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Part V Dncology and Hematology &

developed new areas of pain or required additional radiation therapy
compared to patients receiving external beam radiation therapy alone.
Addition of zoledronate to “standard therapy” in patients with castra-
tion-resistant disease resulted in fewer skeletal events relative to pla-
cebo-treated patients. The bone events included development of new
pain, need for radiation therapy, and microfractures. Finally, patients
randomly assigned to a combination of *Sr and doxorubicin after in-
ducation chemotherapy had fewer skeletal events and longer survival
than patients treated with doxorubicin alone. Confirmatory studies are

ongoing.
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TESTICULAR CANCER
Robert J. Motzer, George J. Bosl

i

Primary germ cell tumors (GCTs) of the testis, arising by the malignant
transformation of primordial germ cells, constitute 95% of all testicular
neoplasms. Infrequently, GCTs arise from an extragonadal site, in-
cluding the mediastinum, retroperitoneum, and, very rarely, the pineal
gland. This disease is notable for the young age of the afflicted pa-
tients, the totipotent capacity for differentiation of the tumor cells, and
its curability; about 95% of all newly diagnosed patients will be cured.
Experience in the management of GCTs leads to improved outcome.

INCIDENCE AND EPIDEMIOLOGY Nearly 9000 new cases of testicular GCT
were diagnosed in the United. States in 2004; the incidence of this
malignancy has increased slowly over the past 40 years. The tumor
occurs most frequently in men between the ages of 20 and 40. A
testicular mass in a man =50 years should be regarded as a lymphoma
until proved otherwise. GCT is at least four to five times more common
in white than in African-American males, and a higher incidence has
been observed in Scandinavia and New Zealand than in the United
States.

ETIOLOGY AND GENETICS ~Cryptorchidism is associated with a severalfold
higher risk of GCT. Abdominal cryptorchid testes are at a higher risk
than inguinal cryptorchid testes. Orchiopexy should be performed be-
fore puberty, if possible. Early orchiopexy reduces the risk of GCT
and improves the ability to save the testis. An abdominal cryptorchid
testis that cannot be brought into the scrotum should be removed.
About 2% of men with GCTs of one testis will develop a primary
tumor in the other testis. Testicular feminization syndromes increase
the risk of testicular GCT, and Klinefelter’s syndrome is associated
with mediastinal GCT.

An isochromosome of the short arm of chromosome 12 [i(12p)] is
pathognomonic for GCT of all histologic types. Excess 12p copy num-
ber either in the form of i(12p) or as increased 12p on aberrantly
banded marker chromosomes occurs in nearly all GCTs, but the
gene(s) on 12p involved in the pathogenesis are not yet defined.

CLINICAL PRESENTATION A painless testicular mass is pathognomonic for
a testicular malignancy. More commonly, patients present with testic-
ular discomfort or swelling suggestive of epididymitis and/or orchitis.
In this circumstance, a trial of antibiotics is reasonable. However, if
symptoms persist or a residual abnormality remains, then testicular
ultrasound examination is indicated.

Ultrasound of the testis is indicated whenever a testicular malig-
nancy is considered and for persistent or painful testicular swelling. If
a testicular mass is detected, a radical inguinal orchiectomy should be
performed. Because the testis develops from the gonadal ridge, its
blood supply and lymphatic drainage originate in the abdomen and
descend with the testis into the scrotum. An inguinal approach is taken
to avoid breaching anatomic barriers and permitting additional path-
ways of spread.

Back pain from retroperitoneal metastases is common and must be
distinguished from musculoskeletal pain. Dyspnea from pulmonary

metastases occurs infrequently. Patients with increased serum levels
of human chorionic gonadotropin (hCG) may present with gyneco-
mastia. A delay in diagnosis is associated with a more advanced stage
and possibly worse survival.

The staging evaluation for GCT includes a determination of serum
levels of « fetoprotein (AFP), hCG, and lactate dehydrogenase (LDH).
After orchiectomy, a chest radiograph and a computed tomography
(CT) scan of the abdomen and pelvis should be performed. A chest
CT scan is required if pulmonary nodules or mediastinal or hilar dis-
ease is suspected. Stage I disease is limited to the testis, epididymis,
or spermatic cord. Stage II disease is limited to retroperitoneal (re-
gional) lymph nodes. Stage III disease is disease outside the retro-
peritoneum, involving supradiaphragmatic nodal sites or viscera. The
staging may be “clinical”—defined solely by physical examination,
blood marker evaluation, and radiographs—or “pathologic”—defined
by an operative procedure.

The regional draining lymph nodes for the testis are in the retro-
peritoneum, and the vascular supply originates from the great vessels
(for the right testis) or the renal vessels (for the left testis). As a result,
the lymph nodes that are involved first by a right testicular tumor are
the interaortocaval lymph nodes just below the renal vessels. For a left
testicular tumor, the first involved lymph nodes are lateral to the aorta
(para-aortic) and below the left renal vessels. In both cases, further
nodal spread is inferior and contralateral and, less commonly, above
the renal hilum. Lymphatic involvement can extend cephalad to the
retrocrural, posterior mediastinal, and supraclavicular lymph nodes.
Treatment is determined by tumor histology (seminoma versus non-
seminoma) and clinical stage (Table 82-1).

PATHOLOGY GCTs are divided into nonseminoma and seminoma sub-
types. Nonseminomatous GCTs are most frequent in the third decade
of life and can display the full spectrum of embryonic and adult cellular
differentiation. This entity comprises four histologies: embryonal car-
cinoma, teratoma, choriocarcinoma, and endodermal sinus (yolk sac)
tumor. Choriocarcinoma, consisting of both cytotrophoblasts and syn-
cytiophoblasts, represents malignant trophoblastic differentiation and
is invariably associated with secretion of hCG. Endodermal sinus tu-
mor is the malignant counterpart of the fetal yolk sac and is associated
with secretion of AFP. Pure embryonal carcinoma may secrete AFP
or hCG, or both; this pattern is biochemical evidence of differentiation-
Teratoma is composed of somatic cell types derived from two or mor¢
germ layers (ectoderm, mesoderm, or endoderm). Each of these his-
tologies may be present alone or in combination with others. Nonsem
inomatous GCTs tend to metastasize early to sites such as the
retroperitoneal lymph nodes and lung parenchyma. One-third of P
tients present with disease limited to the testis (stage I), one-third “’"‘h
retroperitoneal metastases (stage II), and one-third with more extensive
supradiaphragmatic nodal or visceral metastases (stage III). )
Seminoma represents about 50% of all GCTs, has a median ag® 0
the fourth decade, and generally follows a more indolent clinlC‘_’
course. Most patients (70%) present with stage I disease, about 20%
with stage II disease, and 10% with stage TII disease; lung or othe!
visceral metastases are rare. Radiation therapy is the treatment ¢
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| insufficient material for diagnosis. Char- 30“13!’!'_0' suspicious
| acteristic features of malignancy mandate noduie’
| surgery. A diagnosis of follicular neoplasm Normal TSH | Low TSH = “Hot" nodule | Ablate, resect,
also warrants surgery, as benign and malig- <1cmor or Rx medically
“nant lesions cannot be distinguished based difficult bX e biopsy “ci":;’"t‘” .
| on cytopathology or frozen section. The necETRIS
| management of patients with benign le- US-guided
sions is more variable. Many authorities ad- gom't:uus biopsy Cytopathology
| vocate TSH suppression, whereas others guidance
“monitor nodule size without suppression.
i : : %, 10%
With either approach, thyroid nodule size Nondii Be _ o == @ i l,'
ould be monitored, either by palpation or et | o ] | y I f:‘:sll?cl:ﬁlalrjsnggplasm egnant
“ultrasound. Repeat FNA is indicated if a Repeat bx
'i-nodule enlarges, and a second biopsy inadequate o Reaspirate \
ithi Consider US-
| should be perfor:med within 2 to 5 years to —+| T, suppression l quided biopsy
| confirm the benign status of the nodule. Monitor by US Follow by US
Nondiagnostic biopsies occur for many Repeat bx once
reasons, including a fibrotic reaction with for benign nodules
A

‘a cystic lesion in which cellular compo-

Surgery if further growth or suspicious cytology I

‘nents reside along the cyst margin, or a

“aspiration. For these reasons, ultrasound-
‘guided FNA is useful when the FNA is re-
| peated. Ultrasound is also increasingly
used for initial biopsies in an effort to enhance nodule localization
| and the accuracy of sampling.

The evaluation of a thyroid nodule is stressful for most patients.
They are concerned about the possibility of thyroid cancer, whether
verbalized or not. It is constructive, therefore, to review the diag-
_mstic approach and to reassure patients when malignancy is not
| found. When a suspicious lesion or thyroid cancer is identified, an
 explanation of the generally favorable prognosis and available
‘treatment options should be provided.

FIGURE 320-13  Approach to the patient with a thyroid nodule. *There are many exceptions to the suggested
options. See text and references for details. "About one-third of nodules are cystic or mixed solid-custic. US,
ultrasound; TSH, thyroid-stimulating hormone; FNA, fine-needle aspiration.
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DISORDERS OF THE ADRENAL CORTEX
Gordon H. Williams, Robert G. Dluhy

2\

BIOCHEMISTRY AND PHYSIOLOGY

equently, normal adrenal function is important for modulating
itermediary metabolism and immune responses through glucocorti-
0ids; blood pressure, vascular volume, and electrolytes through min-
eralocorticoids; and secondary sexual characteristics (in females)
hrough androgens. The adrenal axis plays an important role in the
itress response by rapidly increasing cortisol levels. Adrenal disorders
nclude hyperfunction (Cushing’s syndrome) and hypofunction (ad-
renal insufficiency), as well as a variety of genetic abnormalities of
oidogenesis.

STEROID NOMENCLATURE  The basic structure of steroids is built upon a
ive-ring nucleus (Fig. 321-1). The carbon atoms are numbered in a
sequence beginning with ring A. Adrenal steroids contain either 19 or
21 carbon atoms. The C,, steroids have methyl groups at C-18 and C-
19. Cyg steroids with a ketone group at C-17 are termed /7-ketoste-

i C)y steroids have predominantly androgenic activity, The C,,
oids have a 2-carbon side chain (C-20 and C-21) attached at po-
17 and methyl groups at C-18 and C-19; C,, steroids with a
oxyl group at position 17 are termed [7-hydroxycorticosteroids.

