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One of the more controversial areas in critical care in
recent decades relates to the issue of adrenal insufficiency
and its treatment in critically ill patients. There is no con-
sensus on which patients to test for adrenal insufficiency,
which tests to use and how to interpret them, whether to
use corticosteroids, and, if so, who to treat and with what
dose. This review illustrates the complexity and diversity
of pathophysiological changes in glucocorticoid secretion,
metabolism, and action and how these are affected by var-
ious types of illness. It will review adrenal function testing
and give guidance on corticosteroid replacement regimens
based on current published literature. There remain inher-
ent difficulties in interpreting the effects of glucocorticoid
replacement during critical illness because of the diversity
of effects of glucocorticoids on various tissues. Investigation
and treatment will depend on whether the likely cause of
corticosteroid insufficiency is adrenal or central in origin.
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One of the more controversial areas in critical care
in recent decades relates to the issue of adrenal
insufficiency in critically ill patients and whether
these patients should receive glucocorticoid ther-
apy. Although this subject has been discussed in
recent reviews [1-5], there is currently no consensus
on which patients to test for adrenal insufficiency,
which tests to use and how to interpret them, whether
glucocorticoids are beneficial, and, if so, who should
be treated and with what dose. This review illustrates
the complexity and diversity of physiological and
pathological changes in glucocorticoid secretion,
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metabolism, and action and how these changes will
be affected by various types of illness. We will illus-
trate adrenal function testing and how interpreta-
tion of these tests will depend on the underlying
illness being treated. There are inherent difficulties
in interpreting the effects of glucocorticoid replace-
ment during critical illness, including the diversity
of effects of glucocorticoids on various tissues. We
offer advice as to when glucocorticoids should be
given on the basis of the available evidence.

Corticosteroid Physiology

Corticosteroids are synthesized in the adrenal cortex
and can be divided into mineralocorticoids and glu-
cocorticoids. The main mineralocorticoid is aldos-
terone and the main glucocorticoid cortisol. In
addition, the adrenal secretes a large amount of
androgens through dehydroepiandrosterone (DHEA)
and its sulphated derivative DHEAS. Aldosterone
binds to mineralocorticoid receptors (MRs) and is
important in sodium handling in the kidney and
other mineralocorticoid target tissues. Although the
supply of the initial precursors for aldosterone pro-
duction is regulated by pituitary adrenocorticotropic
hormone (ACTH), a more important regulator is the
renin—angiotensin system. Aldosterone production
is thus maintained in adrenal insufficiency induced
by pituitary disease but is lost at an early stage in
conditions that destroy the adrenal gland (eg,
autoimmune Addison’s disease).

Cortisol is the main glucocorticoid synthesized in
humans. An area of potential confusion is that cortisol
is traditionally called hydrocortisone when adminis-
tered as a pharmaceutical. Cortisol can bind to the
glucocorticoid receptor (GR), which is expressed at
varying levels in almost all cells. This binding
accounts for the majority of responses seen in
healthy individuals. Cortisol also has some miner-
alocorticoid activity because it can bind to the MR.
This binding is normally limited by the presence of
an enzyme in mineralocorticoid target tissues, 11B-
hydroxysteroid dehydrogenase type 2 (11B-HSD2),
which rapidly inactivates cortisol to its inactive
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metabolite cortisone [6]. This enzyme does not inac-
tivate aldosterone, leaving this steroid free to bind
to the MR. When cortisol levels are moderately high,
however, the mineralocorticoid action of cortisol
becomes clinically significant [7]. Cortisol is rapidly
synthesized in the adrenal cortex in response to
ACTH synthesized in the pituitary. ACTH is secreted
from the pituitary in response to corticotropin
releasing hormone (CRH), which is secreted from
the hypothalamus. CRH is released in response to a
range of factors, including neurological inputs entrain-
ing the normal diurnal rhythm of cortisol secretion
and a range of physiological and psychological
Stressors.

DHEA is a weak adrenal androgen of uncertain
physiological importance. Most of the DHEA in the
circulation exists as DHEAS. DHEA is thought to
exert its actions primarily through downstream con-
version to more powerful androgens, such as
androstenedione and testosterone in various tissues
[8]. DHEA synthesis is ACTH dependent, but there
may also be mechanisms within the adrenal gland
that can control the relative production of gluco-
corticoids and adrenal androgens [9].

Steroid hormones bind to circulating binding pro-
teins. Circulating cortisol is heavily bound to a spe-
cific binding protein, cortisol binding globulin (CBG;
also known as transcortin), and to a lesser extent to
albumin [10,11]. In healthy individuals, as little as 5%
of cortisol will be present as a free fraction in the cir-
culation, but only this fraction can diffuse into the tis-
sues. Because the levels of CBG are very low at a
tissue level under normal circumstances, the tissue
cortisol level will actually be much lower than sug-
gested by measurements of serum concentrations
(0.1-1 pg/dL [1-20 nmol/L) compared with 7-14 pg/dL
[200-400 nmol/LD. Congenital or acquired alteration
in binding protein levels or affinity for cortisol will
profoundly affect serum levels of cortisol but not the
tissue level of steroid [12]. The most important situa-
tions in which CBG levels are elevated are pregnancy
and during use of estrogen-based oral contraceptives.
CBG levels are low in patients with severe illness, as
described below. Current methods to directly mea-
sure free cortisol are technically difficult to perform
and are not standardized for clinical use, although
recent reports suggest that free cortisol estimation
using CBG and albumin concentrations can give a
reasonable approximation [13].

Whereas there has been great interest in the syn-
thesis and secretion of corticosteroids, there has been
much less interest in their metabolism. Variation in
metabolism of cortisol is, however, likely to be of clin-
ical significance both at a systemic and a tissue level.
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In normal physiology, the metabolism of cortisol
is dominated by the liver and the kidney [14]. A
proportion of the cortisol present in serum is con-
verted to cortisone within the kidney because of
the presence of large amounts of the 11B-HSD2
enzyme within this organ. Cortisone is biologically
inactive but can be converted back to cortisol in tis-
sues that express the 11B-hydroxysteroid dehydro-
genase type 1 (11B-HSD1) enzyme (as described
below). The liver is able to convert cortisone back
to cortisol, but there are also a range of other
enzymes in the liver that can metabolize cortisol
and cortisone to less active, more polar metabolites
that are then excreted in the urine. The balance
between cortisol and cortisone interconversion and
hepatic degradation is a major factor in determining
the circulatory half-life of cortisol [15].

In recent years it has been realized that some
tissues are able to generate active glucocorticoids
from inert circulating precursors [15]. This occurs by
the presence of the 11B-HSD1 enzyme that primarily
converts inactive cortisone to active cortisol. This
enzyme is expressed constitutively in liver, adipose,
and bone tissue but additionally is expressed in a
range of other tissues in response to inflammatory
mediators [16-18]. The purpose of this inflammation-
induced glucocorticoid activating capacity is unclear,
but it may be important in dampening local inflam-
matory responses. Importantly, this is a situation
where cortisol production is not regulated by the
classical hypothalamic—pituitary—adrenal (HPA) axis.

Changes in HPA
Axis During Critical Tllness

Dramatic changes in HPA axis function occur at all
levels during critical illness [2]. Some of these fea-
tures appear common to all types of severe illness,
whereas others may vary depending on the under-
lying condition. The nature and mechanisms under-
lying these changes probably change with disease
duration, and attempts have been made to break
these down into distinct acute, chronic, and recov-
ery phases [19,20]. These anticipated changes are
also modified by a range of external factors. These
include disease-related pathology (eg, infection or
hemorrhage) and treatment-related factors (eg,
drugs). Changes in HPA function can be divided
into those attributable to changes in cortisol secre-
tion via central and adrenal influences and those
attributable to changes at a tissue level (eg, cortisol
binding or metabolism).
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Central and Adrenal Changes

The most recognized change during critical illness
is the dramatic increase in serum cortisol levels [21-
33]. This occurs rapidly in virtually all types of acute
illness. In the early phase of illness, this increase is
primarily attributable to increased synthesis of cor-
tisol in the adrenal cortex. Normal corticosteroid
production rates in healthy subjects have been esti-
mated to be approximately 10 to 17 mg of cortisol
per day, a figure that varies considerably between
individuals, is dependent on body composition and
sex, and increases with age [34,35]. This increases
substantially during acute stress, although the
absolute change has been difficult to estimate and
there may be differences in the increment depend-
ing on the type of stressor [28]. In trauma, hemor-
rhage, postoperative surgery, and cardiac arrest,
cortisol concentrations have been reported to be 35
ug/dL, 15 to 20 pg/dL, 30 ug/dL, and 40 pg/dL,
respectively [21-26], whereas in septic shock a
much more variable range of mean cortisol values
(13-63 pg/dL) has been reported [27-29,31-33,36].
The rapid increase in cortisol levels is primarily
attributable to a rapid increase in hypothalamic
CRH production, which leads to a corresponding
increase in ACTH levels. To a lesser extent,
non—ACTH-mediated effects have been implicated,
such as direct cytokine-mediated stimulation of cor-
tisol synthesis and augmentation of cortisol release
by sympathetic nervous system stimulation [37].
Other features of this increase in serum cortisol are
that the typical diurnal pattern of secretion is lost
and the capacity of glucocorticoids to cause nega-
tive feedback inhibition of CRH and ACTH produc-
tion is reduced [38].

