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Case Report: Severe McCune–
Albright syndrome presenting
with neonatal Cushing
syndrome: navigating through
clinical obstacles
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Background: Café-au-lait skin macules, Cushing syndrome (CS), hyperthyroidism,

and liver and cardiac dysfunction are presenting features of neonatal McCune–

Albright syndrome (MAS), CS being the rarest endocrine feature. Although

spontaneous resolution of hypercortisolism has been reported, outcome is

usually unfavorable. While a unified approach to diagnosis, treatment, and

follow-up is lacking, herein successful treatment and long-term follow-up of a

rare case is presented.

Clinical case: An 11-day-old girl born small for gestational age presented with

deterioration of well-being and weight loss. Large hyperpigmented macules on

the trunk, hypertension, hyponatremia, hyperglycemia, and elevated liver

enzymes were noted. ACTH-independent CS due to MAS was diagnosed.

Although metyrapone (300 mg/m2/day) was started on the 25th day, complete

remission could not be achieved despite increasing the dose up to 1,850 mg/m2/

day. At 9 months, right total and left three-quarters adrenalectomy was

performed. Cortisol decreased substantially, ACTH remained suppressed, rapid

tapering of hydrocortisone to physiological dose was not tolerated, and

supraphysiological doses were required for 2 months. GNAS analysis from the

adrenal tissue showed a pathogenic heterozygous mutation. During 34 months

of follow-up, in addition to CS due to MAS, fibrous dysplasia, hypophosphatemic

rickets, and peripheral precocious puberty were detected. She is still regularly

screened for other endocrinopathies.

Conclusion: Neonatal CS due to MAS is extremely rare. Although there is no

specific guideline for diagnosis, treatment, or follow-up, addressing side effects

and identifying treatment outcomes will improve quality of life and survival.

KEYWORDS

McCune Albright syndrome, neonatal Cushing syndrome, metyrapone, adrenalectomy,
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Introduction

McCune–Albright syndrome (MAS) is a rare mosaic disorder of

remarkable complexity with an estimated prevalence of 1/100,000

and 1/1,000,000 (1). Timing of postzygotic missense gain of

function mutation of GNAS encoding stimulatory Gas determines

the extent of tissue involvement, imposing a unique clinical

phenotype. Although a combination of two or more classical

features, such as fibrous dysplasia of bone (FD), café-au-lait skin

macules, and hyperfunctioning endocrinopathies (gonadotropin-

independent gonadal function, nonautoimmune hyperthyroidism,

growth hormone excess, and neonatal hypercortisolism), are

diagnostic, renal, hepatobiliary, and cardiac involvement have also

been reported (2–4).

Adrenocorticotropic hormone (ACTH)-independent adrenal

Gas activation results in the rarest endocrine feature of MAS,

which almost invariably presents in the neonatal period: Cushing

syndrome (CS). Due to greater burden of Gas-mutation-bearing

cells, the presence of CS is correlated with increased number of

accompanying features of MAS and a poorer outcome. Although

there is spontaneous resolution in 33% of cases with neonatal CS,

mortality occurs with a high rate of 20% (4).

A dilemma for the clinician is that most publications to date

have been case reports, and there is as yet no guideline for diagnosis,

treatment, or follow-up. Here, a rare case of severe CS due to MAS,

underlining the unique clinical phenotype specific to the neonatal

period, is presented. Our goal is to offer a practical approach based

on 3 years of clinical experience of this rare disorder that will help

navigate challenges during follow-up.
Case presentation

A baby girl, born small for gestational age with a birthweight of

2,340 g (−2.1 SDS) and a head circumference of 32.6 cm (−1.61

SDS) was admitted to the neonatal intensive care unit in the first

day of life for respiratory distress. She was the second child of a

healthy non-consanguineous Caucasian couple, born 38 weeks of

gestation via cesarean section following an uneventful pregnancy.

Alanine aminotransferase [ALT, 2,376 U/L (normal, 0–40)] and

aspartate aminotransferase [AST, 875 U/L (normal, 0–40)] were
Frontiers in Endocrinology 02
elevated; gamma-glutamyl transferase and bilirubin were normal.

Antibiotics were administered intravenously after a diagnosis of

possible neonatal sepsis. Respiratory distress resolved, and liver

enzymes decreased (ALT, 687 U/L; AST, 108 U/L). As soon as the

antimicrobial treatment was completed, she was discharged in the

seventh day of life.

She was referred to our center, 4 days later, for failure to thrive

(2,315 g), difficulty in feeding, and deterioration of general health.

On physical examination, round facies, elongated philtrum and

retro-micrognatia, hyperpigmented macules both at the front and

back of the trunk and on labia majora, which do not cross midline,

and hypertrichosis on the forehead and extremities were noted

(Supplementary Figure S1). Newborn reflexes were hypoactive,

blood pressure was 100/70 mmHg, and second-degree cardiac

murmur was also detected. Systems were normal otherwise.

Laboratory findings revealed hyponatremia, impaired renal and

liver function tests, tubulopathy, and proteinuria, while blood count

was normal (hemoglobin, 10.4 g/dl; leukocyte, 25.0 × 103/ml; platelet
count, 449×103/ml) (Table 1). Hyponatremia resolved with fluid

treatment, while liver enzymes, blood urea nitrogen, and creatinine

remained elevated. Further endocrine evaluation revealed an

elevated serum basal cortisol [225.68 g/dl (N, 6.7–22.6 µg/dL)]

and 24-h urinary free cortisol [1,129 mg/day (N, 1.4–20 mg/day)].
Serum cortisol was not suppressed during overnight high-dose

dexamethasone suppression test (Table 2) (5). Thyroid hormones

were consistent with non-thyroidal illness.

