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Abstract: The International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) Guideline E14 recommends ‘Thorough
QT Study’ as a standard assessment of drug-induced QT interval prolongation. At the same
time, the value of drug-induced QTc prolongation as a surrogate marker for risk of life-
threatening polymorphic ventricular tachycardia known as torsades des pointes remains con-
troversial. Beat-to-beat variability of QT interval was recently proposed as an alternative
metric. The following review addresses mechanisms of beat-to-beat QT variability, methods of
QT interval variability measurements, and its prognostic value in clinical studies.
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Introduction

Prolonged corrected QT interval (QTc) is a well
recognized sign of long QT syndromes, manifest
by life-threatening polymorphic ventricular
tachycardia known as torsades des pointes (TdP)
[Moss et al. 1991]. In the 1990s, TdP cases
were described in patients taking QT-prolonging
drugs [DuBuske, 1999; Kamisako ez al. 1995;
MacConnell and Stanners, 1991; Monahan
et al. 1990], resulting in important changes in
regulations of new drugs approval by the
United States Federal Drug Administration
(FDA). Recommended by the International
Conference on Harmonization of Technical
Requirements for Registration of
Pharmaceuticals for Human Use (ICH)
Guideline E14, the ‘Thorough QT Study’
(TQT) became a standard of assessment of QT
interval prolongation due to a study drug [Rock
et al. 2009]. In addition, prolonged QT'c has been
shown to be associated with increased risk of
sudden cardiac arrest (SCA) in the general pop-
ulation [Straus er al. 2006; Algra et al. 1991] and
in patients who have had a myocardial infarction
[Schwartz and Wolf, 1978].

At the same time, the value of drug-induced QTc
prolongation as a surrogate marker for risk of
TdP remains controversial [Carlsson, 2008;
Thomsen ez al. 2006; Shah and Hondeghem,
2005; Roden, 2004]. Beat-to-beat variability of

QT interval was recently proposed as an alterna-
tive metric [Hinterseer ez al. 2008; Thomsen ez al.
2004; Hondeghem er al. 2001]. This review
addresses mechanisms of beat-to-beat QT vari-
ability, methods of QT interval variability mea-
surements, and its prognostic value in clinical
studies.

Measurement of beat-to-beat QT interval
variability

Early works [Speranza er al. 1993; Nollo er al.
1992] assessed variability of repolarization by
measuring standard deviation of QT, R peak to
T end, and R peak to T peak intervals, and QT
and RT spectra in healthy volunteers. In 1989—
1993, Merri and colleagues utilized the first por-
tion of the QT interval (ending at the T peak) to
quantify repolarization, and described the rela-
tion between RR and R peak to T peak intervals
(RTpeak/RR slope) in healthy volunteers and
patients with long QT syndrome [Merri er al
1993, 1992, 1989]. In 1997, Berger and col-
leagues proposed the beat-to-beat QT variability
index (QTVI), which quantifies the magnitude of
QT interval variation, normalized by both the
mean QT duration and the magnitude of heart
rate variation [Berger ez al. 1997]. QTVI is cal-
culated as follows:

logio[(QTv/QTm?)/(RRv/RRm?)]
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QTv is the QT interval variance, QTm is the
mean QT interval, RRv is the RR interval vari-
ance, and RRm is the mean RR interval.

Such normalization of beat-to-beat temporal
lability of repolarization proved to be very
useful. Importantly, the QT variability method
by Berger is insensitive to possible inaccuracies
in QT interval measurements because it directly
measures temporal beat-to-beat lability of repo-
larization by stretching or compressing the JT
segment of every beat in studied epoch to
match template. The recommended duration of
recording to determine QT variability is 256 s.

