risk of VUR than their male counterparts [41].
Twins are at particularly increased risk, and monozygotic
twins are at higher risk than dizygotic twins [42, 43].
Approximately two-thirds of sibling VURs are low-grade
(I/II) and half are unilateral [40]. Sibling VUR shows an
inverse relationship between age and grade of reflux [44].
Although the data are limited, siblings might have a higher
resolution rate as compared to children discovered after a
febrile UTI [40].

Although the incidence of VUR in siblings is signifi-
cantly higher than in the general population, the majority of
sibling VUR is asymptomatic (no history of UTI) and
might be innocuous. Hollowell and Greenfield [40]
determined from the literature an 11% incidence of renal
damage documented by various radiographic modalities in
which the majority of patients were asymptomatic [40].
Furthermore, Puri et al. [45] demonstrated that symptom-
atic siblings (history of febrile UTI) not only have higher
grades of VUR but also an increased rate of reflux
nephropathy (25%) as compared to reported data on
asymptomatic siblings. Therefore, the early detection of
VUR in asymptomatic siblings might decrease the inci-
dence of renal damage [46].

Although the goal of screening for sibling VUR is the
prevention of renal damage, no current genetic tests can
determine who is at risk of renal damage, let alone which
siblings will have VUR. Based on the literature, we have
divided children into four groups for potential screening:
(1) newborns to the age of toilet training, (2) prepubertal
children older than toilet-training age, (3) postpubertal
children, and (4) any symptomatic sibling. The age of toilet
training is chosen because typically at this age children can
describe their symptoms and parents can detect signs of
UTI such as frequency.

All children should be initially screened by an extensive
history including voiding habits and any unexplained
febrile events. We recommend elective screening with
RNC for both girls and boys, because RNC is a sensitive
examination for VUR and confers a very low dose of
radiation. In the future, VUS might be a viable alternative
to the RNC.

Because the prevalence of VUR drops considerably with
increasing age (Fig. 1) for prepubertal children older than
toilet training age (group 2), we recommend an initial
screening US scan. If the renal US scan demonstrates
abnormalities, such as size discrepancy, renal malformation
or scarring, dilated ureter, hydronephrosis or change in
renal pelvis or ureteral caliber during the examination, we
recommend an RNC. If VUR is discovered, the follow-up
study at 1 year should be a VCUG to more clearly define
the genitourinary anatomy.
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We accept that ultrasonography is not as sensitive as
DMSA for the detection of renal scars in patients with a
history of acute pyelonephritis; however, the role of
evaluating the asymptomatic patient sonographically as
compared to DMSA has not been defined [47–49]. If the
sibling population has remained asymptomatic during the
most vulnerable period for renal damage secondary to
infection and reflux, the value of conducting a DMSA scan
as the initial screening test is low.

Vulnerability to renal damage is thought to persist until
puberty [50, 51]. Taking this into consideration, with the
decreasing incidence of reflux with age and the possible
higher resolution rate of reflux in siblings, we recommend
that asymptomatic postpubertal boys and girls be screened
with a renal US scan only (group 3). We especially
recommend screening of girls because of the increased risk
of UTI during their reproductive years and the deleterious
effects of an upper UTI during pregnancy. If there are
no renal abnormalities, we recommend no further inves-
tigation unless symptoms develop. If abnormalities are
found on sonography, we recommend a VCUG or RNC.
Symptomatic siblings (group 4) need to be studied
aggressively and treated as any other child with a UTI.

Antenatal hydronephrosis and vesicoureteric reflux

ANH affects 1–5% of all pregnancies and is one of the most
common prenatally detected abnormalities; however, the
clinical relevance of varying degrees of ANH is unclear
[52–61]. Although the prenatal US scan is noninvasive and
without ionizing radiation, postnatal assessment can be
invasive and expose the child to radiation. To date there are
no large comprehensive prospective studies that have
determined the risk of VUR with varying degrees of ANH.
Similarly, there are no large studies that have examined
both ANH and postnatal US (PNUS) findings to predict
postnatal risk of VUR or kidney damage. There is general
agreement that the postnatal evaluation of children with
moderate to severe ANH that persists postnatally should
include a VCUG. However, the postnatal management of
children with mild ANH, any degree of ANH that resolves
soon after birth, or a nonspecific history of ANH is
controversial.