19
C-19 steroid C-21 steroid
C
|
o] C
' i— OH
17-Ketosteroid 17-Hydroxycorticosteroid
FIGURE 321-1 Basic steroid structure and nomenclature.
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BIOSYNTHESIS OF ADRENAL STEROIDS Cholesterol, derived from the diet
and from endogenous synthesis, is the substrate for steroidogenesis.
Uptake of cholesterol by the adrenal cortex is mediated by the low-
density lipoprotein (LDL) receptor. With long-term stimulation of the
adrenal cortex by adrenocorticotropic hormone (ACTH), the number
of LDL receptors increases. The three major adrenal biosynthetic
pathways lead to the production of glucocorticoids (cortisol), min-
eralocorticoids (aldosterone), and adrenal androgens (dehydro-
epiandrosterone). Separate zones of the adrenal cortex synthesize
specific hormones (Fig. 321-2). This zonation is accompanied by the
selective expression of the genes encoding the enzymes unique to the

formation of each type of steroid: aldosterone synthase is norma
expressed only in the outer (glomerulosa) cell layer, whereas 21- and ©
17-hydroxylase are expressed in the (inner) faciculata-reticularis cel
layers, which are the sites of cortisol and androgen biosynthesis, re
spectively.

STEROID TRANSPORT Cortisol circulates in the plasma as free cortisol
protein-bound cortisol, and cortisol metabolites. Free cortisol is
physiologically active hormone that is not protein-bound and therefon
can act directly on tissue sites. Normally, <5% of circulating cortis
is free. Only the unbound cortisol and its metabolites are filterable &
the glomerulus. Increased quantities of free steroid are excreted in th
urine in states characterized by hypersecretion of cortisol, because th

';
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[

o] HO HO
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FIGURE 321-2  Biosynthetic pathways for adrenal steroid production; major pathways to mineralocorticoids, glucacorticoids,

and androgens. 33-HSD, 38-hydroxysteroid dehydrogenase.




unbound fraction of plasma cortisol rises. Plasma has two cortisol-
binding systems. One is a high-affinity, low-capacity a,-globulin
termed transcortin or cortisol-binding globulin (CBG), and the other
is a low-affinity, high-capacity protein, albumin. Cortisol binding to
CBG is reduced in areas of inflammation, thus increasing the local
concentration of free cortisol. When the concentration of cortisol is
>700 nmol/L (25 pg/dL), part of the excess binds to albumin, and a
greater proportion than usual circulates unbound. CBG is increased in
high-estrogen states (e.g., pregnancy, oral contraceptive administra-
tion). The rise in CBG is accompanied by a parallel rise in protein-
bound cortisol, with the result that the total plasma cortisol
concentration is elevated. However, the free cortisol level probably
remains normal, and manifestations of glucocorticoid excess are ab-
sent. Most synthetic glucocorticoid analogues bind less efficiently to
CBG (~70% binding). This may explain the propensity of some syn-
thetic analogues to produce cushingoid effects at low doses. Cortisol
‘metabolites are biologically inactive and bind only weakly to circu-
lating plasma proteins.

Aldosterone is bound to proteins to a smaller extent than cortisol,
‘and an ultrafiltrate of plasma contains as much as 50% of circulating
aldosterone.

STEROID METABOLISM AND EXCRETION ™ Glucocorticoids The daily secre-
tion of cortisol ranges between 40 and 80 pmol (15 and 30 mg; 8-10
- mg/m?), with a pronounced circadian cycle. The plasma concentration
~of cortisol is determined by the rate of secretion, the rate of inactiva-
tion, and the rate of excretion of free cortisol. The liver is the major
-organ responsible for steroid inactivation. A major enzyme regulating
cortisol metabolism is 11B-hydroxysteroid dehydrogenase (11p3-
- HSD). There are two isoforms: 118-HSD I is primarily expressed in
the liver and acts as a reductase, converting the inactive cortisone to
the active glucocorticoid, cortisol; the 118-HSD II isoform is ex-
pressed in a number of tissues and converts cortisol to the inactive
“metabolite, cortisone. Mutations in the //BHSDI gene are associated
“with rapid cortisol turnover, leading to activation of the hypothalamic-
' pituitary-adrenal (HPA) axis and excessive adrenal androgen produc-
‘tion in women. In animal models, excess omental expression of
' 11B-HSD I increases local glucocorticoid production and is associated
with central obesity and insulin resistance. The oxidative reaction of
118-HSD 1 is increased in hyperthyroidism. Mutations in the
[IBHSD2 gene cause the syndrome of apparent mineralocorticoid
excess, reflecting insufficient inactivation of cortisol in the kidney,
“allowing inappropriate cortisol activation of the mineralocorticoid re-
ceptor (see below).

neralocorticoids In individuals with normal salt intake, the average
daily secretion of aldosterone ranges between 0.1 and 0.7 umol (50
and 250 pg). During a single passage through the liver, >75% of
circulating aldosterone is normally inactivated by conjugation with

ucuronic acid. However, under certain conditions, such as congestive
failure, this rate of inactivation is reduced.

Adrenal Androgens The major androgen secreted by the adrenal is de-
hydroepiandrosterone (DHEA) and its sulfuric acid ester (DHEAS).
Approximately 15 to 30 mg of these compounds is secreted daily.
Smaller amounts of androstenedione, 11B-hydroxyandrostenedione,
and testosterone are secreted. DHEA is the major precursor of the
urinary |7-ketosteroids, Two-thirds of the urine 17-ketosteroids in the
male are derived from adrenal metabolites, and the remaining one-
third comes from testicular androgens. In the female, almost all urine
17-ketosteroids are derived from the adrenal.

- Steroids diffuse passively through the cell membrane and bind to
intracellular receptors (Chap. 317). Glucocorticoids and mineralocor-
ficoids bind with nearly equal affinity to the mineralocorticoid receptor
). However, only glucocorticoids bind to the glucocorticoid re-
or (GR). After the steroid binds to the receptor, the steroid-receptor
plex is transported to the nucleus, where it binds to specific sites
steroid-regulated genes, altering levels of transcription. Some ac-
s of glucocorticoids (e.g.. anti-inflammatory effects) are mediated
GR-mediated inhibition of other transcription factors, such as ac-

321 Disorders of the Adrenal Cortex

tivating protein-1 (AP-1) or nuclear factor kappa B (NFkB), which
normally stimulate the activity of various cytokine genes. Because
cortisol binds to the MR with the same affinity as aldosterone, min-
eralocorticoid specificity is achieved by local metabolism of cortisol
to the inactive compound cortisone by 118-HSD II. The glucocorticoid
effects of other steroids, such as high-dose progesterone, correlate with
their relative binding affinities for the GR. Inherited defects in the GR
cause glucocorticoid resistance states. Individuals with GR defects
have high levels of cortisol but do not have manifestations of hyper-
cortisolism.

ACTH PHYSIOLOGY ACTH and a number of other peptides (lipotropins,
endorphins, and melanocyte-stimulating hormones) are processed
from a larger precursor molecule of 31,000 mol wt—proopiomelan-
ocortin (POMC) (Chap. 318). POMC is made in a variety of tissues,
including brain, anterior and posterior pituitary, and lymphocytes. The
constellation of POMC-derived peptides secreted depends on the tis-
sue. ACTH, a 39-amino-acid peptide, is synthesized and stored in ba-
sophilic cells of the anterior pituitary. The N-terminal 18-amino-acid
fragment of ACTH has full biologic potency, and shorter N-terminal
fragments have partial biologic activity. Release of ACTH and related
peptides from the anterior pituitary gland is stimulated by corticotro-
pin-releasing hormone (CRH), a 41-amino-acid peptide produced in
the median eminence of the hypothalamus (Fig. 321-3). Urocortin, a
neuropeptide related to CRH, mimics many of the central effects of
CRH (e.g., appetite suppression, anxiety), but its role in ACTH reg-

Stress
(physical, emotional,
hypoglycemia)

(4)

Circadian
regulation

Neurotransmitters;
peptides

(3)

Hypothalamic corticotropin
releasing center LC/NE

symp. syst.

(5

Plasma cortisol
concentration

| AcTH || poipT |

r

Epinephrine
Norepinephrine

FIGURE 321-3  The hypothalamic-pituitary-adrenal axis. The main sites for feedback
control by plasma cortisol are the pituitary gland (1) and the hypothalamic corticotro-
pin-releasing center (2). Feedback control by plasma cortisol also occurs at the locus
coeruleus/sympathetic system (3) and may involve higher nerve centers (4) as well.
There may also be a short feedback loop involving inhibition of corticotropin-releasing
hormone (CRH) by adrenocorticotropic hormane (ACTH) (5). Hypothalamic neurotrans-
mitters influence CRH release; serotoninergic and cholinergic systems stimulate the
secretion of CRH and ACTH; a-adrenergic agonists and y-aminobutyric acid (GABA)
probably inhibit CRH release. The opioid peptides B-endorphin and enkephalin inhibit,
and vasopressin and angiotensin |l augment, the secretion of CRH and ACTH. B-LPT,
B-lipotropin; POMC, pro-opiomelanocortin; LC, locus coeruleus; NE, norepinephrine.
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Immune-adrenal axis
CRH-secreting Thermoregulatory Immune stimulus
neurons centers
e +
8__ ® Macrophages
crH [Fover] ot
Inflammatory
Pituital cytokines (IL-1at,
|_ry_| IL-1pB, IL-6, TNF)
Q
Y
| ACTH |
| Adrenal I—*l Cortisol I
Q@
r
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(eicosanoids, serotonin,
PAF, bradykinin)

FIGURE 321-4 The immune-adrenal axis. Cortisol has anti-inflammatory properties
that include effects on the microvasculature, cellular actions, and the suppression of
inflammatory cytokines (the so-called immune-adrenal axis). A stress such as sepsis
increases adrenal secretion, and cortisol in turn suppresses the immune response via
this system. —, suppression; +, stimulation; CRH, corticotropin-releasing hormone;
ACTH, adrenocorticotropic hormone; IL, interleukin; TNF, tumor necrosis factor; PAF,
platelet activating factor.

ulation is unclear. Some related peptides such as B-lipotropin (3-LPT)
are released in equimolar concentrations with ACTH, suggesting that
they are cleaved enzymatically from the parent POMC before or during
the secretory process. However, B-endorphin levels may or may not
correlate with circulating levels of ACTH, depending on the nature of
the stimulus.