Changes at a Tissue Level

After the acute phase of illness, cortisol levels
decrease but still remain higher than in unstressed
individuals [39]. It has been assumed that this per-
sistent elevation is attributable to continued increased
secretion, but other factors such as altered clearance
of cortisol could also be important [28]. Metabolism
of cortisol, for example, alters during acute illness.
The systemic conversion of cortisone to cortisol (a
reaction catalyzed by 11B-HSD1) appears to increase
substantially [40]. The tissues mediating this con-
version are unclear, but inflammation up-regulates
11B-HSD1 activity in a range of tissues including
stromal cells such as fibroblasts [41]. This reflects
non-ACTH-mediated cortisol generation and will
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increase the apparent half life of cortisol in the cir-
culation as well as increase local levels of steroid in
tissues expressing 11B-HSD1. Other factors that are
likely to affect cortisol metabolism are renal and
hepatic function. The liver is the main pathway
through which cortisol is broken down, and any
reduction in hepatic blood flow is likely to impair
cortisol clearance. The kidneys also inactivate corti-
sol to cortisone, and thus reduced renal blood flow
is likely to reduce this inactivation. These pathways
may partly explain why there is a dissociation of
the serum cortisol and ACTH levels during critical
illness [42].

The other dramatic change in the HPA axis that
occurs during acute illness is the rapid reduction in
the levels of CBG leading to an alteration in the ratio
of bound to free cortisol in the serum [13,39,43].
This effect occurs in the first few hours of all types
of acute illness and is primarily thought to be attrib-
utable to decreased hepatic production of CBG.
There may also be a component of CBG breakdown
during sepsis. Neutrophil elastase can cleave CBG to
inactive forms, and this may be a physiological
mechanism to deliver free cortisol to sites of inflam-
mation [44]. It is also possible that other changes in
the binding of CBG to cortisol occur during sepsis
[39]. The nature of these changes is unclear but
could alter the amount of free cortisol available. The
implication of this changed free to bound cortisol
ratio is that the total cortisol measured in the serum
will not appropriately reflect the change in bioavail-
able cortisol. The altered levels of CBG are also
likely to alter pharmacokinetic properties of secreted
cortisol or administered hydrocortisone and will
complicate attempts to accurately measure cortisol
production rates.

Effects of Disease
Processes/Therapeutic Interventions

In addition to these expected changes in the HPA
axis, many disease processes and therapeutic inter-
ventions affect HPA axis function (Fig 1). At a cen-
tral level, mass lesions (eg, tumour or abscesses) could
damage the hypothalamus, the pituitary, or the con-
nections between the two. Other central nervous
system (CNS) diseases such as subarachnoid hem-
orrhage or head injury could also induce hypopitu-
itarism. Abnormal HPA axis function has been
reported to be common in the acute phase of both
head injury and subarachnoid hemorrhage [45,46]
and may represent underlying vascular injury to
the hypothalamus or pituitary. Sedatives have the
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Possible causes of corticosteroid
insufficiency in critical iliness

- CNS disease
] o (Head injury/SAH)
- Steroids
CRH/AVP Sedatives

- Apoplexy
M, Steroids
\ Mass lesions

Cytokines

Anesthetics e.g. etomidate

Anti-infectives e.g. ketoconazole
«~ Steroids

Hemorrhage

Infection incl. HIV
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Fig 1. Possible causes of corticosteroid insufficiency in
critical illness. Reduced cortisol action can arise from effects
of disease or therapeutic interventions on the hypothala-
mus (rectangle), pituitary (circle), or adrenal (triangle) or
at the tissue level. CNS = central nervous system; SAH =
subarachnoid hemmorhage; CRH = corticotropin-releasing
hormone; AVP = arginine vasopressin; ACTH = adreno-
corticotropic hormone; CBG = cortisol binding globulin;
HIV = human immunodeficiency virus.

Cortisol l

Cytokines
Nitric oxide
HIV-associated
glucocorticoid
resistance

potential to disrupt the input to the hypothalamus
from other areas of the brain [47].

Many disease processes affect the adrenal
glands. To induce adrenal insufficiency, the disor-
der would usually have to be bilateral, but adrenal
hemorrhages (Waterhouse-Friderichsen syndrome
[48,49]), adrenal infiltration by infections, and bilat-
eral adrenal metastases [50] all occur relatively com-
monly. The adrenal cortex may also be affected at
a functional level by drugs and inflammatory medi-
ators. Inflammatory cytokines have been reported
to directly stimulate cortisol release from adrenal
cortical cells in some circumstances but to reduce
the capacity to generate corticosteroids in response
to ACTH in others [51]. Several commonly used
drugs can also impair adrenal responses. The most
common of these is oral corticosteroids. These are
used on a chronic basis by approximately 1% of the
population and almost 3% of the elderly. Because
these drugs reduce endogenous ACTH secretion, a
factor essential for the maintenance of adrenal cor-
tex integrity, they can induce adrenal atrophy that
may persist for weeks or months after cessation.
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Other drugs with a glucocorticoid-like action (eg,
megestrol acetate and medroxyprogesterone) may
also have this effect [52,53]. Inhaled glucocorticoids
are used even more widely than oral glucocorti-
coids, and although they are less likely to cause
adrenal atrophy, this still remains a risk [54]. Drugs
used in the critical care setting such as etomidate
and ketoconazole inhibit glucocorticoid synthesis,
whereas others (eg, rifampicin) increase the meta-
bolic clearance of cortisol. The impact of etomidate
in a critical care setting is particularly important
(recently reviewed by Jackson [55]). The introduc-
tion of this agent was associated with a dramatic
increase in mortality, attributable primarily to mul-
tiorgan failure and sepsis [56]. It was subsequently
determined that etomidate is a potent inhibitor of
adrenal corticosteroid synthesis and when given as
a continuous infusion rapidly reduced the capacity
of the adrenal gland to respond to ACTH [57,58].
The use of etomidate is associated with abnormali-
ties of ACTH stimulation test responses even after a
single dose, and its use for anesthetic induction has
been linked with a poor outcome in children with
meningococcal septicemia [59].

Patients with HIV infection can develop adrenal
failure through a range of mechanisms including
infections and adrenotoxic medications, but these
patients can also develop tissue glucocorticoid
resistance [60].

The levels of other adrenal corticosteroids also
change during critical illness. Aldosterone levels
increase in response to ACTH stimulation and also
with changes in the renin—angiotensin—aldosterone
axis activity. The clinical importance of changes in
aldosterone levels is less certain than for changes in
cortisol. DHEA levels also change during critical ill-
ness. The most well documented change is the dra-
matic reduction in serum DHEAS levels. This has
been attributed to a decrease in secretion of DHEA,
a reflection of a shift away from the production of
adrenal androgens to corticosteroids [61]. Although
this may occur to some extent it now seems likely
that DHEA production is maintained during sepsis
but the generation of DHEAS from DHEA decreases
[62,63]. DHEA is thought to be the biologically
important hormone rather than DHEAS, so the
decrease in DHEAS levels may not be biologically
significant.

Corticosteroid Insufficiency

It is now well established that an absolute or rela-
tive deficiency of glucocorticoids is associated with
an adverse outcome. This has been demonstrated
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in patients with structural disease of the HPA axis
(eg, Addison’s disease [64]), patients who have pre-
viously taken high doses of glucocorticoids such
that there is acquired adrenal suppression, and
patients who have been exposed to drugs that
block adrenal corticosteroid synthesis [56]. More
controversially, it has also been hypothesized that
many patients with severe illness may be unable to
mount a sufficient adrenal hormone response
attributable to the factors outlined above and that
this would lead to an adverse outcome. If this were
the case, replacement of corticosteroids would be
expected to improve outlook. It is not clear, how-
ever, how frequently such insufficiency actually
occurs and the level of the HPA axis affected.
Although it is often implicitly assumed that the
adrenal gland itself is primarily affected, there are
other levels where the action of glucocorticoids
could be reduced.

The clinical features of definite corticosteroid
insufficiency are instructive as to what to expect in
disease-related insufficiency. The best example of
drug-induced corticosteroid insufficiency is the
long-term use of etomidate, which, as discussed
above, is now known to be a potent inhibitor of
cortisol synthesis. Patients who were treated with
etomidate did not exhibit clinical features sugges-
tive of adrenal insufficiency, illustrating that clinical
recognition of insufficiency in other settings is
likely to be difficult.

The feature that has been most often linked with
corticosteroid deficiency is hypotension that is
responsive to glucocorticoid treatment [65]. Similar
glucocorticoid-responsive  hypotension has fre-
quently been reported in septic shock, suggesting
that adrenal gland failure may be a feature of
severe sepsis. These observations suggested that
failure of the adrenal gland as an organ might be a
relatively common event and that replacement of
glucocorticoid levels might be required routinely in
this setting. This led to the concept of functional
adrenal insufficiency. Implicit in this label is that
there is no structural abnormality of the adrenal
gland (and pathological examinations of adrenal
glands of patients in this setting have not shown
gross abnormalities) but corticosteroid production
is impaired. This is hypothesized to be a transient
effect because the majority of patients who recover
have a return to normal adrenal gland function [60].
It has proven difficult to confirm whether this state
actually exists and how it can be tested for bio-
chemically [64].