Following Berger’s approach, multiple studies
over more than a decade showed the predictive
value of beat-to-beat QT variability for risk strat-
ification of SCA [Piccirillo ez al. 2007; Jensen
et al. 2005; Haigney er al. 2004; Atiga er al
1998; Berger ez al. 1997]. Vos and colleagues pro-
posed to quantify a short-term variability of repo-
larization (STVqr), calculated on Poincaré plots
of 30 consecutive QT intervals [Hinterseer er al.
2008; Oosterhoff er al. 2007; Thomsen ez al
2004] as follows (D is the QT interval):

STVar =Y, 4, /Pa—Da1|/(30V/2)

This formula represents the average distance to
the line of identity for 30 points in a Poincaré
plot. The predictive value of STVqr and the
value of the method for drug safety assessment
has been shown in animal models [Baumert ez al.
2011, 2008; Carlsson, 2008; Bilchick ez al. 2004;
Berger et al. 1997] and clinical studies [Cheng
et al. 2009; Diaz et al. 2004; DuBuske, 1999].

Prognostic value of beat-to-beat QT

interval variability

Several prospective observational studies con-
vincingly showed the predictive value of QTVI
for risk stratification of SCA. Elevated beat-
to-beat QT variability predicted SCA and ven-
tricular arrhythmia in patients with ischemic
and nonischemic cardiomyopathy [Piccirillo
et al. 2007; Haigney er al. 2004; Atiga er al
1998], hypertrophic cardiomyopathy
[Atiga et al 2000], myocardial ischemia
[Murabayashi er al. 2002], and long QT syn-
drome [Bilchick ez al. 2004]. Specifically,
marked elevation of QT variance, rather than a
drop in heart rate variance, was responsible for
increased QTVI in these conditions.

QTVI was explored in a wide range of diseases
and conditions. In children with Kawasaki dis-
ease, QTVI was correlated with an inflammatory
reaction (body temperature and C-reactive pro-
tein) [Kuriki er al. 2011]. Elevated QTVI was
found in otherwise healthy men with spinal
cord injury [LLa Fountaine ez al. 2011], in healthy
individuals with non-dipping blood pressure
pattern [Myredal ez al. 2010], in patients with
type 1 myotonic dystrophy [Magri er al. 2010],
and in patients with familial dysautonomia
[Nussinovitch ez al. 2010], in patients after coro-
nary artery bypass grafting [Myredal er al. 2008],
in asymptomatic patients with beta-thalassemia
major [Magri er al. 2007] and end-stage renal
disease [Gao et al. 2005]. Obesity was character-
ized with increased QTVI, whereas bariatric sur-
gery and progressive weight loss was shown
associated with improvement of QTVI [Alam
et al. 2009]. QT variability was shown to corre-
late with the severity of obstructive sleep apnea
and blood oxygenation during sleep [Baumert
et al. 2008]. Increased QT variability was dem-
onstrated in patients with schizophrenia during
acute psychosis [Bar er al. 2007b], in patients
with panic disorder [Yeragani ez al. 2002],
depression [Yeragani er al. 2000], and in acute
alcohol withdrawal [Bar e al 2007a].
Predominantly decreased heart-rate variance
and out-of-proportion unchanged or mildly
increased QT variance was usually observed in
such cases, while a true dramatic increase in
QT variance was rather infrequent.

Mechanisms of beat-to-beat QT

interval variability

Increased QT wvariability observed in patients
with heart failure has been considered a sign of
an increased sympathetic tone in the ventricles of
the heart. However, only recently, direct evidence
of augmented sympathetic tone was obtained in
an experiment in dogs implanted with a data
transmitter that monitored simultaneously inte-
grated left stellate-ganglion nervous activity, inte-
grated vagus nerve activity, and ECG [Piccirillo
et al. 2009]. In healthy dogs, QTVI correlated
inversely with integrated vagus nerve activity,
whereas, during heart failure QTVI correlated
directly with integrated left stellate-ganglion
nervous activity.

Another direct proof of correlation between sym-
pathetic activation and QT variability was shown
in the study of resting norepinephrine spillover
into the coronary sinus [Baumert er al. 2011].
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In patients with hypertension, QT variability and
cardiac norepinephrine spillover into the coro-
nary sinus were increased (compared with nor-
motensive controls) and significantly correlated.