ACTH-independent CS and café-au-lait spots suggested MAS.

Hypercortisolism-related complications emerged. On the 11th day,

hyperglycemia (blood glucose, 250 mg/dl) was seen, and it persisted

after cessation of intravenous fluids in the exclusively breastfed

neonate; thus, 0.5 U subcutaneous neutral protamine Hagedorn

insulin (NPH) (three times a day) was initiated on the 16th day of

life when blood glucose was 340 mg/dl, and serum insulin was 18.10

mIU/ml. Hypertension (110/90 mmHg) and hypokalemia were

triggered by mineralocorticoid action of excessive cortisol on 20th

day. Spironolactone (2 mg/kg/day) was started, and nifedipine (0.5

mg/kg/day) was added in order to control blood pressure

(Supplementary Figure S2). Since immunosuppressive effects of

excess cortisol may increase the risk for opportunistic infections,

Pneumocystis jirovecii prophylaxis was started and live vaccines

were postponed.
TABLE 1 Laboratory investigations on admission, prior to medical treatment (19 days), after medical treatment (6 months), and post-adrenalectomy.

11-days 19-days 6-months 9 months* 24 months* 34 months* Normal range

Renal function tests

BUN (mg/dl) 53.3 23.6 8.9 10.2 11.2 12.3 5-18

Creatinine (mg/dl) 0.6 0.5 0.2 0.2 0.2 0.27 0.16-0.39

Sodium (mEq/L) 110.0 134.0 136.0 138.0 138.0 140 136.0-146.0

Potassium (mg/dl) 4.5 2.3 4.6 3.4 4.8 4.1 4.1-5.3

Renin (pg/ml) – 181.2 460.0 10.2 198.0 54.8 1-8.2

Aldosterone (pg/ml) – 160.0 136.2 – – 35-300

(Continued)
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TABLE 1 Continued

11-days 19-days 6-months 9 months* 24 months* 34 months* Normal range

Protein (spot urine) (mg/dl) 52.7 – 170.3 100.2 – – 0-14

Creatine (spot urine) (mg/dl) 5.8 – 31.1 16.6 19.6 29.3 30.5-141.4

Protein/Cre ratio 9.0 5.8 6.0 – –

Beta-2 microglobulin (spot urine) (ng/ml) 19428 – – – – 1085 18.8-24.7

Liver function tests

ALP (U/L) 150 156 581 795 1143 1331 100-450

ALT (U/L) 539 539 1667 123 56 38 0-40

AST (U/L) 134 134 357 75 69 39 0-40

GGT (U/L) 420 423 907 746 126 102 0-40

Bone metabolism

Calcium (mg/dl) 10.2 10.1 9.8 8.7 10.3 10.3 8.8-10.9

Phosphate (mg/dl) 4.8 4.7 1.8 2.2 4.4 4.9 3.9-7.7

PTH (pg/ml) NA – NA 42.2 62 136.7 0-60

Tp reabsorption (%) NA 99 70.0 72.1 – – >80.0
F
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BUN, blood urea nitrogen; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; PTH, parathyroid hormone; Tp,
tubular phosphate.
* represents post adrenalectomy.
NA, not applicable.
TABLE 2 Endocrine evaluation prior to medical treatment (19 days), after medical treatment (6 months), and post-adrenalectomy.

19-days 6-months 9 months* 24 months* 34 months* Normal range

8 AM ACTH (pg/ml) 10.5 <0.05 <0.05 7.7 5.2 0-46

8 AM cortisol (mg/dl) 225.7 35.0 4.4 1.2 0.8 6.7-22.6

8 AM cortisol (HDDST) (mg/dl) 102.3 – – – – <1.8

Urinary free cortisol, 24-hours (mg/day) 1129.6 221.2 – – – 1.4-20

DHEA-S (mcg/dL) 1275.4 2706.9 102.2 3.8 – 43-214

DHEA (ng/mL) 21.8 10.1 37.85 – –

Androstenedion (ng/dl) 2465 4817 88.9 – –

17-hydroxyprogesteron (ng/dl) 2.4 – – – –

TSH (uIU/ml) 0.72 1.0 0.7 4.04 3.2 0.4-5.3

Free T4 (pmol/L) 9.49 15.6 15.7 11.7 16.6 9.7-19.2

Free T3 (pmol/L) 3.4 5.4 4,8 NA 9.7 4.3-6.9

LH (IU/ml) 1.9 0.2 0.1 0.1 0.1

FSH (IU/ml) 6.5 1 0.8 0.6 6.5

Estradiol (pg/ml) 12.7 12.1 37.5 36.7 <11.8

IGF-1 (ng/ml) 27 (0.6SDS) – – 133 (1.7SDS) 54
(-2.2SDS)

IGFBP-3 (ng/ml) 530 (0.7SDS) – – 3153 (1.2SDS) 2224
(-0.1SDS)

