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Editorial

DISLODGING SACRED DOGMAS IN COMBATING
SYSTEMIC STRESS: THE CASE FOR STEROIDS

Abdullah Alarifi, MD; Eric S. Nylen, MD

In the realm of physics, stress is defined as the resistance of an
object to a strain, which is measured by force per unit area. In
physiological terms, stress is defined as a state of threatened
homeostasis: the precision of measurement, however, rarely
exists, leaving the clinician to judge its magnitude. Our current
understanding of the endocrine response to stress has evolved
since the time of Bernard, who developed the concept of “the
internal environment.” Cannon coined the term “homeostasis”
to describe the complete bio-response necessary to maintain a
steady state, and documented the role of the sympathoadrenal
system. Selye described the enlargement of the adrenal cortex
in response to diverse noxious agents, later termed “the
general adaptation syndrome”; this shifted attention to the
hypothalamic-pituitary-adrenal (HPA) axis. Later, Munck
redefined the role of glucocorticoids in stress to involve the
modulation of other adaptive responses, especially
proinflammatory cytokines, thereby protecting the host from
the effects of “overreaction.”1

The recognition that critical illness leads to stereotypical
inflammatory responses, independent of the nature of the
insult, has enhanced the understanding of its pathogenesis.1

Most of the clinical, metabolic, and humoral changes
associated with critical illness stem from the unleashing of an
uncontrolled inflammatory response and its modulation of the
stress hormone action.2 The key concept of the stress response,
however, is the multidirectional immuno-neuro-endocrine
interaction.3 This integrated action is reminiscent of the
Hippocratic definition of health as the balance of the elements
of life, and disease as disharmony of these elements. All
healing forces in human history are aimed at restoring
harmony and relieving stress.

Although the appreciation of the immuno-neuro-endocrine
interaction has shed light on the mechanism and magnitude of
the stress response and confirmed the long-held view of the
integral relationship between stress and diseases, it has failed
to translate into improvement in therapy. This failure is
exemplified by the persistently high mortality from sepsis in
spite of the use of more potent antibiotics and immune
modulators and more advanced ICU support.4 Initially,
steroids were the darling of physicians, and more recently,
immunomodulatory therapy has been cherished by the
pharmaceutical industry, however, the results have not been
encouraging.5 This failure most likely highlights a
misinterpretation of the pathophysiology of the HPA axis
during the stress response. Recent studies demonstrated the
beneficial effect of supraphysiological hydrocortisone dose
in selected cases of septic shock,6,7 challenging the sacred

dogma of avoidance of steroids in septic shock.8

Furthermore, the use of steroids in certain conditions, such
as tuberculosis,9 meningitis in pediatrics, typhoid fever,
Pneumocystis carinii pneumonia in AIDS,10 and in acute
spinal-cord injury,11 is clearly beneficial and probably
useful in some other infections as well.10

A reinterpretation of the HPA axis response suggests a
“relative glucocorticoid resistance” during critical illness.
This concept is supported by the demonstration that certain
excessive immune-mediated inflammatory states are
associated with glucocorticoid resistance in target tissues.12

In rheumatoid arthritis, for example, the concentration of
glucocorticoid receptors (GR) in circulating leukocytes is
reduced.13 Glucocorticoid-resistant asthma is also
associated with increased expression of GR-beta indicative
of glucocorticoid insensitivity, as GR-beta antagonizes the
transactivating activity of the classic GR.14 Furthermore,
this GR-beta activity is inducible by cytokines.14 There is
recent evidence that proinflammatory cytokines induce
glucocorticoid insensitivity.15,16 It remains to be seen if
cortisol resistance is also confirmed in other stress
conditions, including critical illness. This concept is further
supported by the observation that in septic shock, the
salutary effect of hydrocortisone infusion was not related to
adrenal insufficiency, as suggested by the short
corticotropin test.6

Based on this revised concept, the goal should be to
restore glucocorticoid balance, while avoiding immuno-
suppression. The first issue in achieving this goal is to
identify reliable biological marker(s) of glucocorticoid
sensitivity. For example, the eosinophil count (or its
proximate stem-cell growth factor) or one of the many
acute phase proteins could serve as surrogate markers of
glucocorticoid sensitivity.17,18 Consideration should also be
given to one of the many inflammatory mediators and their
products. One approach would be to measure the decrease
in C-reactive protein (CRP) in the systemic inflammatory
response, as has been observed with hydrocortisone
infusion.18 Since the measurement of various cytokine
components has been shown to be, at best, unreliable,
emerging “late” mediators and/or markers, such as
calcitonin precursors, also deserve scrutiny as surrogate
measures of cytokine activity.19

The second issue would be the development of a
systemic inflammatory response score, or a toxic index,
based on the multifaceted actions of glucocorticoids. This
index, akin to the endocrine index,20 would assess the state
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of the inflammatory response based on the aggregate of
measured mediators or their effect(s).4 The use of this index
should lead to improved selection of cases in future trials,
more judicial timing and use of glucocorticoids, and more
objective assessment of steroid responsiveness.
Furthermore, it may allow the use of other modalities for
modulating cortisol responsiveness.