In outpatient endocrine practice, a major cause of
corticosteroid insufficiency is pituitary (or rarely
hypothalamic) disease. In this setting, impairment of
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ACTH production will reduce cortisol secretion. In
acute ACTH deficiency, different biochemical tests
are required for diagnosis because the adrenal gland
retains responsiveness to exogenous ACTH, render-
ing any test that depends on ACTH administration
dangerously misleading. Even in patients with sep-
tic shock, secondary adrenal insufficiency appears
to be a significant cause of adrenal insufficiency.
Almost half of patients with adrenal insufficiency in
one study had evidence of secondary adrenal insuf-
ficiency on the basis of low ACTH levels and an
intact response of aldosterone to ACTH [67].

Another level where corticosteroid insufficiency
could occur is within the tissue itself. Glucocorticoids
need to bind to their specific receptors to have an
effect, and there is evidence that variation in the
number of these receptors and their affinity for glu-
cocorticoids occurs in various settings. Manipulation
of the number or sensitivity of GRs in experimental
animals affects survival in response to an inflam-
matory challenge, with overexpression of GRs
improving resistance to endotoxin-mediated septic
shock [68] and receptor blockade by a GR antago-
nist increasing mortality [69]. Hypoxia appears to
improve GR signaling in vitro [70], whereas nitric
oxide has been proposed as a mediator of reduced
GR function in sepsis on the basis of animal studies
[71]. Inflammation has complex effects on GR
number and function in humans, and peripheral
blood mononuclear leukocytes isolated from
patients with septic shock exhibit decreased sensi-
tivity to glucocorticoids, a defect that recovers on
disease resolution [72]. These effects are likely to
vary between tissues. This raises the possibility that
there may be high levels of cortisol within the tis-
sue and available for binding to the GR but impair-
ment of steroid binding may create a corticosteroid
insufficient state within the tissue. In vivo evidence
for this is weak, but if this were the case it would
force a change in many of the concepts concerning
adrenal insufficiency. First, it would suggest that
insufficiency could occur even when the adrenal
gland function was normal (thus it would not be
adrenal insufficiency). Second, it would be impos-
sible to diagnose this state on the basis of serum or
even tissue levels of glucocorticoids. It would also
suggest that treatment would require supraphysio-
logical levels of glucocorticoids to achieve an ade-
quate level of glucocorticoid action in the tissue.
Other possible causes of tissue insufficiency would
be alteration of glucocorticoid metabolism in the
tissues (eg, failure to generate a sufficient amount
of glucocorticoids locally). Again, evidence that this
is a mechanism that is important in critical illness is
not yet available.
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Given this potential complexity, at which level is
corticosteroid insufficiency likely to occur? Our
view is that this will depend heavily on the under-
lying type of illness. In patients with septic shock,
corticosteroid insufficiency will most likely be
attributable to abnormalities at the adrenal or tissue
level. Patients with head injuries or CNS disease
will be more likely to have corticosteroid insuffi-
ciency at a central level with structurally normal
adrenal glands. In other settings, defects at any of
these levels might occur.

Can Adrenal Insufficiency Be Diagnosed
Clinically or Biochemically?

In an outpatient setting, the symptoms and signs of
adrenal insufficiency are often vague and nonspecific.
As such they are easily missed. Common symptoms
such as fatigue and lethargy are often only attrib-
uted to adrenal insufficiency at a late stage. More
often the diagnosis of primary adrenal insufficiency
is suggested by an increase in pigmentation or an
abnormally raised potassium level. Adrenal insuffi-
ciency of pituitary origin is often diagnosed on the
basis of symptoms attributable to other hormone
deficiencies (eg, loss of libido or amenorrhea attrib-
utable to gonadotropin deficiency). It seems even
more likely that signs of adrenal insufficiency will
be missed or will not be apparent in the context of
critical illness. Some series have suggested that
eosinophilia [23,73], hyponatremia, or hypoglycemia
[67] may be more common in patients with corti-
costeroid insufficiency, but these features are not
seen consistently. Additionally, the differences
between groups are not marked, and thus although
they may alert the clinician in some settings, these
features are not sensitive or specific enough to be
used on a routine basis. Some authors have sug-
gested that vasopressor dependency itself is a sign
of corticosteroid deficiency, whereas others believe
that the beneficial effects of glucocorticoids are
pharmacological, attributable to reversal of vaso-
pressor-induced adrenergic receptor desensitization
[74]. Tt still remains unclear the extent to which glu-
cocorticoid-induced shock reversal reflects corticos-
teroid insufficiency or whether this is a general
feature of glucocorticoid treatment.

There is now a general consensus with regard to
outpatient testing for adrenal insufficiency [75].
Although basal or random serum cortisol measure-
ments can be helpful in some settings, their vari-
ability throughout the day and tendency to increase
with mild stress reduce their diagnostic accuracy. The
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mainstay of testing is therefore ACTH stimulation
testing. The traditional ACTH stimulation test (also
referred to as the Cosyntropin, Synacthen, or tetra-
cosactrin test) involves the baseline measurement
of serum cortisol and then a subcutaneous or intra-
venous injection of 250 pug of synthetic ACTH(1-24).
At 30 minutes after ACTH, a further serum cortisol
is obtained. In this test, the basal cortisol is usually
of little diagnostic importance but the absolute
value of the post-ACTH cortisol is critical. If this
value exceeds a defined threshold (typically 18-20
pg/dL [500-550 nmol/L], although exact values are
heavily assay specific), then adrenal insufficiency is
considered to be unlikely. This test is thought to
reflect the capacity of the patient’s adrenal cortex to
respond to any future severe illness that is mimic-
ked by the supraphysiological dose of ACTH [76].
The increment in cortisol values across this test
does not give any additional information and will
generally reflect either the time of day that the test
is done (small increments are typically found in the
morning because of the higher basal as part of the
diurnal rhythm [77]D or the degree of stress that
the patient is experiencing before the baseline
value (with patients exposed to stressors having
high basal values and thus small increments). An
important feature of the test is that a baseline ACTH
measurement can also be taken, and in the event of
a failed test this can be used to determine whether
the adrenal insufficiency has an adrenal (when
ACTH would be expected to be high) or pituitary
origin (when ACTH would be expected to be low
or inappropriately normal). The test is useful in
long-standing secondary adrenal insufficiency
because deficiency in ACTH will lead to a degree
of adrenal atrophy and thus a failure to acutely
respond to ACTH [78]. A variation is the low-dose
ACTH test. This uses 1 ug of ACTH(1-24), which leads
to more physiological levels of ACTH during testing
[77]. This test may be more sensitive for diagnosing
mild degrees of adrenal insufficiency, but whether
this is better at identifying patients who will struggle
to appropriately respond to various stressors is
unclear. There are some situations in which the
ACTH test is not reliable. An especially important
situation is in patients who have recent-onset ACTH
deficiency (eg, following pituitary surgery or pitu-
itary apoplexy). In this situation, the adrenal gland
will retain responsiveness to exogenous ACTH but
cortisol levels will be low because of low endoge-
nous ACTH levels. Within 2 to 3 weeks, the lack of
ACTH will lead to adrenal atrophy, and thus any
ACTH testing beyond this time should become reli-
able again. Another limitation is the influence of
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Diagnostic test

Serum cortisol

Short ACTH test
(25019)

Free cortisol index
{FCI)

Free cortisol

Procedure

Random or 0800
cortisol +/~ ACTH

250ug ACTH(1-24)
IMor IV {any time of day)
0, 30 (or 60) min cortisol

Random or post ACTH

cortisol, CBG and albumin

Free cortisol calculated

Applicable situations Interpretation/Caveats

Highly 'stressed’ patients
Possible central disease

General comments

Peak value:
Most situations except
possible recent central

Incremental difference:
Septic shock only

{Not recommended in
any other setting)

Hypoalbuminemia
Sepsis
Oestrogen OCP use

As for FCI

<15ugfdL (414nmol/L) suggests deficiency
Depends on level of stress

<15ugfdL if mild stress

<25ug/dL (690nmolil) if severe stress

Unreliable if recent pituitary insult
e.g. surgery, apoplexy.

<20pg/dL (550nmoliL) suggests deficiency
<25u0/dL may indicate hemodynamic
response to glucocorticoids

Increment <9uafdL (250nmol/L) suggests
beneficial response to glucocorticoids

Reliability not proven
Mot standardised between centres
Reference ranges not established

Gold standard free cortisol

Random or post ACTH

{Equilibrium dialysis) cortisol

Little experience in critical illness
Cannot be used routinely

Fig 2. Tests used to assess adrenal function during critical illness. ACTH = adrenocorticotropic hormone; IM =
intramuscularly; IV = intravenously; CBG = cortisol-binding globulin; OCP = oral contraceptive pill; FCI = free cortisol index.

CBG on cortisol levels, a factor that limits the use-
fulness of this test in pregnancy or in individuals
taking estrogen-based oral contraceptives. It also
appears that there are large differences between
centers in the performance of the cortisol assay,
which further limits the ability to recommend uni-
formly applicable levels for diagnosis and treatment.