Electrical restitution, which reflects adaptation of
the action potential duration to changes in cycle
length, is another important mechanism of QT
variability [Franz er al. 1988]. Our recent finding
of increased intracardiac QT wvariability in
patients with structural heart disease and
implanted cardioverters—defibrillators confirmed
that repolarization lability may be present
throughout the ventricles [Tereshchenko ez al
2009b].

Modeling studies help us to understand mecha-
nisms of QT variability on a cellular level [Pueyo
et al. 2010; Romero er al. 2009]. A combination
of instabilities in action potential duration resti-
tution [Pastore ez al. 1999; Nolasco and Dahlen,
1968] and intracellular calcium dynamics
[Diaz er al. 2004], along with anatomical
and dynamically generated instabilities as a
response of a nonlinear medium to periodic
excitation [Garfinkel, 2007; Echebarria and
Karma, 2002], may produce both alternating
[Rosenbaum er al. 1994] and nonalternating
[Shusterman ez al. 2006] repolarization lability.
Stochastic prolongation of action potential dura-
tion may be an important mechanism of ventric-
ular tachyarrhythmia as well [Tanskanen ez al
2005a].

Notably, mechanistic studies, elucidating mecha-
nisms of increased QT variability, showed differ-
ences between heart failure and structural heart
disease, in comparison to the healthy state.
Apparently, QT variability is influenced by mul-
tiple factors that play different roles depending
on the substrate, and the presence and degree
of structural and electrical remodeling
(Figure 1). The correlation between sympathetic
tone and QT variability is very strong in the state
of high sympathetic activation, but might be
much weaker in other conditions when auto-
nomic balance is unaffected. Accordingly,
changes in ion-channel functions, whether inher-
ited, or drug induced, could be the major driver
of elevated QT variability in some, but not other,
cases.

Mechanisms by which elevated QT variability
translates into ventricular tachyarrhythmia are
less understood. It is known that early afterdepo-
larizations might lead to triggered activity, as well
as to re-entry polymorphic ventricular tachycar-
dia, including TdP, and ventricular fibrillation.
Cardiac myocyte modeling studies [Tanskanen
et al. 2005b] have shown an increased rate of
early afterdepolarizations in conditions of a sto-
chastic mechanism of L-type Ca-channel
gating. We speculate that beat-to-beat changes
in Ca-channel gating properties might manifest
by elevated repolarization lability and result in
more frequent afterdepolarizations: an important
mechanism of arrhythmogenesis.
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Figure 1. Factors influencing QT interval variability. APD, action potential duration.
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Beat-to-beat QT interval variability
and drugs

Prognostic value of QT variability in patients

on drugs affecting QT variability

Clinical data on the effect of drugs on QT vari-
ability are mainly limited to the effect of class III
antiarrhytymic drugs (AADs). The mechanisms
of action of class III AADs are complex.
Amiodarone blocks rapidly and slowly activating
delayed rectifier Kt currents (I, and Ix,), Na™®
currents (Ina), L-type Ca®" currents (Icar), and
adrenergic receptors [Kodama ez al. 1999, 1997].
Sotalol is both a p-blocker and I, channel
blocker. Ibutilide blocks I, channels, but acti-
vates slow inward sodium currents [Murray,
1998].

The substrate is extremely important when
considering the effect of drugs on repolariza-
tion and QT wvariability. Structural heart dis-
ease decreases [Maltsev er al. 2007; Maltsev
and Undrovinas, 2006] the repolarization
reserve [Roden, 2008a, 2008b] of the myocar-
dium. Amiodarone-induced TdP is more
common in patients with structural heart dis-
eases |[Schrickel ez al. 2006a, 2006b]. Risk
stratification in such patients is difficult, and
usually these patients are excluded from QT
variability  studies [Tereshchenko et al
2009b]. In our study, the predictive value of
QTVI in multivariate analysis was shown with
extended follow wup [Tereshchenko er al
2009a]. QT wvariability was highly predictive
in patients with paroxysmal atrial fibrillation
on class III AADs. Consistently, another class
III AAD, ibutilide, demonstrated increased QT
variability only with enriched fluctuations in
heart rate [Cheng er al. 2009]. Importantly,
the response to class III AADs, as well as
the response to other medications, varies
among individuals [Fenichel er al. 2004],
which underscores the importance of efforts
towards future individualized medicine.