Growth hormone (ng/ml) 1.2 – – 2.6 – 1-13.6
ACTH, adrenocorticotropic hormone; HDDST, high-dose dexamethasone suppression test; DHEA-S, dehydroepiandrosterone sulfate; TSH, thyroid-stimulating hormone; LH, luteinizing
hormone; FSH, follicle stimulating hormone.
* represents post-adrenalectomy.
NA, not applicable.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1209189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Unsal et al. 10.3389/fendo.2023.1209189
Features of MAS and accompanying hyperfunctioning

endocrinopathies were screened (Table 2). On ultrasonography,

adrenal glands were hypertrophic; kidneys showed increased

parenchymal echogenicity, loss of separation between the cortex

and medulla, and enhanced medullary echogenicity; and size and

echogenicity of the liver were normal. Magnetic resonance imaging

of the abdomen confirmed that adrenal glands were hypertrophic

(right and left adrenal gland were 24×22×18 mm and 18×19×20

mm in size, respectively) and lobulated. Echocardiogram revealed

left ventricular hypertrophy. Bone survey verified generalized

decrease in bone mass and revealed areas of irregular ossification

and radiolucency in radius, ulna, and distal tibia, which

were interpreted as osteoporosis due to hypercortisolism

(Supplementary Figure S1).
Medical treatment

Metyrapone (300 mg/m2/day, per oral, in four doses) was started

on the 25th day (Supplementary Figure S2) (6). Since liver function

tests were impaired, metyrapone was preferred over ketoconazole. Soon

after metyrapone was started, hyperglycemia and hypertension

improved, enabling the discontinuation of insulin and nifedipine.

Spironolactone was also gradually tapered and discontinued after 13

days of metyrapone treatment, and she was discharged.

The dose of metyrapone was adjusted frequently, according to

clinical findings and serum cortisol levels during regular visits.

However, even after gradually increasing metyrapone dose to 1,850

mg/m2/day over the course of 6months, total biochemical suppression

of serum cortisol could not be achieved (Supplementary Figure S3A),

and the patient had progressive loss of bonemineral density, persistent

left ventricular hypertrophy, and a lack of catch-up growth. In

addition to that, café-au-lait macules became darker,

dehydroepiandrosterone sulfate (DHEA-S) gradually increased

(Table 2), and previously non-existent marked clitoromegaly was

noted as a side effect of high-dose metyrapone. She was also

prescribed ursodeoxycholic acid (15 mg/kg/day); however, liver

enzymes remained high (Table 1).
Right total and left three-
quarters adrenalectomy

Right total and left three-quarters adrenalectomy was carried

out at 9 months of age in light of the patient’s continued clinical

findings of hypercortisolism, the existence of unfavorable

prognostic markers (high cortisol levels upon admission and

heart and liver problems), and the adverse effects of high-dose

metyrapone. The patient was administered 100 mg/m2/day

glucocorticoids (GC) perioperatively; however, she developed

symptoms of adrenal insufficiency. The required GC dose to

attain euglycemia, restore general well-being, and resolve adrenal

insufficiency was 300 mg/m2/day. Fludrocortisone (0.05 mg/day)

was also started. Following surgery, supraphysiological doses of GC

were required, as she suffered frequent symptoms of adrenal

insufficiency (hypoglycemia, malaise, and loss of appetite). GC
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dose could be tapered very slowly, and a daily dose of 15 mg/m2/

day could be attained in 2 months.

As liver function tests, serum cortisol levels and left ventricular

hypertrophy all improved following adrenalectomy (Table 1).

Bilateral nodular adrenal hyperplasia was observed in the

pathological evaluation of surgical specimen, while the findings of

liver wedge biopsy were non-specific (Supplementary Figure S4).

Sequence analysis of GNAS from the surgical sample of adrenal

gland revealed a heterozygous, previously described missense

mutation in exon 8 (c.2530C>A, p.Arg844Ser), while the sequence

analysis of the GNAS gene from peripheral blood sample was

normal. Lymphocyte activation was normal 3 months post-

adrenalectomy, and immunization schedule for live vaccines

was established.
Other findings of MAS

She had breast development and vaginal bleeding that lasted 2

days when she was 7 months old, which repeated five more times

after the adrenalectomy till 26 months of age. Breast development

was Tanner stage 3, and bone age was markedly advanced (4 years

and 2 months), despite severe hypercortisolism. On pelvic

ultrasonography, uterus was enlarged to 34×22×24 mm; thus,

letrozole (0.625 mg, per oral) was started at 26 months of age.

She also developed marked hypophosphatemia at the age of 6

months (Table 1). Radiological investigations since birth

demonstrated severe osteopenia and lytic lesions, which were

attributed to severe hypercortisolism; however, overt lesions of

FD were not confirmed. When she was 9 months old, FGF-23

was elevated [122 pg/ml (normal <52)], which suggested

hypophosphatemic rickets associated with FD. Oral phosphate (8

mg/kg) and calcitriol (18 ng/kg) were started. At the age of 23

months, bone survey revealed sclerosis of the base of the skull and

maxilla and FD in the lower extremities. She has been on oral

phosphate (58.7 mg/kg/day), while calcitriol was ceased.

She is now 34 months old with severe short stature [height, 81 cm

(−3.5 SDS); weight, 9,580 g (−3.7SDS)] (Supplementary Figure S3B).