The major factors controlling ACTH release include CRH, the free
cortisol concentration in plasma, stress, and the sleep-wake cycle (Fig.
321-3). Plasma ACTH varies during the day as a result of its pulsatile
secretion, and follows a circadian pattern with a peak just prior to
waking and a nadir before sleeping. If a new sleep-wake cycle is
adopted, the pattern changes over several days to conform to it. ACTH
and cortisol levels also increase in response to eating. Stress (e.g.,
pyrogens, surgery, hypoglycemia, exercise, and severe emotional
trauma) causes the release of CRH and arginine vasopressin (AVP)
and activation of the sympathetic nervous system. These changes in
turn enhance ACTH release, acting individually or in concert. For
example, AVP release acts synergistically with CRH to amplify ACTH
secretion; CRH also stimulates the locus coeruleus/sympathetic sys-

tem. Stress-related secretion of ACTH abolishes the circadian period:
icity of ACTH levels but is, in turn, suppressed by prior high-dose
glucocorticoid administration. The normal pulsatile, circadian pattem
of ACTH release is regulated by CRH: this mechanism is the so-called
open feedback loop. CRH secretion, in turn, is influenced by hypotha-
lamic neurotransmitters including the serotoninergic and cholin
pathways. The immune system also influences the HPA axis (Flg ﬂ
4). For example, inflammatory cytokines [tumor necrosis fa ..-.__
(TNF)-a, interleukin (IL) 1 e, IL-1, and IL-6] produced by monocyte
increase ACTH release by stimulating secretion of CRH and/or AVP
Finally, ACTH release is regulated by the level of free cortisol it
plasma. Cortisol decreases the responsiveness of pituitary corticotropie
cells to CRH; the response of the POMC mRNA to CRH is also in
hibited by glucocorticoids. In addition, glucocorticoids inhibit the lo
cus coeruleus/sympathetic system and CRH release. The latte
servomechanism establishes the primacy of cortisol in the control of
ACTH secretion. The suppression of ACTH secretion that results i
adrenal atrophy following prolonged glucocorticoid therapy is caused
primarily by suppression of hypothalamic CRH release, as exogenou
CRH administration in this circumstance produces a rise in plasma
ACTH. Cortisol also exerts feedback effects on higher brain center
(hippocampus, reticular system, and septum) and perhaps on the ad
renal cortex (Fig. 321-4).

The biologic half-life of ACTH in the circulation is <10 min. t
action of ACTH is also rapid; within minutes of its release, the con
centration of steroids in the adrenal venous blood increases. ACTH
stimulates steroidogenesis via activation of adenyl cyclase. Adenosin
3'.5'-monophosphate (cyclic AMP), in turn, stimulates the synthesi
of protein kinase enzymes, thereby resulting in the phosphorylatl o
proteins that activate steroid biosynthesis.

RENIN-ANGIOTENSIN PHYSIOLOGY Renin is a proteolytic enzyme that &
produced and stored in the granules of the juxtaglomerular cells sur
rounding the afferent arterioles of glomeruli in the kidney. Renin a0
on the basic substrate angiotensinogen (a circulating a,-globulin mad
in the liver) to form the decapeptide angiotensin I (Fig. 321-5). A
giotensin I is then enzymatically transformed by angiotensin-convert
ing enzyme (ACE), which is present in many tissues (particularly th
pulmonary vascular endothelium), to the octapeptide angiotensin IIb
the removal of the two C-terminal amino acids. Angiotensin II
potent pressor agent and exerts its action by a direct effect on arteriol
smooth muscle. In addition, angiotensin II stimulates production
aldosterone by the zona glomerulosa of the adrenal cortex; the ..__
tapeptide anglotensm III may also stimulate aldosterone productit
The two major classes of angiotensin receptors are termed ATI
AT2; AT1 may exist as two subtypes a and 8. Most of the effects
angiotensins II and III are mediated by the AT] receptor. Angiotet
sinases rapidly destroy angiotensin II (half-life, ~1 min), while
half-life of renin is more prolonged (10 to 20 min). In addition |
circulating renin-angiotensin, many tissues have a local renin-angit
tensin system and the ability to produce angi
tensin II. These tissues include the uten

Circulating blood & ; 3
volume placenta, vascular tissue, heart, brain, and, pa
/ \ ticularly, the adrenal cortex and kidney. A
Renal Renal Na Renal though the role of locally generated angiotens
potassium e g F;?::::'?: Catecholamines  ITis not established, it may modulate the grow
excretion / / and function of the adrenal cortex and vaseul
smooth muscle. _
Alcrigisgae;gne Juxtagt;;)l:;:emlar The amount of renin released reflects th
combined effects of four interdependent factor
Angiotensinogen / et The juxtaglomerular cells, which are specit
u .
Pt?at?:;_lsél;m Angiotenin'll Reriir reléase “feedback” ized myoepithelial cells that cuff the a

Converting enzyme / \ Angiotensin |

31'[8!10183 act as miniature pressure transd
sensing renal perfusion pressure and cor
sponding changes in afferent arteriolar erl
sion pressures. For example, a reduction

FIGURE 321-5 The interrelationship of the volume and potassium feedback loops on aldosterone secretion.  circulating blood volume leads to a correspor

Integration of signals from each loop determines the level of aldosterone secretion.

ing reduction in renal perfusion pressure a
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afferent arteriolar pressure (Fig. 321-5). This change is perceived by
 the juxtaglomerular cells as a decreased stretch exerted on the afferent
arteriolar walls, and the juxtaglomerular cells release more renin into
the renal circulation. This results in the formation of angiotensin I,
which is converted in the kidney and peripherally to angiotensin II by
ACE. Angiotensin II influences sodium homeostasis via two major
mechanisms: it changes renal blood flow so as to maintain a constant
glomerular filtration rate, thereby changing the filtration fraction of
sodium, and it stimulates the adrenal cortex to release aldosterone.
Increasing plasma levels of aldosterone enhance renal sodium reten-
tion and thus result in expansion of the extracellular fluid volume,
which, in turn, dampens the stimulus for renin release. In this context,
the renin-angiotensin-aldosterone system regulates volume by modi-
fying renal hemodynamics and tubular sodium transport.

A second control mechanism for renin release is centered in the
macula densa cells, a group of distal convoluted tubular epithelial cells
ectly opposed to the juxtaglomerular cells. They may function as
chemoreceptors, monitoring the sodium (or chloride) load presented
1o the distal tubule. Under conditions of increased delivery of filtered
sodium to the macula densa, a signal is conveyed to decrease juxta-
erular cell release of renin, thereby modulating the glomerular
ation rate and the filtered load of sodium.

The sympathetic nervous system regulates the release of renin in
fesponse to assumption of the upright posture. The mechanism is either
a direct effect on the juxtaglomerular cell to increase adenyl cyclase
ity or an indirect effect on either the juxtaglomerular or the macula
densa cells via vasoconstriction of the afferent arteriole.

Finally, circulating factors influence renin release. Increased di-
elary intake of potassium decreases renin release, whereas decreased
potassium intake increases it. The significance of these effects is un-
. Angiotensin I exerts negative feedback control on renin release
hat is independent of alterations in renal blood flow, blood pressure,
osterone secretion. Atrial natriuretic peptides also inhibit renin
e. Thus, the control of renin release involves both intrarenal
pressor receptor and macula densa) and extrarenal (sympathetic ner-
jous system, potassium, angiotensin, etc.) mechanisms. Steady-state
enin levels reflect all these factors, with the intrarenal mechanism
predominating.

UCOCORTICOID PHYSIOLOGY The division of adrenal steroids into glu-
pcorticoids and mineralocorticoids is arbitrary in that most glucocor-
icoids have some mineralocorticoid-like properties. The descriptive
erm glucocorticoid is used for adrenal steroids whose predominant
glion is on intermediary metabolism. Their overall actions are di-
ecied at enhancing the production of the high-energy fuel, glucose,
ind reducing all other metabolic activity not directly involved in that
focess. Sustained activation, however, results in a pathophysiologic
ate, e.g., Cushing’s syndrome. The principal glucocorticoid is cor-
isol (hydrocortisone). The effect of glucocorticoids on intermediary
etabolism is mediated by the GR. Physiologic effects of glucocor-
include the regulation of protein, carbohydrate, lipid, and nu-
ic acid metabolism. Glucocorticoids raise the blood glucose level
rantagonizing the secretion and actions of insulin, thereby inhibiting
el al glucose uptake, which promotes hepatic glucose synthesis
neogenesis) and hepatic glycogen content. The actions on pro-
i metabolism are mainly catabolic, resulting in an increase in pro-
1 breakdown and nitrogen excretion. In large part, these actions
flect a mobilization of glycogenic amino acid precursors from pe-
h supporting structures, such as bone, skin, muscle, and con-
ctive tissue, due to protein breakdown and inhibition of protein
athesis and amino acid uptake. Hyperaminoacidemia also facilitates
jconeogenesis by stimulating glucagon secretion. Glucocorticoids
Ldirectly on the liver to stimulate the synthesis of certain enzymes,
th as tyrosine aminotransferase and tryptophan pyrrolase. Gluco-
ficoids regulate fatty acid mobilization by enhancing the activation
ofcellular lipase by lipid-mobilizing hormones (e.g., catecholamines
i pituitary peptides).

‘The actions of cortisol on protein and adipose tissue vary in dif-
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ferent parts of the body. For example, pharmacologic doses of cortisol
can deplete the protein matrix of the vertebral column (trabecular
bone), whereas long bones (which are primarily compact bone) are
affected only minimally; similarly, peripheral adipose tissue mass de-
creases, whereas abdominal and interscapular fat expand.