Drug overdose is another potentially life-threa-
tening clinical scenario, for which predictive
value of QT variability might be of interest, but
has not been explored. A QT heart rate nomo-
gram has recently been proposed to identify
patients who have had a drug overdose at risk
of TdP, and showed an advantage over the QTc
metric [Waring er al. 2010].

QT variability as a future tool for drug safety
assessment

In experiments, increased beat-to-beat variability
of action potential duration was increased during
exposure of hearts to cisapride, ziprasidone,
quinidine and monofloxacin, but not ranolazine
or Phenobarbital [Wu ez al. 2004]. While previ-
ous experiments and clinical studies showed the
usefulness of QT variability for quantification of
risk in patients with cardiac problems, it is impor-
tant to emphasize that standardized assessment
of drug-induced changes in temporal QT vari-
ability was not performed. Further studies are
needed before considering regulatory use of
beat-to-beat QT variability because assessment
of drug-induced changes in beat-to-beat QT var-
iability currently remains a research tool only.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
Dr Berger holds a patent on
variability algorithm.

the QT

References

Alam, I., Lewis, M.]., Lewis, K.E., Stephens, J.W. and
Baxter, J.N. (2009) Influence of bariatric surgery on
indices of cardiac autonomic control. Auton Neurosci
151: 168-173.

Algra, A., Tijssen, J.G., Roelandt, J.R., Pool, J. and
Lubsen, J. (1991) QTc prolongation measured by
standard 12-lead electrocardiography is an indepen-
dent risk factor for sudden death due to cardiac arrest.
Circulation 83: 1888-1894.

Atiga, W.L., Calkins, H., Lawrence, J.H., Tomaselli,
G.F., Smith, .M. and Berger, R.D. (1998) Beat-to-
beat repolarization lability identifies patients at risk for
sudden cardiac death. ¥ Cardiovasc Electrophysiol

9: 899-908.

Atiga, W.L., Fananapazir, L., McAreavey, D., Calkins,
H. and Berger, R.D. (2000) Temporal repolarization
lability in hypertrophic cardiomyopathy caused by
beta-myosin heavy-chain gene mutations. Circulation
101: 1237-1242.

Bar, K.J., Boettger, M.K., Koschke, M., Boettger, S.,
Groteluschen, M., Voss, A. et al. (2007a) Increased
QT interval variability index in acute alcohol
withdrawal. Drug Alcohol Depend 89: 259-266.

Bar, K.J., Koschke, M., Boettger, M.K., Berger, S.,
Kabisch, A., Sauer, H. ez al. (2007b) Acute psychosis

248

http://taw.sagepub.com



LG Tereshchenko and RD Berger

leads to increased QT variability in patients suffering
from schizophrenia. Schizophr Res 95: 115-123.

Baumert, M., Schlaich, M.P., Nalivaiko, E., Lambert,
E., Sari, C.I., Kaye, D.M. et al. (2011) Relation
between QT interval variability and cardiac
sympathetic activity in hypertension. Am § Physiol
Heartr Circ Physiol 300: H1412-H1417.

Baumert, M., Smith, J., Catcheside, P., McEvoy, R.D.,
Abbott, D., Sanders, P. et al. (2008) Variability of QT
interval duration in obstructive sleep apnea: an
indicator of disease severity. Sleep 31: 959-966.

Berger, R.D., Kasper, E.K., Baughman, K.L.,
Marban, E., Calkins, H. and Tomaselli, G.F. (1997)
Beat-to-beat QT interval variability: novel evidence for
repolarization lability in ischemic and nonischemic
dilated cardiomyopathy. Circulation 96: 1557-1565.