She had been under regular clinic visits and has been on 15 mg/m2/

day hydrocortisone and fludrocortisone 0.025 mg/day, letrozole

(1×6.25 mg/day), phosphate (58 mg/kg), and ursodeoxycholic acid

(100 mg/day) (Supplementary Figure S2). She has six words, cannot

form two-word sentences, shows body parts, cannot stand up from

supine position without support, and takes a few steps with support.

Despite regular physiotherapy and ergotherapy, developmental delay

is evident (Bayley Scales of Infant and Toddler Development III

language scale, 13/79; motor scale, 2/46).
Discussion

ACTH-independent CS and café-au-lait macules suggested

MAS in this case. Interestingly, this patient was admitted for

hyponatremia and hyperglycemia requiring insulin treatment.

Neonatal MAS and CS are rare conditions, and presentation of

this case is quite unique (4).
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The earlier the timing of somatic mutation, the greater the

burden of Gsa-mutation-bearing cells leading to widespread tissue

involvement in MAS. In the current case, adrenal, hepatic, cardiac,

renal, and bone tissue involvement were evident in first weeks of

life, while precocious puberty and hypophosphatemic rickets were

observed later. A lifetime risk of additional tissue involvement is

being acknowledged. CS is the rarest endocrine manifestation of

MAS, which appears in <5%–7.1%. It presents exclusively within

the first year of life (median age, 3.1 months) where features may

develop as early as in utero (2–4, 7). The fact that our case was SGA

and had moon facies and hirsutism with impaired linear growth,

weight gain, hyperglycemia, hypertension, and nephrocalcinosis

detected in the neonatal period, suggested severe, in utero onset

CS. Upon suspicion, both comorbidities (hyperthyroidism, excess

growth hormone, FD, and cardiac and hepatobiliary function) of

MAS and complications of GC excess (hypertension,

hyperglycemia, hyperlipidemia, nephrocalcinosis, decreased bone

mineral density, and muscle atrophy) were assessed (1, 3).

Since the initial description of MAS, only 20 neonates with CS

have been described with various initial basal serum cortisol ranging

from 9.6 to 80.1 µg/dl, and data regarding long-term follow-up and

outcome are still developing (1, 2, 8–11). Disease course is

heterogenous, and spontaneous resolution of hypercortisolism has

been reported (30%) since Gs-bearing cells are mostly located in the

fetal adrenal zone, which normally undergoes apoptosis after birth.

However, the outcome is mostly unfavorable in cases with extensive

endocrine and extra-endocrine manifestations (1, 2, 8–15). Brown

et al. reported poorer prognosis and a lower likelihood of

spontaneous remission of adrenal disease in patients with cardiac

(cardiomyopathy) and liver involvement (hepatocellular adenomas,

inflammatory adenomas, choledochal cysts, neonatal cholestasis,

and hepatoblastoma). It was hypothesized that these patients have a

greater burden of Gsa mutation (3, 4).

Treatment of neonatal CS is a long and challenging path where

both cortisol excess and its complications should be targeted.

Marked hypercortisolism that precipitate neonatal diabetes

requiring insulin treatment like our patient is rare and was

previously reported only in six patients with CS (4). Until

hypercortisolism is managed, hyperglycemia should be treated

with insulin. Hypertension is due to mineralocorticoid effect of

excess cortisol; thus, blood pressure lowering agents of choice

should be aldosterone antagonists (spironolactone) or potassium-

sparing diuretics.

The treatment strategy of hypercortisolism is determined by

disease severity. In a mildly affected case, medical treatment with an

expectation of spontaneous resolution (due to previously stated

apoptosis of fetal adrenal zone) may be of choice (3, 4, 16–19).

Metyrapone, ketoconazole, and mitotane are medical options for

lowering cortisol (20–23). Since our patient had impaired liver

function, metyrapone, a potent, rapid acting relatively selective

inhibitor of 11-hydroxylase was preferred over ketoconazole for

its low risk of hepatotoxicity. Reports reviewing adult data suggest

an initial dose of 500–750 mg/day and achievement of biochemical

control with 1,500 mg/day (23). However, the initial and maximum

dose of metyrapone in neonates is unclear; some authors

recommend 300 mg/m2/day in four equal doses (6). In our case,
Frontiers in Endocrinology 05
adequate biochemical and clinical suppression of cortisol with

metyrapone was not achieved despite an increase in dose from

300 to 1,850 mg/m2/day.

There are important issues to be considered while using a

steroidogenesis inhibitor like metyrapone. Monitoring

biochemical response is essential, not only for dose titration and

management of cortisol excess but also for adrenal insufficiency due

to possible overtreatment. Clinical signs of adrenal insufficiency

should always be questioned and assessed. The 24-h urinary free

cortisol is the commonly used method; however, it may be

impractical due to difficulties in the collection of urine in infants.

Alternative methods may be the measurement of early morning

serum cortisol and ACTH (23). Low ACTH level may indicate

hypercortisolism or may be a sign of suppression due to long-term

exposure to hypercortisolism. However, there are deadlocks to be

considered in the evaluation of these measurements. A high cortisol

level measured by immunoassays does not always indicate an actual

elevation. It should be kept in mind that cortisol immunoassays

exhibit significant cross-reactivity with cortisol precursors that may

be elevated in patients treated with a steroidogenesis inhibitor

(especially with metyrapone, which is known to increase 11-

deoxycortisol). Such cross-reactivity can be a cause for

overestimation of cortisol and may lead to risk of overtreatment

(24, 25). It has been suggested that the patients on metyrapone

should be biochemically monitored via specific methods, such as

mass spectrometry (24–26).