Numerous small series demonstrate that children with
ANH have an increased risk of VUR as compared to the
general population [62–64]. Overall, boys are thought to be
at greater risk of bilateral high-grade reflux than girls [65].
The largest single series that documented mild ANH and its
relationship to VUR established a 15% incidence of VUR;
however, this series only had 40 patients [63].

Attempts to stratify risk based on PNUS findings have
not been successful [62–64, 66, 67]. Many studies have
shown that a normal postnatal US scan is not a reliable
indicator or predictor for the exclusion of VUR [68–70]. In
one study, hydronephrosis on PNUS had a sensitivity of
63% and specificity of 66% for VUR on VCUG [63].
Although the data are limited, children with ANH and
VUR seemingly have a more benign course with a higher

resolution rate of VUR than children discovered to have
VUR after a febrile infection [71–73].

We provide the following recommendations for the
evaluation of children with ANH with the understanding
that the current literature is controversial and that the care
of each child is individual. Children with bilateral severe
ANH or a solitary kidney with any grade of ANH should
undergo a PNUS shortly after birth, keeping in mind that
physiologic dehydration within the first 5 days might
decrease the degree of hydronephrosis. Those with any
other grade of ANH should undergo a PNUS within the
first month of life. Male and female children with moderate
or severe ANH should undergo a VCUG. Children with
mild ANH that persists after birth might be followed by US
with or without a VCUG or RNC. Management of mild
ANH that resolves is controversial and might require
further imaging.

The solitary kidney

The incidence of VUR in patients with a multicystic
dysplastic kidney (MCDK) or renal agenesis has been
examined in a number of studies. It is logical to do so
because the child’s renal function is entirely dependent
upon the integrity of the solitary kidney such that reflux
nephropathy would have devastating consequences.

The incidence of reflux to the contralateral kidney in a
child with MCDK ranges from 13% to 28% [74–77].
Reflux in the majority of children is mild to moderate in
degree, and the spontaneous resolution rate is high. Renal
agenesis has been evaluated in fewer studies, but the
incidence of VUR appears comparable to that in MCDK
(5–24%) [74–76]. Without doubt, some of these cases
might represent undetectable MCDK. For both MCDK and
renal agenesis, RNC and VUS seem advisable as screening
studies for VUR because the stakes in this group of patients
with a solitary functioning kidney are particularly high.

Timing and frequency of radiologic intervention
for the detection of VUR resolution

The majority of patients with primary VUR are managed
medically with prophylactic antibiotics until either resolu-
tion of VUR or an indication for surgical intervention. The
rate of VUR resolution by grade and laterality has been
well-documented. Nonetheless, guidelines vary consider-
ably regarding the frequency or type of diagnostic imaging
needed to follow VUR until resolution [78–81]. Although
most pediatric urologists and pediatric radiologists recom-
mend annual follow-up studies, this has not been
rigorously tested.

The dilemma has recently been analyzed by modeling, in
both a theoretical and retrospective cohort of children
younger than 10 years with a diagnosis of primary VUR
and febrile UTI, different strategies of VCUG follow-up
and its effects on antibiotic exposure and cost [82]. Based
on their analysis, the authors recommended that patients
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with mild VUR undergo a VCUG every 2 years during
follow-up and every 3 years if reflux was moderate to
severe. The authors made these recommendations by
determining which timing strategy would most effectively
decrease the number of VCUGs and cost per patient while
minimizing increase in antibiotic exposure. Using a small
retrospective cohort of patients with low-grade reflux and a
resolution rate similar to that of published rates they
applied their clinical algorithm and predicted that the
number of VCUGs performed per patient would be reduced
by 19% (P=0.001), the costs reduced by 6% (P=0.17), and
the antibiotic exposure increased by 26% (P=0.001).