Bilchick, K., Viitasalo, M., Oikarinen, L., Fetics, B.,
Tomaselli, G., Swan, H. et al. (2004) Temporal
repolarization lability differences among genotyped
patients with the long QT syndrome. Am ¥ Cardiol
94: 1312-1316.

Carlsson, L. (2008) The anaesthetised methoxamine-
sensitised rabbit model of torsades de pointes.
Pharmacol Ther 119: 160-167.

Cheng, A., Dalal, D., Fetics, B.]., Angkeow, P.,
Spragg, D.D., Calkins, H. er al. (2009) Ibutilide-
induced changes in the temporal lability of ventricular
repolarization in patients with and without structural
heart disease. ¥ Cardiovasc Electrophysiol 20: 873-879.

Diaz, M.E., O’Neill, S.C. and Eisner, D.A. (2004)
Sarcoplasmic reticulum calcium content fluctuation is
the key to cardiac alternans. Circ Res 94: 650-656.

DuBuske, L.M. (1999) Second-generation antihista-
mines: the risk of ventricular arrhythmias. Clin Ther
21: 281-295.

Echebarria, B. and Karma, A. (2002) Instability and
spatiotemporal dynamics of alternans in paced cardiac
tissue. Phys Rev Lett 88: 208101.

Fenichel, R.R., Malik, M., Antzelevitch, C.,
Sanguinetti, M., Roden, D.M., Priori, S.G. et al.
(2004) Drug-induced torsades de pointes and
implications for drug development. ¥ Cardiovasc
Electrophysiol 15: 475-495.

Franz, M.R., Swerdlow, C.D., Liem, L..B. and
Schaefer, J. (1988) Cycle length dependence of human
action potential duration in vivo. Effects of single
extrastimuli, sudden sustained rate acceleration and
deceleration, and different steady-state frequencies.

F Clin Invest 82: 972-979.

Gao, S.A., Johansson, M., Hammaren, A., Nordberg,
M. and Friberg, P. (2005) Reproducibility of methods
for assessing baroreflex sensitivity and temporal QT
variability in end-stage renal disease and healthy
subjects. Clin Auton Res 15: 21-28.

Garfinkel, A. (2007) Eight (or more) kinds of
alternans. ¥ Electrocardiol 40: S70-S74.

Haigney, M.C., Zareba, W., Gentlesk, P.J., Goldstein,
R.E., Illovsky, M., McNitt, S. et al. (2004) QT interval
variability and spontaneous ventricular tachycardia or
fibrillation in the Multicenter Automatic Defibrillator
Implantation Trial (MADIT) II patients. ¥ Am Coll
Cardiol 44: 1481-1487.

Hinterseer, M., Thomsen, M.B., Beckmann, B.M.,
Pfeufer, A., Schimpf, R., Wichmann, H.E. er al.
(2008) Beat-to-beat variability of QT intervals is
increased in patients with drug-induced long-QT
syndrome: a case control pilot study. Eur Heart ¥
29: 185-190.

Hondeghem, L.M., Carlsson, L. and Duker, G.
(2001) Instability and triangulation of the action
potential predict serious proarrhythmia, but action
potential duration prolongation is antiarrhythmic.
Circulation 103: 2004-2013.

Jensen, B.T., Abildstrom, S.Z., Larroude, C.E., Agner,
E., Torp-Pedersen, C., Nyvad, O. er al. (2005) QT
dynamics in risk stratification after myocardial
infarction. Heart Rhythm 2: 357-364.

Kamisako, T., Adachi, Y., Nakagawa, H. and
Yamamoto, T. (1995) Torsades de pointes associated
with terfenadine in a case of liver cirrhosis and
hepatocellular carcinoma. Intern Med 34: 92-95.

Kodama, I., Kamiya, K. and Toyama, J. (1997)
Cellular electropharmacology of amiodarone.
Cardiovasc Res 35: 13-29.

