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CHAPTER 738

CORTICOSTEROID THERAPY

LLOYD AXELROD

This chapter examines the risks associated with the use of glu-
cocorticoids and of mineralocorticoids for various illnesses, and
provides guidelines for the administration of these commonly
prescribed substances. )
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FIGURE 78-1. The structures of
commonly used glucocorticoids.
In the depiction of cortisol, the
21 carbon atoms of the glucocor-
ticoid skeleton are indicated by
numbers and the four rings are
designated by letters. The arrows
indicate the structural differ-
ences between cortisol and each
of the other molecules. (From
Axelrod L. Glucocorticoid ther- ‘o -OH
apy. Medicine [Baltimore] 1976;
55:39, and Axelrod L. Glucocor-
ticoids. In: Kelley WN, Harris
ED Jr, Ruddy S, Sledge CB, eds.
Textbook of rheumatology, 4th
ed. Philadelphia: WB Saunders,
1993:779.)

CORTISOL
(HYDROCORTISONE)

CH,OH
C=0

CORTISONE

GLUCOCORTICOIDS

STRUCTURE OF COMMONLY USED GLUCOCORTICOIDS

Figure 78-1 indicates the structures of several commonly used
glucocorticoids.'? Cortisol (Iydrocortisone) is the principal circu-
lating glucocorticoid in humans.

Glucocorticoid activity requires a hydroxyl group at carbon
1T of the steroid molecule. Cortisone and prednisone are 11-
keto compounds. Consequently, they lack glucocorticoid activ-
ity until they are converted in vivo to cortisol and prednisolone,
the corresponding 11-hydroxyl compounds.>* This conversion
occurs predominantly in the liver. Thus, topical application of
cortisone is ineffective in the treatment of dermatologic dis-
eases that respond to topical application of cortisol.* Similarly,
the antiinflammatory action of cortisone delivered by intraartic-
ular injection is minimal compared with the effect of cortisol
administered in the same manner.? Cortisone and prednisone
are used only for systemic therapy. All glucocorticoid prepara-
tions marketed for topical or local use are 11-hydroxyl com-
pounds, which obviates the need for biotransformation.

PHARMACODYNAMICS

HALF-LIFE, POTENCY, AND DURATION OF ACTION

The important differences among the systemically used gluco-
corticoid compounds are duration of action, relative glucocorti-
coid potency, and relative mineralocorticoid potency (Table
78-1).12 The commonly used glucocorticoids are classified as
short-acting, intermediate-acting, and long-acting on the basis of
the duration of corticotropin (ACTH) suppression after a single
dose, equivalent in antiinflammatory activity to 50 mg of pred-
nisone (Table 78-1).° The relative potencies of the glucocor-
ticoids  correlate with their affinities for the intracellular
glucocorticoid receptor.® The observed potency of a glucocorti-
coid, however, is determined not only by the intrinsic biologic
potency, but also by the duration of action.6” Consequently, the
relat}ve potency of two glucocorticoids varies as a function of
the time interval between the administration of the two steroids
and the determination of the potency. In particular, failure to
account for the duration of action may lead to a marked under-
estimation of the potency of dexamethasone.”

The correlation between the circulating half-life (T, ,,) of a glu-
cocorticoid and its potency is weak. The T, ,, of cortisol in the

CH,0H (,:H,OH
C=0

HO -OH

K |
METHYL PREDNISOLONE

PREDNISOLONE

CH,0H CHOH
=0 =0
5. - OH

DEXAMETHASONE

PREDNISONE

circulation is in the range of 80 to 115 minutes.! The t[.]/?.? of
other commonly used agents are cortisone, 0.5 hot}.r& pred-
nisone, 3.4 to 3.8 hours; prednisolone, 2.1 to 3.5 1‘0“f51 meth}’I'
prednisolone, 1.3 to 3.1 hours; and dexamethasone 1.8 to 4.7
hours.!7# Prednisolone and dexametha}sonc have comparable
circulating T, /28, but dexamethasone 15 Cl]cz:tirxgy’ 1;1orc0fp :)tfllzf_
Similarly, the correlation between the CerL{al ! Elipotag ¢
cocorticoid and its duration of action 1 poor. The many actions o
glucocorticoids do not have an eqt;al;iumflon, and the dura-
i i e a function of the dose. .

tlm}ﬁi if:r(;?i?;(y)fb/i(j}{ suppression_ is not sm"lply a fL}ﬂCt}(?ﬂ
of the level of antiinflammatory activity, because vanatlon% mn
the duration of ACTH suppression ar¢ aChl’CVCd by.d.ose?rlof
glucocorticoids with comparable antunﬂammdt().ry{?ctlrlt}{- Ylie
duration of ACTH suppression produced by an individual glu-

N ‘'« dos ated.”
cocorticoid, however, probably is dose relate

TABLE 78-1.
Commonly Used Glucocorticoids
Gluco- Equivalent Min‘era'lo-
corticoid Glucocorticoid cort‘xc.old
Duration of Action* Potency' Dose (mg) Activity
SHORT-ACTING , Yot
Cortisol (hydrocortisone) 1 _(,) Yest
Cortisone 0.8 ED N(;
Prednisone 4 2 No
Prednisolone 4 " No
Methylprednisolone 5 t
INTERMEDIATE-ACTING s No
Triamcinolone 5
LONG-ACTING No
Betamethasone 25 0'69 No
Dexamethasone 30 0.7

) ] arter JG. Corticosteroids. NY

*The classification by duration of action i based on Harter ]

State ] Med 1966,66:827. )
The values given for glucocorticoid

assigned a value of 1,
IMincralocorticoid effects are dose r'c]‘

physiologic range for glucocorticoid activity, Medicine [Baltimore] 1976;55:39;
(Data from Axelrod L. Glucocorticoid therapy: | [, blatt DJ, eds. Handbook of drug

Axelrod L. Adrenal corticosteroids, In: Miller RE, (y,r(CU‘ ; Axclrod L. Glucocorticoids.

therapy. New York: Elsevier North-Holland, 1979:80% ‘lm:b{mk of rheumatology, 4th ed.

In: Kelley WN, Harris ED Jr, Ruddy S, Sledge CB, eds. Textbe

Philadelphia: WB Saunders, 1993:779.)

ive. Cortisol is arbitmri]y
ey are relative.
potency <
close to or within the basal

od. At doses ,
o tximrsuch effect may be detectable.




In short, the slight differences in the circulating Tl /o5 of the glu-
cocorticoids contrast with their marked differences in potency and
duration of ACTH suppression. Thus, the duration of action Qf a
glucocorticoid is not determined by its presence in the c1rc1.11atlon.
This is consistent with the mechanism of action of steroid hor-
mones. A steroid molecule binds to a specific intracellular r.e.ceptor
Protein (see Chap. 4). This steroid-receptor complex modifies tﬂe
Process of transcription by which RNA is transcnbgd from the
DNA template. This process alters the rate of synthe@s of speC}flc
proteins. The steroid thereby modifies the phgnqtypm expression
of the genetic information. Thus, the glucocorticoid contniies to act
inside the cell after it has disappeared from th'e circulation. More-
over, the events initiated by the glucocorticoid may continue to
oceur, or a product of these events (suchasa spec1f1c Protem) may

€ present after the disappearance of the glucocortlcmd.

BIOAVAILABILITY, ABSORPTION, AND BIOTRANSFORMATION

Normally, a person’s plasma cortisol level is much lower after
the oral administration of cortisone than aft.er an equal dose of
cortisol.? Consequently, although qral C()rtlsope r?f’fxy be a?kf-
quate replacement therapy in chronic adrenal insu 1c1ency,1 Ei
oral form of this agent should not be used when largeg, plmr
macologic effects are sought. Comparable plasma predniso on(i
levels are achieved in normal persons after equlvalept' ora
doses of prednisone and prednisolone.sf]“ After the adrmmst_ra-
tion of either of these corticosteroids, however, there is v;?_dﬁ
variation in individual prednisolo?e concentrations, whic
may ref] {ability in absorption. ‘

Iyn coﬁ?rta‘;?l;?tt)lje z,narked riSes that follow the mtr_amL‘lscular
injection of hydrocortisone, plasma'cor'tisol levelsi rise little tor
not at all after an intramuscular injection of cortisone acetate.
When it is given intramuscularly, cortisone acetafe does;i not Fro-
vide adequate plasma cortisol levels and offers n;l a var; aqgfﬁ
over hydrocortisone delivered by the same route. The explar ;
tion for the failure of intramuscular cortisone acetate to provide
adequate plasma cortisol levels is unknown. It may reflect polor
absorption from the site of injection. A1ternat1vely, mtlramuscu ar
cortisone acetate, which reaches th(? hve;r thrOLLg}} t\e’iycs;eirr{;z
circulation, may be metabolicauy inactivated e1 ore '1‘ % :
converted to cortisol in the liver, iIn contrast to ora cortisone ace
tate, which reaches the liver through the portal circulation.

PLASMA TRANSPORT PROTEINS

an fluctuations occur ir} the Capacity of
corticosteroid-binding globulin (transcortin) to bu}?1 corthso.I and
prednisolone. Patients who have been trea‘fed w1.t p1>rebp13(?ne
for a prolonged period have no diurnal \{arlahon in t\le in 1r:{g
Capacity of corticosteroid-binding globulin for cortisol or pre.tl_
nisolone, and both capacities are reduced in comparison wllq
normal persons. Thus, long-term glucocqrthOld therapyf?ot onhy
alters the endogenous secretion of ;ster01ds{ but a}so aTle_cts the
transport of some glucocorticoids in the circulation. This .rg;.ly
explain why the disappearance of prednisolone Is mote r_azlpl in
those persons who have previously received glucocorticoids.

In normal humans, circadi

GLUCOCORTICOID THERAPY
IN THE PRESENCE OF LIVER DISEASE

Plasma cortisol levels are normal in patients with he_pahF d}sleage.
Although the clearance of cortisol is reduced in }zatle?ts wit 1t§:;1r(-:
thosis, the hypothalamic-pituitary-adrenal (HPA) 101§eostc ;
mechanism remains intact. Consequently, the decreased ra te o1
metabolism is accompanied by decreased synthesis of cortiso
see Chap. 205). o o

( The cl(jmver)Sion of prednisone to prec'lni.solone is 1mp‘alred in
patients with active liver disease.!! This is largely offset by a
decreased rate of elimination of prednisolone from the plasma
in these patients.!! In patients with liver disease, the plasma
availability of prednisolone is quite variable after oral doses of

Ch. 78: Corticosteroid Therapy 753

either prednisone or prednisolone.!? This is further complicated
by the lower percentage of plasma prednisolone that is bound
to protein in patients with active liver disease; the unbound
fraction is inversely related to the serum albumin concentra-
tion. An increased frequency of prednisone side effects is
observed at low serum albumin levels.!? Both these findings
may reflect impaired hepatic function. Because the impairment
of conversion of prednisone to prednisolone is quantitatively
small in the presence of liver disease and is offset by a
decreased rate of clearance of prednisolone, and because of the
marked variability in plasma prednisolone levels after the
administration of either corticosteroid, there is no clear man-
date to use prednisolone rather than prednisone in patients
with active liver disease or cirrhosis.® If prednisone or pred-
nisolone is used, however, a somewhat lower than usual dose
should be given if the serum albumin level is low.®

GLUCOCORTICOID THERAPY
AND THE NEPHROTIC SYNDROME

When hypoalbuminemia is caused by the nephrotic syndrome,
the fraction of prednisolone that is protein bound is decreased.
The unbound fraction is inversely related to the serum albumin
concentration. The unbound prednisolone concentration remains
normal, however.!>!* Because the pharmacologic effect is deter-
mined by the unbound concentration, altered prednisolone
kinetics do not explain the increased frequency of predniso-
lone-related side effects in these patients.