Glucocorticoids have anti-inflammatory properties, which are prob-
ably related to effects on the microvasculature and to suppression of
inflammatory cytokines. In this sense, glucocorticoids modulate the
immune response via the so-called immune-adrenal axis (Fig. 321-4).
This “loop™ is one mechanism by which a stress, such as sepsis, in-
creases adrenal hormone secretion, and the elevated cortisol level in
turn suppresses the immune response. For example, cortisol maintains
vascular responsiveness to circulating vasoconstrictors and opposes
the increase in capillary permeability during acute inflammation. Glu-
cocorticoids cause a leukocytosis that reflects release from the bone
marrow of mature cells as well as inhibition of their egress through
the capillary wall. Glucocorticoids produce a depletion of circulating
eosinophils and lymphoid tissue, specifically T cells, by causing a
redistribution from the circulation into other compartments. Thus, cor-
tisol impairs cell-mediated immunity. Glucocorticoids also inhibit the
production and action of the mediators of inflammation, such as the
lymphokines and prostaglandins. Glucocorticoids inhibit the produc-
tion and action of interferon by T lymphocytes and the production of
IL-1 and IL-6 by macrophages. The antipyretic action of glucocorti-
coids may be explained by an effect on IL-1, which appears to be an
endogenous pyrogen (Chap. 16). Glucocorticoids also inhibit the pro-
duction of T cell growth factor (IL-2) by T lymphocytes. Glucocorti-
coids reverse macrophage activation and antagonize the action of
migration-inhibiting factor (MIF), leading to reduced adherence of
macrophages to vascular endothelium. Glucocorticoids reduce pros-
taglandin and leukotriene production by inhibiting the activity of phos-
pholipase A,, thus blocking release of arachidonic acid from
phospholipids. Finally, glucocorticoids inhibit the production and in-
flammatory effects of bradykinin, platelet-activating factor, and sero-
tonin. It is probably only at pharmacologic dosages that antibody
production is reduced and lysosomal membranes are stabilized, the
latter effect suppressing the release of acid hydrolases.

Cortisol levels respond within minutes to stress, whether physical
(trauma, surgery, exercise), psychological (anxiety, depression), or
physiologic (hypoglycemia, fever). The reasons why elevated gluco-
corticoid levels protect the organism under stress are not understood,
but in conditions of glucocorticoid deficiency, such stresses may cause
hypotension, shock, and death. Consequently, in individuals with ad-
renal insufficiency, glucocorticoid administration should be increased
during stress.

Cortisol has major effects on body water. It helps regulate the ex-
tracellular fluid volume by retarding the migration of water into cells
and by promoting renal water excretion, the latter effect mediated by
suppression of vasopressin secretion, by an increase in the rate of
glomerular filtration, and by a direct action on the renal tubule. The
consequence is to prevent water intoxication by increasing solute-free
water clearance. Glucocorticoids also have weak mineralocorticoid-
like properties, and high doses promote renal tubular sodium reab-
sorption and increased urine potassium excretion. Glucocorticoids can
also influence behavior; emotional disorders may occur with either an
excess or a deficit of cortisol. Finally, cortisol suppresses the secretion
of pituitary POMC and its derivative peptides (ACTH, B-endorphin,
and 3-LPT) and the secretion of hypothalamic CRH and vasopressin.

MINERALOCORTICOID PHYSIOLOGY Mineralocorticoids modify function in
two classes of cells—epithelial and nonepithelial.

Effects on Epithelia Classically, mineralocorticoids are considered ma-
jor regulators of extracellular fluid volume and are the major deter-
minants of potassium metabolism. These effects are mediated by the
binding of aldosterone to the MR in epithelial cells, primarily the prin-
cipal cells in the renal cortical collecting duct. Because of its electro-
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chemical gradient, sodium passively enters these cells from the urine
via epithelial sodium channels located on the luminal membrane and
is actively extruded from the cell via the Na/K-activated ATPase (*so-
dium pump”) located on the basolateral membrane. The sodium pump
also provides the driving force of potassium loss into the urine through
potassium-selective luminal channels, again assisted by the electro-
chemical gradient for potassium in these cells. Aldosterone stimulates
all three of these processes by increasing gene expression directly (for
the sodium pump and the potassium channels) or via a complex pro-
cess (for epithelial sodium channels) to increase both the number and
activity of the sodium channels. Water passively follows the trans-
ported sodium, thus expanding intra- and extravascular volume.

Because the concentration of hydrogen ion is greater in the lumen
than in the cell, hydrogen ion is also actively secreted. Mineralocor-
ticoids also act on the epithelium of the salivary ducts, sweat glands,
and gastrointestinal tract to cause reabsorption of sodium in exchange
for potassium.

When normal individuals are given aldosterone, an initial period
of sodium retention is followed by natriuresis, and sodium balance is
reestablished after 3 to 5 days. As a result, edema does not develop.
This process is referred to as the escape phenomenon, signifying an
“escape” by the renal tubules from the sodium-retaining action of al-
dosterone. While renal hemodynamic factors may play a role in the
escape, the level of atrial natriuretic peptide also increases. However,
it is important to realize that there is no escape from the potassium-
losing effects of mineralocorticoids.

Effect on Nonepithelial Cells The MR has been identified in a number
of nonepithelial cells, e.g., neurons in the brain, myocytes, endothelial
cells, and vascular smooth-muscle cells. In these cells, the actions of
aldosterone differ from those in epithelial cells in several ways:

1. They do not modify sodium-potassium homeostasis.

2. The groups of regulated genes differ, although only a few are
known; for example, in nonepithelial cells, aldosterone modifies
the expression of several collagen genes and/or genes controlling
tissue growth factors, e.g., transforming growth factor (TGF) B
and plasminogen activator inhibitor, type 1 (PAI-1).

3. In some of these tissues (e.g., myocardium and brain), the MR is
not protecied by the 118-HSD II enzyme. Thus, cortisol rather
than aldosterone may be activating the MR, In other tissues (e.g.,
the vasculature), 113-HSD II is expressed in a manner similar to
that of the kidney. Therefore, aldosterone is activating the MR.

4. Some effects on nonepithelial cells may be via nongenomic mech-
anisms. These actions are too rapid—occurring within 1 to 2 min
and peaking within 5 to 10 min—to be considered genomic, sug-
gesting that they are secondary to activation of a cell-surface re-
ceptor. However, no cell-surface MR has been identified, raising
the possibility that the same MR is mediating both genomic and
nongenomic effects. Rapid, nongenomic effects have also been
described for other steroids including estradiol, progesterone, thy-
roxine, and vitamin D.

5. Some of these tissues—the myocardium and vasculature—may
also produce aldosterone, although this theory is controversial.

Regulation of Aldosterone Secretion Three primary mechanisms control
adrenal aldosterone secretion: the renin-angiotensin system, potas-
sium, and ACTH (Table 321-1). Whether these are also the primary
regulatory mechanisms modifying nonadrenal production is uncertain,
The renin-angiotensin system controls extracellular fluid volume via
regulation of aldosterone secretion (Fig. 321-5). In effect, the renin-
angiotensin system maintains the circulating blood volume constant
by causing aldosterone-induced sodium retention during volume de-
ficiency and by decreasing aldosterone-dependent sodium retention
when volume is ample. There is an increasing body of evidence in-
dicating that some tissues, in addition to the kidney, produce angio-
tensin II and may participate in the regulation of aldosterone secretion
either from the adrenal or extraadrenal sources. Intriguingly, the ad-
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TABLE 321-1 Factors Regulating Aldosterone Biosynthesis

Factor Effect

Renin-angiotensin system Stimulation

Pi N, ] : i i 1 3

'ACTH ‘Stimulation e
[ . 4 m‘m !m .w-\’n‘m). L

Ouabain-like factors Inhibition

Endothelin Stimulation -

Note: ACTH, adrenocorticotropic hormone. &
‘..
renal itself is capable of synthesizing angiotensin II. What role(s) the
extrarenal production of angiotensin II plays in normal physiology
still largely unknown. However, the tissue renin-angiotensin system|
activated in utero in response to growth and development and/or laté
in life in response to injury. y
Potassium ion directly stimulates aldosterone secretion, indepes
dent of the circulating renin-angiotensin system, which it supp
(Fig. 321-5). In addition to a direct effect, potassium also mo
aldosterone secretion indirectly by activating the local renin-angi
sin system in the zona glomerulosa. This effect can be blocked by
administration of ACE inhibitors that reduce the local producti
angiotensin I and thereby reduce the acute aldosterone respon
potassium. An increase in serum potassium of as little as 0.1
increases plasma aldosterone levels under certain circumstances,
potassium loading therefore increases aldosterone secretion, p!
levels, and excretion. '

Physiologic amounts of ACTH stimulate aldosterone secreti
acutely, but this action is not sustained unless ACTH is admi
in a pulsatile fashion. Most studies relegate ACTH to a minor
the control of aldosterone. For example, subjects receiving high-de
glucocorticoid therapy, and with presumed complete suppression|
ACTH, have normal aldosterone secretion in response to sodium
striction. .

Prior dietary intake of both potassium and sodium can alter
magnitude of the aldosterone response to acute stimulation. This effe
results from a change in the expression and activity of aldoster
synthase. Increasing potassium intake or decreasing sodium int
sensitizes the response of the glomerulosa cells to acute stimulati
by ACTH, angiotensin II, and/or potassium.

Neurotransmitters (dopamine and serotonin) and some peplid
such as atrial natriuretic peptide, y-melanocyte-stimulating hormo
(y-MSH), and B-endorphin, also participate in the regulation of'
dosterone secretion (Table 321-1). Thus, the control of aldostera
secretion involves both stimulatory and inhibitory factors.

ANDROGEN PHYSIOLOGY Androgens regulate male secondary sexu
characteristics and can cause virilizing symptoms in women (Ch:
44). Adrenal androgens have a minimal effect in males whose sex
characteristics are predominately determined by gonadal steroids (&
tosterone). In females, however, several androgen-like effects, |
sexual hair, are largely mediated by adrenal androgens. The princi
adrenal androgens are DHEA, androstenedione, and 11-hydroxys
drostenedione. DHEA and androstenedione are weak androgens ¢
exert their effects via conversion to the potent androgen testosten
in extraglandular tissues. DHEA also has poorly understood effects
the immune and cardiovascular systems. Adrenal androgen format
is regulated by ACTH, not by gonadotropins. Adrenal androgens
suppressed by exogenous glucocorticoid administration.