In situations where there is uncertainty or possi-
ble recent secondary insufficiency, the gold stan-
dard test is the insulin tolerance test [79]. This test
involves the administration of insulin such that
hypoglycemia is achieved. This test stimulates the
whole of the HPA axis, and the expected response
is an increase in cortisol above a threshold value
(similar to that of the ACTH test). Less commonly
used tests are the overnight metyrapone test, the
long ACTH test, and the CRH test. Metyrapone
inhibits 11B-hydroxylase, the final enzyme in corti-
costeroid biosynthesis. In patients with an intact
HPA axis, this decrease in cortisol should lead to an
increase in ACTH levels and a corresponding
increase in 11-deoxycortisol levels, the precursor
proximal to the 11B-hydroxylase enzyme [80]. A long
ACTH test is used to distinguish between primary
and secondary adrenal insufficiency because pro-
longed ACTH stimulation should gradually increase
adrenal cortisol production in pituitary disease but
not adrenal disease. These 2 tests are rarely used now
because other assays that assess the axis are easier to
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perform and more reliable (eg, ACTH assays) and
because pituitary imaging has improved.

Unfortunately, many of the assumptions underly-
ing outpatient tests of adrenal function do not apply
in critical care, and some tests are contraindicated.
Most important, there is no gold standard test that
can exclude adrenal insufficiency. The insulin tolerance
test, for example, is not suitable for use in critically
ill patients because of the risks of hypoglycemia.
The types of tests that have been examined include
random/basal cortisol levels (either total or free),
stimulated levels following exogenous ACTH, or the
increase in cortisol levels in response to ACTH
(Fig 2). The potential usefulness of these tests is
likely to depend on the nature of the underlying
cause for adrenal insufficiency.

Any conventional test of HPA axis function
assumes that the proportion of free to bound corti-
sol in the serum does not change. This assumption
will be invalid in almost all critically ill patients
because there is an increase in the free to bound
ratio and a decrease in serum cortisol-binding
capacity attributable to changes in CBG and albu-
min via the mechanisms outlined above. Attempts
have been made to circumvent this issue in various
ways (reviewed recently by Arafah [3]). The use of
total serum cutoffs that differ in patients known to
have more marked derangements in albumin (eg,
those with preexisting liver disease or who develop
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low albumin levels during illness) has been proposed.
Alternatively, albumin and CBG can be measured in
addition to serum total cortisol and equations can
be used to correct the total cortisol, giving a calcu-
lated “free index.” Another option is to measure
free cortisol directly using equilibrium dialysis (a
technique in which free but not bound cortisol can
diffuse across a membrane and be measured
directly) [11] or cortisol in a fluid that contains min-
imal binding proteins (such as saliva) [81]. These
techniques are promising and have stimulated interest
but are not yet proven in clinical practice. Equilibrium
dialysis, for example, is a labor-intensive and rela-
tively time-consuming technique.

Stimulation tests are the best indicators of hor-
monal deficiency in most endocrine systems. The
use of adrenal stimulation tests in critically ill
patients is complicated, however, by the fact that
these patients should already have high cortisol
stimulation attributable to their underlying disease.
Cortisol values defined before and after ACTH in
nonstressed healthy individuals may indicate adrenal
insufficiency in a stressed setting. Furthermore, in
normal individuals undergoing an ACTH test, corti-
sol levels are checked very shortly after a single
dose of ACTH. If a prolonged infusion of ACTH is
given, then cortisol levels continue to increase to
much higher levels because of the induction of
enzymes important in cortisol biosynthesis and if
continued, lead to adrenal hypertrophy. If critical
illness is analogous to this “long ACTH stimulation
test,” then the traditional cutoff values used in out-
patient care for the short ACTH test would be
meaningless. It would also be expected that chron-
ically stimulated adrenal glands would be able to
maintain cortisol levels with lower serum levels of
ACTH, and this could account for some of the
apparent dissociation between ACTH and cortisol
levels, which has been suggested to be evidence of
non—ACTH-mediated stimulation of cortisol synthe-
sis. A major area of debate is whether an increment
in cortisol value should occur in critically ill patients
given exogenous ACTH. Some studies have sug-
gested that an increment occurs independent of
basal cortisol levels [31,82,83], whereas others have
suggested that the increment decreases in proportion
to baseline [5,84,85]. It is possible that these differ-
ences are attributable to the different timing of ACTH
testing. Testing in the early stages of severe stress
(eg, extubation [84]) would probably lead to little
additional increment because the adrenal gland has
not had chance to undergo any compensation.
Testing of responses a few days into illness may
show an increment if the adrenal glands have been
able to make compensatory changes.
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Another factor limiting interpretation of stimula-
tion tests is an alteration in cortisol metabolism. An
impairment in cortisol metabolism would be expected
to increase cortisol levels in the serum for the same
(or even lower) level of ACTH. This would invalidate
the use of a universal threshold value following
ACTH stimulation because this might not genuinely
reflect an adequate adrenal cortisol synthetic reserve.
Theoretically, the only test that would be useful in
this context would be an incremental change, a high
increment after ACTH regardless of the actually cor-
tisol levels being the important measure. This use of
the increment has been advocated in some settings,
especially septic shock. An increase of <250 nmol/L
across an ACTH test has become almost synony-
mous with functional adrenal insufficiency [82]. A
poor increment has been linked with poor outcome
in septic shock, even in people with very high basal
cortisol values, and glucocorticoid supplementation
in patients with a poor response might improve out-
come [86,87].

Unfortunately, the use of this increment in clini-
cal practice is fraught with difficulties. Most impor-
tant, it theoretically should only have value over
other tests in patients who have the most severe ill-
ness and whose HPA axis has reached equilibrium.
In patients who do not have severe illness, an
increment of 250 nmol/L is likely to be falsely reas-
suring. The best illustration of this is patients who
have acute intracranial injury. Here the basal corti-
sol may be low because of loss of ACTH secretion,
but the adrenal glands would show a brisk incre-
ment. Likewise, patients in the early stages of
severe illness (eg, in the first few hours postresus-
citation from prolonged cardiac arrest or immedi-
ately after extubation) would be expected to have
low increments because the adrenal gland is maxi-
mally secreting cortisol [24,84]. A further problem
with this test is that it appears to have poor repro-
ducibility in septic shock when repeated in the
same patients [66,88]. Patients with abnormal
responses to this test on one day were no more
likely to have abnormal responses to the test on the
subsequent day than people who responded. This
appears primarily attributable to the marked varia-
tion in serum cortisol that occurs from hour to hour,
and spontaneous changes in cortisol levels that
would indicate a successful pass occur commonly
in these patients [89]. The use of 2 separate tests to
generate the increment (rather than 1) will also
negatively affect the reproducibility of the test by
compounding errors estimating each of the values.

These considerations indicate that biochemical
tests may be able to suggest the presence of clini-
cally significant corticosteroid insufficiency but that
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no single test would be appropriate to all situations.
Clinical situations where testing schedules are likely
to differ include almost all aspects of neurological
critical care, treatment of patients with liver disease
or marked hypoalbuminemia, and treatment of patients
with septic shock.

Does Glucocorticoid Supplementation
Have a Beneficial Effect?

The main reason for the study of adrenal insufficiency
in critical illness is to determine whether outcome
might be improved by glucocorticoid replacement or
supplementation. Initial studies examining the poten-
tial benefits of steroids used high-dose regimens with
broad groups of patients usually without prior testing
to determine if adrenal function was satisfactory.
Although these studies showed temporary improve-
ment in surrogate markers such as vasopressor
requirements, glucocorticoid use was not associated
with a survival benefit in controlled trials and may
have even worsened outcome. More recently, studies
have examined lower doses of glucocorticoids given
in prolonged courses in highly defined groups of pop-
ulations, often with treatment stratified on the basis of
biochemical tests. The relationship of corticosteroid
supplementation to improvements in acute respiratory
distress syndrome (ARDS) is also important in this set-
ting, because this is a potential mechanism by which
corticosteroids could improve outcome.

The use of very high dose steroids was stimu-
lated by positive results in animal studies [90] and
preliminary reports that suggested substantial ben-
eficial effects in patients with septic shock [91].
These clinical studies involved a heterogeneous
patient population and had methodological flaws.
The issue appeared to be clarified by 3 randomized
controlled trials of high-dose steroids in the mid-
1980s that failed to show a significant impact of
steroids on survival [92-94], conclusions supported
by meta-analyses [95,96]. These studies typically
used massive doses of glucocorticoids (either
methylprednisolone or dexamethasone) for very
short periods (24 hours or less). Although there was
a suggestion that glucocorticoids caused a transient
improvement in some hemodynamic parameters,
any benefits were offset by later deterioration.