GLUCOCORTICOID THERAPY
AND HYPERTHYROIDISM

The bioavailability of prednisolone after an oral dose of pred-
nisone is reduced in patients with hyperthyroidism because of
decreased absorption of prednisone and increased hepatic
clearance of prednisolone.!®

GLUCOCORTICOIDS DURING PREGNANCY

Glucocorticoid therapy is well tolerated in pregnancy.'® Gluco-
corticoids cross the placenta, but there is no compelling evi-
dence that this produces clinically significant HPA suppression
or Cushing syndrome in neonates,!'® although subnormal
responsiveness to exogenous ACTH may occur. Similarly, there
is no evidence that glucocorticoids increase the incidence of
congenital defects in humans.!¢ Glucocorticoids do appear to
decrease the birth weight of full-term infants; the long-tgrm
consequences of this are unknown. Because the concentrations
of prednisone and prednisolone in breast mitk are low, the
administration of these drugs to the mother of a nursing infant
is unlikely to produce deleterious effects in the infant.

GLUCOCORTICOID THERAPY AND AGE

The clearance of prednisolone and methy!prednisolone
decreases with age.11® Despite the higher pred{nsolone levels
seen in elderly subjects compared with young subjects after com-
parable doses, endogenous plasma cortisol levels are suppressed
to a lesser extent in the elderly.”” These findings may be associ-
ated with an increased incidence of side effects and suggest the
need to use smaller doses in the elderly than in young patients.

DRUG INTERACTIONS

The concomitant use of medications can alter the effectiveness
of glucocorticoids; the reverse also is true.!”

EFFECTS OF OTHER MEDICATIONS ON GLUCOCORTICOIDS

The metabolism of glucocorticoids is accelerated by substances
that induce hepatic microsomal enzyme activity, such as pheny-
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toin, barbiturates, and rifampin. The administration of these medi-
cations can increase the corticosteroid requirements of patients
with adrenal insufficiency or lead to deterioration in the condi-
tions of patients whose underlying disorders are well controlled
by glucocorticoid therapy. These substances should be avoided in
patients receiving corticosteroids. Diazepam does not alter the
metabolism of glucocorticoids and is preferable to barbiturates in
this setting. If drugs that induce hepatic microsomal enzyme activ-
ity must be used in patients taking corticosteroids, an increase in
the required dose of corticosteroids should be anticipated.

Conversely, ketoconazole increases the bioavailability of large
doses of prednisolone (0.8 mg/kg) because of inhibition of hepatic
microsomal enzyme activity.?’ Oral contraceptive use decreases
the clearance of prednisone and increases its bioavailability.?!

The bioavailability of prednisone is decreased by antacids in
doses comparable to those used clinically.?> The bioavailability
of prednisolone is not impaired by sucralfate, H,-receptor
blockade, or cholestyramine.

EFFECTS OF GLUCOCORTICOIDS ON OTHER MEDICATIONS

The concurrent administration of a glucocorticoid and a salicy-
late may reduce the serum salicylate level. Conversely, reduc-
tion of the corticosteroid dose during the administration of a
fixed dose of salicylate may lead to a higher and possibly toxic
serum salicylate level. This interaction may reflect the induc-
tion of salicylate metabolism by glucocorticoids.??

Glucocorticoids may increase the required dose of insulin or
oral hypoglycemic agents, antihypertensive drugs, or glaucoma
medications. They also may alter the required dose of sedative-
hypnotic or antidepressant therapy. Digitalis toxicity can result
from hypokalemia caused by glucocorticoids, as from hypo-
kalemia of any cause. Glucocorticoids can reverse the neuro-
muscular blockade induced by pancuronium.

CONSIDERATIONS BEFORE INITIATING THE USE OF
GLUCOCORTICOIDS AS PHARMACOLOGIC AGENTS

Cushing syndrome (see Chap. 75) is a life-threatening disorder.
The 5-year mortality was higher than 50% at the beginning of the
era of glucocorticoid and ACTH therapy.?* Infection and cardio-
vascular complications were frequent causes of death. High-dose
exogenous glucocorticoid therapy is similarly hazardous.

Table 78-2 summarizes the important questions to consider
before initiating glucocorticoid therapy.® These questions enable
the physician to assess the potential risks that must be weighed
against the possible benefits of treatment. The more severe the
underlying disorder, the more readily can systemic glucocorti-
coid therapy be justified. Thus, corticosteroids are commonly
used in patients with severe forms of systemic lupus erythemato-
sus, sarcoidosis, active vasculitis, asthma, chronic active hepatitis,
transplantation rejection, pemphigus, or diseases of comparable
severity. Generally, systemic corticosteroids should not be
administered to pa’tien'ts with mild rheumatoid arthritis or mild
bronchial asthma; such patients should receive more conserva-
tive therapy first. Although these patients may experience symp-
tomatic relief from glucocorticoids, it may prove difficult .to
withdraw the drugs. Consequently, they may unnecessarily
experience Cushing syndrome and HPA suppression.

DURATION OF THERAPY

TP}Q anticipated duration of glucocorticoid therapy is another
crmcglv 1ssue. The use of glucocorticoids for 1 to 2 weeks for a
condl.tlon such as poison ivy or allergic rhinitis is unlikely to be
ass.()cmted with serious side effects in the absence of a contraindi-
cation. An exception to this rule is a corticosteroid-induced psy-
Cl‘l()SiS‘ This complication may occur after only a few days of
high-dose glucocorticoid therapy, even in patients with no previ-
ous history of psychiatric disease (see Chap. 201).2627 Because the
risk of so many complications is related to the dose and duration

TABLE 78-2.
Considerations before the Use of Glucocorticoids as

Pharmacologic Agents

. How serious is the underlying disorder?

. How long will therapy be required?

. What is the anticipated effective corticosteroid dose?

. Is the patient predisposed to any of the potential hazards of glucocorti-
coid therapy?
Diabetes mellitus

W =

Osteoporosis
Peptic ulcer, gastritis, or esophagitis
Tuberculosis or other chronic infections
Hypertension and cardiovascular discase
Psychological difficultics

. Which glucocorticoid preparation should be used?

- Have other modes of therapy been used to minimize the glucocorticoid
dosage and to minimize the side effects of glucocorticoid therapy?

W

[*2Y

7. Is an alternate-day regimen indicated?

(Modified from Thorn GW. Clinical considerations in the use of corticosteroids.
N Engl] Med 1966; 274:775.)

of therapy, the smallest possible dose shogld be prescribed for
the shortest possible period. If hypoalbummcml_a is pyesent, the
dose should be reduced. If long-term treatment is indicated, the
use of an alternate-day schedule should be considered.

LOCAL USE

Alocal corticosteroid preparation should be used whenever pos-
sible because systemic effects are minimal when th.ese substancgs
are administered correctly. Examples include t()plCZ:ll therapy.m
dermatologic disorders, corticosteroid aer(')sols in b'rorlchlal
asthma and allergic rhinitis, and corticozitermd enemas in }1lqer-
ative proctitis. Systemic absorption of inhaled gl&lcocgrtlcolds
leading to Cushing syndrome and HPA suppression 1s a rare
occurrence when these agents are administered corre;tly at pre-
scribed doses. 2 The intraarticular injection of_corhcos.termds
may be of value in carefully selected patients if strict aseptic tech-
niques are used and if frequent injections are avoided.

SELECTING A SYSTEMIC PREPARATION

Agents with little or no mineralocorticoid activity sho.uld be used
when a glucocorticoid is prescribed for pharmacologic purposes.
If the dosage is to be tapered over a few days, a long-acting agent
may be impractical. For alternate-day therapy, a short-acting
agent that generally does not cause sodium retention (e.g., pred-
nisone, prednisolone, or metl'lylpredn.lsolom-e) should 1?e used.
There is no indication for glucocortxcmd conjugates designed to
achieve a prolonged duration of action (several da)_/b or 'se\rgf'al
weeks) after a single intramuscular injection. The bl()aiv(11lqb111ty
of such preparations cannot be regulated precisely, H.].L- l;lllratlon of
action cannot be estimated reliably, and it is not possi L to1 taper
the dosage rapidly in the event of an adverse I’(.’d;:tl()ﬂ such as a
corticosteroid-induced psychosis. The use of suc; prcparatug;b
may cause HPA suppression more f_requcntly H’]Iiin do Cor?}?ara 1 )e
doses of the same glucocorticoid given orall_y. he usgt 0‘ §1{1%p L:
mental medications to minimize the systemic C()I'tl.(é.()b eioml oigcg{
and to reduce the side effects of systemic glucocorticolds shou
. ~othma, for example, treatment should

always be considered. In asthma, for example,
; ; ticoids and bronchodilators, such as B-
include inhaled glucocorticolas ar ‘

: ; hylline, and may include cromolyn.
adrenergic agonists and theophyllne, ¢

ous GLUCOCORTICOIDS
NOSUPPRESSIVE EFFECTS

organism from damage
products of these reac-

EFFECTS OF EXOGEN

ANTIINFLAMMATORY AND IMMU

Endogenous glucocorticoids protect the
caused by its own defense reactions and the



tions during stress.*% Consequently, the use of glucocorticoids as
antiinflammatory and immunosuppressive agents represents an
application of the physiologic effects of glucocorticoids to the treat-
ment of disease.®® Glucocorticoids have many effects on inflamma-
tory and immune responses, which are described in this section.

Glucocorticoids inhibit synthesis of almost all known cytok-
ines and of several cell surface molecules required for immune
function3-3 When an immune stimulus such as tumor necrosis
factor binds to its receptor, nuclear factor kappa B (NF-xB) moves
to the nucleus, where it activates many immunoregulatory genes.
This activation of NF-kB involves the degradation of its cytoplas-
mic inhibitor IxBa and the translocation of NF-kB to the nucleus.
Glucocorticoids are potent inhibitors of NF-xB activation. This
inhibition is mediated by the induction of the IxBo. inhibitory pro-
tein, which traps activated NF-xB in in_actlve cytoplasmic com-
plexes 313 This reduction in NF-kB activity appears to explain the
ability of glucocorticoids to inhibit the prodt}ctlon of cytokines
and cell surface molecules and to suppress the immune response.