With less frequent VCUG follow-up, long-term anti-
biotic exposure will increase significantly in patients who
are compliant. However, it is well-documented that
adherence to medication regimens in children with chronic
diseases is about 50% [83]. The longer they require
medication, the less likely they are to adhere to the regimen
[83]. Although it is difficult to quantify, it is possible that
voiding cystography would serve as a reminder of VUR,
which in turn would improve medication compliance
before VUR resolution.

Without doubt, if we could stratify VUR patients by their
risk of renal damage, we would significantly decrease the
amount of diagnostic imaging performed during medical
management. Some authors have recently questioned the
conventional management of children with low-grade
reflux who might be at a low risk of renal injury; however,
it is still difficult to determine which children are at risk of
damage [84–86].

We recommend that patients with low-grade (I, II)
primary VUR, regardless of laterality, be followed annually
because of the higher resolution rate with lower grades of
VUR. If the initial study to document VUR was an RNC,
we recommend the first follow-up examination be a VCUG
in order to detect any occult bladder or urethral
abnormalities that would decrease the likelihood of VUR
resolution (e.g. hutch diverticulum, posterior urethral
valves). All subsequent follow-up studies should be an
RNC, keeping in mind that grade I reflux is sometimes
difficult to discern on RNC. For patients with moderate to
severe VUR (≥III), a more prolonged resolution period is
anticipated. Initially, anatomical abnormalities need to be
ruled out with a VCUG. At the discretion of the urologist
and taking into consideration family compliance, patient
age, and the logistics of follow-up, an RNC might be
performed every 18 months to 2 years until resolution or
surgical intervention. For patients with bilateral disease, the
higher grade of VUR is the rate-limiting step to resolution
and, therefore, dictates the frequency of follow-up.

For children who undergo antireflux surgery, post-
operative imaging should be an RNC. A VCUG is rarely
indicated, and many pediatric urologists [87] no longer
perform postoperative voiding studies at all. For those who
are committed to documenting the success of surgery, the
VUS might prove to be the ideal study in the future.

Conclusion

Significant technical innovations, such as digital pulsed
fluoroscopy and VUS, and the judicious use of the studies
emitting ionizing radiation have led to the overall decrease
in radiation exposure in children being evaluated for VUR.
In the future, advances in basic science such as genetic
screening and biomarker discovery might help determine
which children are at risk of reflux and renal damage,
potentially replacing our current invasive and radiation-
emitting examinations for reflux.

Acknowledgements We would like to thank Rhonda Johnson and
acknowledge her for her continued excellent work. We also thank
Drs. Alan Retik and Robert Lebowitz for their insightful comments
and suggestions.

References

1. Cleveland RH, Constantinou C, Blickman JG, et al (1992)
Voiding cystourethrography in children: value of digital
fluoroscopy in reducing radiation dose. AJR 158:137–142

2. Diamond DA, Kleinman PK, Spevak M, et al (1996) The
tailored low dose fluoroscopic voiding cystogram for familial
reflux screening. J Urol 155:681–682

3. Kleinman PK, Diamond DA, Karellas A, et al (1994) Tailored
low-dose fluoroscopic voiding cystourethrography for the reeva-
luation of vesicoureteral reflux in girls. AJR 162:1151–1154;
discussion 1155–1156

4. Mooney RB, McKinstry J (2001) Paediatric dose reduction
with the introduction of digital fluorography. Radiat Prot
Dosimetry 94:117–120

5. Ward VL, Barnewolt CE, Strauss KJ, et al (2003) Radiation
exposure and imaging quality: preliminary results of a
comparison of variable-rate pulsed fluoroscopy with continuous
fluoroscopy in a swine model of pediatric genitourinary
abnormalities. In: Annual Meeting of Association of University
Radiologists, Miami, Fla

6. Persliden J, Helmrot E, Hjort P, et al (2004) Dose and image
quality in the comparison of analogue and digital techniques in
paediatric urology examinations. Eur Radiol 14:638–644

7. Hernandez RJ, Goodsitt MM (1996) Reduction of radiation
dose in pediatric patients using pulsed fluoroscopy. AJR
167:1247–1253