In the mid-1990s, there was a renewed interest in
the use of lower doses of glucocorticoids intended
to mimic physiological replacement (which trans-
lated to approximately 1% the steroid potency of
earlier studies). These doses were also used for a
much longer period of time and were generally
tapered gradually. These studies suggested that the
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beneficial effect of glucocorticoids on shock rever-
sal was still present at these lower doses, but a
worsening of sepsis was not apparent [87,97,98].
There was a trend to a reduction in intensive treat-
ment unit and hospital length of stay and mortality.
This improvement in hemodynamics with these
lower dose regimens has also been seen in several
observational studies [23,86,99,100]; however, other
studies have failed to show an association with
improved hemodynamics or mortality [101], and
others have suggested an association of a poorer
outcome with corticosteroid use in a diverse critical
care population [100,102,103]. Most of the studies
have examined the use of glucocorticoids in
patients with septic shock regardless of the results
of biochemical testing and have suggested that the
benefits are independent of the results. The largest
study, however, divided patients into groups on the
basis of the incremental response to an ACTH test,
with nonresponders having increments <9 pg/dL
(250 nmol/L) and responders having increments >9
pg/dL. This study was reported as showing a ben-
efit from hydrocortisone in the nonresponders but
a trend toward harm from steroids in responders.
Several criticisms have been leveled at this study,
including the statistical approach, the lack of power
to draw conclusions about the responders, and the
use of etomidate in a subset of subjects [104] (who
almost universally had a poor response to ACTH on
retrospective analysis). However, it remains the
largest controlled trial addressing the issue of glu-
cocorticoid replacement. Recent meta-analyses of
steroid supplementation trials also suggest that low
doses of corticosteroids have a beneficial effect in
terms of shock reversal and mortality [105,100).

It thus still remains unclear which patients benefit
from hydrocortisone supplementation and what mea-
sures should be used to define response. Although
some studies have shown improved hemodynamics
in a whole cohort of patients treated with steroids
[107], others suggest that patients with biochemical
impairment are more likely to have a response
than those with normal biochemistry [23,108,109].
Although it is intuitive that improved hemodynam-
ics would be likely to translate into improvements
in morbidity and mortality, this cannot always be
assumed to be the case. The other disease state that
is relevant to these patients is ARDS, a condition
that itself has a controversial history regarding glu-
cocorticoid  supplementation. The relationship
between glucocorticoid replacement and ARDS is
beyond the scope of this review, but many studies
examining septic shock have overlapped with those
examining ARDS. Early studies suggested that
short-term high-dose steroids failed to prevent or
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improve outcome in ARDS [110,111]. More recent
evidence supported the use of methylprednisolone
in pharmacological doses for patients with nonre-
solving ARDS [112], but this practice has itself been
questioned because of the results of a recent large
clinical trial [113]. A role for low-dose glucocorti-
coids in ARDS has been suggested with a subanaly-
sis of the French multicenter trial of glucocorticoids
in septic shock, where the improved outcome
appeared to be primarily a result of improvement in
ARDS [114]. This doubt about how glucocorticoids
exert their beneficial effects inevitably makes it dif-
ficult to confidently use a particular physiological
parameter as a measure of glucocorticoid deficiency
or as a guide to responses to glucocorticoids in indi-
vidual patients. It also makes it difficult to evaluate
dose-response relationships between important
variables and glucocorticoid replacement. Although
doses close to physiological levels appear sufficient
to provide hemodynamic support, it has been sug-
gested that much higher levels of glucocorticoids
are needed to overcome the activation of inflamma-
tory pathways in lymphocytes [115,116]. A better
understanding of these relationships would be
required to confidently know whether glucocorti-
coid replacement should be aimed to achieve truly
physiological levels, moderately supraphysiological
levels (as current regimens probably do), or phar-
macological levels.

Role for Measurement or Replacement of
Other Adrenal Corticosteroids?

Other hormones that are lacking in complete
adrenal failure are aldosterone, adrenal androgens
(primarily DHEA), and adrenaline, the main hor-
mone secreted from the adrenal medulla.

There is currently little evidence to suggest that
aldosterone deficiency per se is a major problem in
critically ill patients. This would be supported by
clinical experience in patients with preexisting
Addison’s disease, where the omission of any min-
eralocorticoid replacement appears to be without
consequence as long as cortisol/hydrocortisone
levels are sufficient to replace the mineralocorticoid
activity. However, fludrocortisone was used in the
biggest randomized trial of corticosteroid supple-
mentation in septic shock [87]. Adrenal androgens
(DHEA) may be more important, although again
they are not routinely substituted in patients with
adrenal insufficiency. Clinical benefits in this setting
are currently confined to quality-of-life indices [117],
but a potential role in reducing cardiovascular risk
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is being explored. DHEA appears to have an anti-
inflammatory role in some settings, and the use of
DHEA supplementation during critical illness has
been proposed and evaluated in animal models
[32]. The use of DHEA was justified on the basis of
an apparent decrease in adrenal androgen produc-
tion, but recent work has cast doubt on whether
adrenal androgen production actually decreases and
has suggested that DHEA production is enhanced
[118]. If, as seems likely, DHEA is the main active
form of adrenal androgen, the rationale for using
DHEA as a replacement rather than a pharmaco-
logical supplementation is weak.

Deficiency of adrenal medullary hormones is
likely to occur in a range of settings, including
structural disorders of the adrenal gland but also
any cause of glucocorticoid deficiency because
adrenal catecholamine production is dependent on
high glucocorticoid concentrations from the adjacent
adrenal cortex [119]. Patients who have adrenal cor-
tical dysfunction appear to have abnormalities of
cardiovascular responses [120], but the importance
of this in a critical illness setting has not been
explored extensively.

What Should We Do on the Basis of
Current Information?

Many issues surround the practical use of gluco-
corticoids. Outstanding questions include which
patients to test for adrenal insufficiency, which tests
to use, when and how often to test, and how to
interpret these tests. Should glucocorticoid treat-
ment be based on abnormal tests or clinical factors,
should all patients with specific conditions receive
glucocorticoids, and should patients receive other
steroids such as fludrocortisone and DHEA? If glu-
cocorticoids are used, what are the optimal dose
and duration?

The nature of the tests and their interpretation
will depend on the type of underlying illness, and
it may be unwise to apply criteria that work well in
one setting to another. For septic shock, there is
some evidence that glucocorticoid supplementation
may be beneficial in patients who have a poor
cortisol increment (<250 nmol/L) across an ACTH
test. This test might therefore be used to select
patients to treat (or not to treat) in this setting.
Outside of this context, however, the assumptions
underlying the use of the increment are invalid and
should not be used. In patients for whom there is a
clinical suspicion that adrenal dysfunction may be
attributable to a problem intrinsic to the adrenal
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Diagnostic algorithm in septic shock ‘

Random/basal cortisol level

<15 pg/dL
(414 nmol/L)

15-34 pg/dL
(414-940 nmol/L)

=34 pgfdL
{940 nmol/L)

Increment in response to
ACTH test

<8 pgldL >g pgldL
{250 nmol/L) {250 nmol/L)

| |

Corticosteroid insufficiency Corticosteroid insufficiency
l likely l unlikely

Steroid therapy

unlikely to be helpful

Consider physiological
steroid replacement

Diagnostic algorithm in other ICU patients

(only if features suggesting Al)

Random/basal cortisol level

<15 pg/dL
(414 nmol/L)

15-25 pg/dL
(414-690 nmoliL)

>25 pg/dL
(690 nmoliL)

Peak response to ACTH test

<25 pgldL
(690 nmol/L)

l

Corticosteroid insufficiency Corticosteroid insufficiency

l likely I unlikely

=25 pgldL
(680 nmol/L)

Steroid therapy

unlikely to be helpful

Consider physiological
steroid replacement

Fig 3. ACTH = adenocorticotropic hormone; ICU = intensive care unit; Al = adrenal insufficiency.

gland (or a longstanding central disease), then an
ACTH stimulation test is likely to be most informa-
tive with a cutoff value applied to the cortisol value
poststimulation. The best cutoff has yet to be
defined, but the value of 25 ug/dL (690 nmol/L) has
been recommended, and it seems reasonable to use
a cutoff higher than that used in an outpatient set-
ting because the peaks achieved during this test are
on average higher than those in patients without
severe illness. There are also some physiological
data to support this level, with reports that septic
shock patients with cortisol levels below this value
are more likely to have beneficial effects on hemo-
dynamic responses to glucocorticoid supplementa-
tion [99]. For patients in whom the critical illness is
attributable to an acute intracranial event, then
ACTH stimulation tests using either the increment
or a post-ACTH value will be dangerously mislead-
ing. In this setting, an unstimulated cortisol will be
more useful. This is likely to be influenced by the
severity of the underlying illness and whether there
are associated injuries, but an unstimulated value of
less than 15 pg/dL (414 nmol/L) in mild stress or 25
ng/dL (690 nmol/L) in severe stress might be used
to indicate patients at risk of having central adrenal
insufficiency. In some settings, the underlying clin-
ical context will be more complex and the origin of
possible adrenal insufficiency unclear. In this set-
ting, the use of an algorithm that combines a base-
line cutoff with a post-ACTH stimulation test will
reduce the chance of missing adrenal insufficiency
from any cause (Fig 3). Low-dose ACTH testing or
measurement of “free” cortisol levels should be
considered research tools and should not be used
to make clinical decisions. However, it would be
reasonable to revise cutoff levels in patients with
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hypoproteinemia, and values between 10 and 15
png/dL might be considered normal in this setting.
The approach to patients with liver disease is an
area where prospective data examining the effects
of corticosteroid supplementation are warranted
given the technical difficulty of measuring cortisol
in this setting and the contrasting reports of low fre-
quency [121] and high frequency of corticosteroid
insufficiency in these patients [85,122]. Treatment of
corticosteroid insufficiency should be with hydro-
cortisone at a dose of 50 mg every 6 to 8 hours
administered as bolus injections or a continuous
infusion. In patients with septic shock, this regimen
will lead to cortisol levels that are higher than
expected in patients who appear to make normal
adrenal responses [39,107,108]. It is thus possible
that lower doses may be sufficient for replacement,
but until more data are available lower doses can-
not be recommended. Additionally, patients with-
out septic shock may not have such high levels of
cortisol during supplementation, and the levels
achieved in an individual patient would be difficult
to predict. Corticosteroid supplementation should
be continued until the patient’s clinical situation has
improved and subsequent tests have examined the
HPA axis formally. In many patients, especially those
who had impaired responses during septic shock,
subsequent tests will be normal [29]. Tapering of
the dose is usually not done before 1 week. Formal
testing of the HPA axis can be performed at a later
date when the patient’s health has improved. There
is little evidence to support the use of fludrocorti-
sone; this might be considered in the context of
septic shock to follow the regimen used in a previ-
ous clinical trial but is unlikely central to any ben-
eficial effects.
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Agenda for Future Research