Kodama, I., Kamiya, K. and Toyama, J. (1999)
Amiodarone: ionic and cellular mechanisms of action
of the most promising class III agent. Am ¥ Cardiol
84: 20R-28R.

Kuriki, M., Fujino, M., Tanaka, K.I., Horio, K.,
Kusuki, H., Hosoi, M. et al. (2011) Ventricular repo-
larization lability in children with Kawasaki dDisease.
Pediarr Cardiol 32: 487-491.

La Fountaine, M.F., Wecht, J.M., Rosado-Rivera, D.,
Cirnigliaro, C.M., Spungen, A.M. and Bauman, W.A.
(2011) The QT Variability Index and cardiac
autonomic modulation: perspectives from

apparently healthy men with spinal cord injury.
Cardiology 117: 253-259.

MacConnell, T.J. and Stanners, A.]. (1991) Torsades
de pointes complicating treatment with terfenadine.
BMY 302: 1469.

Magri, D., Piccirillo, G., Bucci, E., Pignatelli, G.,
Cauti, F.M., Morino, S. er al. (2010) Increased
temporal dispersion of myocardial repolarization in
myotonic dystrophy type 1 beyond the cardiac
conduction system. Int ¥ Cardiol 26 November
[Epub ahead of print].

Magri, D., Sciomer, S., Fedele, F., Gualdi, G.,
Casciani, E., Pugliese, P. er al. (2007) Increased QT
variability in young asymptomatic patients with beta-
thalassemia major. Eur ¥ Haematol 79: 322-329.

Maltsev, V.A., Silverman, N., Sabbah, H.N. and
Undrovinas, A.I. (2007) Chronic heart failure slows

http://taw.sagepub.com

249



Therapeutic Advances in Drug Safety 2 (6)

late sodium current in human and canine ventricular
myocytes: implications for repolarization variability.
Eur ¥ Heart Fail 9: 219-227.

Maltsev, V.A. and Undrovinas, A.I. (2006) A multi-
modal composition of the late Na+ current in human
ventricular cardiomyocytes. Cardiovasc Res

69: 116-127.

Merri, M., Alberti, M. and Moss, A.]. (1993)
Dynamic analysis of ventricular repolarization
duration from 24-hour Holter recordings. IEEE
Trans Biomed Eng 40: 1219-1225.

Merri, M., Benhorin, J., Alberti, M., Locati, E. and
Moss, A.]. (1989) Electrocardiographic quantitation of
ventricular repolarization. Circulation 80: 1301-1308.

Merri, M., Moss, A.]., Benhorin, J., Locati, E.H.,
Alberti, M. and Badilini, F. (1992) Relation between
ventricular repolarization duration and cardiac cycle
length during 24-hour Holter recordings. Findings in
normal patients and patients with long QT syndrome.
Circulation 85: 1816-1821.

Monahan, B.P., Ferguson, C.L., Killeavy, E.S., Lloyd,
B.K., Troy, J. and Cantilena Jr, L.R. (1990) Torsades
de pointes occurring in association with terfenadine
use. FAMA 264: 2788-2790.

Moss, A.]., Schwartz, P.J., Crampton, R.S., Tzivoni,
D., Locati, E.H., MacCluer, J. ez al. (1991) The long
QT syndrome. Prospective longitudinal study of 328
families. Circulation 84: 1136-1144.

Murabayashi, T., Fetics, B., Kass, D., Nevo, E.,
Gramatikov, B. and Berger, R.D. (2002) Beat-to-beat
QT interval variability associated with acute
myocardial ischemia. ¥ Electrocardiol 35: 19-25.

Murray, K.T. (1998) Ibutilide. Circulation
97: 493-497.

Myredal, A., Friberg, P. and Johansson, M. (2010)
Elevated myocardial repolarization lability and arterial
baroreflex dysfunction in healthy individuals with
nondipping blood pressure pattern. Am F Hypertens
23: 255-259.

Myredal, A., Karlsson, A.K. and Johansson, M.
(2008) Elevated temporal lability of myocardial
repolarization after coronary artery bypass grafting.
F Electrocardiol 41: 698-702.