8. Boland GW, Murphy B, Arellano R, et al (2000) Dose
reduction in gastrointestinal and genitourinary fluoroscopy: use
of grid-controlled pulsed fluoroscopy. AJR 175:1453–1457

9. Bazopoulos EV, Prassopoulos PK, Damilakis JE, et al (1998) A
comparison between digital fluoroscopic hard copies and
105-mm spot films in evaluating vesicoureteric reflux in
children. Pediatr Radiol 28:162–166

10. Lederman HM, Khademian ZP, Felice M, et al (2002) Dose
reduction fluoroscopy in pediatrics. Pediatr Radiol 32:844–848

11. Brown PH, Thomas RD, Silberberg PJ, et al (2000) Optimization
of a fluoroscope to reduce radiation exposure in pediatric
imaging. Pediatr Radiol 30:229–235

12. Agrawalla S, Pearce R, Goodman TR (2004) How to perform the
perfect voiding cystourethrogram. Pediatr Radiol 34:114–119

13. Paltiel HJ, Rupich RC, Kiruluta HG (1992) Enhanced detection
of vesicoureteral reflux in infants and children with use of
cyclic voiding cystourethrography. Radiology 184:753–755

14. Kopac M, Kenig A, Kljucevsek D, et al (2005) Indirect voiding
urosonography for detecting vesicoureteral reflux in children.
Pediatr Nephrol 20:1285–1287

15. Kosar A, Yesildag A, Oyar O, et al (2003) Detection of vesico-
ureteric reflux in children by colour-flow Doppler ultrasonogra-
phy. BJU Int 91:856–859

189



16. Oak SN, Kulkarni B, Chaubal N (1999) Color flow Doppler
sonography: a reliable alternative to voiding cystourethrogram
in the diagnosis of vesicoureteral reflux in children. Urology
53:1211–1214

17. DiPietro MA, Blane CE, Zerin JM (1997) Vesicoureteral reflux
in older children: concordance of US and voiding cystourethro-
graphic findings. Radiology 205:821–822

18. Darge K (2002) Diagnosis of vesicoureteral reflux with
ultrasonography. Pediatr Nephrol 17:52–60

19. Darge K, Troeger J (2002) Vesicoureteral reflux grading in
contrast-enhanced voiding urosonography. Eur J Radiol
43:122–128

20. Darge K, Ghods S, Zieger B, et al (2001) Reduction in voiding
cystourethrographies after the introduction of contrast enhanced
sonographic reflux diagnosis. Pediatr Radiol 31:790–795

21. Ascenti G, Zimbaro G, Mazziotti S, et al (2004) Harmonic US
imaging of vesicoureteric reflux in children: usefulness of a
second generation US contrast agent. Pediatr Radiol 34:481–487

22. Riccabona M, Mache CJ, Lindbichler F (2003) Echo-enhanced
color Doppler cystosonography of vesicoureteral reflux in
children. Improvement by stimulated acoustic emission. Acta
Radiol 44:18–23

23. Mentzel HJ, Vogt S, Patzer L, et al (1999) Contrast-enhanced
sonography of vesicoureterorenal reflux in children: preliminary
results. AJR 173:737–740

24. Darge K, Troeger J, Duetting T, et al (1999) Reflux in young
patients: comparison of voiding US of the bladder and
retrovesical space with echo enhancement versus voiding
cystourethrography for diagnosis. Radiology 210:201–207

25. Valentini AL, Salvaggio E, Manzoni C, et al (2001) Contrast-
enhanced gray-scale and color Doppler voiding urosonography
versus voiding cystourethrography in the diagnosis and grading
of vesicoureteral reflux. J Clin Ultrasound 29:65–71

26. Galia M, Midiri M, Pennisi F, et al (2004) Vesicoureteral reflux
in young patients: comparison of voiding color Doppler US
with echo enhancement versus voiding cystourethrography for
diagnosis or exclusion. Abdom Imaging 29:303–308

27. Nakamura M, Wang Y, Shigeta K, et al (2002) Simultaneous
voiding cystourethrography and voiding urosonography: an in
vitro and in vivo study. Clin Radiol 57:846–849