LABORATORY EVALUATION OF ADRENOCORTICAL FUNCTION

A basic assumption is that measurements of the plasma or urinary level
of a given steroid reflect the rate of adrenal secretion of that steroid.
However, urine excretion values may not truly reflect the secretion
rate because of improper collection or altered metabolism. Plasma lev-
els reflect the level of secretion only at the time of measurement. The
plasma level (PL) depends on two factors: the secretion rate (SR) of
the hormone and the rate at which it is metabolized, i.e., its metabolic
clearance rate (MCR). These three factors can be related as follows:

SR
PL MCR or SR = MCR X PL

BLOOD LEVELS m Peptides The plasma levels of ACTH and angiotensin
Il can be measured by immunoassay techniques. Basal ACTH secre-
tion shows a circadian rhythm, with lower levels in the early evening
than in the morning. However, ACTH is secreted in a pulsatile manner,
leading to rapid fluctuations superimposed on this circadian rhythm.
Angiotensin II levels also vary diurnally and are influenced by dietary
sodium and potassium intakes and posture. Both upright posture and
sodium restriction elevate angiotensin II levels.

Most clinical determinations of the renin-angiotensin system, how-
ever. involve measurements of peripheral plasma renin activity (PRA)
in which the renin activity is gauged by the generation of angiotensin
I during a standardized incubation period. This method depends on the
-'?nsencc of sufficient angiotensinogen in the plasma as substrate. The
generated angiotensin I is measured by radioimmunoassay. The PRA
depends on the dietary sodium intake and on whether the patient is
ambulatory. In normal humans, the PRA shows a diurnal rhythm char-
dcterized by peak values in the morning and a nadir in the afternoon.

An alternative approach is to measure plasma active renin, which is
r and not dependent on endogenous substrate concentration. PRA
d active renin correlate very well on low-sodium diets but less well
high-sodium diets.

pids  Cortisol and aldosterone are both secreted episodically, and
levels vary during the day, with peak values in the morning and low
levels in the evening. In addition, the plasma level of aldosterone, but
ot of cortisol, is increased by dietary potassium loading, by sodium
festriction, or by assumption of the upright posture. Measurement of

ulfate conjugate of DHEA may be a useful index of adrenal an-
en secretion, as little DHEA sulfate is formed in the gonads and
ause the half-life of DHEA sulfate is 7 to 9 h. However, DHEA

RINE LEVELS  For the assessment of glucocorticoid secretion, the urine
7-hydroxycorticosteroid assay has been replaced by measurement of
inary free cortisol. Elevated levels of urinary free cortisol correlate
ith states of hypercortisolism, reflecting changes in the levels of un-
ound, physiologically active circulating cortisol. Normally, the rate
f excretion is higher in the daytime (7 A.M. to 7 P.M.) than at night
1PM. 10 7 AM.).

Urinary 17-ketosteroids originate in either the adrenal gland or the
onad. In normal women, 90% of urinary 17-ketosteroids is derived
pm the adrenal, and in men 60 to 70% is of adrenal origin. Urine 17-
tiosteroid values are highest in young adults and decline with age.
A carefully timed urine collection is a prerequisite for all excretory
serminations. Urinary creatinine should be measured simultaneously
ine the accuracy and adequacy of the collection procedure.

3.
[1na
o

]

MULATION TESTS  Stimulation tests are useful in the diagnosis of hor-
ne deficiency states.

ts of Glucocorticoid Reserve Within minutes after administration of
' , cortisol levels increase. This responsiveness can be used as an
lex of the functional reserve of the adrenal gland for production of
l. Under maximal ACTH stimulation, cortisol secretion in-
sases tenfold, to 800 pmol/d (300 mg/d), but maximal stimulation
) be achieved only with prolonged ACTH infusions.

A screening test (the so-called rapid ACTH stimulation test) in-
alves the administration of 25 units (0.25 mg) of cosyntropin intra-
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venously or intramuscularly and measurement of plasma cortisol levels
before administration and 30 and 60 min after administration, the test
can be performed at any time of the day. The most clear-cut criterion
for a normal response is a stimulated cortisol level of >500 nmol/L
(>18 pg/dL), and the minimal stimulated normal increment of cortisol
is =200 nmol/L (>7 pg/dL) above baseline. Severely ill patients with
elevated basal cortisol levels may show no further increases following
acute ACTH administration.

Tests of Mineralocorticoid Reserve and Stimulation of the Renin-Angiotensin
System Stimulation tests use protocols designed to create a pro-
grammed volume depletion, such as sodium restriction, diuretic ad-
ministration, or upright posture. A simple, potent test consists of severe
sodium restriction and upright posture. After 3 to 5 days of a 10-mmol/d
sodium intake, rates of aldosterone secretion or excretion should in-
crease two- to threefold over the control values. Supine morning
plasma aldosterone levels are usually increased three- to sixfold, and
they increase a further two- to fourfold in response to 2 to 3 h of upright
posture.

When the dietary sodium intake is normal, stimulation testing re-
quires the administration of a potent diuretic, such as 40 to 80 mg
furosemide, followed by 2 to 3 h of upright posture. The normal re-
sponse is a two- to fourfold rise in plasma aldosterone levels.

SUPPRESSION TESTS Suppression tests to document hypersecretion of
adrenal hormones involve measurement of the target hormone re-
sponse after standardized suppression of its tropic hormone.

Tests of Pituitary-Adrenal Suppressibility The ACTH release mechanism
is sensitive to the circulating glucocorticoid level. When blood levels
of glucocorticoid are increased in normal individuals, less ACTH is
released from the anterior pituitary and less steroid is produced by the
adrenal gland. The integrity of this feedback mechanism can be tested
clinically by giving a glucocorticoid and judging the suppression of
ACTH secretion by analysis of urine steroid levels and/or plasma cor-
tisol and ACTH levels. A potent glucocorticoid such as dexamethasone
is used, so that the agent can be given in an amount small enough not
to contribute significantly to the pool of steroids to be analyzed.

The best screening procedure is the overnight dexamethasone sup-
pression test. This involves the measurement of plasma cortisol levels
at 8 A.M. following the oral administration of 1 mg dexamethasone
the previous midnight. The 8 A.M. value for plasma cortisol in normal
individuals should be <140 nmol/L (5 pg/dL).

The definitive test of adrenal suppressibility involves administering
0.5 mg dexamethasone every 6 h for two successive days while col-
lecting urine over a 24-h period for determination of creatinine and
free cortisol and/or measuring plasma cortisol levels. In a patient with
a normal hypothalamic-pituitary ACTH release mechanism, a fall in
the urine free cortisol to <80 nmol/d (30 wg/d) or of plasma cortisol
to <140 nmol/L (5 pg/dL) is seen on the second day of administration.

A normal response to either suppression test implies that the glu-
cocorticoid regulation of ACTH and its control of the adrenal glands
is physiologically normal. However, an isolated abnormal result, par-
ticularly to the overnight suppression test, does not in itself demon-
strate pituitary and/or adrenal disease.

Tests of Mineralocorticoid Suppressibility These tests rely on an expansion
of extracellular fluid volume, which should decrease circulating
plasma renin activity and decrease the secretion and/or excretion of
aldosterone. Various tests differ in the rate at which extracellular fluid
volume is expanded. One convenient suppression test involves the
intravenous infusion of 500 mL/h of normal saline solution for 4 h,
which normally suppresses plasma aldosterone levels to <220 pmol/L
(<8 ng/dL) from a sodium-restricted diet or to <140 pmol/L (<5 ng/
dL) from a normal sodium intake. Alternatively, a high-sodium diet
can be administered for 3 days with 0.2 mg fludrocortisone twice daily.
Aldosterone excretion is measured on the third day and should be <28
nmol/d (10 wpg/d). These tests should not be performed in potassium-
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depleted individuals since they carry a risk of precipitating hypoka-
lemia.

TESTS OF PITUITARY-ADRENAL RESPONSIVENESS Stimuli such as insulin-
induced hypoglycemia, AVP, and pyrogens induce the release of
ACTH from the pituitary by an action on higher neural centers or on
the pituitary itself. Insulin-induced hypoglycemia is particularly use-
ful, because it stimulates the release of both growth hormone and
ACTH. In this test, regular insulin (0.05 to 0.1 U/kg body weight) is
given intravenously as a bolus to reduce the fasting glucose level to
at least 50% below basal. The normal cortisol response is a rise to
=500 nmol/L (18 pg/dL). Glucose levels must be monitored-during
insulin-induced hypoglycemia, and it should be terminated by feeding
or intravenous glucose, if subjects develop symptoms of hypoglyce-
mia. This test is contraindicated in individuals with coronary artery
disease or a seizure disorder.

Metyrapone inhibits 11p-hydroxylase in the adrenal. As a result,
the conversion of 11-deoxycortisol (compound S) to cortisol is im-
paired, causing 11-deoxycortisol to accumulate in the blood and the
blood level of cortisol to decrease (Fig. 321-2). The hypothalamic-
pituitary axis responds to the declining cortisol blood levels by re-
leasing more ACTH. Note that assessment of the response depends on
both an intact hypothalamic-pituitary axis and an intact adrenal gland.

Although modifications of the original metyrapone test have been
described, a commonly used protocol involves administering 750 mg
of the drug by mouth every 4 h over a 24-h period and comparing the
control and postmetyrapone plasma levels of 11-deoxycortisol, corti-
sol, and ACTH. In normal individuals, plasma 11-deoxycortisol levels
should exceed 210 nmol/L (7 pg/dL) and ACTH levels should exceed
17 pmol/L (75 pg/mL) following metyrapone administration. The me-
tyrapone test does not accurately reflect ACTH reserve if subjects are
ingesting exogenous glucocorticoids or drugs that accelerate the me-
tabolism of metyrapone (e.g., phenytoin).

A direct and selective test of the pituitary corticotrophs can be
achieved with CRH. The bolus injection of ovine CRH (corticorelin
ovine triflutate; 1 pg/kg body weight) stimulates secretion of ACTH and
B-LPT in normal human subjects within 15 to 60 min. In normal indi-
viduals, the mean increment in ACTH is 9 pmol/L (40 pg/mL). How-
ever, the magnitude of the ACTH response is less than that produced
by insulin-induced hypoglycemia, implying that additional factors (such
as vasopressin) augment stress-induced increases in ACTH secretion.