There is a continuing need for research that will better
define the role of corticosteroid supplementation and
the prevalence and importance of corticosteroid insuf-
ficiency. A large international multicenter randomized
trial of corticosteroid replacement in septic shock is
ongoing and will clarify whether glucocorticoid sup-
plementation is beneficial in this setting and whether
the benefits are restricted to patients with abnormal
biochemical results. Similar trials are required in other
clinical settings (eg, liver disease, ARDS, haemorrhagic
shock) before corticosteroid supplementation could
be recommended routinely. Further work to deter-
mine markers of corticosteroids insufficiency and pre-
dictors of clinical response is also required.

The endocrinology of severe illness, particularly
as it relates to intensive care, is highly topical. In
terms of function of the HPA axis, abnormalities
have been uncovered that if reversed or truncated
might improve patient outcome. Ongoing random-
ized controlled trials will help to define an evidence
base for therapeutic interventions in this setting.

References

1. Annane D. Glucocorticoids in the treatment of severe sep-
sis and septic shock. Curr Opin Crit Care. 2005;11:449-453.

2. Cooper MS, Stewart PM. Corticosteroid insufficiency in
acutely ill patients. N Engl ] Med. 2003;348:727-734.

3. Arafah BM. Hypothalamic pituitary adrenal function during
critical illness: limitations of current assessment methods. J
Clin Endocrinol Metab. 2006;91:3725-3745.

4. Jacobi J. Corticosteroid replacement in critically ill patients.
Crit Care Clin. 2000;22:245-253, vi.

5. Marik PE, Zaloga GP. Adrenal insufficiency in the critically ill:
a new look at an old problem. Chest. 2002;122:1784-1796.

6. White PC, Mune T, Agarwal. AK. 11B-Hydroxysteroid dehy-
drogenase and the syndrome of apparent mineralocorticoid
excess. Endocr Rev. 1997;18:135-156.

7. Stewart PM, Walker BR, Holder G, O’Halloran D,
Shackleton CH. 11B-Hydroxysteroid dehydrogenase activity
in Cushing’s syndrome: explaining the mineralocorticoid
excess state of the ectopic adrenocorticotropin syndrome. J
Clin Endocrinol Metab. 1995;80:3617-3620.

8. Labrie F, Luu-The V, Labrie C, et al. Endocrine and intracrine
sources of androgens in women: inhibition of breast cancer
and other roles of androgens and their precursor dehy-
droepiandrosterone. Endocr Rev. 2003;24:152-182.

9. Parker LN, Levin ER, Lifrak ET. Evidence for adrenocortical
adaptation to severe illness. J Clin Endocrinol Metab.
1985;60:947-952.

10.  Rosner W. The functions of corticosteroid-binding globulin
and sex hormone-binding globulin: recent advances.
Endocr Rev. 1990;11:80-91.

11. Hamrahian AH, Oseni TS, Arafah BM. Measurements of
serum free cortisol in critically ill patients. N Engl J Med.
2004;350:1629-1638.

12. Torpy DJ, Bachmann AW, Grice JE, et al. Familial
corticosteroid-binding globulin deficiency due to a novel null
mutation: association with fatigue and relative hypotension.
J Clin Endocrinol Metab. 2001;86:3692-3700.

Journal of Intensive Care Medicine 22(6); 2007

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

20.

27.

28.

29.

31.

32.

33.

34.

Adrenal Insufficiency

Ho JT, Al Musalhi H, Chapman M]J, et al. Septic shock and
sepsis: a comparison of total and free plasma cortisol
levels. J Clin Endocrinol Metab. 2006;91:105-114.

Morita H, Isomura Y, Mune T, et al. Plasma cortisol and cor-
tisone concentrations in normal subjects and patients with
adrenocortical disorders. Metabolism. 2004;53:89-94.
Tomlinson JW, Walker EA, Bujalska IJ, et al. 11B-hydroxysteroid
dehydrogenase type 1: a tissue-specific regulator of gluco-
corticoid response. Endocr Rev. 2004;25:831-866.

Escher G, Galli I, Vishwanath BS, Frey BM, Frey FJ. Tumor
necrosis factor-a and interleukin-1B enhance the cortisone/
cortisol shuttle. J Exp Med. 1997;186:189-198.

Cooper MS, Bujalska I, Rabbitt E, et al. Modulation of
11B-hydroxysteroid dehydrogenase isozymes by proinflamma-
tory cytokines in osteoblasts: an autocrine switch from
glucocorticoid inactivation to activation. J Bone Miner Res.
2001;16:1037-1044.

Gilmour JS, Coutinho AE, Cailhier JF, et al. Local amplifica-
tion of glucocorticoids by 11 beta-hydroxysteroid dehydro-
genase type 1 promotes macrophage phagocytosis of
apoptotic leukocytes. J Immunol. 2006;176:7605-7611.

Van den Berghe G, de Zegher F, Bouillon R. Clinical review 95:
acute and prolonged critical illness as different neuroendocrine
paradigms. J Clin Endocrinol Metab. 1998;83:1827-1834.
Vanhorebeek I, Van den Berghe G. The neuroendocrine
response to critical illness is a dynamic process. Crit Care
Clin. 2006; 22:1-15, v.

Offner PJ, Moore EE, Ciesla D. The adrenal response after
severe trauma. Am J Surg, 2002;184:649-653.

Skillman JJ, Lauler DP, Hickler RB, et al. Hemorrhage in
normal man: effect on renin, cortisol, aldosterone, and
urine composition. Ann Surg, 1967;166:865-885.

Rivers EP, Gaspari M, Saad GA, et al. Adrenal insufficiency
in high-risk surgical ICU patients. Chest, 2001;119:889-890.
Pene F, Hyvernat H, Mallet V, et al. Prognostic value of rel-
ative adrenal insufficiency after out-of-hospital cardiac
arrest. Intensive Care Med, 2005;31:627-633.

Rushing GD, Britt RC, Collins JN, et al. Adrenal insuffi-
ciency in hemorrhagic shock. Am Surg. 2006;72:552-554.
Hoen S, Asehnoune K, Brailly-Tabard S, et al. Cortisol
response to corticotropin stimulation in trauma patients: influ-
ence of hemorrhagic shock. Anesthesiology. 2002;97:807-813.
Schroeder S, Wichers M, Klingmuller D, et al. The
hypothalamic-pituitary-adrenal axis of patients with severe
sepsis: altered response to corticotropin-releasing hormone.
Crit Care Med. 2001;29:310-316.

Melby JC, Spink WW. Comparative studies on adrenal cor-
tical function and cortisol metabolism in healthy adults and in
patients with shock due to infection. J Clin Invest. 1958;
37:1791-1798.

Briegel J, Schelling G, Haller M, et al. A comparison of the
adrenocortical response during septic shock and after com-
plete recovery. Intensive Care Med. 1996;22:894-899.
Yildiz O, Doganay M, Aygen B, et al. Physiological-dose
steroid therapy in sepsis [ISRCTN36253388]. Crit Care.
2002;6:251-259.

Annane D, Sebille V, Troche G, et al. A 3-level prognostic
classification in septic shock based on cortisol levels and
cortisol response to corticotropin. JAMA. 2000;283:1038-
1045.

Sibbald WJ, Short A, Cohen MP, Wilson RF. Variations in
adrenocortical responsiveness during severe bacterial infec-
tions: unrecognized adrenocortical insufficiency in severe
bacterial infections. Ann Surg. 1977;186:29-33.

Sam S, Corbridge TC, Mokhlesi B, Comellas AP, Molitch
ME. Cortisol levels and mortality in severe sepsis. Clin
Endocrinol (Oxf). 2004;60:29-35.

Esteban NV, Loughlin T, Yergey AL, et al. Daily cortisol pro-
duction rate in man determined by stable isotope dilution/
mass spectrometry. J Clin Endocrinol Metab. 1991;72:39-45.
Purnell JQ, Brandon DD, Isabelle LM, Loriaux DL, Samuels
MH. Association of 24-hour cortisol production rates,

359



Cooper, Stewart

36.

37.

38.

39.

40.

41.

42.

43.

44.

40.

47.

48.

49.

50.

S1.

52.

53.

54.

56.