Influence on Blood Cells and on the Microvasculature.
Glucocorticoid effects on inflammatory and immune phenom-
ena include effects on leukocyte movement, leukocyte function,
and humoral factors (Table 78-3). In general, glucocqrhcmds
have a greater effect on leukocyte traffic than on fm;f:at}on, and
more effect on cellular than on humoral processes.” Gluco-
corticoids alter the traffic of all the major leukocyte populations
in the ci ation (see Chap. 212).

D;og;{;?;“ttlﬁ n(wst imp}(zrtant antiinflammatory effect of %1.“?
cocorticoids is the ability to inhibit the recruitment of nse%utrop.nle,
and monocyte-macrophages to an'mﬂammatory slljte. 5 Cortico-
steroids modify the increased gapﬂlary ar_md merrz1 rane Petrﬁe-
ability that occurs in an area of inflammation. I%y ecr‘?ﬁ“f% he
dilation of the microvasculature and the increased capi zi1y per-
meability that occur during an inflammatory respons;, hg eXLE
dation of fluid and the formation of edema may be reduced, an

P impaired.>?% The decrease
the migration of leukocytes may be impa T o
in the accumulation of inflammatory cells is also r(le ate : 0
decreased adherence of inflammatory cells to the Vascni ali e? o-‘
thelium. It is not possible to determine the relative contributions

of the direct vascular effect, the effect on inflammatory cell

adherence to the vascular wall, and the effect on chemotaxis to

the reduction in inflammation caused by gl.ucocimimds& func-
Glucocorticoids have multiple effeCt% (1)111 eud ?Cy : setr?‘(': -
tion.33 Corticosteroids suppress cutaneou% (ff('g aYed fiypf'ron 15-18
tivity responses. Monocyle-Macrophagl BRA i (e i in
sensitive to glucocorticoids (see Table 78- d)'l Lg:vit of mono-
divided daily doses depress the bactericl ,ei ac orti};oids o
cytes. The sensitivity of monocytes 0 8 ucoc} rmnulom(w}i
explain the effectiveness of these ageﬂts.{“ tllnal yribnéi ot céll
tous diseases because the rp0113(;cyte 15 lw pt o h}ﬂ( traffic
involved in granuloma formation. Althqlugf; h n(;u T }19 eqr(s i
is sensitive to glucocortiCOidS/ neutrogh\lNl Lincqlsog'lcc)gtpin( vivo
be relatively resistant to these agents. ; Kr;3< evidence for
studies of neutrophil phagocytosis ha‘.vi l?ﬁmr?;) ther studies
impairment of phagocytosis or bacterial I méf"r 3 1;1 s
suggest that glucocorticoids induce cf‘ Ssggza tlés? phagocy
defect affecting both granulocytes & n;'sq yeﬁr;mce of sensi-
Glucocorticoid therapy retards t-h~e '(i cpgziccle(s from the cir-
tized erythrocytes, platelets, and artificial pa Jf elucocorticoids
culation. This may account for the efﬁcatC 4 (em% urpura and
in the treatment of idiopathic thrombocytop P
ouimmune ooy G poraties.  Clucocortioid
inhibit p;:)stagland'm (PG) and leukotrlen‘e 1sy)1111thie§;337 }T 111?5 inhibi&i
the release of arachidonic acid from phos,pt:)(bg médiated by the
tion of arachidonic acid release ﬂP}"ealrb +d proteins that inthibit
induction of lipocortins, a family of relate lpbr o é ot
phospholipase Ay which is an enzyme thggg; equ‘es ariwc donic
acid from phospﬁ()lipids (see Chap. 172)383 T his n.\elc hanisim i
distinct from the mechanism of action of thg n(mstex(nd.al dntuw
flammatory agents, such as salicylates and indomethacin, which
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TABLE 78-3.
Effects of Glucocorticoids on Inflammatory and Immune
Responses in Humans

EFFECTS ON LEUKOCYTE MOVEMENT
Lymphocytes

Circulating lymphocytopenia 4-6 hours after drug administration, sec-
ondary to redistribution of cells to other lymphoid compartments

Depletion of recirculating lymphocytes
Selective depletion of T lymphocytes more than B lymphocytes
Monocyte-Macrophages

Circulating monocytopenia 4-6 hours after drug administration, proba-
bly secondary to redistribution

Inhibition of accumulation of monocyte-macrophages at inflammatory
sites
Neutrophils
Circulating neutrophilia
Accelerated release of neutrophils from the bone marrow
Blockade of accumulation of neutrophils at inflammatory sites
Eosinophils
Circulating eosinopenia, probably secondary to redistribution
Decreased migration of eosinophils into immediate hypersensitivity
skin test sites
EFFECTS ON LEUKOCYTE FUNCTION
Lymphocytes
Suppression of delayed hypersensitivity skin testing by inhibition of
recruitment of monocyte-macrophages

Suppression of lymphocyte proliferation to antigens more ecasily than
proliferation to mitogens

Suppression of mixed leukocyte reaction proliferation
Suppression of T lymphocyte-mediated cytotoxicity (at high concentra-
tions in vitro)
No effect on antibody-dependent cell-mediated cytotoxicity
Suppression of spontancous (natural) cytotoxicity
Regulatory effects on helper and suppressor cell populations
Monocyte-Macrophages
Suppression of cutancous delayed hypersensitivity by inhibition of
lymphokine effect on the macrophage
Blockade of Fc receptor binding and function
Depression of bactericidal activity
Possible decrease in monocyte chemotaxis
Neutrophils
Possibly no effect on phagocytic and bactericidal capability (controversial)
Increase in antibody-dependent cellular cytotoxicity

Probable decrease in lysosomal release but little effect on lysosomal
membrane stabilization at pharmacologic concentrations

Inhibition of chemotaxis only by suprapharmacologic concentrations
EFFECTS ON HUMORAL FACTORS

Mild decrease in immunogtobulin levels

Decreased reticuloendothelial clearance of antibody-coated cells

Decreased synthesis of prostaglandins and leukotrienes

Inhibition of plasminogen activator release

Potentiation of the actions of catecholamines

Antagonism of histamine-induced vasodilation

(Adapted from Parrillo JE, Fauci AS. Mechanisms of glucocorticoid action on
immune processes. Annu Rev Pharmacol Toxicol 1979;19:179.)

inhibit the cyclooxygenase that converts arachidonic acid to the
cyclic endoperoxide intermediates in the PG synthetic pathway; in
some tissues, glucocorticoids inhibit cyclooxygenase activity.
Thus, the glucocorticoids and the nonsteroidal antiinflammatory
agents exert their antiinflammatory effects at two distinct but adja-
cent loci in the synthetic pathway of arachidonic acid metabolism.
Glucocorticoids and nonsteroidal antiinflammatory agents have
different spectra of antiinflammatory effects. Some of the thera-
peutic effects of corticosteroids that are not produced by the non-
steroidal agents may be related to the inhibition of leukotriene
formation.”
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TABLE 78-4.
Adverse Reactions to Glucocorticoids

OPHTHALMIC
Posterior subcapsular cataracts, increased intraocular pressure and glau-
coma, exophthalmos
CARDIOVASCULAR
Hypertension
Congestive heart failure in predisposed patients
GASTROINTESTINAL
Peptic ulcer disease, pancreatitis
ENDOCRINE-METABOLIC
Truncal obesity, moon facies, supraclavicular fat deposition, posterior cer-
vical fat deposition (buffalo hump), mediastinal widening (lipomato-
sis), hepatomegaly caused by fatty liver
Acne, hirsutism or virilism, erectile dysfunction, menstrual irregularities
Suppression of growth in children
Hyperglycemia; diabetic ketoacidosis; hyperosmolar, nonketotic diabetic
coma; hyperlipoproteinemia
Negative balance of nitrogen, potassium, and calcium
Sodium retention, hypokalemia, metabolic alkalosis
Secondary adrenal insufficiency
MUSCULOSKELETAL
Myopathy
Osteoporosis, vertebral compression fractures, spontaneous fractures
Aseptic necrosis of femoral and humeral heads and other bones
NEUROPSYCHIATRIC
Convulsions
Benign intracranial hypertension (pseudotumor cerebri)
Alterations in mood or personality
Psychosis
DERMATOLOGIC
Facial erythema, thin fragile skin, petechiae and ecchymoses, violaceous
striae, impaired wound healing
IMMUNE, INFECTIOUS
Suppression of delayed hypersensitivity
Neutrophilia, monocytopenia, lymphocytopenia, decreased inflammatory
responses
Susceptibility to infections
(Data from Axelrod L. Adrenal corticosteroids. In: Miller RR, Greenblatt DJ, eds.
Handbook of drug therapy. New York: Elsevier North-Holland, 1979:809; and Axelrod

L. Glucocorticoids. In: Kelley WN, Harris ED Jr, Ruddy S, Sledge CB, eds. Textbook of
rheumatology, 4th ed. Philadelphia: WB Saunders, 1993:779.)

SIDE EFFECTS

The side effects of glucocorticoids include the diverse manifesta-
tions of Cushing syndrome and HPA suppression (Table 78-4).4
latrogenic Cushing syndrome differs from endogenous Cushing
syndrome in several respects: hypertension, acne, menstrual dis-
turbances, male erectile dysfunction, hirsutism or virilism, striae,
purpura, and plethora are more common in endogenous Cushing
syndrome; benign intracranial hypertension, glaucoma, posterior
subcapsular cataract, pancreatitis, and aseptic necrosis of bone are
virtually unique to iatrogenic Cushing syndrome; and obesity,
psychiatric symptoms, and poor wound healing have nearly
equal frequency in both.#4 These differences may be explained
as follows. When Cushing syndrome is caused by exogenous glu-
cocorticoids, ACTH secretion is suppressed. In spontaneous,
ACTH-dependent Cushing syndrome, the elevated ACTH output
causes bilateral adrenal hyperplasia. In the former circumstance,
the secretion of adrenocortical androgens and mineralocorticoids
18 not increased. Conversely, when ACTH output is elevated, the
secretion of adrenal androgens and mineralocorticoids may be
Increased.! The augmented secretion of adrenal androgens may
account for the higher prevalence of virilism, acne, and menstrual
irregularities in the endogenous form of Cushing syndrome, and
the enhanced production of mineralocorticoids may explain the
higher prevalence of hypertension.!

Some of the complications that are virtually unique to iatro-
genic Cushing syndrome arise after the prolonged use of large
doses of glucocorticoids. Examples are benign intmcramal
hypertension, posterior subcapsular cataract, and aseptic necro-
sis of bone.!