28. Ascenti G, Zimbaro G, Mazziotti S, et al (2003) Vesicoureteral
reflux: comparison between urosonography and radionuclide
cystography. Pediatr Nephrol 18:768–771

29. Radmayr C, Oswald J, Klauser A, et al (2002) Contrast-
medium enhanced reflux ultrasound in children. A comparison
with radiologic imaging up to now. Urologe A 41:548–551

30. Vassiou K, Vlychou M, Moisidou R, et al (2004) Contrast-
enhanced sonographic detection of vesicoureteral reflux in
children: comparison with voiding cystourethrography. Rofo
176:1453–1457

31. Rodriguez LV, Spielman D, Herfkens RJ, et al (2001) Magnetic
resonance imaging for the evaluation of hydronephrosis, reflux
and renal scarring in children. J Urol 166:1023–1027

32. Lee SK, Chang Y, Park NH, et al (2005) Magnetic resonance
voiding cystography in the diagnosis of vesicoureteral reflux:
comparative study with voiding cystourethrography. J Magn
Reson Imaging 21:406–414

33. International Reflux Study Committee (1981) Medical versus
surgical treatment of primary vesicoureteral reflux: report of the
International Reflux Study Committee. Pediatrics 67:392–400

34. Downs SM (1999) Technical report: urinary tract infections in
febrile infants and young children. The Urinary Tract
Subcommittee of the American Academy of Pediatrics
Committee on Quality Improvement. Pediatrics 103:e54

35. American Academy of Pediatrics (1999) Practice parameter: the
diagnosis, treatment, and evaluation of the initial urinary tract
infection in febrile infants and young children. American
Academy of Pediatrics. Committee on Quality Improvement.
Subcommittee on Urinary Tract Infection (1999) Pediatrics 103
(4 Pt 1):843–852

36. Al-Orifi F, McGillivray D, Tange S, et al (2000) Urine culture
from bag specimens in young children: are the risks too high?
J Pediatr 137:221–226

37. Gelfand MJ, Koch BL, Cordero GG, et al (2000) Vesicoureteral
reflux: subpopulations of patients defined by clinical variables.
Pediatr Radiol 30:121–124

38. Leroy S, Adamsbaum C, Marc E, et al (2005) Procalcitonin as a
predictor of vesicoureteral reflux in children with a first febrile
urinary tract infection. Pediatrics 115:e706–e709

39. Rushton GH (1999) Vesicoureteral reflux and scarring. In:
Barratt TM, Avner ED, Harmon WE (eds) Pediatric nephrology.
Lippincott Williams and Wilkins, Philadelphia, pp 851–857

40. Hollowell JG, Greenfield SP (2002) Screening siblings for
vesicoureteral reflux. J Urol 168:2138–2141

41. Noe HN (1992) The long-term results of prospective sibling
reflux screening. J Urol 148(5 Pt 2):1739–1742

42. Wan J, Greenfield SP, Ng M, et al (1996) Sibling reflux: a dual
center retrospective study. J Urol 156(2 Pt 2):677–679

43. Kaefer M, Curran M, Treves ST, et al (2000) Sibling
vesicoureteral reflux in multiple gestation births. Pediatrics
105(4 Pt 1):800–804

44. Chertin B, Puri P (2003) Familial vesicoureteral reflux. J Urol
169:1804–1808

45. Puri P, Cascio S, Lakshmandass G, et al (1998) Urinary tract
infection and renal damage in sibling vesicoureteral reflux.
J Urol 160(3 Pt 2):1028–1030; discussion 1038

46. Houle AM, Cheikhelard A, Barrieras D, et al (2004) Impact of
early screening for reflux in siblings on the detection of renal
damage. BJU Int 94:123–125

47. Ataei N, Madani A, Habibi R, et al (2005) Evaluation of acute
pyelonephritis with DMSA scans in children presenting after
the age of 5 years. Pediatr Nephrol 20:1439–1444

48. Wang YT, Chiu NT, Chen MJ, et al (2005) Correlation of renal
ultrasonographic findings with inflammatory volume from
dimercaptosuccinic acid renal scans in children with acute
pyelonephritis. J Urol 173:190–194; discussion 194