360

cortisol-binding globulin, and plasma-free cortisol levels
with body composition, leptin levels, and aging in adult men
and women. J Clin Endocrinol Metab. 2004;89:281-287.
Yildiz O, Doganay M, Aygen B, et al. Physiological-dose
steroid therapy in sepsis [I[SRCTN36253388]. Crit Care. 2002;
6:251-259.

Bornstein SR, Chrousos GP. Clinical review 104: adreno-
corticotropin (ACTH)- and non-ACTH-mediated regulation
of the adrenal cortex: neural and immune inputs. / Clin
Endocrinol Metab. 1999;84:1729-1736.

Perrot D, Bonneton A, Dechaud H, Motin J, Pugeat M.
Hypercortisolism in septic shock is not suppressible by
dexamethasone infusion. Crit Care Med. 1993;21:396-401.
Vanhorebeek I, Peeters, RP, Vander PS, et al. Cortisol
response to critical illness: effect of intensive insulin ther-
apy. J Clin Endocrinol Metab. 2006;91:3803-3813.

Vogeser M, Groetzner J, Kupper C, Briegel J. The serum
cortisol:cortisone ratio in the postoperative acute-phase
response. Horm Res. 2003;59:293-296.

Hardy RS, Filer A, Cooper MS, et al. Differential expression,
function and response to inflammatory stimuli of 11 beta-
hydroxysteroid dehydrogenase type 1 in human fibroblasts:
a mechanism for tissue-specific regulation of inflammation.
Arthritis Res Ther. 2006;8:R108.

Loisa P, Rinne T, Kaukinen S. Adrenocortical function and
multiple organ failure in severe sepsis. Acta Anaesthesiol
Scand. 2002;46:145-151.

Beishuizen A, Thijs LG, Vermes 1. Patterns of corticosteroid-
binding globulin and the free cortisol index during septic
shock and multitrauma. Intensive Care Med. 2001;27:
1584-1591.

Hammond GL, Smith CL, Paterson NA, Sibbald WJ. A role for
corticosteroid-binding globulin in delivery of cortisol to
activated neutrophils. / Clin Endocrinol Metab. 1990;71:34-39.
Aimaretti G, Ambrosio MR, Di Somma C, et al. Traumatic
brain injury and subarachnoid haemorrhage are conditions
at high risk for hypopituitarism: screening study at 3
months after the brain injury. Clin Endocrinol (Oxf).
2004;61:320-326.

Kreitschmann-Andermahr 1, Hoff C, Saller B, et al
Prevalence of pituitary deficiency in patients after aneurys-
mal subarachnoid hemorrhage. J Clin Endocrinol Metab.
2004;89:4986-4992.

Arvat E, Giordano R, Grottoli S, Ghigo E. Benzodiazepines
and anterior pituitary function. J Endocrinol Invest. 2002;
25:735-747.

Waterhouse R. A case of suprarenal apoplexy. Lancet. 1911;
1:577-578.

Adem PV, Montgomery CP, Husain AN, et al. Staphylococcus
aureus sepsis and the Waterhouse-Friderichsen syndrome in
children. N Engl ] Med. 2005;353:1245-1251.

Seidenwurm DJ, Elmer EB, Kaplan LM, et al. Metastases to
the adrenal glands and the development of Addison’s dis-
ease. Cancer. 1984;54:552-557.

Judd AM, Call GB, Barney M, et al. Possible function of 1L-6
and TNF as intraadrenal factors in the regulation of adrenal
steroid secretion. Ann N'Y Acad Sci. 2000;917:628-637.
Subramanian S, Goker H, Kanji A, Sweeney H. Clinical
adrenal insufficiency in patients receiving megestrol ther-
apy. Arch Intern Med. 1997;157:1008-1011.

Malik KJ, Wakelin K, Dean S, Cove DH, Wood PJ. Cushing’s
syndrome and hypothalamic-pituitary adrenal axis suppres-
sion induced by medroxyprogesterone acetate. Ann Clin
Biochem. 1996;33:187-189.

Greenfield JR, Samaras K. Suppression of HPA axis in adults
taking inhaled corticosteroids. Thorax. 2006;61:272-273.
Jackson WL Jr. Should we use etomidate as an induction
agent for endotracheal intubation in patients with septic
shock? A critical appraisal. Chest 2005;127:1031-1038.

Watt I, Ledingham IM. Mortality amongst multiple trauma
patients admitted to an intensive therapy unit. Anaestbesia.
1984;39:973-981.

57.

58.

59.

60.

61.

62.

63.

64.

60.

67.

68.

69.

70.

71.

72.

73.

74.

75.

70.

77.

Allolio B, Stuttmann R, Fischer H, Leonhard W, Winkelmann
W. Long-term etomidate and adrenocortical suppression.
Lancet. 1983;2:626.

Wagner RL, White PF, Kan PB, Rosenthal MH, Feldman D.
Inhibition of adrenal steroidogenesis by the anesthetic eto-
midate. N Engl ] Med. 1984;310:1415-1421.

den Brinker M, Joosten KF, Liem O, et al. Adrenal insuffi-
ciency in meningococcal sepsis: bioavailable cortisol levels
and impact of interleukin-6 levels and intubation with eto-
midate on adrenal function and mortality. J Clin Endocrinol
Metab. 2005;90:5110-5117.

Norbiato G, Galli M, Righini V, Moroni M. The syndrome of
acquired glucocorticoid resistance in HIV infection.
Buaillieres Clin Endocrinol Metab. 1994;8:777-787.

Luppa P, Munker R, Nagel D, Weber M, Engelhardt D. Serum
androgens in intensive-care patients: correlations with clini-
cal findings. Clin Endocrinol (Oxf). 1991;34:305-310.

Marx C, Petros S, Bornstein SR, et al. Adrenocortical
hormones in survivors and nonsurvivors of severe
sepsis: diverse time course of dehydroepiandrosterone,
dehydroepiandrosterone-sulfate, and cortisol. Crit Care Med.
2003;31:1382-1388.

Arlt W, Hammer F, Sanning P, et al. Dissociation of serum
dehydroepiandrosterone and dehydroepiandrosterone sulfate
in septic shock. J Clin Endocrinol Metab. 2006;91:548-2554.
Burchard K. A review of the adrenal cortex and severe
inflammation: quest of the “eucorticoid” state. J Trauma.
2001;51:800-814.

Nieboer P, van der Werf TS, Beentjes JA, et al. Catecholamine
dependency in a polytrauma patient: relative adrenal insuffi-
ciency? Intensive Care Med. 2000;26:125-127.

Bouachour G, Roy PM, Guiraud MP. The repetitive short
corticotropin stimulation test in patients with septic shock.
Ann Intern Med. 1995;123:962-963.

Manglik S, Flores E, Lubarsky L, et al. Glucocorticoid insuf-
ficiency in patients who present to the hospital with severe
sepsis: a prospective clinical trial. Crit Care Med. 2003;31:
1668-1675.

Reichardt HM, Umland T, Bauer A, Kretz O, Schutz G. Mice
with an increased glucocorticoid receptor gene dosage
show enhanced resistance to stress and endotoxic shock.
Mol Cell Biol. 2000;20:9009-9017.

Lazar G Jr, Lazar G, Agarwal MK. Modification of septic
shock in mice by the antiglucocorticoid RU 38486. Circ
Shock. 1992;36:180-184.

Leonard MO, Godson C, Brady HR, Taylor CT.
Potentiation of glucocorticoid activity in hypoxia through
induction of the glucocorticoid receptor. J Immunol. 2005,
174:2250-2257.

Duma D, Silva-Santos JE, Assreuy J. Inhibition of glucocor-
ticoid receptor binding by nitric oxide in endotoxemic rats.
Crit Care Med. 2004;32:2304-2310.

Molijn GJ, Spek JJ, van Uffelen JC, et al. Differential adap-
tation of glucocorticoid sensitivity of peripheral blood
mononuclear leukocytes in patients with sepsis or septic
shock. J Clin Endocrinol Metab. 1995;80:1799-1803.
Beishuizen A, Vermes I, Hylkema BS, Haanen C. Relative
eosinophilia and functional adrenal insufficiency in criti-
cally ill patients. Lancet. 1999;353:1675-1676.

Saito T, Fuse A, Gallagher ET, et al. The effect of methyl-
prednisolone on myocardial beta-adrenergic receptors and
cardiovascular function in shock patients. Shock. 1996;5:
241-246.

Cooper MS, Stewart PM. Diagnosis and treatment of ACTH
deficiency. Rev Endocr Metab Disord. 2005;6:47-54.

Stewart PM, Corrie J, Seckl JR, Edwards CR, Padfield PL. A
rational approach for assessing the hypothalamo-pituitary-
adrenal axis. Lancet. 1988;1:1208-1210.

Dickstein G, Shechner C, Nicholson WE, et al. Adrenocorti-
cotropin stimulation test: effects of basal cortisol level, time
of day, and suggested new sensitive low dose test. J Clin
Endocrinol Metab. 1991;72:773-778.

Journal of Intensive Care Medicine 22(6); 2007



78.

79.

80.

81.

82.

83.

84.