Metyrapone is a relatively selective inhibitor of 11-hydroxylase

and 18-hydroxylase. Recent in vitro studies indicate greater

inhibitory action of metyrapone on aldosterone synthase,

resulting in significant reversible reduction in both cortisol and

aldosterone. The loss of negative feedback leads to an increase in

ACTH, which causes an accumulation of cortisol and aldosterone

precursors resulting in an increase in adrenal androgens (23).

Although we could not serologically prove an increase in ACTH,

hyperpigmentation and the increase in adrenal androgens confirm

this mechanism. As far as we know, an increase in DHEA-S causing

virilization was an unreported side effect of metyrapone. Clinical

(clitoromegaly and hirsutism) and laboratory (DHEA-S) signs of

hyperandrogenism should be monitored when higher doses of

metyrapone are required.

In the severely affected case with CS, where medical treatment is

inadequate and the chance of spontaneous resolution is subsiding,

adrenalectomy is indicated when medically feasible. Brown et al.

suggested that the presence of comorbid cardiac and liver disease

like in our case should prompt consideration for early

adrenalectomy (4). Although a previous correlation with initial

serum cortisol level and prognosis was not established, it may be

speculated that excessively high serum cortisol level is associated

with increased number of Gsa-mutation-bearing adrenal cells.

Thus, we suggest that in neonatal CS due to MAS, initial very

high serum cortisol levels, like our case, may be a negative

prognostic factor both for spontaneous resolution and clinical

response to medical treatment. In infants with severe CS, bilateral

adrenalectomy is generally performed. Alternatives like unilateral

adrenalectomy and one-side total, other-side three-quarters

adrenalectomy may be considered to avoid the requirement for
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lifelong GC and mineralocorticoid replacement. Unilateral

adrenalectomy was reported to successfully improve clinical

symptoms and endocrinological status in adult studies;

nevertheless, recurrence during follow-up was 23.1%, while 17.5%

required contralateral adrenalectomy (27–29). Since the causes of

CS in adult series are variable and different from pediatric CS due to

MAS, it should be borne in mind that reproducibility of adult data is

poor. In CS due to MAS, Gsa-mutation-bearing adrenal gland cells

are heterogeneously distributed, and partial adrenalectomy may

carry the risk of inadequate management and recurrence. Only a

few pediatric case reports addressed this issue. Unilateral

adrenalectomy of the larger gland was performed in two neonates

with CS due to MAS; remission was achieved for 2 years (30, 31).

Itonaga et al. reported a 6-month-old neonate with MAS-associated

CS treated with right-sided total adrenalectomy and left-sided half

adrenalectomy with remission for 2 years (32). Although these cases

were less severe [basal serum cortisol: 16.9, 18.5, and 23.4 µg/dl,

respectively (N: 6.2–18.0 µg/dL)], we preferred to perform partial

adrenalectomy (right total and left three-quarters adrenalectomy)

and succeeded. Our patient has been in remission for more than

2 years.

In the largest case–control analysis of CS in patients with MAS,

overall mortality was 20% (six cases) where four of them were

deceased following bilateral adrenalectomy (66.7% of all deaths) (4).

Anaphylaxis (or adrenal insufficiency), sudden cardiac arrest, sepsis,

and sudden death were listed as causes of mortality in those four

cases where GC dose and process of GC tapering were not clearly

described. The fact that our patient required high-dose GC during

peri- and postoperative period to restore well-being, tapering to

maintenance dose was very slow, and she is still on maintenance

dose GC, suggests that rapid tapering of GCs should be avoided

and, although being speculative, may explain sudden death

following adrenalectomy.

Gross motor developmental delay may be caused by prenatal

exposure to excess GCs. Prenatal GC treatment for possible

congenital adrenal hyperplasia or risk of premature birth have

been shown to result in cognitive deficits after birth. Furthermore,

children who develop CS later in life may experience a decline in

cognitive and school performance where the younger the age of

onset, the greater the deterioration in IQ scores (3, 4, 33, 34). Since

transgenic mice with Gsa mutation was shown to have short- and

long-term memory deficits and impaired associative and spatial

learning, it may also be speculated that Gsa mutation may also be

present in the central nervous system (35, 36).

The establishment of diagnosis of FD follows a characteristic

and predictable time course. Although GNAS mutations are

acquired early in embryogenesis, skeletal development appears to

be relatively normal in utero, without frank clinical signs of FD at

birth. Boyce et al. affirmed that FD lesions become apparent over

the first several years of life and expand during childhood and

adolescence, like our case. Previous case reports have also stated

severe osteoporosis, rickets, polyostotic irregular lucencies,

pathological fractures, and biopsy-proven FD during infancy (1,

2, 8–15). The exact pathophysiological mechanism is unclear, and

Gsa activation in abnormally differentiated osteocytes is accused.

FGF-23 overproduction is an inherent feature of FD, and most
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patients have elevated circulating levels of FGF-23, but frank

hypophosphatemia is rare. The increase in FGF-23 is linked to

substantial skeletal involvement. Although FGF-23 levels may wax

and wane over time, an increase in FGF-23 usually occurs during

periods of rapid growth like infancy and adolescence. Concurrent

hyperfunctioning endocrinopathies like hyperthyroidism or CS

may also adversely affect bone health.