Although the association of glucocorticoid therapy and pep-
tic ulcer disease is controversial, =¥ glucocorticoids appear to
increase the risk of peptic ulcer disease and also gastrointestinal
hemorrhage (see Chap. 204).%34% The magnitude of thve associa-
tion between glucocorticoid therapy and these complications is
small and is related to the total dose and duration of therapy.#2#
The risk of peptic ulcer disease and related gastroint@tipﬂl
problems is increased by the concurrent use of glucocorticoids
and nonsteroidal antiinflammatory drugs.*

Glucocorticoid therapy, especially daily therapy, may sup-
press the immune response to skin tests for tuberculosis. When

possible, tuberculin skin testing is advisable before the initia-
tion of glucocorticoid therapy. Routine isoniazid prophylams
probably is not indicated for corti‘coste'r(nd-trcated patients,
even for those with positive tuberculin skin test results.>®

At similar doses, some patients respond to and experience
side effects of glucocorticoids more rea.dily than do others. Varia-
tions in responsiveness to glucocorticmds may b_e a consequence
of drug interactions or of variations in. thg §ever1ty of the under-
lying disease. Alterations in bioavailability probably do not
account for variations in the therapeutic response to glucocorti-
coids. In patients who experience side effects, the metabolic
clearance rate of prednisolone and the volume Of.dlstrlbutlon are
lower!95! and the circulating T}, is longer?! than.m those who .do
not experience side effects. Impaired rena! function may Fontnb-
ute to a decrease in the clearance of predm_sv;olon.e and an increase
in the prevalence of cushingoid features.” Patients who hflve a
cushingoid habitus while taking prednisone have higher
endogenous plasma cortisol levels than do those w1t)hout.thls
complication, perhaps because of rgsm_tang;: of the HPA axis to
suppression by exogenous glucocorhandg : .

Variations in the effectiveness of corticosteroids may be the
result of altered cellular responsiveness to the drugs In
patients with primary open-angle glaucoma, exogenous gluco-
corticoids produce a more pronounce’d rise of mtraoculqr
pressure™; a greater suppression of Ehe 8:00 a.m. plz}SIna corti-
sol level when dexamethasone, 0.25 mg, 15 administered the
previous evening at 11:00 p.m.; and greater S“P}’1'35511(”‘___§_?£
phytohemagglutinin-induced lymphocyte transformation™”
than in normal persons. Primary open-angle g.lal.‘lcoma is rela-
tively common. These findings suggest that a distinct subpopu-
lation of patients are hyperresponsive to glu‘cocorhcmd_spand
that this sensitivity is genetically determined (see Chap. 215).

PREVENTION OF SIDE EFFECTS
s of concern to physicians and patients
id therapy are not only HPA suppres-
ns such as glucocorticoid-induced
osteoporosis and Precumnocystis carinii pneumonlm. O‘f course, the
risk of many complications can be reduced bX,t w}}-&ﬁ 70f ’theilog)-
est possible dose of a glucocorticmd for the ?/I(TVf(b . p(»):il.) .Ld}fl. "m((i by
the use of regional or topical rather than ~‘>y5teml§§. crot 51’ and by
the use of alternate-day cm'ticosteroz'd'mep}/. I_n ac 1t'1(?n, {; 1{1{ ){)mw:
logic interventions to prevent specific compll.iia)tll(ms‘ sctilc 1 as bone
disease and P, carinii pneumonia are nOW wi ' }’1“SL weeive lone
Osteoporosis. The majority of patlentslw wobrgcuvg ong-
term glucocorticoid therapy will develop (mf/ 0111e r;m}ef“w}
density. By some estimates, more than .. o:u ()urF 1 of these
patients will sustain ostecoporotic fractures.® The ple‘val'ence of
vertebral fractures in asthmatic paticnts on glluc)ocorh(:.(zlld tlll(,’l"-
apy for at least a year is 11%.%" Patients V'Vlthlr WLL}rIjat().lg aft 11;11_
tis who are treated with glucocorhcmds have an increasec
incidence of fractures of the hips, ribs, spine l?gb' i“‘k_k’br and
feet. Skeletal wasting occurs most rapidly during the first year

Increasingly, the issue
with respect to glucocortico
sion but long-term complicatio
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of therapy. Trabecular bone is affected more than cortical bone.
The effects on the skeleton are related to the cumulative dose
and duration of treatment.” Alternate-day glucocorticoid ther-
apy does not reduce the risk of osteopenia. Inhaled steroids
have been associated with bone loss.

The pathogenesis of glucocorticoid-induced osteoporosis
involves several different mechanisms.® Glucocorticoids decrease
intestinal absorption of calcium and phosphate by vitamin D-
independent mechanisms. Urinary calcium = excretion s
increased, possibly as a result of direct effects on renal tubular
calcium reabsorption. These changes may lead to secondary
hyperparathyroidism in at least some patients. Gl}lcocorhcmds
reduce sex hormone production. This may be a direct effect by
decreasing gonadal hormone release. It may also be md1rec@ by
reducing ACTH secretion and adrenal andro.gen productlop.
Also, inhibition of luteinizing hormone secrfetlon can result in
decreased estrogen and testosterone production by the gopads.
Glucocorticoids also have an inhibitory effect on thg prolifera-
tion of osteoblasts, attachment of osteoblasts to matrix, apd the
synthesis of type 1 collagen and noncollagenous proteins by
osteoblasts. . .

The evaluation of a patient shox.ﬂd emphasize medical risk
factors for osteoporosis, including inadequate dleta.ry calcium
and vitamin D intake, alcohol consumption, smoking, meno-
pause, and any history of infgrtility or 1mp0}t)en§e Sugg(istltlilg
hypogonadism in males. Attention should also be ev.(éltetl 0 .15
possible presence of thyrotoxicosis, ov.ertreatment with 1yrol1
medication, renal osteodystrophy, multiple myelo'ma,. OStelmlTam la-
cia, or primary hyperparathyroxdlsm. Whe‘n ap}gl(l)}zr}?zie"~ a dOIa-
tory studies should be ordered for evaluation o fd \Esc isor ﬁrS.
When glucocorticoid therapy will be a.dmmlster.L or more than
a few months, it is reasonable to obtain a baseline rﬂneas.urement
of bone mineral density using dual energy x-ray ab5(§p§10m§tr)6

In general, all patients should receive Calliiufr'n an Vléal?l_n
supplementation to correct an'y DthI'.lthDa eflcu.enc{.b a c1lum
therapy alone is associated w%th rapid ra.tei, 0 S’Ilzllqléa : :Ei e(i,si?
and offers only partial pr(?tectlon from this (ziss‘./ih n’fl(i} Joev
dence that the combination of calqum gn lu‘cocorticoids -
pletely prevents bone loss causec.lf ﬂ glendr01nte nid
Calcitriol and bisphosphonates, specitica Yf% h ate a

e i of bone loss. If
etidronate, are effective the prevention Of o :
calcitriol is used, careful follow-up.determllna 1{)&13 o 'sertum
levels is necessary. Hypogonadotropic mint?wé(z: rgﬁi‘:{f 9 eb;
tosterone therapy; hormone replacemen Pqtielgt}s, chould be
considered for postmenopausal women. Pa s should b
educated about the risks and the consequences 07 0S1IEaporosis

\ - in their own lives that may contrlb}xte. Begause
and the factors I le mass and function, patients
glucocorticoids also affect muscle : o P
should be advised about exercises or maintaining muscle
streng . N
btIﬁtl?ri:l;'rnocystis carinii .Pneumoma. GI.L1E.oc{orLJt1:(t)illdrse Cegae-
dispose patients to infections of many Vatr‘let 1e:t. dlwith ot 31:
hylaxis against infections for patients treate g f
}c)(g;)t}i)coyids was limited to patients rec‘elVf“.‘g transplantatlor; ﬁ
organs, who also receive other forms .?1 11rt;1nur219§L1fcirr<;ss‘/v ?1(;
Currently, prophylaxis for patients with ot 1§r 11§t(;cuhrl ho
are treated with glucoc9rt1co1ds is being used, pa arly
P, carinii pneumonia.("' 7 . ¢ acquired immunodefi-
orics of 116 patients w1thgu acquur :

In a series S) who ex erienced a first episode of P.
ciency syndrome. (AID ) W '198%3 “nd 1991, 105 (90.5%) had
carinii pneumonia b?twce'nl 1 month before the diagnosis of
received glucocortie oid WIF nllaqlished 6+ The median daily dose
P- carinii pneumomy wasY e:rt:dnisone.; 25% of the patients had
was.quw‘?ll?&tet?s?)loér;% E:laily. The median duration of gluco-
recetve a? ,1. * was 12 weceks before the development of the
corticoid F\L;apz}é% of the patients, P. carinii pneumonia devel-
g;zgrgﬁgas vl\:eeks or less of glucogorticoid therapy. However,
the attack rate in patients with primary or metqstth central
nervous system tumors who received glucocorticoid therapy
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was 1.3% and may be lower in other conditions.®® Also, prophy-
lactic therapy may produce side effects.

Some physicians recommend prophylaxis (e.g., with
trimethoprim-sulfa, one double-strength tablet a day) for
patients with impaired immune competence conferred by che-
motherapy, transplantation, or an inflammatory disorder who
have received prednisone 20 mg or more per day for more than
1 month. No controlled studies with such prophylaxis in
steroid-treated patients are available. Among patients undergo-
ing bone marrow or organ transplantation at the Mayo Clinic
from 1989 to 1995, no cases of P. carinii pneumonia were
detected in those who received adequate chemoprophylaxis.

WITHDRAWAL FROM GLUCOCORTICOIDS

The symptoms associated with glucocorticoid withdrawal include
anorexia, myalgia, nausea, emesis, lethargy, headache, fever,
desquamation, arthralgia, weight loss, and postural hypotension.
Many of these symptoms can occur with normal plasma glucocor-
ticoid levels and in patients with normal responsiveness to con-
ventional tests of the HPA system.®*” These patients may have
abnormal responses to a more sensitive test using 1 ug of 0-1-24
ACTH rather than the conventional 250-ug dose.®%? Because glu-
cocorticoids inhibit PG production and because many of the fea-
tures of the corticosteroid withdrawal syndrome can be produced
by PGs such as PGE, and PGI,, this syndrome may be caused by a
sudden increase in PG production after the withdrawal of exoge-
nous corticosteroids. The corticosteroid withdrawal syndrome
may contribute to psychologic dependence on glucocorticoid
treatment and to difficulties in withdrawing such therapy.

SUPPRESSION OF THE HYPOTHALAMIC-
PITUITARY-ADRENAL SYSTEM

DEVELOPMENT OF HYPOTHALAMIC-PITUITARY-ADRENAL
SUPPRESSION

Few well-documented cases of acute adrenocortical insuffi-
ciency have been reported after prolonged glucocorticoid ther-
apy and none have been reported after ACTH therapy.! After
the introduction of ACTH and glucocorticoids into clinical
practice in the late 1940s, patients were described in whom
shock was attributed to adrenocortical insufficiency induced by
these agents, but biochemical evidence of adrenocortical ins'uf-
ficiency was not available to substantiate the diagnosis.!
Prolonged hypotension, or even an apparent response of
hypotension to intravenous hydrocortisone, is not a reliable
means of assessing adrenocortical function. It must be demon-
strated simultaneously that the plasma cortisol level is lower
than the values found in normal persons experiencmg a compa-
rable degree of stress. When testing for plasma cortisol leyels
became available in the early 1960s, three cases were described
in which these criteria were met. The paucity of reports may
reflect the fact that acute adrenocortical insufficiency after' glu-
cocorticoid therapy is uncommon in properly treated pat‘lents,
and that physicians may be reluctant to report such events.

