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Abstract Perioperative medication management for patients
with systemic autoimmune inflammatory diseases has focused
on strategies to improve outcomes and mitigate risks. The
emphasis has been to minimize the risk of infection associated
with most antirheumatic medications, while attempting to
avoid flares of disease precipitated by medication withdrawal.
Management of glucocorticoids in the perioperative period
has been based on an assumption that supraphysiologic in-
creases in dose were always necessary to avoid hypotension
and shock in glucocorticoid treated patients, and alternative
strategies were rarely considered despite the known infec-
tious, metabolic, and wound healing risks associated with glu-
cocorticoid administration. This paper will review current rec-
ommendations for perioperative glucocorticoid administration
for glucocorticoid treated patients with systemic inflammatory
autoimmune diseases and discuss glucocorticoid physiology
to analyze the basis for these recommendations and consider
alternative perioperative management strategies.
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Introduction

Glucocorticoids are central to the therapy of systemic autoim-
mune inflammatory conditions, asthma and chronic pulmo-
nary disease, and are used in organ transplantation. Due to
the prevalence of such conditions, many patients are taking
glucocorticoids when they present for surgery, and glucocor-
ticoid use raises a number of considerations in the periopera-
tive setting. Perioperative medication-related challenges are
particularly important for patients with systemic autoimmune
inflammatory diseases undergoing surgery where the interest
of rheumatologists and perioperative physicians has centered
on the management of disease modifying and biological
agents, with the aim of decreasing infection risk and improv-
ing wound healing [1–4]. Seemingly forgotten in this conver-
sation has been an examination of perioperative management
strategies for another important class of medication in therapy
of patients with autoimmune inflammatory conditions, the
glucocorticoids, which also have well described effects on
wound healing and infection risk, as well as metabolic effects
like hyperglycemia that can contribute to perioperative out-
comes. Moreover, recommendations for perioperative gluco-
corticoid management have remained unchallenged despite
use of glucocorticoids by 65 % of patients with RA over the
course of their illness, and 86% of patients with SLE in a well
described SLE cohort [5, 6].

Concerns regarding the suppression of the hypothalamic-
pituitary-adrenal (HPA) axis by iatrogenic glucocorticoid ad-
ministration have led to widespread use of supraphysiologic
perioperative glucocorticoid supplementation. This has been
regarded as necessary in virtually all patients undergoing sur-
gery, even those previously exposed but not currently taking
such medication. Despite little evidence for this practice, few
have challenged this treatment paradigm. The purpose of this
paper is to review the use of glucocorticoids in the
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perioperative setting emphasizing glucocorticoid physiology,
the literature upon which current practices are based, and con-
cluding with recommendations concerning how such patients
should be approached in the contemporary surgical setting.

Adrenal Physiology

The adrenal glands are small but vital structures, with a central
role in the maintenance of bodily homeostasis, and adrenal
physiology has been well described. Through the production
and secretion of two primary hormones, cortisol
(glucocorticoid) and aldosterone (mineralocorticoid), the ad-
renal glands sustain hemodynamics and preserve fluid and
electrolyte balance. Regulated by a classic feedback mecha-
nism, the release of corticotrophin releasing hormone (CRH)
from the hypothalamus in turn stimulates the pituitary gland to
secrete adrenocorticotrophin (ACTH); ACTH then acts on the
cortex of the adrenal glands stimulating cortisol production. In
addition, cortisol plays an added specific role in homeostasis,
in the body’s response to stress. Under normal conditions, the
body produces 10–12 mg of cortisol per day, the normal re-
sponse to stress usually considered to be a serum level of 18–
20 ug/dL. With moderate stress the adrenal secretion of corti-
sol may rise to 30–45 ug/dL and in highly stressful (life-
threatening) circumstances may reach levels as high as
260 ug/dL. Cortisol levels usually normalize with 24–48 h
of the resolution of the stressful event. Thus, based on these
physiologic considerations, the integrity of the hypothalamic-
pituitary-adrenal axis has been traditionally viewed as impor-
tant in the surgical setting [7].

Adrenal insufficiency (AI) results from adrenal gland dys-
function or destruction in which the adrenal cortex fails to
produce sufficient cortisol for homeostasis, and can be prima-
ry or secondary. Primary AI results from the destruction of the
adrenal cortex; its causes include autoimmune phenomenon,
various viral conditions (HIV, CMV), tuberculosis (the most
common cause worldwide), hemorrhage (often related to an-
ticoagulants), tumor metastasis, and sepsis. In the USA, 80 %
of primary adrenocortical insufficiency (Addison’s disease)
results from autoimmune adrenalitis in which both glucocor-
ticoid and mineralocorticoid production is affected [8]. This
form of adrenal insufficiency is often associated with other
autoimmune disorders including Hashimoto’s thyroiditis,
Grave’s disease, type I diabetes, premature ovarian failure,
hypoparathyroidism, and testicular failure.