Peripheral precocious puberty (PP) is the most frequent

presenting feature in female patients with MAS (85%) (6). To

date, a safe, effective, and long-term treatment for PP in girls with

MAS has not been established. The benefits of current interventions

on the ultimate outcome of interest, adult height, have not been

well-established due to the rarity of the condition and

heterogeneous nature of the disease. Despite the small sample

size, studies have concluded that letrozole resulted in a

statistically significant decrease in the bone age/chronological age

ratio, growth velocity, hence increasing predicted adult height (37).

Growth outcome in MAS is not only dependent on timing of

pubertal onset but on several other disease components (skeletal

involvement and endocrinopathies) as well. Hyperthyroidism and

growth hormone excess may accelerate growth, while CS may

decelerate it (37, 38).

Lack of consensus on both medical and surgical treatment

strategies were major obstacles while navigating this case of

severe neonatal MAS. The eminence of this report is that it

presents current literature with clinical experience on this rare

case of neonatal CS due to MAS. High index of suspicion for

MAS in a neonate with extensive café-au-lait macules and

symptoms of hypercortisolism is the key for early recognition and

intervention. Initial excessive cortisol in neonatal CS may be a

negative prognostic factor for spontaneous resolution and response

to medical treatment, indicating early right total and left three-

quarters adrenalectomy. Post-adrenalectomy survival may be

related to close supervision during GC tapering.
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SUPPLEMENTARY FIGURE 1

(A) The findings of physical and radiologic examination. Notice cushingoid
facies, hyperpigmented macules that does not cross the midline at the front

of the trunk. (B) Anteroposterior radiographs reveal irregularities in radius,
ulna and femur. Although generalized osteopenia improves at 34 months, FD

lesions become prominent over months.

SUPPLEMENTARY FIGURE 2

Timeline of the course of symptoms in neonatal McCune Albright Syndrome
noting adjustments made in treatment. Grey box denotes age in days for the

first month of life then in months. NPH: Neutral Protamine Hagedorn insulin,
CS: Cushing syndrome, PP: precocious puberty.

SUPPLEMENTARY FIGURE 3

(A) Change in serum cortisol with increased metyrapone (methyrapone was

initiated on day 25). (B) Growth chart, the arrow represents right total and left
three quarters adrenalectomy.

SUPPLEMENTARY FIGURE 4

Representative histological features of nodular adrenal hyperplasia. (A, B)
show low-power while (C) Show high-power views.
References
1. Lourenço R, Dias P, Gouveia R, Sousa AB, Oliveira G. Neonatal McCune-
Albright syndrome with systemic involvement: a case report. J Med Case Rep (2015)
9:189. doi: 10.1186/s13256-015-0689-2

2. Corsi A, Cherman N, Donaldson DL, Robey PG, Collins MT, Riminucci M.
Neonatal McCune-Albright syndrome: A unique syndromic profile with an
unfavorable outcome. JBMR Plus (2019) 3:e10134. doi: 10.1002/jbm4.10134

3. Boyce AM, CollinsMT. Fibrous dysplasia/McCune-Albright syndrome: A rare, mosaic
disease of Gas activation. Endocr Rev (2020) 41(2):345–70. doi: 10.1210/endrev/bnz011

4. Brown RJ, Kelly MH, Collins MT. Cushing syndrome in the McCune-Albright
syndrome. J Clin Endocrinol Metab (2010) 95(4):1508–15. doi: 10.1210/jc.2009-2321

5. Boyce AM, Florenzano P, de Castro LF, Collins MT. Fibrous Dysplasia/McCune-
Albright Syndrome. Adam MP, Ardinger HH, Pagon RA, et al, editors. Seattle (WA):
University of Washington, Seattle (2015).

6. Dias R, Storr HL, Perry LA, Isidori AM, Grossman AB, Savage MO. The
discriminatory value of the low-dose dexamethasone suppression test in the investigation
of paediatric Cushing's syndrome. Horm Res (2006) 65(3):159–62. doi: 10.1159/000091830

7. Carney JA, Young WF, Stratakis CA. Primary bimorphic adrenocortical disease:
cause of hypercortisolism in McCune-Albright syn- drome. Am J Surg Pathol (2011)
35:1311–26. doi: 10.1097/PAS.0b013e31821ec4ce

8. Shenker A, Weinstein LS, Moran A, Pescovitz OH, Charest NJ, Boney CM, et al.
Severe endocrine and nonendocrine manifestations of the McCune-Albright syndrome
associated with activating mutations of stimulatory G protein GS. J Pediatr (1993)
123:509–18. doi: 10.1016/S0022-3476(05)80943-6

9. Danon M, Robboy SJ, Kim S, Scully R, Crawford JD. Cushing syndrome, sexual
precocity, and polyostotic fibrous dysplasia (Albright syndrome) in infancy. J Pediatr
(1975) 87:917–21. doi: 10.1016/S0022-3476(75)80905-X

10. Yoshimoto M, Nakayama M, Baba T, Uehara Y, Niikawa N, Ito M, et al. A case
of neonatal McCune-Albright syndrome with Cushing syndrome and hyperthyroidism.
Acta Paediatr Scand (1991) 80:984–7. doi: 10.1111/j.1651-2227.1991.tb11769.x

11. Kirk JM, Brain CE, Carson DJ, Hyde JC, Grant DB. Cushing’s syndrome caused
by nodular adrenal hyperplasia in children with McCune- Albright syndrome. J Pediatr
(1999) 134:789–92. doi: 10.1016/S0022-3476(99)70302-1
12. Lodish MB, Keil MF, Stratakis CA. Cushing's syndrome in pediatrics: an update.
Endocrinol Metab Clin North Am (2018) 47(2):451–62. doi: 10.1016/j.ecl.2018.02.008

13. Post EM, Consenstein L, Hitch D, Oliphant M, Dracker R, Richman RA.
Congenital Cushing syndrome with polyostotic fibrous dysplasia (PFD). Pediatr Res
(1983) 17:169A.