49. Moorthy I, Wheat D, Gordon I (2004) Ultrasonography in the
evaluation of renal scarring using DMSA scan as the gold
standard. Pediatr Nephrol 19:153–156

50. Smellie JM, Ransley PG, Normand IC, et al (1985) Development
of new renal scars: a collaborative study. Br Med J (Clin Res Ed)
290:1957–1960

51. Shimada K, Matsui T, Ogino T, et al (1989) New development
and progression of renal scarring in children with primary
VUR. Int Urol Nephrol 21:153–158

52. Sairam S, Al-Habib A, Sasson S, et al (2001) Natural history of
fetal hydronephrosis diagnosed on mid-trimester ultrasound.
Ultrasound Obstet Gynecol 17:191–196

53. Ismaili K, Hall M, Donner C, et al (2003) Results of systematic
screening for minor degrees of fetal renal pelvis dilatation in an
unselected population. Am J Obstet Gynecol 188:242–246

54. Grandjean H, Larroque D, Levi S (1999) The performance of
routine ultrasonographic screening of pregnancies in the
Eurofetus Study. Am J Obstet Gynecol 181:446–454

55. National Birth Defects Prevention Network (2004) Birth
defects surveillance data from selected states, 1997–2001.
Birth Defects Research 70 (part A):677–771

56. Adra AM, Mejides AA, Dennaoui MS, et al (1995) Fetal
pyelectasis: is it always “physiologic”? Am J Obstet Gynecol
173:1263–1266

57. Kapadia H, Lidefelt KJ, Erasmie U, et al (2004) Antenatal renal
pelvis dilatation emphasizing vesicoureteric reflux: two-year
follow-up of minor postnatal dilatation. Acta Paediatr 93:336–339

58. Vanara F, Bergeretti F, Gaglioti P, et al (2004) Economic
evaluation of ultrasound screening options for structural fetal
malformations. Ultrasound Obstet Gynecol 24:633–639

59. Roberts T, Henderson J, Mugford M, et al (2002) Antenatal
ultrasound screening for fetal abnormalities: a systematic
review of studies of cost and cost effectiveness. BJOG
109:44–56

190



60. Romano PS, Waitzman NJ (1998) Can decision analysis help us
decide whether ultrasound screening for fetal anomalies is
worth it? Ann N Y Acad Sci 847:154–172

61. Ewigman BG, Crane JP, Frigoletto FD, et al (1993) Effect of
prenatal ultrasound screening on perinatal outcome. RADIUS
Study Group. N Engl J Med 329:821–827

62. Aksu N, Yavascan O, Kangin M, et al (2005) Postnatal
management of infants with antenatally detected hydronephrosis.
Pediatr Nephrol 20:1253–1259

63. Gloor JM, Ramsey PS, Ogburn PL Jr, et al (2002) The
association of isolated mild fetal hydronephrosis with postnatal
vesicoureteral reflux. J Matern Fetal Neonatal Med 12:196–200

64. Phan V, Traubici J, Hershenfield B, et al (2003) Vesicoureteral
reflux in infants with isolated antenatal hydronephrosis. Pediatr
Nephrol 18:1224–1228

65. Herndon CD, McKenna PH, Kolon TF, et al (1999) A
multicenter outcomes analysis of patients with neonatal reflux
presenting with prenatal hydronephrosis. J Urol 162(3 Pt 2):
1203–1208

66. Brophy MM, Austin PF, Yan Y, et al (2002) Vesicoureteral
reflux and clinical outcomes in infants with prenatally
detected hydronephrosis. J Urol 168(4 Pt 2):1716–1719;
discussion 1719

67. McIlroy PJ, Abbott GD, Anderson NG, et al (2000) Outcome of
primary vesicoureteric reflux detected following fetal renal
pelvic dilatation. J Paediatr Child Health 36:569–573

68. Davey MS, Zerin JM, Reilly C, et al (1997) Mild renal pelvic
dilatation is not predictive of vesicoureteral reflux in children.
Pediatr Radiol 27:908–911