80.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Clark PM, Neylon I, Raggatt PR, Sheppard MC, Stewart PM.
Defining the normal cortisol response to the short Synacthen
test: implications for the investigation of hypothalamic-
pituitary disorders. Clin Endocrinol (Oxf). 1998;49:287-292.
Erturk E, Jaffe CA, Barkan AL. Evaluation of the integrity of
the hypothalamic-pituitary-adrenal axis by insulin hypo-
glycemia test. J Clin Endocrinol Metab. 1998;83:2350-2354.
Jubiz W, Meikle AW, West CD, Tyler FH. Single-dose
metyrapone test. Arch Intern Med. 1970;125:472-474.
Cohen ], Venkatesh B, Galligan J, Thomas P. Salivary cortisol
concentration in the intensive care population: correlation
with plasma cortisol values. Anaesth Intensive Care. 2004;
32:843-845.

Rothwell PM, Udwadia ZF, Lawler PG. Cortisol response to
corticotropin and survival in septic shock. Lancet.
1991;337:582-583.

Annane D, Sebille V, Charpentier C, et al. Effect of treat-
ment with low doses of hydrocortisone and fludrocortisone
on mortality in patients with septic shock. JAMA.
2002;288:862-871.

Widmer IE, Puder JJ, Konig, C, et al. Cortisol response in
relation to the severity of stress and illness. J Clin Endocrinol
Metab. 2005;90:4579-4580.

Tsai MH, Peng YS, Chen YC, et al. Adrenal insufficiency in
patients with cirrhosis, severe sepsis and septic shock.
Hepatology. 2006;43:673-681.

Siraux V, De Backer D, Yalavatti G, et al. Relative adrenal
insufficiency in patients with septic shock: comparison of
low-dose and conventional corticotropin tests. Crit Care
Med. 2005;33:2479-2486.

Annane D, Sebille V, Charpentier C, et al. Effect of treat-
ment with low doses of hydrocortisone and fludrocortisone
on mortality in patients with septic shock. JAMA.
2002;288:862-871.

Loisa P, Uusaro A, Ruokonen E. A single adrenocorticotropic
hormone stimulation test does not reveal adrenal insuffi-
ciency in septic shock. Anesth Analg. 2005;101:1792-1798.
Venkatesh B, Mortimer RH, Couchman B, Hall J. Evaluation
of random plasma cortisol and the low dose corticotropin
test as indicators of adrenal secretory capacity in critically
ill patients: a prospective study. Anaesth Intensive Care.
2005;33:201-209.

Schuler JJ, Erve PR, Schumer W. Glucocorticoid effect on
hepatic carbohydrate metabolism in the endotoxin-shocked
monkey. Ann Surg. 1976;183:345-354.

Schumer W. Steroids in the treatment of clinical septic
shock. Ann Surg. 1976;184:333-341.

Sprung CL, Caralis PV, Marcial EH, et al. The effects of high-
dose corticosteroids in patients with septic shock: a prospec-
tive, controlled study. N Engl ] Med. 1984;311:1137-1143.
Effect of high-dose glucocorticoid therapy on mortality in
patients with clinical signs of systemic sepsis: the Veterans
Administration Systemic Sepsis Cooperative Study Group. N
Engl ] Med. 1987;317:659-605.

Bone RC, Fisher CJ Jr, Clemmer TP, et al. A controlled clin-
ical trial of high-dose methylprednisolone in the treatment
of severe sepsis and septic shock. N Engl ] Med. 1987;317:
653-658.

Lefering R, Neugebauer EA. Steroid controversy in sepsis
and septic shock: a meta-analysis. Crit Care Med. 1995;23:
1294-1303.

Cronin L, Cook DJ, Carlet J, et al. Corticosteroid treatment
for sepsis: a critical appraisal and meta-analysis of the
literature. Crit Care Med. 1995;23:1430-1439.

Briegel J, Forst H, Haller M, et al. Stress doses of hydro-
cortisone reverse hyperdynamic septic shock: a prospec-
tive, randomized, double-blind, single-center study. Crit
Care Med. 1999;27:723-732.

Bollaert PE, Charpentier C, Levy B, et al. Reversal of late
septic shock with supraphysiologic doses of hydrocorti-
sone. Crit Care Med. 1998;26:645-650.

Marik PE, Zaloga GP. Adrenal insufficiency during septic
shock. Crit Care Med. 2003;31:141-145.

Journal of Intensive Care Medicine 22(6); 2007

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

116.

117.

118.

119.

Adrenal Insufficiency

Markovitz BP, Goodman DM, Watson RS, Bertoch D,
Zimmerman J. A retrospective cohort study of prognostic fac-
tors associated with outcome in pediatric severe sepsis: what
is the role of steroids? Pediatr Crit Care Med. 2005;6:270-274.
Rady MY, Johnson DJ, Patel B, Larson J, Helmers R. Cortisol
levels and corticosteroid administration fail to predict mor-
tality in critical illness: the confounding effects of organ
dysfunction and sex. Arch Surg. 2005;140:661-668.

Britt RC, Devine A, Swallen KC, et al. Corticosteroid use in
the intensive care unit: at what cost? Arch Surg. 2006;141:
145-149.

Rady MY, Johnson DJ, Patel B, Larson J, Helmers R.
Corticosteroids influence the mortality and morbidity of
acute critical illness. Crit Care. 2006;10:R101.

Noble DW. Dose effects of steroids on survival in sepsis.
Ann Intern Med. 2004;141:891.

Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids
for severe sepsis and septic shock: a systematic review and
meta-analysis. BMJ. 2004;329:480.

Minneci PC, Deans KJ, Banks SM, Eichacker PQ, Natanson C.
Meta-analysis: the effect of steroids on survival and shock
during sepsis depends on the dose. Ann Intern Med. 2004;
141:47-56.

Keh D, Boehnke T, Weber-Cartens S, et al. Immunologic
and hemodynamic effects of “low-dose” hydrocortisone in
septic shock: a double-blind, randomized, placebo-controlled,
crossover study. Am J Respir Crit Care Med. 2003;167:512-520.
Oppert M, Reinicke A, Graf KJ, et al. Plasma cortisol levels
before and during “low-dose” hydrocortisone therapy and
their relationship to hemodynamic improvement in patients
with septic shock. Intensive Care Med. 2000;26:1747-1755.
Soni A, Pepper GM, Wyrwinski PM, et al. Adrenal insuffi-
ciency occurring during septic shock: incidence, outcome,
and relationship to peripheral cytokine levels. Am J Med.
1995;98:266-271.

Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA.
Early methylprednisolone treatment for septic syndrome
and the adult respiratory distress syndrome. Chest.
1987:92:1032-1036.

Bernard GR, Luce JM, Sprung CL, et al. High-dose corticos-
teroids in patients with the adult respiratory distress syn-
drome. N Engl ] Med. 1987;317:1565-1570.

Meduri GU, Headley AS, Golden E, et al. Effect of pro-
longed methylprednisolone therapy in unresolving acute
respiratory distress syndrome: a randomized controlled
trial. JAMA. 1998;280:159-165.

Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and
safety of corticosteroids for persistent acute respiratory dis-
tress syndrome. N Engl ] Med. 2006;354:1671-1684.
Annane D, Sebille V, Bellissant E. Effect of low doses of
corticosteroids in septic shock patients with or without
early acute respiratory distress syndrome. Crit Care Med.
2006;34:22-30.

5. Nakamori Y, Ogura H, Koh T, et al. The balance between

expression of intranuclear NF-kappaB and glucocorticoid
receptor in polymorphonuclear leukocytes in SIRS patients.
J Trauma. 2005;59:308-314.

Meduri GU, Muthiah MP, Carratu P, Eltorky M, Chrousos
GP. Nuclear factor-kappaB- and glucocorticoid receptor
alpha- mediated mechanisms in the regulation of systemic
and pulmonary inflammation during sepsis and acute res-
piratory distress syndrome: evidence for inflammation-
induced target tissue resistance to glucocorticoids.
Neuroimmunomodulation. 2005;12:321-338.

Arlt W, Callies F, van Vlijmen JC, et al. Dehydroepiandrosterone
replacement in women with adrenal insufficiency. N Engl J
Med. 1999;341:1013-1020.

Kim MS, Shigenaga J, Moser A, Grunfeld C, Feingold KR.
Suppression of DHEA sulfotransferase (Sult2A1) during the
acute-phase response. Am J Physiol Endocrinol Metab.
2004;287:E731-E738.

Zuckerman-Levin N, Tiosano D, Eisenhofer G, Bornstein S,
Hochberg Z. The importance of adrenocortical glucocorticoids

361



Cooper, Stewart

120.

362

for adrenomedullary and physiological response to stress: a
study in isolated glucocorticoid deficiency. J Clin Endocrinol
Metab. 2001;86:5920-5924.

Stewart PM. Adrenal replacement therapy: time for an
inward look to the medulla? J Clin Endocrinol Metab.
2004;89:3677-3678.

121. Bouachour G, Tirot P, Gouello JP, et al. Adrenocortical
function during septic shock. Intensive Care Med. 1995;21:
57-62.

122. Marik PE, Gayowski T, Starzl TE. The hepatoadrenal syn-
drome: a common yet unrecognized clinical condition. Crit
Care Med. 2005;33:1254-1259.

Journal of Intensive Care Medicine 22(6); 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /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 true
  /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
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /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
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox 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
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