The rapid ACTH test can often distinguish between primary and
secondary adrenal insufficiency, because aldosterone secretion is pre-
served in secondary adrenal failure by the renin-angiotensin system
and potassium. Cosyntropin (25 units) is given intravenously or intra-
muscularly, and plasma cortisol and aldosterone levels are measured
before and at 30 and 60 min after administration. The cortisol response
is abnormal in both groups, but patients with secondary insufficiency
show an increase in aldosterone levels of at least 140 pmol/L (5 ng/
dL). No aldosterone response is seen in patients in whom the adrenal
cortex is destroyed. Alternatively, ACTH at a physiologic dose (1 ug),
the so-called low-dose ACTH test, may be used to detect secondary
adrenal insufficiency. An abnormal response is similar to that in the
rapid ACTH test. However, levels need to be measured at 30 min, and
the ACTH needs to be directly injected intravenously because it can
be absorbed by plastic tubing. Because the use of a bolus of exogenous
ACTH does not invariably exclude a diagnosis of secondary adreno-
cortical insufficiency, direct tests of pituitary ACTH reserve (metyra-
pone test, insulin-induced hypoglycemia) may be required in the
appropriate clinical setting.

HYPERFUNCTION OF THE ADRENAL CORTEX

Excess cortisol is associated with Cushing’s syndrome; excess aldos-
terone causes aldosteronism; and excess adrenal androgens cause ad-
renal virilism. These syndromes do not always occur in the “pure”
form but may have overlapping features.

VV

CUSHING'S SYNDROME ® Etiology Cushing described a syndrome char-
acterized by truncal obesity, hypertension, fatigability and weakness,
amenorrhea, hirsutism, purplish abdominal striae, edema, glucosuria,
osteoporosis, and a basophilic tumor of the pituitary. As awareness of
this syndrome has increased, the diagnosis of Cushing’s syndrome has
been broadened into the classification shown in Table 321-2. Regard-
less of etiology, all cases of endogenous Cushing's syndrome are due
to increased production of cortisol by the adrenal. In most cases the
cause is bilateral adrenal hyperplasia due to hypersecretion of pitui
tary ACTH or ectopic production of ACTH by a nonpituitary sourc
The incidence of pituitary-dependent adrenal hyperplasia is threeti
greater in women than in men, and the most frequent age of onset
the third or fourth decade. Most evidence indicates that the prim
defect is the de novo development of a pituitary adenoma, as
are found in >90% of patients with pituitary-dependent adrenal
perplasia. Alternatively, the defect may occasionally reside in the
pothalamus or in higher neural centers, leading to release of
inappropriate to the level of circulating cortisol. This primary de
leads to hyperstimulation of the pituitary, resulting in hyperplasi
tumor formation. In surgical series, most individuals with hypersecre-
tion of pituitary ACTH are found to have a microadenoma (<10 mm
in diameter; 50% are =5 mm in diameter), but a pituitary macroad-.
enoma (>10 mm) or diffuse hyperplasia of the corticotrope cells may
be found. Traditionally, only an individual who has an ACTH-pro
ducing pituitary tumor is defined as having Cushing’s disease, whel
Cushing’s syndrome refers to all causes of excess cortisol: exoge
ACTH tumor, adrenal tumor, pituitary ACTH-secreting tumor, or ex:
cessive glucocorticoid treatment. !

The ectopic ACTH syndrome is caused by nonpituitary tumors tha
secrete either ACTH and/or CRH and cause bilateral adrenal hyper
plasia (Chap. 86). The ectopic production of CRH results in clinical
biochemical, and radiologic features indistinguishable from those
caused by hypersecretion of pituitary ACTH. The typical signs
symptoms of Cushing’s syndrome may be absent or minimal
ectopic ACTH production, and hypokalemic alkalosis is a pro
manifestation. Most of these cases are associated with the primi
small cell (oat cell) type of bronchogenic carcinoma or with carci
tumors of the thymus, pancreas, or ovary; medullary carcinoma o
thyroid; or bronchial adenomas. The onset of Cushing’s syndrome
be sudden, particularly in patients with carcinoma of the lung, and
feature accounts in part for the failure of these patients to exhibit the
classic manifestations. On the other hand, patients with carcinoid fu:
mors or pheochromocytomas have longer clinical courses and us
exhibit the typical cushingoid features. The ectopic secretion of ACTI
is also accompanied by the accumulation of ACTH fragments i
plasma and by elevated plasma levels of ACTH precursor molec

TABLE 321-2 Causes of Cushing’s Syndrome
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Because such tumors may produce large amounts of ACTH, baseline
steroid values are usually very high and increased skin pigmentation
may be present.

Approximately 20 to 25% of patients with Cushing’s syndrome
have an adrenal neoplasm. These tumors are usually unilateral, and
about half are malignant. Occasionally, patients have biochemical fea-
tures both of pituitary ACTH excess and of an adrenal adenoma. These
individuals may have nodular hyperplasia of both adrenal glands, of-
ten the result of prolonged ACTH stimulation in the absence of a
pituitary adenoma. Two additional entities cause nodular hyperplasia:
a familial disorder in children or young adults (so-called pigmented
micronodular dysplasia; see below) and an abnormal cortisol response
1o gastric inhibitory polypeptide or luteinizing hormone, secondary to
ectopic expression of receptors for these hormones in the adrenal
cortex.

The most common cause of Cushing’s syndrome is iatrogenic ad-
ministration of steroids for a variety of reasons. Although the clinical
features bear some resemblance to those seen with adrenal tumors,
these patients are usually distinguishable on the basis of history and
laboratory studies.

(linical Signs, Symptoms, and laboratory Findings Many of the signs and
symptoms of Cushing’s syndrome follow logically from the known
‘action of glucocorticoids (Table 321-3). Catabolic responses in pe-
ripheral supportive tissue causes muscle weakness and fatigability,
‘osieoporosis, broad violaceous cutaneous striae, and easy bruisability.
The latter signs are secondary to weakening and rupture of collagen
fibers in the dermis. Osteoporosis may cause collapse of vertebral bod-
jes and pathologic fractures of other bones. Decreased bone mineral-
ization is particularly pronounced in children. Increased hepatic
gluconeogenesis and insulin resistance can cause impaired glucose tol-
erance. Overt diabetes mellitus occurs in <<20% of patients, who prob-
‘gably are individuals with a predisposition to this disorder,
Hypercortisolism promotes the deposition of adipose tissue in char-
dcleristic sites, notably the upper face (producing the typical “moon”
facies), the interscapular area (producing the “buffalo hump”), supra-

ity) (Fig. 321-6). Rarely, episternal fatty tumors and mediastinal
widening secondary to fat accumulation occur. The reason for this
peculiar distribution of adipose tissue is not known, but it is associated
with insulin resistance and/or elevated insulin levels. The face appears
plethoric, even in the absence of any increase in red blood cell con-
gentration. Hypertension is common, and emotional changes may be
found, ranging from irritability and emotional lability to severe
ression, confusion, or even frank psychosis. In women, increased
evels of adrenal androgens can cause acne, hirsutism, and oligome-
ea or amenorrhea. Some signs and symptoms in patients with
ercortisolism—i.e., obesity, hypertension, osteoporosis, and dia-
betes—are nonspecific and therefore are less helpful in diagnosing the
gondition. On the other hand, easy bruising, typical striae, myopathy,
and virilizing signs (although less frequent) are, if present, more sug-
gestive of Cushing’s syndrome (Table 321-3).

- Except in iatrogenic Cushing’s syndrome, plasma and urine cortisol
levels are elevated. Occasionally, hypokalemia, hypochloremia, and
metabolic alkalosis are present, particularly with ectopic production of

The diagnosis of Cushing’s syndrome depends on the dem-
ation of increased cortisol production and failure to suppress cor-
secretion normally when dexamethasone is administered (Chap.
Once the diagnosis is established, further testing is designed to
lelermine the etiology (Fig. 321-7 and Table 321-4).

For initial screening, the overnight dexamethasone suppression test
1§ recommended (see above). In difficult cases (e.g., in obese or de-
essed patients), measurement of a 24-h urine free cortisol can also
used as a screening test. A level >140 nmol/d (50 pg/d) is sug-
gestive of Cushing’s syndrome. The definitive diagnosis is then estab-
thed by failure of urinary cortisol to fall to less than <25 nmol/d (10
d) or of plasma cortisol to fall to <140 nmol/L (5 ug/dL) after a
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TABLE 321-3 Frequency of Signs and Symptoms in Cushing’s Syndrome
Sign or Symptom Percent of Patients

Typical habitus (centripetal obesity)* 97
Increased body weight 94
Fatigability and weakness 87
Hypertension (blood pressure >150/90) 82
Hirsutism* 80
Amenorrhea 77
Broad violaceous cutaneous striae” 67
Personality changes 66
Ecchymoses® 65
Proximal myopathy® 62
Edema 62
Polyuria, polydipsia 23
Hypertrophy of clitoris 19

@ Features more specific for Cushing’s syndrome.

standard low-dose dexamethasone suppression test (0.5 mg every 6 h
for 48 h). Owing to circadian variability, plasma cortisol and, to a
certain extent, ACTH determinations are not meaningful when per-
formed in isolation, but the absence of the normal fall of plasma cor-
tisol at midnight is consistent with Cushing’s syndrome because there
is loss of the diurnal cortisol rhythm.

The task of determining the etiology of Cushing's syndrome is
complicated by the fact that all the available tests lack specificity and
by the fact that the tumors producing this syndrome are prone to spon-
taneous and often dramatic changes in hormone secretion (periodic
hormonogenesis). No test has a specificity >95%, and it may be nec-
essary to use a combination of tests to arrive at the correct diagnosis.