Secondary and tertiary forms of AI result from hypotha-
lamic or pituitary absence or suppression. Secondary AI is
caused by pituitary dysfunction or damage and is rare; etiolo-
gies of secondary AI also include diseases (often tumors) of
the hypothalamus and pituitary in which the production of
ACTH and CRH is impaired. Tertiary AI, the most prevalent
form, is typically due to iatrogenic administration of

glucocorticoids, and the impairment of adrenal function is
variable and sometimes reversible. Reversible suppression of
cortisol production by the exogenous administration of gluco-
corticoids occurs through central inhibitory effects, and in
such circumstances, the inhibition is limited to glucocorticoid
secretion as mineralocorticoid (aldosterone) production is reg-
ulated mainly by the renin-angiotensin system. Five milli-
grams of prednisone (20 mg hydrocortisone) for >2 weeks
has been demonstrated to produce a measurable effect on the
HPA, and subnormal cortisol responses has been reported to
persist for up to a year after the discontinuation of glucocorti-
coid therapy. However, the clinical significance of this is less
clear regarding which patient should therefore receive
supraphysiologic glucocorticoid therapy [7, 8].

Glucocorticoids, usually in supraphysiologic doses, remain
a mainstay of the rheumatologic pharmacopeia, and patients
with systemic autoimmune inflammatory diseases often re-
quire orthopedic surgery, justifying the concerns about the risk
for the development of adrenal insufficiency in the periopera-
tive setting. Yet in order to understand in whom and in what
surgical circumstances adrenal suppression may occur, some
additional background is required.

Glucocorticoid secretion increases immediately in the setting
of stress [9, 10]. As an example of its capacity to induce stress,
surgery is a potent activator of the HPA with ACTH levels
arising immediately, virtually with the incision and reaching a
peak at the termination of the procedure [11, 12].
Postoperatively circadian variation is lost and levels decline
over 24–48 h though may remain higher than normal for more
prolonged periods. The scale of response is a function of the
magnitude of the surgical procedure, but may increase by 5–10
times from a baseline of 20–30 mg/day of hydrocortisone
(equivalent dose 5–7 mg/day of prednisone) [7, 10].

In contrast aldosterone production of the adrenal cortex is
controlled by the renin-angiotensin system with only a minor
role played by ACTH. Various physiologic stimuli, including
increases in serum potassium, depletion of body sodium, and
renin production by the kidneys are amongst the important de-
terminants of aldosterone secretion, and typically remain intact in
tertiary AI due to exogenous administration of glucocorticoid.

The magnitude of steroid-induced adrenal suppression is
dependent on a number of factors including the dose, duration,
frequency, and route of administration of the glucocorticoid
taken by the patient. What follows is a review of the evidence
supporting the practice of supraphysiologic glucocorticoid
dosing for surgical procedures.

The Concept of Stress Dose Steroids: Origins
and Rationale

The potential dangers for patients associated with the prior use
of glucocorticoids in the perioperative setting were
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appreciated soon after their discovery, the first reported case
involving a patient who developed hypotension and died after
undergoing orthopedic surgery [13]. Thus, the various adverse
sequelae (nausea, vomiting, hypoglycemia, hyponatremia,
hyperkalemia, hypotension, and shock) of so-called adrenal
crisis soon became well known to clinicians. The demonstra-
tion of adrenal atrophy on autopsy in the signal report coupled
with a plausible pathophysiology provided sufficient impetus
to entrench the concept of Bstress dose^ steroids in the peri-
operative and other stressful clinical settings [9, 14]. Most
clinicians likely still regard this practice as standard of care,
yet the validity and necessity for such treatment has been
questioned, a challenge that dates back 40 years.

A systematic review pertaining to the use of stress dose
steroids by Marik and Varon identified all clinical trials exam-
ining the risk of adrenal crisis in patients taking long-term
steroid therapy prior to surgery. Remarkable for the paucity
of data (9 clinical studies met inclusion criteria), the entire
evidentiary base for this practice is culled from the clinical
course of only 315 patients, an experience that, upon reflec-
tion, may not support its use. Two placebo-controlled, double-
blind randomized controlled trials, with a total patient enrol-
ment of 37 patients, have been conducted and warrant review
[11, 15•, 16].

Glowniak and Loriaux randomized 17 glucocorticoid-
dependent patients as defined by cosyntropin testing to re-
ceive either supraphysiologic glucocorticoids or their usual
daily glucocorticoid dose combined with placebo and found
no difference in intra and postoperative blood pressure [15•,
16]. Similarly Thomason et al. subsequently performed a
double-blind crossover study in 20 organ transplant patients
undergoing minor surgery (gingivectomy under local anesthe-
sia) [16]. Since patients were to undergo two procedures, each
study participant functioned as their own control. Again no
significant differences in blood pressure between groups were
noted; further no patients experienced symptoms suggesting
adrenal insufficiency. Supporting this synthesis, a Cochrane

review of randomized controlled trials addressing supplemen-
tal perioperative glucocorticoid therapy for surgical patients
with adrenal insufficiency also found only the Glowniak and
Thomason studies mentioned, permitting randomized control
trial data from 37 patients to be pooled. While there were no
adverse events attributed to glucocorticoid dose, generaliz-
ability was limited by the small number of patients, leading
the authors to conclude that the use of supplemental glucocor-
ticoid could neither be supported nor refuted [17].