14. Silva ES, Lumbroso S, Medina M, Gillerot Y, Sultan C, Sokal EM. Demonstration
of McCune-Albright mutations in the liver of children with high gamma GT
progressive cholestasis. J Hepatol (2000) 32:154–8. doi: 10.1016/S0168-8278(00)
80202-0

15. Angelousi A, Fencl F, Faucz FR, Malikova J, Sumnik Z, Lebl J, et al. McCune
Albright syndrome and bilateral adrenal hyperplasia: the GNAS mutation may only be
present in adrenal tissue. Hormones (Athens) (2015) 14:447–50. doi: 10.14310/
horm.2002.1578

16. Collins MT, Singer FR, Eugster E. McCune-Albright syndrome and the
extraskeletal manifestations of fibrous dysplasia. Orphanet J Rare Dis (2012) 7. doi:
10.1186/1750-1172-7-S1-S4

17. Stratakis CA. Diagnosis and clinical genetics of Cushing syndrome in pediatrics.
Endocrinol Metab Clin North Am (2016) 45(2):311–28. doi: 10.1016/j.ecl.2016.01.006

18. Bocian-Sobkowska J, Malendowicz LK, WoŸniak W. Comparative stereological
study on zonation and cellular composition of adrenal glands of normal and
anencephalic human fetuses. I. Zonation of the gland. Histol Histopathol (1997)
12:311–7.

19. Breault L, Chamoux E, Lehoux JG, Gallo-Payet N. Localization of G protein a-
subunits in the human fetal adrenal gland. Endocrinology (2000) 141(12):4334–41. doi:
10.1210/endo.141.12.7834

20. Lake-Bakaar GSP, Sherlock S. Hepatic reactions associated with ketoconazole in
the United Kingdom. BMJ (1987) 294:419–22. doi: 10.1136/bmj.294.6569.419

21. Heiberg JK, Svejgaard E. Toxic hepatitis during ketoconazole treatment. BMJ
(1981) 283:825–6. doi: 10.1136/bmj.283.6295.825

22. Newell-Price J. Ketoconazole as an adrenal steroidogenesis inhibitor:
Effectiveness and risks in the treatment of Cushing’s disease. J Clin Endocrinol
Metab (2014) 99:1586–8. doi: 10.1210/jc.2014-1622
frontiersin.or
g

https://www.frontiersin.org/articles/10.3389/fendo.2023.1209189/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1209189/full#supplementary-material
https://doi.org/10.1186/s13256-015-0689-2
https://doi.org/10.1002/jbm4.10134
https://doi.org/10.1210/endrev/bnz011
https://doi.org/10.1210/jc.2009-2321
https://doi.org/10.1159/000091830
https://doi.org/10.1097/PAS.0b013e31821ec4ce
https://doi.org/10.1016/S0022-3476(05)80943-6
https://doi.org/10.1016/S0022-3476(75)80905-X
https://doi.org/10.1111/j.1651-2227.1991.tb11769.x
https://doi.org/10.1016/S0022-3476(99)70302-1
https://doi.org/10.1016/j.ecl.2018.02.008
https://doi.org/10.1016/S0168-8278(00)80202-0
https://doi.org/10.1016/S0168-8278(00)80202-0
https://doi.org/10.14310/horm.2002.1578
https://doi.org/10.14310/horm.2002.1578
https://doi.org/10.1186/1750-1172-7-S1-S4
https://doi.org/10.1016/j.ecl.2016.01.006
https://doi.org/10.1210/endo.141.12.7834
https://doi.org/10.1136/bmj.294.6569.419
https://doi.org/10.1136/bmj.283.6295.825
https://doi.org/10.1210/jc.2014-1622
https://doi.org/10.3389/fendo.2023.1209189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Unsal et al. 10.3389/fendo.2023.1209189
23. Daniel E, Newell-Price JD. Therapy of endocrine disease: steroidogenesis enzyme
inhibitors in Cushing's syndrome. Eur J Endocrinol (2015) 172(6):R263–80. doi:
10.1530/EJE-14-1014

24. Owen LJ, Halsall DJ, Keevil BG. Cortisol measurement in patients receiving
metyrapone therapy. Ann Clin Biochem (2010) 47:573–5. doi: 10.1258/acb.2010.010167

25. Monaghan PJ, Owen LJ, Trainer PJ, Brabant G, Keevil BG, Darby D. Comparison
of serum cortisol measurement by immunoassay and liquid chromatography-tandem
mass spectrometry in patients receiving the 11b-hydroxylase inhibitor metyrapone. Ann
Clin Biochem (2011) 48:441–6. doi: 10.1258/acb.2011.011014