The minimal duration of glucocorticoid therapy that can
produce HPA suppression must be asce}'tamed from. studies of
adrenocortical weight and adrenocortical responsiveness to
provocative tests.!? Any patient who has received a glucog:ortl-
coid in dosages equivalent to 20 to 30 mg per day of prednisone
for more than 5 days should be suspected of having HPA sup-
pression.? If the dosages are closer to but above the physio-
logic range, 1 month is probably the minimal interval.!?

The stress of general anesthesia and surgery is not hazard-
ous to patients who have received only replacement doses (no
more than 25 mg hydrocortisone, 5 mg prednisone, 4 mg triam-
cinolone, or 0.75 mg dexamethasone), provided the corticoster-
oid is given early in the day. If doses of this size are given late in
the day, suppression may occur as a result of inhibition of the
diurnal surge of ACTH release.
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TABLE 78-5.
Assessment of Hypothalamic-Pituitary-Adrenal (HPA) Function
in Patients Treated with Glucocorticoids
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METHOD
Withhold exogenous corticosteroids for 24 hr
Give cosyntropin [synthetic ¢1-24 ACTH] 250 pg as intravenous bolus or
intramuscular injection
Obtain plasma cortisol level 30 or 60 min after administration of ACTH
Performance of the test in the morning is customary but not essential
INTERPRETATION

Normal response: Plasma cortisol level >18 pg/dL at 30 or 60 minutes
after ACTH administration

Note: Traditional recommendations also specify an increment above baseline of 7
ng/dL at 30 minutes or 11 pg/dL at 60 minutes and a doubling of the baseline value at
60 minutes. These end-points are valid in normal, unstressed subjects but are frequently
misleading in ill patients with a normal HPA axis, in whom stress may raise the baseline
plasma cortisol level by an increase in endogenous ACTH levels,

(From Axelrod L. Glucocorticoids. In: Kelley WN, Harris ED Jr, Ruddy S, Sledge CB,
eds. Textbook of rheumatology, 4th ed. Philadelphia: WB Saunders, 1993:779.)

ASSESSMENT OF HYPOTHALAMIC-PITUITARY-ADRENAL FUNCTION

When HPA suppression is suspected, the physician may wish to
assess the integrity of the HPA system. A test of HPA reserve is
indicated only when the result will modify therapy. In practice,
this applies to patients who may need an increase in the cortico-
steroid dosage to cover a stressful event (such as general anesthe-
sia and surgery) and to patients in whom withdrawal of
glucocorticoid therapy is contemplated. In the latter group, a test
of the HPA axis usually is indicated only when the glucocorti-
coid dosage has been reduced to replacement levels, for example,
5mg prednisone daily (or an equivalent dosage of another gluco-
corticoid). In stable patients receiving prolonged glucocorticoid
therapeutic regimens, frequent tests of HPA reserve function are
not indicated. For example, it is not necessary to test before each
reduction in dosage during tapering of the steroid regimen. The
responsiveness of the HPA system may change as corticosteroid
therapy continues, and repeated testing is costly.

The short ACTH test is a useful guide to the presence or
absence of HPA suppression in patients treated with glucocorti-
coids (Table 78-5). Although this test assesses directly only the
adrenocortical response to ACTH, it is an effective measure of
the integrity of the HPA axis. Because hypothalamic-pituitary
function returns before adrenocortical function during recovery from
HPA suppression, a normal adrenocortical response to ACTH in this
setting implies that hypothalamic-pituitary function also is normal,
This rationale is supported by direct observation. Thus, the
maximal response of the plasma cortisol level to ACTH corre-
sponds to the maximal plasma cortisol level observed during
the induction of general anesthesia and surgery in patients who
have received glucocorticoid therapy.!? A normal response to
ACTH before surgery is unlikely to be followed by markedly
Impaired secretion of cortisol during anesthesia and surgery in
corticosteroid-treated patients. An abnormal response to ACTH
'S @ necessary but not a sufficient condition for the diagnosis of
adrenal insufficiency in glucocorticoid-treated patients who
undergo surgery; some patients with an abnormal response to
ACTH tolerate surgery without glucocorticoid treatment.”0
Moreo.ver, hypotension in the operative or postoperative period
N patients who have been treated previously with glucocorti-
coid therapy is often a result of other causes, such as volume
depletion and reactions to anesthetic medication. The hypoten-
s1on often responds to treatment of these factors,

Other tests of HPA function generally are not indicated. The
low-dose (1 Hg) short ACTH test is more sensitive than the
conventional-dose ACTH test in patients who have been
treated with glucocorticoids.®* The conventional dose of
ACTH used in the short ACTH test (and other ACTH tests) pro-
duces circulating ACTH levels that are far above the physio-

logic range. These supraph.ysio]o'gic le\fels may produce a
normal plasma cortisol level in patients with partial adre‘nocor‘-
tical insufficiency. Nevertheless, th'e low-dose short ACTH test
has not yet replaced the conventional-dose short ACTP‘I test.
The lower limit of the normal range for the low-dose ACT H test
has 1ot yet been defined.”” Also, there are no comnlgrc;mlly avail-
able preparations of ACTH available for direct use in the ‘low-
dose short ACTH test. The injection for thg loyv-dose short
ACTH test must be prepared by dilution, which is a source of
inconvenience and possible error. Insulin-induced hypoglycemia
may be hazardous (especially in patients with cardiac or neuro-
logic disease), and the symptoms may be uncomfortable. This
procedure is more time-consuming and more costly thal} the
ACTH test because more cortisol values must be determined.
The measurement of plasma cortisol ]eyels before and after the
administration of Corticotropin-rc]gasmg hormone also has
been recommended.”! This test also is longer and more expen-
sive than the ACTH test and has not been compared to a physi-
ologic stress such as anesthesia and surgery. It offers no clear

advantage over the ACTH test.

CORTICOTROPIN AND THE HYPOTHALAMIC-PITUITARY-
ADRENAL SYSTEM

Pharmacologic doses of ACTH cause elevated cortisol secretory
rates and increased plasma cortisol levels. Thc" ‘elevated plasrfla
cortisol levels might be expected 'to‘ SLLpptess' f_\CTH release.
Actually, there is no evidence of Clmllcally significant hypqtha(i
lamic-pituitary suppression in Eatlcnt§ wh(:‘ ‘halve ;ecel\_re

ACTH therapy.! The failure of ACTH to suppre?s‘kf PA unchonf
is not explained by the dose of ACTH Flsed, t‘u reqqc"ncy 0
injection, the time of administration, or the plag@ co%yﬂ pat-
tern after ACTH administration. Alternatively, it is po%slble that
the hyperplastic and overactive adrenal cortgx that.res:ults ff'om
ACTH therapy compensates for hypotha]arrpc ?)r ngtfwr_y sup-
pression. Although threshold. adrenocort}m b)elj§1t1v1tglf .{o
ACTH is not changed in patients who havgrccuvyd ‘f“ )y
ACTH therapy, there may be altered adrenocortical responslvti
ness to ACTH in the physiologic range. Mor.eover, the norn}zi
response of the plasma cortisol lg\fel in patlent‘s treated W;ltl
ACTH may be preserved, at least in part{ because ACTH trcati
ment reduces the rate of ACTH s'ecr.etlon but not the tota
amount secreted, whereas glucocorticoids reduce both the rate

. 72
of secretion and the total amount secreted.

RECOVERY FROM HYPOTHALAMIC-PITUITARY-ADRENAL
SUPPRESSION

During the recovery from HPA sup}?rcss;;)txilc,(‘{1};{31::3:3)12121%
pituitary function returns before adrc.n]o;( ‘l o v\d. -
Twelve months must elapse after the w1t):j ra:/vfl ;)b?frg,t‘ ﬁ?,;
of glucocorticoids given for a prolongt‘t ,P;rl(r)étuntlsortt) nor-
function, including responsivencss to);‘ r\LS . ression that has
mal.}273 Conversely, recovery from HP/ b%il?g)ids (i.e ’;5 n; y
been induced by a brief course of .corhcosrst within.S.' 51 b 7«3;1
prednisone twice daily for 5 days) OCPC]LI])A axis (i.e Il(;r}ln."l
Patients with mild suppression of the lev 1-‘ but éliiiﬁnishéd
basal plasma and urine corticostef‘”.d dc\ei hypoglycemia)
responses to ACTH and insulin-induced hypogly i
resume norm

Al HPA function more rapidly than do those with
severe depression of the HPA

axis (i.e., low basal plasma and
- inished res ses to ACTH
urine corticosteroid levels and d1Tn111};111%c:irrl§z}1(())1:1rﬁsz ()f/r\ecov-
and insulin-induced hypoglyceml a). fmrevious rlucocorticoid
ery correlates with the total duration ofp id d(fjse Neverthe
therapy and the total previous Cf)rhC(ith(:;);ible to 'Predict the
less, in an individual patient, it 15 nOvlpcocorticoid therapy at
duration of recovery from a course of%, u few weeks. Conse-
i . . .05 |asting more than a I¢ .
supraphysiologic doses lasting e e N X
CIu}z’n‘t{Jy };ersisét)%ence of HPPA suppression should be suspected
’

for 12 months after such tre

atment. The recovery interval after
; .

- . cortex by the products
suppression of the contralateral adrenal y p



of an adrenocortical tumor may exceed 12 months. The recov-
ery from HPA suppression that is induced by exogenous gluco-
corticoids may be more rapid in children than in adults.

WITHDRAWAL OF PATIENTS FROM
GLUCOCORTICOID THERAPY

RISKS OF WITHDRAWAL

The decision to discontinue glucocorticoid therapy provokes
apprehension among physicians. The deleterious consequences qf
such an action include precipitation of ac-irenocortlcal insuffi-
ciency, development of the corticosteroid withdrawal syndrome,
or exacerbation of the underlying disease. Adrenocortical insuffi-
ciency after the withdrawal of glucoco%‘ticoiﬁis is justly feared. The
likelihood of precipitating the underlymgdlsease.depends on the
activity and natural history of the illngss in question. When there
is any possibility that the underlying illness will flare up, the glu-
cocorticoid should be withdrawn gradually, over an 1}1terval of
weeks to months, with frequent reassessment of the patient.