Nolasco, J.B. and Dahlen, R.W. (1968) A graphic
method for the study of alternation in cardiac action
potentials. ¥ Appl Physiol 25: 191-196.

Nollo, G., Speranza, G., Grasso, R., Bonamini, R.,
Mangiardi, L. and Antolini, R. (1992) Spontaneous
beat-to-beat variability of the ventricular repolarization
duration. ¥ Electrocardiol 25: 9—17.

Nussinovitch, U., Katz, U., Nussinovitch, M. and
Nussinovitch, N. (2010) Beat-to-beat QT interval
dynamics and variability in familial dysautonomia.
Pediarr Cardiol 31: 80-84.

Oosterhoff, P., Oros, A. and Vos, M.A. (2007) Beat-
to-beat variability of repolarization: a new parameter to

determine arrhythmic risk of an individual or identify
proarrhythmic drugs. Anadolu Kardiyol Derg 7(Suppl.
1): 73-78.

Pastore, J.M., Girouard, S.D., Laurita, K.R., Akar,
F.G. and Rosenbaum, D.S. (1999) Mechanism linking
T-wave alternans to the genesis of cardiac fibrillation.
Circulation 99: 1385-1394.

Piccirillo, G., Magri, D., Matera, S., Magnanti, M.,
Torrini, A., Pasquazzi, E. er al. (2007) QT variability
strongly predicts sudden cardiac death in asymptom-
atic subjects with mild or moderate left ventricular
systolic dysfunction: a prospective study. Eur Heart ¥
28: 1344-1350.

Piccirillo, G., Magri, D., Ogawa, M., Song, J., Chong,
V.J., Han, S. ez al. (2009) Autonomic nervous system
activity measured directly and QT interval variability
in normal and pacing-induced tachycardia heart failure
dogs. ¥ Am Coll Cardiol 54: 840-850.

Pueyo, E., Husti, Z., Hornyik, T., Baczko, I., Laguna,
P., Varro, A. er al. (2010) Mechanisms of ventricular
rate adaptation as a predictor of arrhythmic risk. Am ¥
Physiol Heart Circ Physiol 298: H1577-H1587.

Rock, E.P., Finkle, J., Fingert, H.J., Booth, B.P.,
Garnett, C.E., Grant, S. er al. (2009) Assessing
proarrhythmic potential of drugs when optimal studies
are infeasible. Am Heart ¥ 157: 827-836.

Roden, D.M. (2004) Drug-induced prolongation of
the QT interval. N Engl ¥ Med 350: 1013-1022.

Roden, D.M. (2008a) Cellular basis of drug-induced
torsades de pointes. Br ¥ Pharmacol 154: 1502—-1507.

Roden, D.M. (2008b) Repolarization reserve: a
moving target. Circulation 118: 981-982.

Romero, L., Pueyo, E., Fink, M. and Rodriguez, B.
(2009) Impact of ionic current variability on human
ventricular cellular electrophysiology. Am ¥ Physiol
Heart Circ Physiol 297: H1436-H1445.

Rosenbaum, D.S., Jackson, L.E., Smith, J.M., Garan,
H., Ruskin, J.N. and Cohen, R.]J. (1994) Electrical
alternans and vulnerability to ventricular arrhythmias.
N Engl ¥ Med 330: 235-241.

Schrickel, J.W., Schwab, ]J.O., Yang, A., Bielik, H.,
Bitzen, A., Luderitz, B. et al. (2006a) Pro-arrhythmic
effects of amiodarone and concomitant rate-control
medication. Europace 8: 403-407.

Schrickel, J.W., Schwab, J.O., Yang, A., Bitzen, A.,
Luderitz, B. and Lewalter, T. (2006b) *Torsade de
pointes’ in patients with structural heart disease and
atrial fibrillation treated with amiodarone, beta-block-
ers, and digitalis. Pacing Clin Electrophysiol

29: 363-366.