Plasma ACTH levels can be useful in distinguishing the various
causes of Cushing’s syndrome, particularly in separating ACTH-de-
pendent from ACTH-independent causes. In general, measurement of
plasma ACTH is useful in the diagnosis of ACTH-independent etiol-
ogies of the syndrome, since most adrenal tumors cause low or un-
detectable ACTH levels [<2 pmol/L (10 pg/mL)]. Furthermore,
ACTH-secreting pituitary macroadenomas and ACTH-producing
nonendocrine tumors usually result in elevated ACTH levels. In the
ectopic ACTH syndrome, ACTH levels may be elevated to =110
pmol/L (500 pg/mL), and in most patients the level is >40 pmol/L
(200 pg/mL). In Cushing’s syndrome as the result of a microadenoma
or pituitary-hypothalamic dysfunction, ACTH levels range from 6 to
30 pmol/L (30 to 150 pg/mL) [normal, <14 pmol/L (<60 pg/mL)],

FIGURE 321-6 A woman
with Cushing's syndrome due
to a right adrenal cortical ad-
enoma. A. One month prior to
surgery, age 20. B. One year
after surgery, age 21.
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Signs and symptoms
Osteoporosis

Central adiposity
Diabetes mellitus Hirsutism & amenorrhea
Diastolic hypertension

¥
Screening test
Plasma cortisol at 8 a.m. > 140 nmol/L (5 pg/dL)
after 1 mg dexamethasone at midnight; urine
free cortisol > 140 nmol/d (50 pg/d)

¥

Dexamethasone suppression test
Cortisol response on 2d day to 0.5.mg q 6h

1
! 1

Abnormal response
Cushing's syndrome

Normal response

Cortisol response on 2d
day of dex. suppression

(2 mg g 6h)

' 3
Suppression* Noresponse
Adrenal hyperplasia Adrenal hyperplasia
secondary to secondary to
pituitary ACTH secretion ACTH-producing tumor

Adrenal neoplasia

[
1 | Plasma ACTH

Low ACTH
Adrenal neoplasia

High ACTH
Adrenal hyperplasia

secondary to -
ACTH-producing tumor Urinary, 17-KS or
DHEA smmg;
Pituitary imagi abdominal scan
and/or selecﬁr:fg
venous sampling ¥ L
G TE | High Normal-low
(> 6 cm) (<3 cm)
Posjilva Negative Adrenal Adrenal
Pituitary Ectopic carcinoma adenoma
tumor tumor

FIGURE 321-7  Diagnostic flowchart for evaluating patients suspected of having Cush-
ing's syndrome. *This group probably includes some patients with pituitary-hypotha-
lamic dysfunction and some with pituitary microadenomas. In some instances, a
microadenoma may be visualized by pituitary magnetic resonance scanning. 17-KS, 17-
ketosteroids; DHEA, dehydroepiandrosterone; ACTH, adrenocorticotropic hormone; (T,
computed tomography.

with half of values falling in the normal range. However, the main
problem with the use of ACTH levels in the differential diagnosis of
Cushing’s syndrome is that ACTH levels may be similar in individuals
with hypothalamic-pituitary dysfunction, pituitary microadenomas,
ectopic CRH production, and ectopic ACTH production (especially
carcinoid tumors) (Table 321-4).

TABLE 321-4 Diagnostic Tests to Determine the Type of Cushing's Syndrome

Ectopic
Pituitary Pituitary ACTH
Macro- Micro- or CRH Adrenal
Test adenoma adenoma Production Tumor
PlasmaACTHlevel fwff Nwot fwofft |
‘Percentwho <10 95 <10 <10
mpmdm‘hisb-'
dammdm %
Pememwbo 3 >90 =90 <10 <10
~ respond to CRH

Note: ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone;
N. normal: 1. elevated: |. decreased. See text for definition of a response.

A useful step to distinguish patients with an ACTH-secreting pi
tuitary microadenoma or hypothalamic-pituitary dysfunction
those with other forms of Cushing’s syndrome is to determine
response of cortisol output to administration of high-dose dexa
sone (2 mg every 6 h for 2 days). An alternative 8-mg, overnight high
dose dexamethasone test has been developed; however, this test hasa
lower sensitivity and specificity than the standard test. When the di
agnosis of Cushing’s syndrome is clear-cut on the basis of bas
urinary and plasma assays, the high-dose dexamethasone supp
test may be used without performing the preliminary low-dose
pression test. The high-dose suppression test provides close to |
specificity if the criterion used is suppression of urinary free col
by >90%. Occasionally, in individuals with bilateral nodular h
plasia and/or ectopic CRH production, steroid output is also
pressed. Failure of low- and high-dose dexamethasone adminis
to suppress cortisol production (Table 321-4) can occur in pati
with adrenal hyperplasia secondary to an ACTH-secreting pituitan
macroadenoma or an ACTH-producing tumor of nonendocrine origi
and in those with adrenal neoplasms.

Because of these difficulties, several additional tests have been ad
vocated, such as the metyrapone and CRH infusion tests. The ration
underlying these tests is that steroid hypersecretion by an adrenal t
mor or the ectopic production of ACTH will suppress the hypoths
lamic-pituitary axis so that inhibition of pituitary ACTH release
be demonstrated by either test. Thus, most patients with pitui
hypothalamic dysfunction and/or a microadenoma have an in
steroid or ACTH secretion in response to metyrapone or CRH
istration, whereas most patients with ectopic ACTH-producing tumor
do not. Most pituitary macroadenomas also respond to CRH, but the
response to metyrapone is variable. However, false-positive and fals
negative CRH tests can occur in patients with ectopic ACTH and p
tuitary tumors. ]

The main diagnostic dilemma in Cushing’s syndrome is to disti
guish those instances due to microadenomas of the pituitary from the
due to ectopic sources (e.g., carcinoids or pheochromocymma)
produce CRH and/or ACTH. The clinical manifestations are simil
unless the ectopic tumor produces other symptoms, such as diarth
and flushing from a carcinoid tumor or episodic hypertension from
pheochromocytoma. Sometimes, one can distinguish between eclop
and pituitary ACTH production by using metyrapone or CRH tests,
noted above. In these situations, computed tomography (CT) of i
pituitary gland is usually normal. Magnetic resonance imaging (MR
with the enhancing agent gadolinium may be better than CT for
purpose but demonstrates pituitary microadenomas in only half of pa
tients with Cushing’s disease. Because microadenomas can be d
in up to 10 to 20% of individuals without known pituitary dis
positive imaging study does not prove that the pituitary is the
of ACTH excess. In those with negative imaging studies,
petrosal sinus venous sampling for ACTH is now used in many refer
centers. ACTH levels are measured at baseline, 2, 5, and 10 min af
ovine CRH (1 w/kg IV) injections. Peak petrosal:peripheral A
ratios of >3 confirm the presence of a pituitary ACTH-secreti ;-j-_
mor. In centers where petrosal sinus sampling is performed frequentls

it has proved highly sensitive for distinguishing pituitary and non
tuitary sources of ACTH excess. However, the catheterization pro¢
dure is technically difficult, and complications have occurred.

The diagnosis of a cortisol-producing adrenal adenoma is s
gested by low ACTH and disproportionate elevations in baseline un
free cortisol levels with only modest changes in urinary 17-ketost
roids or plasma DHEA sulfate. Adrenal androgen secretion is usua
reduced in these patients owing to the cortisol-induced suppression
ACTH and subsequent involution of the androgen-producing zona
ticularis.

The diagnosis of adrenal carcinoma is suggested by a palpal
abdominal mass and by markedly elevated baseline values of ba

urine 17-ketosteroids and plasma DHEA sulfate. Plasma and uri
cortisol levels are variably elevated. Adrenal carcinoma is usually’
sistant to both ACTH stimulation and dexamethasone suppression. E

s
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‘evated adrenal androgen secretion often
‘leads to virilization in the female. Estro-
gen-producing adrenocortical carcinoma
usually presents with gynecomastia in
“men and dysfunctional uterine bleeding in
“women. These adrenal tumors secrete in-
‘ereased amounts of androstenedione,
‘which is converted peripherally to the
“estrogens estrone and estradiol. Adrenal
“garcinomas that produce Cushing’s syn-
“drome are often associated with elevated
levels of the intermediates of steroid bio-
thesis (especially 11-deoxycortisol),
gesting inefficient conversion of the
rmediates to the final product. This
re also accounts for the characteristic
ncrease in 17-ketosteroids. Approxi-
mately 20% of adrenal carcinomas are not
ociated with endocrine syndromes and
are presumed to be nonfunctioning or to
‘produce biologically inactive steroid pre-
gursors. In addition, the excessive produc-
tion of steroids is not always clinically
“gvident (e.g., androgens in adult men).

rential  Diagnosis W PSEVDO-CUSHING'S

['- DROME  Problems in diagnosis include
patients with obesity, chronic alcoholism,
tepression, and acute illness of any type.
Extreme obesity is uncommon in Cush-
s syndrome; furthermore, with exog-
enous obesity, the adiposity is gen-
5 alized, not truncal. On adrenocortical
ing, abnormalities in patients with ex-
ous obesity are usually modest. Basal
urine steroid excretion levels in obese pa-
tients are also either normal or slightly el-
eyated, and the diurnal pattern in blood
urine levels is normal. Patients with chronic alcoholism and those
depression share similar abnormalities in steroid output: modestly
ated urine cortisol, blunted circadian rhythm of cortisol levels, and
sistance to suppression using the overnight dexamethasone test. In
ontrast to alcoholic subjects, depressed patients do not have signs and
nptoms of Cushing's syndrome. Following discontinuation of al-
ohol and/or improvement in the emotional status, results of steroid
ing usually return to normal. One or more of three tests have been
d 10 differentiate mild Cushing’s syndrome and pseudo-Cushing’s
yyndrome. The serum cortisol level following the standard 2-day low-
e dexamethasone test has very high sensitivity and specificity. Al-
ugh the CRH test alone is less useful, in combination with the
-dose dexamethasone test, there is nearly complete discrimination
ween these two conditions. Finally, a midnight cortisol level ob-
ned in awake patients may have similar predictive value as the low-
2 dexamethasone test if a cut-off of 210 nmol/L (7.5 pg/dL) is
d. Patients with acute illness often have abnormal results on lab-
atory tests and fail to exhibit pituitary-adrenal suppression in re-
e to dexamethasone, since major stress (such as pain or fever)
pts the normal regulation of ACTH secretion. larrogenic Cush-
§ syndrome, induced by the administration of glucocorticoids or
steroids such as megestrol that bind to the glucocorticoid recep-
is indistinguishable by physical findings from endogenous adre-
pcortical hyperfunction. The distinction can be made, however, by
asuring blood or urine cortisol levels in a basal state; in the iatro-
syndrome these levels are low secondary to suppression of the
-adrenal axis. The severity of iatrogenic Cushing’s syndrome
ated to the total steroid dose, the biologic half-life of the steroid,
the duration of therapy. Also, individuals taking afternoon and
pening doses of glucocorticoids develop Cushing's syndrome more