TREATMENT OF PATIENTS WITH HYPOTHALAMIC-PITUITARY-
ADRENAL SUPPRESSION

No proven means exists for hastening a return to .no'rmal HPA
function once inhibition has resulted from glucocortlcmd therapy.
The use of ACTH does not prevent or reverse the develqpment of
glucocorticoid—induced adrenal insufficiency. Conversion to an
alternate-day schedule permits but d.oe.s not accelerate recovery.
In children, alternate-day glucocort1co1d therapy actually may
delc q oYY, ) ]
'})l;éecrizgf/};ry from corticosteroid-induced adrenal msufﬁ-
ciency is time dependent and spontaneous. The ralte of re.co\fcry
is determined not only by the doses given wheg t}e.gorticiozter.-
oids are being tapered, but also by the doses a rn.ums.tercc u(lj_
ing the initial phase of treatment, before taperllié, 11s (czlommethe .
During the course of recovery, small giose; Otl hy rOCQr:sone
(10~20 mg) or prednisone (2.5-5.0 mg) given in 1;3 ;1111(;:1;115 x?ay
alleviate the withdrawal symptoms. Recovery O .u‘nc)xog
still occurs when small doses of glucocort1c01ds are administere

; oihili cluded, however,
in the morning. The possibility cannot be ex

that small doses of glucocorticoids given in the morning retard

the rate of recovery from HPA suppression.

ALTERNATE-DAY GLUCOCORTICOID THERAPY

Alternate-day glucocorticoid therapy 15 cc{lefn}tcid as t};e a;ieln::blls-
tration of a short-acting glucocorticoid With -nzl) c'ple e o
mineralocorticoid effect (i-e- predmsoﬂ?" ptle o 01'18; Oi
methylprednisolone) once every 48 hours 1111 twe n.l?iﬁl-l,u"ﬂa

about 8:00 a.m. The purpose of this approach 15 (r)trlm . ize the
adverse effects of glucocorticmds V\-/hl,ki redtallmng, txle) 11erap§u-
tic benefits. The original basis for this scfledu . Waf- 1$dlyp()) W;
sis that the antiinflammatory effects © gti_coc?frf 1c;)‘1753_7}7x$11§.‘
longer than do the undesirable metabo 1‘c fcﬂef ;.11.1ti011(1)5f
hypothesis is #ot supported by Observattll(zl?? ° K1 1;iz‘es 1th"tt
corticosteroid effects. A Secfmd R b'lst eir.lp h duces‘1
intermittent rather than continuous admims ra 1;)11 pdr(; uce i1‘1
cyclic, although not diurnal, pattert Oflg IUC(t)z:)r:lifl?th ;he nor-
the circulation and within the target cells t ‘t‘lq > deve‘10 ment of
mal diurnal cycle.34 This may preV?nt }tile rOViginrther-
Cushing syndrome and HPA suppression W11 ofp a diseage fre-
apeutic benefit. Because the full eXPr-eS?fOIant(or activity is
quently occurs only when the .level of in :1 y itt(ent deinistra-
elevated over a protracted period, the mturrll L (tl interval
tion of a glucocorticoid may be sufficient fo shor ter}. 1et. (d
during which the disorder develops without mf fenulp; ‘10n an

thereby to prevent the level of disease activity from becoming
apparent clinically (Fig. 78-2)* The duration of action ('»f the
glucocorticoid is important here. The selection of pred_ms;m‘w,
prednisolone, and methylprednisolone as the agents of choice
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CLINICALLY APPARENT
DISEASE ACTIVITY

V7] SUBCLINICAL DISEASE
ACTIVITY

NO DISEASE ACTIVITY

DIVIDED DOSE DAILY
CORTICOSTERQID ADMINISTRATION

SINGLE DOSE DAILY OR
ALTERNATE-DAY
CORTICOSTEROID
ADMINISTRATION

DISEASE ACTIVITY

12 3 4 65 6 7 8 9 10 11 12 13 14
TIME (DAYS)

15 16 17 18 19 20

FIGURE 78-2. The effect of glucocorticoid administration on the activ-
ity of the underlying disease. A divided daily dosage schedule may be
necessary initially in some disorders. When the disease is controlled, or
from the start of therapy in certain diseases, alternate-day therapy may
be effective. (From Fauci AS, Dale DC, Balow JE. Glucocorticosteroid

therapy: mechanisms of action and clinical considerations. Ann Intern
Med 1976; 84:304.)

for alternate-day therapy and of 48 hours as the appropriate
interval between doses has an empiric basis. It has been found
that intervals of 36, 24, and 12 hours were accompanied by
adrenal suppression, and that an interval of 72 hours was thera-
peutically ineffective when prednisone (and, occasionally, tri-
amcinolone) was used.”” An interval of 48 hours is optimal.

ALTERNATE-DAY GLUCOCORTICOID THERAPY
AND MANIFESTATIONS OF CUSHING SYNDROME

An alternate-day regimen can prevent or ameliorate the mani-
festations of Cushing syndrome.!? The susceptibility to infec-
tions that characterizes Cushing syndrome may be alleviated.
Patients have been described in whom refractory infections
appeared to clear after conversion from daily to alternate-day
regimens. In addition, there is a low frequency of infections in
patients receiving alternate-day therapy. Children treated with
alternate-day steroid therapy regain or retain tonsillar and
peripheral lymphoid tissue. The available information strqngly
suggests that alternate-day regimens are associated with a
lower incidence of infections than are daily regimens, but it
does not firmly establish this point. _

Host defense mechanisms have been studied in patients
receiving alternate-day therapy. Patients maintained on such
schedules who have been studied on the days they do not take
the medication have normal blood neutrophil and monocyte
counts, normal cutaneous inflammatory responses, and normal
neutrophil T, ,s. Patients receiving dai}y therapy, however:
demonstrate neutrophilia, monocytopena, decreased cutan-e
ous neutrophil and monocyte inflammatory responses, and pro-
Jongation of the neutrophil T, /». Patients studied on the days
they do not receive treatment do not have the lymphocytopenia
observed in patients who receive daily therapy. Monocyte cellu-
Jar function is normal in patients receiving alternate-day treat-
ment at 4 hours and at 24 hours after a dose. Intermittently
normal leukocyte kinetics, preservation of delayed hypersensi-
tivity, and preservation of monocyte cellular function may
explain the apparently reduced susceptibility to infection of
patients receiving alternate-day therapy./s%

EFFECTS OF ALTERNATE-DAY GLUCOCORTICOID THERAPY
ON HYPOTHALAMIC-PITUITARY-ADRENAL RESPONSIVENESS

Patients receiving alternate-day glucocorticoid therapy may
have some suppression of basal corticosteroid levels, but they
have normal or nearly normal responsiveness to provocative
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tests such as the corticotropin-releasing hormone stimulation
test, the ACTH stimulation test, insulin-induced hypoglycemia,
and the metyrapone test.!?%! They have less suppression of
HPA function than do patients receiving daily therapy.

EFFECTS OF ALTERNATE-DAY THERAPY
ON THE UNDERLYING DISEASE

Alternate-day glucocorticoid therapy is as effective, or nearly as
effective, in controlling diverse disorders as daily therapy in
divided doses.!? This approach has provided apparent benefit in
patients with the following disorders: childhood nephrotic syn-
drome, adult nephrotic syndrome, membranous nephropathy,
renal transplantation, mesangiocapillary glomerulonephritis,
lupus nephritis, ulcerative colitis, rheumatoid arthritis, acute
rheumatic fever, myasthenia gravis, Duchenne muscular dystro-
phy, dermatomyositis, idiopathic polyneuropathy, asthma,
Sjégren syndrome, sarcoidosis, alopecia areata and other chronic
dermatoses, and pemphigus vulgaris. Prospective, controlled
studies demonstrate the efficacy of alternate-day therapy in
membranous nephropathy and renal transplantation. The role of
alternate-day therapy in giant cell arteritis is controversial 52-84

USE OF ALTERNATE-DAY THERAPY

Because alternate-day therapy can prevent or ameliorate the mani-
festations of Cushing syndrome, can avert or permit recovery from
HPA suppression, and is as effective (or nearly as effective) as contin-
uous therapy, patients for whom long-term glucocorticoid
administration is indicated should be placed on such programs
whenever possible. Nevertheless, physicians sometimes are
reluctant to use alternate-day schedules, often because of an
unsuccessful experience. Many efforts fail because of lack of
familiarity with the indications for and use of such therapy.

The benefits of alternate-day glucocorticoid therapy are
demonstrable only when corticosteroids are used for a pro-
longed period. There is no reason to use an alternate-day sched-
ule when the anticipated duration of therapy is less than
several weeks.

Alternate-day therapy may not be necessary or appropriate
during the initial stages of therapy or during exacerbation of
the underlying disease. Nevertheless, patients with many
chronic disorders have been treated with an alternate-day reg-
imen as initial therapy with apparent benefit.!? In patients
with rheumatoid arthritis, it appears to be easier to establish
treatment with alternate-day corticosteroids than to convert
from daily therapy. Physicians treating recipients of renal
transplants initially use daily therapy and then convert to an
alternate-day schedule.

Alternate-day therapy may be hazardous in the presence of
adrenocortjcal insufficiency of any cause because patients are
unprotected against glucocorticoid insufficiency during the last
12 hours of the 48-hour cycle. In patients who have been taking
glucocorticoids for more than a brief period, or in those who
may have adrenal insufficiency on another basis, the adequacy
of HPA function should be determined before the initiation of
an alternate-day program. It may be possible to surmount this
obstacle by giving a small dose of a short-acting glucocorticoid
(l.fe., 10 mg hydrocortisone) in the afternoon of the second day;
this approach has not been studied systematically.

Alternate-day glucocorticoid therapy may fail to prevent or
ameliorate the manifestations of Cushing syndrome or HPA
suppression if a short-acting glucocorticoid is not used, or if it
is used incorrectly. For example, the use of prednisone four
times a day on alternate days may be less successful than the
use of the same total dose once every 48 hours.

An abrupt alteration from daily to alternate-day therapy
Sh()L‘lld be avoided. First, the prolonged use of daily-dose gluco-
corticoids may have caused HPA suppression. In addition,
patients with normal HPA function may experience withdrawal
symptoms and have an exacerbation of the underlying disease.

No program of conversion from continuous therapy to alter-
nate-day therapy has been shown to be optimal. One approach
is to reduce the frequency of drug administration until the total
dose for each day is given in the morning, and then to increase
the dosage gradually on the first day of each 2-day period and
to decrease the dosage on the second day. Another approach is
to double the dosage on the first day of each 2-day cycle, to give
this as a single morning dose if possible, and then to taper the
dosage gradually on the second day.* It is not clear how often
changes in dosage should be made with any approach. This
depends on many variables, including the underlying disease
involved, the duration of previous glucocorticoid therapy, the
personality of the patient, and the physician’s_ ability to use
adjunctive therapy. Nonetheless, the conversion should be
made as quickly as the patient can tolerate it. If adrenal insuffi-
ciency, the corticosteroid withdrawal syndrome, or an exacer-
bation of the underlying disease develops, the previously
effective regimen should be reinstituted and then tapered more
gradually. Occasionally, it is necessary to resume full daily dos-
ages temporarily. An absolute change of dosage represents a
larger percentage change in dosage at .small total daily doses
than at large total daily doses. Changes in the dosag'e should be
about 10 mg prednisone (or equivalent) at total daily doses of
more than 30 mg, 5 mg at total doses of more than 2.0 mg, and
2.5 mg at lower doses. The interval between changes in the dos-
age may be as short as 1 day or as long as many weeks.