Schwartz, P.J. and Wolf, S. (1978) QT interval pro-
longation as predictor of sudden death in patients with
myocardial infarction. Circulation 57: 1074-1077.

250

http://taw.sagepub.com



LG Tereshchenko and RD Berger

Shah, R.R. and Hondeghem, LL.M. (2005) Refining
detection of drug-induced proarrhythmia: QT interval
and TRIaD. Heart Rhythm 2: 758-772.

Shusterman, V., Goldberg, A. and London, B. (2006)
Upsurge in T-wave alternans and nonalternating
repolarization instability precedes spontaneous initia-
tion of ventricular tachyarrhythmias in humans.
Circulation 113: 2880-2887.

Speranza, G., Nollo, G., Ravelli, F. and Antolini, R.
(1993) Beat-to-beat measurement and analysis of the
R-T interval in 24 h ECG Holter recordings. Med Biol
Eng Compur 31: 487-494.

Straus, S.M., Kors, J.A., De Bruin, M.L., van der
Hooft, C.S., Hofman, A., Heeringa, J. et al. (2006)
Prolonged QTc interval and risk of sudden cardiac
death in a population of older adults. ¥ Am Coll Cardiol
47: 362-367.

Tanskanen, A.]., Greenstein, J.LL.., O’Rourke, B. and
Winslow, R.L. (2005a) The role of stochastic and
modal gating of cardiac L-type Ca2+ channels on early
after-depolarizations. Biophys ¥ 88: 85-95.

Tanskanen, A.]., Greenstein, J.LL.., O’Rourke, B. and
Winslow, R.L. (2005b) The role of stochastic and
modal gating of cardiac L-type Ca2+ channels on early
after-depolarizations. Biophys ¥ 88: 85-95.

Tereshchenko, L.G., Fetics, B.]. and Berger, R.D.
(2009a) Intracardiac QT variability in patients with

ventricular tachyarrhythmias by intracardiac repolari-
zation variability analysis. Circ Arrhythm Electrophysiol
2: 276-284.

Thomsen, M.B., Matz, J., Volders, P.G. and Vos, M. A.
(2006) Assessing the proarrhythmic potential of drugs:
current status of models and surrogate parameters of
torsades de pointes arrhythmias. Pharmacol Ther

112: 150-170.

Thomsen, M.B., Verduyn, S.C., Stengl, M., Beekman,
J.D., de Pater, G., van Opstal, J. et al. (2004)
Increased short-term variability of repolarization
predicts d-sotalol-induced torsades de pointes in
dogs. Circulation 110: 2453-2459.

Waring, W.S., Graham, A., Gray, J., Wilson, A.D.,
Howell, C. and Bateman, D.N. (2010) Evaluation of a
QT nomogram for risk assessment after antidepressant
overdose. Br ¥ Clin Pharmacol 70: 881-885.

Wu, L., Shryock, J.C., Song, Y., Li, Y., Antzelevitch,

C. and Belardinelli, L. (2004) Antiarrhythmic effects

of ranolazine in a guinea pig in vitro model of long-QT
syndrome. F Pharmacol Exp Ther 310: 599-605.

Yeragani, V.K., Pohl, R., Balon, R., Jampala, V.C. and
Jayaraman, A. (2002) Twenty-four-hour QT interval
variability: increased QT variability during sleep in
patients with panic disorder. Neuropsychobiology

46: 1-6.

Visit SAGE journals online
http://taw.sagepub.com

structural heart disease on class III antiarrhythmic Yeragani, V.K., Pohl, R., Jampala, V.C., Balon, R., ®SAGEJOURIO\‘AI!-S

drugs. ¥ Electrocardiol 42: 505-510. Ramesh, C. and Srinivasan, K. (2000) Increased QT niine
) ) ) variability in patients with panic disorder and depres-

Tereshchenko, L.G., Fetics, B.]., Domitrovich, P.P., sion. Psychiatry Res 93: 225-235.

Lindsay, B.D. and Berger, R.D. (2009b) Prediction of

http://taw.sagepub.com 251




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