FIGURE 321-8

Computed tomography (CT) is the preferred method for visualizing the adrenal glands (arrows). A. The
normal right adrenal gland is adjacent to the inferior vena cava (V) where it emerges from the liver. Approximately 90%
of right adrenal glands appear as linear structures extending posteriorly from the inferior vena cava into the space between
the right lobe of the liver and the crus of the diaphragm. The normal left adrenal gland is lateral to the left crus of the
diaphragm and below the stomach. Most left adrenal glands are shaped like an inverted V or Y. B. Adrenal (T scan of a
patient with ectopic ACTH production. Both adrenal glands (arrows) are enlarged (compare with A). In contrast, only 50%
of patients with bilateral adrenal hyperplasia secondary to pituitary ACTH hypersecretion show enlargement of the adrenals
when imaged by (T scan. (. (T scan of a patient with Cushing's syndrome with biochemical evidence only of cortisol
overproduction. The left adrenal has been replaced by a racquet-shaped 2-cm tumor (arrow). Attenuation of the tumor
is low because of its high lipid content. D. CT scan in a patient with Cushing's sundrome and biochemical evidence of an
adrenal carcinoma. In contrast to the tumor in C, the right-sided mass in this patient is large and has a heterogeneous
appearance—usual characteristics of an adrenal carcinoma.

readily and with a smaller total daily dose than do patients taking
morning doses only.

Radiologic Evaluation for Cushing's Syndrome The preferred radiologic
study for visualizing the adrenals is a CT scan of the abdomen (Fig.
321-8). CT is of value both for localizing adrenal tumors and for di-
agnosing bilateral hyperplasia. All patients believed to have hyperse-
cretion of pituitary ACTH should have a pituitary MRI scan with
gadolinium contrast. Even with this technique, small microadenomas
may be undetectable: alternatively, false-positive masses due to cysts
or nonsecretory lesions of the normal pituitary may be imaged. In
patients with ectopic ACTH production, high-resolution chest CT is a
useful first step.

Evaluation of Asymptomatic Adrenal Masses With abdominal CT scanning,
many incidental adrenal masses (so-called incidentalomas) are discov-
ered. This is not surprising, since 10 to 20% of subjects at autopsy
have adrenocortical adenomas. The first step in evaluating such pa-
tients is 1o determine whether the tumor is functioning by means of
appropriate screening lests, e.g., measurement of 24-h urine catechol-
amines and metabolites and serum potassium and assessment of ad-
renal cortical function by dexamethasone-suppression testing.
However, 90% of incidentalomas are nonfunctioning. If an extra-
adrenal malignancy is present, there is a 30 to 50% chance that the
adrenal tumor is a metastasis. If the primary tumor is being treated and
there are no other metastases, it is prudent to obtain a fine-needle
aspirate of the adrenal mass to establish the diagnosis. In the absence
of a known malignancy the next step is unclear. The probability of
adrenal carcinoma is <0.01%, the vast majority of adrenal masses
being benign adenomas. Features suggestive of malignancy include
large size (a size > 4 to 6 cm suggests carcinoma); irregular margins;
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ALTERNATE-DAY STEROID THERAPY The most effective way to minimize
the cushingoid effects of glucocorticoids is to administer the total 48-
h dose as a single dose of intermediate-acting steroid in the morning,
every other day. If symptoms of the underlying disorder can be con-
trolled by this technique, it offers distinct advantages. Three consid-
erations deserve mention: (1) The alternate-day schedule may be
approached through transition schedules that allow the patient to adjust
gradually; (2) supplementary nonsteroid medications may be needed
on the “off” day to minimize symptoms of the underlying disorder;
and (3) many symptoms that occur during the off day (e.g., fatigue,
joint pain, muscle stiffness or tenderness, and fever) may represent
relative adrenal insufficiency rather than exacerbation of the underly-
ing disease.

The alternate-day approach capitalizes on the fact that cortisol se-
cretion and plasma levels normally are highest in the early morning
and lowest in the evening. The normal pattern is mimicked by admin-
istering an intermediate-acting steroid in the morning (7 to 8 A.M.)
(Table 321-11).

Initially, the steroid regimen often requires daily or more frequent
doses of steroid to achieve the desired anti-inflammatory or immunity-
suppressing action. Only after this desired effect is achieved is an
attempt made to switch to an alternate-day program. A number of
schedules can be used for transferring from a daily to an alternate-day
program. The key points to be considered are flexibility in arranging
a program and the use of supportive measures on the off day. One may
attempt a gradual transition to the alternate-day schedule rather than
an abrupt changeover. One approach is to keep the steroid dose con-
stant on one day and gradually reduce it on the alternate day. Alter-
natively, the steroid dose can be increased on one day and reduced on
the alternate day. In any case, it is important to anticipate that some
increase in pain or discomfort may occur in the 36 to 48 h following
the last dose.

WITHDRAWAL OF GLUCOCORTICOIDS FOLLOWING LONG-TERM USE It is possi-
ble to reduce a daily steroid dose gradually and eventually to discom
tinue it, but under most circumstances withdrawal of steroids shoul
be initiated by first implementing an alternate-day schedule. Patienls
who have been on an alternate-day program for a month or more ex-
perience less difficulty during termination regimens. The dosa
gradually reduced and finally discontinued after a replacement do
has been reached (e.g., 5 to 7.5 mg prednisone). Complications rarely
ensue unless undue stress is experienced, and patients should under-
stand that for =1 year after withdrawal from long-term high-dose stes
oid therapy, supplementary hormone should be given in the event of
a serious infection, operation, or injury. A useful strategy in patients
with symptoms of adrenal insufficiency on a tapering regimen is Ig
measure plasma cortisol levels prior to the steroid dose. A level <140}
nmol/L (5 pg/dL) indicates suppression of the pituitary-adrenal axi
and implies that a more cautious tapering of steroids is indicated,
In patients on high-dose daily steroid therapy, it is advised =.:.'
duce dosage to ~20 mg prednisone daily as a single morning dos¢
before beginning the transition to alternate-day therapy. If a patien
cannot tolerate an alternate-day program, consideration should be
given to the possibility that the patient has developed primary adi ,
insufficiency.
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PHEOCHROMOCYTOMA

lewis Landsberg, James B. Young

Pheochromocytomas produce, store, and secrete catecholamines. They
are usually derived from the adrenal medulla but may develop from
chromaffin cells in or about sympathetic ganglia (extraadrenal pheo-
chromocytomas or paragangliomas). Related tumors that secrete cat-
echolamines and produce similar clinical syndromes include chemo-
dectomas derived from the carotid body and ganglioneuromas derived
from the postganglionic sympathetic neurons.

The clinical features are due predominantly to the release of cate-
cholamines and, to a lesser extent, to the secretion of other substances.
Hypertension is the most common sign, and hypertensive paroxysms
or crises, often spectacular and alarming, occur in over half the cases.

Pheochromocytoma occurs in approximately 0.1% of the hyperten-
sive population but is, nevertheless, an important correctable cause of
high blood pressure. Indeed, it is usually curable if diagnosed and
treated, but it may be fatal if undiagnosed or mistreated. Postmortem
series indicate that most pheochromocytomas are unsuspected clini-
cally, even when the tumor is related to the fatal outcome.

PATHOLOGY M Location and Morphology In adults, approximately 80% of
pheochromocytomas are unilateral and solitary, 10% are bilateral, and
10% are extraadrenal. In children, a fourth of tumors are bilateral, and
an additional fourth are extraadrenal. Solitary lesions inexplicably fa-
vor the right side. Although pheochromocytomas may grow to large
size (>3 kg), most weigh <100 g and are <10 cm in diameter. Pheo-
chromocytomas are highly vascular.

The tumors are made up of large, polyhedral, pleomorphic chro-:

maffin cells. Fewer than 10% of these tumors are malignant. As with

VV

several other endocrine tumors, malignancy cannot be determing
from the histologic appearance; tumors that contain large numbers ¢
aneuploid or tetraploid cells, as determined by flow cytomery, an
more likely to recur. Local invasion of surrounding tissues or distaf
metastases indicate malignancy.

EXTRAADRENAL PHEOCHROMOCYTOMAS — Extraadrenal pheochromocytoma
usually weigh 20 to 40 g and are <5 cm in diameter. Most are locate
within the abdomen in association with the celiac, superior mesenteri
and inferior mesenteric ganglia. Approximately 10% are in the thora
1% are within the urinary bladder, and <3% are in the neck,
in association with the sympathetic ganglia or the exira
branches of the ninth or tenth cranial nerves.

Catecholamine Synthesis, Storage, and Release Pheochromocytomas s
thesize and store catecholamines by processes resembling those of th
normal adrenal medulla. Little is known about the mechanisms of .
echolamine release from pheochromocytomas, but changes in bl
flow and necrosis within the tumor may be the cause in some instal
These tumors are not innervated, and catecholamine release does ng
result from neural stimulation. Pheochromocytomas also store and e
crete a variety of peptides, including endogenous opioids, adren
dullin, endothelin, erythropoietin, parathyroid hormone—related p
tein, neuropeptide Y, and chromagranin A. These peptides contribut
to the clinical manifestations in selected cases, as noted below,

EPINEPHRINE, NOREPINEPHRINE, AND DOPAMINE Most pheochromoc o
produce both norepinephrine and epinephrine, and the percentage (
norepinephrine is vsually greater than in the normal adrenal. Mos
extraadrenal pheochromocytomas secrete norepinephrine exclusively
Rarely, pheochromocytomas produce epinephrine alone, particularl
in association with multiple endocrine neoplasia (MEN). Althoug
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