Optimal results from alternate-day glucocorticoid therapy
may not be achieved because of failure to use supplemental
therapy for the underlying disorder. Conservative (nongluco-
corticoid) therapy often is used ur_itll a glLIC()C'()I‘th()ld is initi-
ated, at which time these less toxic therapeutic measures are
ignored. Adjunctive therapeutic measures may facilitate the use
of the lowest possible corticosteroid dose. With altemz.\te—day
therapy, these measures especially should be used durmg the
end of the second day, when symptoms may be prommen.t.
Supplemental therapy may be especially helpful in dlsordlers in
which patients are likely to experience symptoms of th.e dlseas.e
on the day off therapy, such as asthma and rhcumato@ arthri-
tis. In illnesses in which disabling symptoms are less likely to
appear on the alternate day, such as the childhood nephrotic
syndrome, less difficulty may be encountered. . '

Alternate-day therapy may fai.l because of failure to inform
patients about the purposes of this regimen. Because glucocor-
ticoids may induce euphoria, patients may be reluctant to
accept modification of a schedule of frequent doses. A careful
explanation about the risks of glucocorticoid excess, attuned to
patients’ intellectual and emotional ability to comprehend,

enhances the prospects of success.
DAILY SINGLE-DOSE GLUCOCORTICOID THERAPY

Sometimes, alternate-day therapy fails bQCi\IISC_}’f‘tiC"tS eixperi-
ence symptoms of the underlying 'dlseqse ‘dlyl.rmg the‘last few
hours of the second day. In these 517t’uat.lf)x1‘s,Pp{ng-dOfo;lLng-
corticoid therapy may be of value.'” This regimen appears to be
as effective as divided daily doses in controlling such underly-
ing diseases as rheumatoid arthriti-s,- systenyc lUP};lS cry‘tbe‘l‘na’-
tosus, polyarteritis, and proctocolitis. ilfi %}«H}t' §L1 ’?rt&l 1‘t}s, a
daily dose in the morning is nearly as effective dis ¢ myl ‘1191(15.}/
in divided doses.$? Daily single-dose thcm'lPly)reL UC;,btt e 1k‘L 1;
hood that HPA suppression will develop. ‘1)L mztml c‘s Z‘Itlto‘nis 0
Cushing syndrome, however, probably are not prevented or

. f = > o regimen,
ameliorated by a daily single-dose reg

GLUCOCORTICOIDS OR CORTICOTROPIN?

ticoid therapy also respond
x is normal. There is no
rior to glucocorticoids

Disorders that respond to glucocor
to ACTH therapy if the adrenal corte
evidence, however, that ACTH is sup¢ '
for the treatment of any disorder when comparable doses are



used.!28 Hydrocortisone and ACTH, given intravenously in
pharmacologically equivalent doses (determined by plasma
cortisol levels and urinary corticosteroid excretion rates), are
equally effective in the treatment of inflammatory bowel dis-
ease.’” Similarly, there is no apparent difference in the effective-
ness of prednisone and ACTH for the treatment of infantile
spasms.® Because ACTH does not appear to offer any thera-
peutic advantage, glucocorticoids are preferable for therapeutic
purposes: they can be administered orally, the dose can be regu-
lated precisely, their effectiveness does not depepd on adreno-
cortical responsiveness (an important consideration in patients
who have been treated with glucocorticoids), and they produce
a lower frequency of certain side effects such as acne, hyperten-
sion, and increased pigmentation.!? If alternate-day therapy
cannot be used, ACTH might appear to be preferable because it
does not suppress the HPA axis. This benefit usually is out-
weighed by the advantages of glucocortxcou'is and by the fa.ct
that daily injections of ACTH are not'superlor to single daily
doses of short-acting glucocorticoids; in both cases, HPA sup-
pression is unlikely to result, but Cu.shmg syndrome.ls not pre-
vented. In life-threatening situations, glucocprhcqlds are
indicated because maximal blood levels are obtained immedi-
ately after intravenous administration, whereas with ACTH
infusion, the plasma cortisol level rises to a platefﬁu over several
hours. The principal indication for ACTH continues to be the

assessment of adrenocortical function.

DOSAGE

ANTIINFLAMMATORY OR IMMUNOSUPPRESSIVE THERAPY

The glucocorticoid dosage required for antun{f]ammdatory 1or
immunosuppressive therapy is variable, and depends onf the
disease under treatment. In general, the dosage xanges from
just above that needed for long-term rep lacement t{wraply e t10
60 to 80 mg prednisone or its equivalent clallyf Alz1 hough muc11
larger dosages sometimes are recommendeddm ;liealsez such
as asthma, systemic lupus erythematosus, an ée? ra T 1em:”l,
controlled studies have not established the? nee(_z1 or stIC 1 arge
amounts of medication. The role ()‘f( g?asswe . os{gs ¥ COrtthO'
steroids in asthma is controverSial-t’)' Most 5 tﬁc n ggp;()r e
advantage of high-dose therapy.(.e-gj mor.(,ntr}lavlénous l,gls%
prednisone per day). Many physicians use l1 a trwengusl
therapy (e.g., 1 g per day of methylpredl.ns(? one 11‘1 ; o y
for 3 consecutive days) for severe mm.ufjesfintlons ? sys1 ef?-l‘c
lupus erythematosus, rapidly progress&c\im‘ g gms‘er&l 1otnep r;rlql?,
or other entities. There are 1‘().Contr0116805tur le;r c11‘1 C(?f Fr)ééle-
the results of pulse therapy Wlth' 60’ o f rgliepther;y lnps not
nisone, however. Thus;; the superiority oI p apy he
bu.a}ﬁ;? gﬂztrllgtgday therapy is used, t)he cllosage is vyar;able
and depends on the disease under treatmu;t. )t ma}; rt?njje ro?q
just above that needed for long-term replacemen herapy to

150 mg prednisone every other day.

PERIOPERATIVE MANAGEMENT v

Traditional doses of ghlcocorhcmds re(t?f)lzltgf)l:ccils(: C(ief(’)r ?gél(rfg
erative coverage in p atients treated v§11 . urs or 20 n% ;rmethyl—
hydrocortisone intmvell?slll;l}(;\i:re;r)é 11(;3rs on the d:%y of sur-

rednisolone intraveno . ) rbi

gery, with a gradual taper over SUbsequmtﬁ)gz)l gaé: ;’;:(1)311:122;5;
and have no empirical basis.”0 A study in Cyto erative hypoten-
explored the doses feql‘ier tf) prevent }?Ofs rlged in the experi-
sion.% Bilateral adrenalectomics were ptrf (il 1cocorticoids were
mental animals, and replacement doS‘es (1’ git divided into three
given for 4 months. The animals weIelt 1en]()lt' the normal
groups, given normal, one-tenth‘no'rnTa , orl 1 1m?s ) ,c ‘
replacement doses of glucocorncmds. Ac ho 'ecy?tgc omy was
performed on each animal under these conditions. The animals
that received one-tenth normal replacement doses had an

P T

Ch. 78: Corticosteroid Therapy 761

increased mortality rate, decreased peripheral vascular resis-
tance, and hypotension. The group that received normal
replacement doses of glucocorticoids had no more hypotension
or postoperative complications than did the group receiving 10
times the replacement dose. A double-blind study in patients
provided similar results.” The investigators studied patients
who had taken at least 7.5 mg prednisone a day for several
months and had an abnormal response to an ACTH test. All
patients received their usual daily dose of prednisone on the
day of surgery. One group of 12 patients received perioperative
injections of saline. The other group of 6 patients received
hydrocortisone in the saline. There was no significant difference
in outcome between the groups in this small study. It appears
that patients with secondary adrenal insufficiency resulting
from glucocorticoid therapy do not experience hypotension or
tachycardia when given only their usual daily dose of steroids
for surgical procedures such as joint replacements and abdomi-
nal operations.

Based on an analysis of the literature, an interdisciplinary
group suggests the use of variable doses, depending on the
magnitude of the surgical stress.”0 For minor surgical stress (e.g.,
an inguinal herniorrhaphy), the glucocorticoid target dose
would be 25 mg hydrocortisone or equivalent. For moderate sur-
gical stress (e.g., a lower extremity revascularization or total joint
replacement), the target would be 50 to 75 mg hydrocortisone or
equivalent. This might constitute continuation of the patient’s
usual dose of prednisone (i.e., 10 mg a day) and 50 mg hydro-
cortisone intravenously intraoperatively. For major surgical stress
(e.g., esophagogastrectomy or cardiopulmonary bypass), the
patient might receive his or her usual steroid dose (e.g., 40 mg
prednisone or the parental equivalent preoperatively within 2
hours of surgery) and 50 mg hydrocortisone intravenously
every 8 hours after the initial dose for the first 48 to 72 hours.
Corticosteroid therapy should not be tapered inadvertently to a
dosage below that known to control the underlying disease.

In patients with primary adrenocortical insufficiency, hydro-
cortisone has the advantage of having mineralocorticoid as well
as glucocorticoid activity at high dosages. At dosages less than
100 mg per day, it is necessary to use a mineralocorticoid agent
in addition to hydrocortisone; fludrocortisone can be used
when patients can take oral medications. Parenteral mineralo-
corticoid preparations such as desoxycorticosterone acetate are
no longer available commercially in the United States.

DRUG INTERACTIONS

If patients also must take a hepatic microsomal enzyme
inducer, the metabolism of the glucocorticoid will be acceler-
ated and larger daily dosages may be needed. The treatment of
adrenocortical insufficiency is considered in Chapter 76.

MINERALOCORTICOIDS

PHARMACOLOGY

Mineralocorticoids are 21-carbon steroids characterized by their
effects on fluid and electrolyte balance. They promote renal
sodium reabsorption and potassium excretion (see Chap. 79).
Mineralocorticoid deficiency (see Chap. 81) causes hyponatre-
mia, volume depletion, hypotension, hyperkalemia, and a
hyperchloremic metabolic acidosis. Mineralocorticoid excess
(see Chap. 80) is associated with the retention of sodium and
water, hypertension, potassium depletion, hypokalemia, and a
metabolic alkalosis. The excessive secretion or administration of
a mineralocorticoid causes sodium retention, with consequent
fluid retention and weight gain. Patients retain several hundred
milliequivalents of sodium and gain several kilograms of
weight. 1f mineralocorticoid excess persists, mineralocorticoid
escape oceurs; further sodium retention and weight gain do not



762 PART V: THE ADRENAL GLANDS

CH,OH ?HzOH
I

C=0 C=0

poal Ty
o o} ‘e

CORTISOL
(HYDROCORTISONE)

FLUDROCORTISONE
(9u-FLUOROHYDROCORTISONE])

FIGURE 78-3. Structure of the mineralocorticoid fludrocortisone. The
arrow indicates the structural difference between this synthetic steroid
and cortisol.

occur. During this escape phenomenon, urinary sodium excre-
tion increases until patients come into balance, and urinary
sodium excretion again reflects sodium intake. Thus, patients
with mineralocorticoid excess often do not retain sufficient fluid
for peripheral edema to develop (although it occasionally does)
unless there is another cause for edema such as hypoalbumine-
mia or right ventricular failure. Therefore, the absence of edema
does not exclude the possibility of mineralocorticoid excess.