Further of particular interest to the rheumatic disease phy-
sician is another cohort study involving 41 patients with rheu-
matoid arthritis undergoing synovectomy of the knee; 21 pa-
tients received oral glucocorticoid therapy with the remaining
20 serving as controls [18•, 19]. Glucocorticoids were
discontinued in all patients 18 h before surgery (in one it
was 48 h) with HPA axis extensively assessed prior to, during,
and after surgery. This small cohort study is probably the most
extensive investigation of perioperative adrenal physiology.
While differences in the HPA axis were demonstrated between
groups, glucocorticoid levels increased in all cases, although
not to the same level as in the controls, and there were no
clinically significant differences in blood pressure demonstrat-
ed during the intra and postoperative periods; one patient,
whose glucocorticoid had been discontinued 48 h prior to
surgery, developed hypotension during surgery and responded
to hydrocortisone and fluid replacement [19]. Although a clear
difference in the state of the HPA axis could be measured,
there was no significant hemodynamic difference between
the groups.

Perioperative Steroid Management

A coupling of this literature with clinical experience leads to
the conclusion that historical practices involving the use of
supraphysiological glucocorticoids may result in unnecessary
steroid exposure, and may result in hyperglycemia,

Table 1 Recommendations for
perioperative steroid therapy in
adults

No supplemental steroids Minor/intermediate intensity
surgical procedures

Prednisone (or equivalent)
<10 mg daily

Every other day steroids

Topical steroids

Hydrocortisone 50 mg intraoperatively and q8h after surgery until
tolerating po intake when the patient’s usual dosage should be
restarted.

Major surgical procedures

Volume-refractory hypotension

Patients requiring physiologic
replacement therapya

These recommendations are premised on the assumption that patients will maintain their usual glucocorticoid
dosing up until and including the day of surgery
a Patients with primary adrenal failure (Addison’s disease), congenital adrenal hyperplasia, secondary adrenal
failure due to hypopituitarism
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hypertension, fluid retention, and an increased risk of infec-
tion [20, 21]. Moreover, current and recent doses of glucocor-
ticoid have the greatest impact on infection risk, with a pred-
nisone dose over 15 mg/day specifically identified as a risk
factor for prosthetic joint infection in a study using data from a
large administrative database [22]. Thus, a more conservative
approach to perioperative glucocorticoid dosing seems indi-
cated and is summarized in Table 1. These recommendations
assume that the patient’s usual steroid dosing schedule will be
maintained up to and including the day before surgery.

With few exceptions, the use of supraphysiologic glucocor-
ticoid therapy for adults with presumed adrenal insufficiency
due to exogenous glucocorticoid use should be regarded as
unnecessary. Examples of such circumstances in which
supraphysiologic glucocorticoids are unnecessary include pa-
tients taking <10 mgs daily of prednisone (or its equivalent),
those on alternative-day oral regimens, or those using topical
steroids. These recommendations apply regardless of the type
of surgery to be performed, but assume that the patient’s usual
dose of glucocorticoid will be taken up to and including the
day of surgery. Beyond those exposure levels, the type and
magnitude of the surgical procedure should be taken into ac-
count with minor and most intermediate level procedures
approached similarly. When deemed indicated, usually with
larger surgical procedures, dosage estimates should be based
on the known secretory rate of cortisol during anesthesia and
major surgery, production that ranges from 75–150 mg/day.
Thus, physiologic replacement dosing can be achieved with a
modest dosing paradigm. A reasonable approach would em-
ploy hydrocortisone 50mg started intraoperatively and repeat-
ed q8h for 48–72 h (at most) with such intravenous supple-
mentation replaced by oral therapy as soon as the patient is
tolerating per os intake [7, 11, 23].

Exceptions to this conservative approach do exist though
are rare. This practice does not apply to those patients with
primary (Addison’s disease) adrenal failure and hypopituita-
rism, congenital adrenal hyperplasia, or to surgery in children
treated with glucocorticoids. Further the treating physician
must be reactive to the clinical circumstances with exogenous
steroids administered should postoperative hypotension or
other potential manifestations of adrenocortical insufficiency
arise, when unexplained by other pathophysiologic mecha-
nisms such as volume depletion. In addition, all members of
the health care team should be aware of the patient’s prior
glucocorticoid use and understand the treatment plan.

Conclusions

Few treatment paradigms have proven as durable as the em-
ployment of supraphysiologic dosing of glucocorticoids in the
setting of surgery. Stimulated by a handful of case reports at
the advent of clinical glucocorticoids discovery and

administration and supported by a plausible pathophysiology,
this practice has endured for over 60 years, entrenched in
practice virtually in the absence of supporting evidence.
Remarkably, under-investigated for such an established treat-
ment paradigm, clinical experience, and existing evidence
support a reconsideration of this perioperative doctrine. As a
clinical problem, this paper reviews the evidence underlying
current practices and presents a more restrained approach,
better aligned with the literature and general clinical
experience.
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