Finally, the third issue suggests that there is still an
urgent need for well-designed prospective studies to
establish the proper role of glucocorticoids in critical
illness. Concepts such as a “relative glucocorticoid
resistance” may refine the design of such trials, uncovering
new and more effective approaches to conditions with high
lethality. Glucocorticoids currently are used only in special
circumstances. Clearly, a more rational approach to a major
anti-inflammatory force is highly desirable.

Dr. Abdullah Alarifi, MD
Consultant Endocrinologist
Department of Medicine, MBC-46
King Faisal Specialist Hospital & Research Centre
P.O. Box 3354
Riyadh 11211, Saudi Arabia

Dr. Eric S. Nylen, MD
Department of Medicine
Veterans Affairs Medical Center
and George Washington University
Washington DC, USA

References

1. Alarifi A, Van Der Berghe G, Snider RH Jr, Becker KL, Nylen ES.
Endocrine markers and mediators in critical illness. In: Becker KL,
editor. The Principles and Practice of Endocrinology and
Metabolism. Philadelphia: Lippincott, 2000.

2. Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids
influence stress responses? Integrating permissive, suppressive,
stimulatory, and preparative actions (review). Endocrine Rev 2000;
21:55-89.

3. Reichlin S. Neuroendocrine-immune interactions (review). N Engl J
Med 1993;329:1246-53.

4. Vincent JL. Search for effective immunomodulating strategies
against sepsis (comment). Lancet 1998;351:922-3.

5. Abraham E. Why immunomodulatory therapies have not worked in
sepsis (review). Intensive Care Med 1999;25:556-66.

6. Bollaert PE, Charpentier C, Levy B, Debouverie M, Audibert G,
Larcan A. Reversal of late septic shock with supraphysiologic doses
of hydrocortisone. Crit Care Med 1998;26:645-50.

7. Briegel J, Forst H, Haller M, Schelling G, Kilger E, Kuprat G, et al.
Stress doses of hydrocortisone reverse hyperdynamic septic shock: a
prospective, randomized, double-blind, single-center study. Crit Care
Med 1999;27:723-32.

8. Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA, Balk
RA. A controlled clinical trial of high-dose methylprednisolone in
the treatment of severe sepsis and septic shock. N Engl J Med 1987;
317:653-8.

9. Dooley DP, Carpenter JL, Rademacher S. Adjunctive corticosteroid
therapy for tuberculosis: a critical reappraisal of the literature
(review). Clin Infect Dis 1997;25:872-87.

10. McGowan JE Jr, Chesney PJ, Crossley KB, LaForce FM. Guidelines
for the use of systemic glucocorticosteroids in the management of
selected infections. Working Group on Steroid Use, Antimicrobial
Agents Committee, Infectious Diseases Society of America. J Infect
Dis 1992;165:1-13.

11. Bracken MB, Shepard MJ, Collins WF, Holford TR, Young W,
Baskin DS, et al. A randomized, controlled trial of methyl-
prednisolone or naloxone in the treatment of acute spinal-cord injury.
Results of the Second National Acute Spinal Cord Injury Study N
Engl J Med 1990;322:1405-11.

12. Chrousos GP. The hypothalamic-pituitary-adrenal axis and immune-
mediated inflammation (review). N Engl J Med 1995;332:1351-62.

13. Schlaghecke R, Kornely E, Wollenhaupt J, Specker C.
Glucocorticoid receptors in rheumatoid arthritis. Arthritis Rheum
1992;35:740-4.

14. Leung DYM, Hamid Q, Vottero A, Szefler SJ, Surs W, Minshall E,
et al. Association of glucocorticoid insensitivity with increased
expression of glucocorticoid receptor beta. J Exp Med 1997;186:
1567-74.

15. Meduri GU, Chrousos GP. Duration of glucocorticoid treatment and
outcome in sepsis: is the right drug used the wrong way (editorial)?
Chest 1998;114:355-60.

16. Molijn GJ, Spek JJ, van Uffelen JC, de Jong FH, Brinkmann AO,
Bruining HA, et al. Differential adaptation of glucocorticoid
sensitivity of peripheral blood mononuclear leukocytes in patients
with sepsis or septic shock. J Clin Endocrinol Metab 1995;80:1799-
1803.

17. Beishuizen A, Vermes I, Hylkema BS, Haanen C. Relative
eosinophilia and functional adrenal insufficiency in critically ill
patients (letter). Lancet 1999;353:1675-6.

18. Briegel J, Kellermann W, Forst H, Haller M, Bittl M, Hoffmann GE,
et al. Low-dose hydrocortisone infusion attenuates the systemic
inflammatory response syndrome. The Phospholipase A2 Study
Group. Clin Invest Med 1994;72:782-7.

19. Whang KT, Vath SD, Nylen ES, Muller B, Li Q, Tamarkin L, et al.
Procalcitonin and proinflammatory cytokine in interactions in sepsis.
Shock 1999;12:268-73.

20. Rothwell PM, Lawler PG. Prediction of outcome in intensive care
patients using endocrine parameters. Crit Care Med 1995;23:78-83.