69. Jaswon MS, Dibble L, Puri S, et al (1999) Prospective study of
outcome in antenatally diagnosed renal pelvis dilatation. Arch
Dis Child Fetal Neonatal Ed 80:F135–F138

70. Mahant S, Friedman J, MacArthur C (2002) Renal ultrasound
findings and vesicoureteral reflux in children hospitalised with
urinary tract infection. Arch Dis Child 86:419–420

71. Penido Silva JM, Oliveira EA, Diniz JS, et al (2006) Clinical
course of prenatally detected primary vesicoureteral reflux.
Pediatr Nephrol 21:86–91

72. Ylinen E, Ala-Houhala M, Wikstrom S (2003) Risk of renal
scarring in vesicoureteral reflux detected either antenatally or
during the neonatal period. Urology 61:1238–1242; discussion
1242–1243

73. Upadhyay J, McLorie GA, Bolduc S, et al (2003) Natural
history of neonatal reflux associated with prenatal hydrone-
phrosis: long-term results of a prospective study. J Urol
169:1837–1841; discussion 1841; author reply 1841

74. Eckoldt F, Woderich R, Wolke S, et al (2003) Follow-up of
unilateral multicystic kidney dysplasia after prenatal diagnosis.
J Matern Fetal Neonatal Med 14:177–186

75. Flack CE, Bellinger MF (1993) The multicystic dysplastic
kidney and contralateral vesicoureteral reflux: protection of the
solitary kidney. J Urol 150:1873–1874

76. Selzman AA, Elder JS (1995) Contralateral vesicoureteral reflux
in children with a multicystic kidney. J Urol 153:1252–1254

77. Guarino N, Casamassima MG, Tadini B, et al (2005) Natural
history of vesicoureteral reflux associated with kidney
anomalies. Urology 65:1208–1211

78. Elder JS, Peters CA, Arant BS Jr, et al (1997) Pediatric
Vesicoureteral Reflux Guidelines Panel summary report on the
management of primary vesicoureteral reflux in children. J Urol
157:1846–1851

79. Rushton GH (2004) Vesicoureteral reflux and scarring. In:
Avner ED, Harmon WE, Niaudet P (eds) Pediatric nephrology.
Lippincott Williams and Wilkins, Philadelphia, pp 1027–1048

80. Elder JS (2000) Vesicoureteral reflux. In: Behrman RE,
Kliegman RM, Jenson HB (eds) Nelson’s textbook of pediatrics.
Saunders, Philadelphia, pp 1625–1629

81. Elder JS, Snyder HM, Peters C, et al (1992) Variations in
practice among urologists and nephrologists treating children
with vesicoureteral reflux. J Urol 148(2 Pt 2):714–717

82. Thompson M, Simon SD, Sharma V, et al (2005) Timing of
follow-up voiding cystourethrogram in children with primary
vesicoureteral reflux: development and application of a clinical
algorithm. Pediatrics 115:426–434

83. Osterberg L, Blaschke T (2005) Adherence to medication. N Engl
J Med 353:487–497

84. Cooper CS, Chung BI, Kirsch AJ, et al (2000) The outcome of
stopping prophylactic antibiotics in older children with vesico-
ureteral reflux. J Urol 163:269–272; discussion 272–273

85. Thompson RH, Chen JJ, Pugach J, et al (2001) Cessation of
prophylactic antibiotics for managing persistent vesicoureteral
reflux. J Urol 166:1465–1469

86. Hellerstein S, Nickell E (2002) Prophylactic antibiotics in
children at risk for urinary tract infection. Pediatr Nephrol
17:506–510

87. Grossklaus DJ, Pope JC, Adams MC, et al (2001) Is post-
operative cystography necessary after ureteral reimplantation?
Urology 58:1041–1045

191


	Applying the ALARA concept to the evaluation of vesicoureteric reflux
	Abstract
	Introduction
	Technical advances in voiding cystography
	Children with urinary tract infection
	Sibling vesicoureteric reflux
	Antenatal hydronephrosis and vesicoureteric reflux
	The solitary kidney
	Timing and frequency of radiologic intervention for the detection of VUR resolution
	Conclusion
	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