26. Monaghan PJ, Keevil BG Trainer PJ. The use of mass spectrometry to improve
the diagnosis and the management of the HPA axis. Rev Endocrine Metab Disord
(2013) 14:143–57. doi: 10.1007/s11154-013-9240-1

27. Li J, Yang CH. Diagnosis and treatment of adrenocorticotrophic hormone-
independent macronodular adrenocortical hyperplasia: a report of 23 cases in a single
center. Exp Ther Med (2015) 9:507–12. doi: 10.3892/etm.2014.2115

28. Debillon E, Velayoudom-Cephise FL, Salenave S, Caron P, Chaffanjon P,
Wagner T, et al. Unilateral adrenalectomy as a first-line treatment of Cushing’s
syndrome in patients with primary bilateral macronodular adrenal hyperplasia. J
Clin En- docrinol Metab (2015) 100:4417–24. doi: 10.1210/jc.2015-2662

29. Albiger NM, Ceccato F, Zilio M, Barbot M, Occhi G, Rizzati S, et al. An analysis
of different therapeutic options in patientswith Cushing’s syndrome due to bilateral
macronodular adrenal hyperplasia: a single-centre experience. Clin Endocrinol (Oxf)
(2015) 82:808–15. doi: 10.1111/cen.12763

30. Hamajima T, Maruwaka K, Homma K, Matsuo K, Fujieda K, Hasegawa T.
Unilateral adrenalectomy can be an alternative therapy for infantile onset Cushing' s
syndrome caused by ACTH-independent macronodular adrenal hyperplasia with
McCune-Albright syndrome. Endocr J (2010) 57(9):819–24. doi: 10.1507/
endocrj.K10E-003
Frontiers in Endocrinology 08
31. Paris F, Philibert P, Lumbroso S, Servant N, Kalfa N, Sultan C. Isolated
Cushing's syndrome: an unusual presentation of McCune-Albright syndrome in the
neonatal period. Horm Res (2009) 72(5):315–9. doi: 10.1159/000245934

32. Itonaga T, Goto H, Toujigamori M, Ohno Y, Korematsu S, Izumi T, et al. Three-
quarters adrenalectomy for infantile-onset cushing syndrome due to bilateral adrenal
hyperplasia in McCune-Albright syndrome. Horm Res Paediatr (2017) 88(3-4):285–90.
doi: 10.1159/000473878

33. Merke DP, Giedd JN, Keil MF, Mehlinger SL, Wiggs EA, Holzer S, et al.
Children experience cognitive decline despite reversal of brain atrophy one year after
resolution of Cushing syndrome. J Clin Endocrinol Metab (2005) 90(5):2531–6. doi:
10.1210/jc.2004-2488

34. Keil MF, Merke DP, Gandhi R, Wiggs EA, Obunse K, Stratakis CA. Quality of
life in children and adolescents 1-year after cure of Cushing syndrome: a prospective
study. Clin Endocrinol (Oxf) (2009) 71(3):326–33. doi: 10.1111/j.1365-
2265.2008.03515.x

35. Bourtchouladze R, Patterson SL, Kelly MP, Kreibich A, Kandel ER, Abel T.
Chronically increased Gsa signaling disrupts associative and spatial learning. Learn
Mem (2006) 13:745–52. doi: 10.1101/lm.354106

36. Kelly MP, Cheung YF, Favilla C, Siegel SJ, Kanes SJ, Houslay MD, et al.
Constitutive activation of the G-protein subunit Gas within forebrain neurons
causes PKA-dependent alterations in fear conditioning and cortical Arc mRNA
expression. Learn Mem (2008) 15:75–83. doi: 10.1101/lm.723708

37. Feuillan P, Calis K, Hill S, Shawker T, Robey PG, Collins MT. Letrozole
treatment of precocious puberty in girls with the McCune-Albright syndrome: a
pilot study. J Clin Endocrinol Metab (2007) 92(6):2100–6. doi: 10.1210/jc.2006-2350

38. Wang X, Yu Q. Management of precocious puberty in girls with McCune-
Albright syndrome using letrozole. Endocr Connect. (2018) 7(12):1424–31.
doi: 10.1530/EC-18-0344
frontiersin.org

https://doi.org/10.1530/EJE-14-1014
https://doi.org/10.1258/acb.2010.010167
https://doi.org/10.1258/acb.2011.011014
https://doi.org/10.1007/s11154-013-9240-1
https://doi.org/10.3892/etm.2014.2115
https://doi.org/10.1210/jc.2015-2662
https://doi.org/10.1111/cen.12763
https://doi.org/10.1507/endocrj.K10E-003
https://doi.org/10.1507/endocrj.K10E-003
https://doi.org/10.1159/000245934
https://doi.org/10.1159/000473878
https://doi.org/10.1210/jc.2004-2488
https://doi.org/10.1111/j.1365-2265.2008.03515.x
https://doi.org/10.1111/j.1365-2265.2008.03515.x
https://doi.org/10.1101/lm.354106
https://doi.org/10.1101/lm.723708
https://doi.org/10.1210/jc.2006-2350
https://doi.org/10.1530/EC-18-0344
https://doi.org/10.3389/fendo.2023.1209189
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Case Report: Severe McCune–Albright syndrome presenting with neonatal Cushing syndrome: navigating through clinical obstacles
	Introduction
	Case presentation
	Medical treatment
	Right total and left three-quarters adrenalectomy
	Other findings of MAS

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