Aldosterone is the principal mineralocorticoid in humans.
Desoxycorticosterone, corticosterone, and cortisol (hydrocorti-
sone) also are secreted in amounts sufficient to cause salt reten-
tion in certain pathologic situations.

AGENTS USED CLINICALLY

The agents with mineralocorticoid action that are used clini-
cally are hydrocortisone and fludrocortisone (9o-fluorohydro-
cortisone, Florinef [Apothecon, a Bristol-Meyers Squibb Co.,
Princeton, NJJ; Fig. 78-3). When hydrocortisone is given in large
dosages (e.g., 100 mg per day or more), a mineralocorticoid
effect may be anticipated. Aldosterone is not used clinically,
although it is a potent mineralocorticoid and is essentially
devoid of glucocorticoid effect. It would be of limited value
because of its brief duration of action.

Fludrocortisone is available only for oral therapy. The presence
of the fluorine atom in the 90, position enhances the mineralocorti-
coid potency of hydrocortisone. The enhanced mineralocorticoid
potency of 9u-fluorohydrocortisone is explained by impaired renal
conversion of this molecule to 9u-fluorocortisone by 11-hydroxy-
steroid dehydrogenase, in contrast to the rapid conversion of corti-
sol to cortisone.”> At recommended dosages, fludrocortisone is an
effective mineralocorticoid, but it is essentially free of glucocorti-
coid activity. Its duration of action is ~12 to 24 hours. %%

If patients also need large dosages of a glucocorticoid,
hydrocortisone can be used alone. A dosage of 100 mg per day
or more provides mineralocorticoid activity.®>5 Experimen-
tally, it was found that fludrocortisone, 1 mg per day orally, is
equivalent in mineralocorticoid activity to aldosterone, 1 mg
per day in four divided intramuscular doses 9599

No mineralocorticoid by itself can increase the sodium
stores of sodium-depleted patients. The effectiveness of a min-
eralocorticoid hormone depends on substrate availability;
Patients with mineralocorticoid deficiency not only need the
hormone, they also need salt and water. Both hormonal therapy
and proper fluid and electrolyte administration are necessary to
achieve an optimal clinical response.

DRUG INTERACTIONS

Mineralocorticoid activity is antagonized by spironolactone;
the latter has no effect in patients with hypoaldosteronism.
Amiloride (Midamor), a potassium-sparing diuretic agent that
acts even in the absence of aldosterone, can reduce the offects of
a mineralocorticoid on sodium and potassium balance.

b g T WL I RN

Anything that promotes salt loss, such as a d.iuretic medicz?-
tion, impairs mineralocorticoid efficacy. For patients who. ordi-
narily need a diuretic (e.g., for the treatment of hypertension or
fluid retention), the desired effect may be achieved by modify-
ing the dosage of mineralocorticoid, the intake of salt, or both.
Medications that alter sweating or promote vomiting or diar-
rhea may affect salt balance and therefore change the effective-
ness of a mineralocorticoid.

INDICATIONS

Mineralocorticoid therapy is indicated for.primary adrenocorti-
cal insufficiency; isolated hypoaldosteronism; salt-losing forms
of congenital adrenal hyperplasia; and chronic orthostatic
hypotension caused by autonomic insufficiency (mu.lt1.ple sys-
tems atrophy [e.g., the Shy-Drager syndrqme], idiopathic
orthostatic hypotension, and diabetic autonomic neuropathy).

DOSAGE

The usual dosage of fludrocortisone is 0.1 mg d.ally, but may
range from 0.1 mg on alternate days to 0..2 mg .da11y. Generally,
the starting dosage is 0.1 mg daily, with adjustments made
according to clinical response. Orthostatic vital signs are f)f
great value in assessing the adquacy of mmeralocortlco%d
replacement therapy. A marked rise in the heart rate ora fa.ll in
blood pressure on standing may precede other manifestations
of mineralocorticoid deficiency.
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CHAPTER 79

RENIN-ANGIOTENSIN
SYSTEM AND ALDOSTERONE

DALILA B. CORRY AND MICHAEL L. TUCK

THE RENIN-ANGIOTENSIN SYSTEM

ANGIOTENSINOGEN

Angiotensinogen (AGT), also termed renin substrate, is the pre-
cursor for the angiotensin peptides, which include angiotensin
(A)X-L 1L 11, and IV, and A, .. Levels of this peptide, which can be
rate-limiting for the renin-angiotensin system, are produced
mainly in the liver, where its precursor preproangiotensinogen is
synthesized and glycosylated in the hepatocytes; nonetheless,
there is evidence of production in other tissues as well (e.g., the
heart, blood vessels, kidney, and adipocytes).

In the circulation, AGT, with a half-life of 16 hours, is
cleaved by renin (~10%) and/or other enzymes to release A-I
(Fig. 79-1). In many tissues not expressing renin, AGT can be
cleaved by enzymes other than renin (e.g., cathepsin G, tonin,
and chymase). The extent to which AGT is glycosylated may
influence the kinetics of renin in the circulation. Indeed, this has
been hypothesized in a proposed, separate, brain-AGT system.

There is one copy of the AGT gene in the mammalian
genome, which is ~11,800 base pairs (bp) in length.!2 This gene

NON-ACE PATHWAYS ACE PATHWAYS

Tissue Angiotensinogen
Plasminogen Renin
Activator

Angiotensin |

Cathepsin G Chymase ¢ Bradykinin
ACE
CAGE ( .
/Angk)tensm i D tnactivated
AT, Receptor AT, Receptor

Vasodilation
Anfiproliterative
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FIGURE 79-1. Angiotensinogen and angiotensin [ and 1I pathways and
th?xr role in vascular and fluid homeostasis via angiotensin 1I receptors
(AT, and AT,). (CAGE, chymotrypsin-like angiotensin-generating enzyme.)

has 5 exons that encode for the protein, separated by 4 introns.
Exon 1 codes for the 5-nontranslated region, whereas exon 2
contains the signal peptide and coding regions. AGT is secreted
constitutively from hepatocytes; however, several factors (e.g.,
glucocorticoids, estrogens, thyroid hormone, insulin, and A-II)
may exert a positive feedback.?

RELATIONSHIP TO HYPERTENSION

A high molecular-weight form of AGT, which is relcased during
pregnancy, may play a role in prcgimucy-zm{uq’d lzj/pcrtc'nsw'n. In
adipose tissue, there is a form of AGT that is increased by insu-
lin and decreased by 3-adrenergic blockade and that possibly
contributes to obesity-related hypertension. Moreover, AGT may
play a role in certain other forms of hypertension, as observed in
glucocorticoid excess states (e.g., Cushing syndrqme) and thy-
roid disorders.'-* Interestingly, antisense nucleotide sequences
that have been used to block AGT mRNA can reduce blood
pressure. In spontancously hypertensive rats, central nervous
system (CNS) administration of antisense sequences against the
mRNA encoding AGT lowers blood pressure.” Furthermqre,
rats made transgenic with human AGT develop l'\){p‘)ertenslon
because AGT is expressed in the blood Vcsselrv‘vqll.(’r7 Ihu's, there
is ample documentation for a role of AGT in experimental
hypertension. ) o
Further documentation for a role of AGT in hypertension is
as follows: Epidemiologic studies have showp a gr‘?la)tionship
between plasma AGT and human.hypertensml‘\:' Polymor-
phisms of the AGT gene have been lmkcd to fzmullal hyperten-
sion, renal disease, and cardiovascular risk factors.” Increased
levels of AGT are associated with essential hypertension, and
an M235T polymorphism in the AQT gcn%“is i;ss':')ciated with
nephropathy in type 2 diabetics.'? The /\-GI-I\/I_:%DF m.oleculqr
variant—threonine substituted for methionine at amino acid
235—is associated by linkage analysis with essential thperten-
sion, especially in whites.!l? Subjc’ct&f bearlwng the 235 allelcj
have higher levels of AGT (i.e., a 20% increase in h().IﬂOZngL‘lb
subjects [TT] and a 10% increase in h‘ctc'ro'zyg(n‘lsrs"u'bje.cts [MTY])
compared with homozygous (MM) individuals. This lmkagg of
AGT variants to hypertension is populatlonjdepelx:dent (i.e.,
strong in whites, weak in Mexican Amenca.ns ] _and the
Chinese!). AGT mutations pr()bqbly play a 51gmf1ca.nt'but
modest role in blood pressure variation. /-\11‘ (’>f. th'ese f11jdmgs
suggest that the renin-AGT reaction kinetics are 1;1’crlea.sed by
AGT variants, leading to more A-ll produclhon, w hich in turn.
may increase vascular resistance 'and.growt 1. ‘In fum, vascular
injury induces AGT gene expression 1 tljc vaacu ‘ar‘ 1r‘1ed|a (’.11.1(1
neointima, suggesting that the rqn111;;1ﬂr%,"lOrtlt‘lnﬂljesn}’?t;‘l?)}’l‘:z t)l(?;
ipates in myointimal proliferation.” mally, gene knock-ou

mice for AGT develop hypotension with polyuria when chal-

lenged with a high-salt diet.1®

RENIN SYNTHESIS AND RELEASE

Renin, an aspartyl proteolytic enzyme, cafal)’ze,‘s‘_ tthe rali;)-'hnl’ilt;?%
cleavage of AGT (between the leucint dt‘};,(’;l }0”71 ) Ian.cl f e
valine at position 1) to form the decapeprive Al wich is fur-
ther converted by angi()tensin-convertm@,‘h zy tivity that .(‘
the octapeptide, A-11. 1t is the plasma rt,-nm, éc 1v1Ly‘ m‘ 1S
accepted as an index of the renin—angmtcx(bm b/%{sﬁ)m, because it
. Ve ‘WtS €.5 - )
is difficult to measure other componentt t'éj)n of preprorenin in
i sis begins with the formatic preprore
Renin synthesis begir » kidney.!* This precursor is
the juxtaglomerular (JG) cells of the KI i¢ reticulum (Fig. 79-2)
transported into the rough cndopla'snﬂ, i inactive foi?,ﬁ (;;:)-,
where it is cleaved to form a 23-amino-acid Mdetive 1 /
: . AmArate olvendy.
renin), which is passed through the C,ollgl ‘:‘F};]dmn']:', g Iy‘cosyd
, 0 oy 5. 1% Here it is cleave
lated, and deposited in lysosomal gmml[t, ecreted in ros ;, 1o
§ e which can be secreted in response
by cathepsin B to form renin, whicl low rate of renin release
to various stimuli.’¥ Basally, there is a 1OW g“ to stimuli o
and this is increased several-fold in response o :



