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Abstract

Purpose—To quantify adrenocorticotropin (ACTH) and cortisol secretion after epidural
glucocorticoid injection.

Methods—Eight men (ages 25-63 yr) were studied at baseline, 1, 4, and 12 wk after
triamcinolone (80 mg) injection epidurally. ACTH (pg/mL) and cortisol (ug/dL) were measured
every 10 min for 4 h, and after ACTH-releasing hormone (CRH) (1 pg/kg) injection.

Results—Epidural triamcinolone markedly suppressed: (1) pre-CRH injection ACTH (from 18
+3.1t0 4.8 £ 0.4: P<0.01) and cortisol (from 12.2 + 1.6 to 1.6 £+ 0.3: P<0.0001) at wk 1, with
recovery at 4 wk, and (2) CRH-stimulated summed ACTH (from 633 + 116 to 129 + 10 pg/mL/
min, P<0.0001), and summed cortisol at wk 1 (from 385 + 29 to 56 + 22 pg/dL/min, P<0.0001)
and 4 wk (284 + 53; P<0.01). Serum cortisol was <18 pg/dL in 8 of 8 men at 4 wk, and 6 of 8 men
at wk 12. Urinary free cortisol (ug/24 hr) remained low at wk 12: baseline (60 + 6.5); wk 1 (9.0

+ 1.3, P<0.01); wk 4 (36 £ 8.6) and wk 12 (38 + 4.1). Urinary cortisol/cortisone ratios rose at wk 4
only. Serum triamcinolone peaked at wk 1 (16/16 samples), declining at wk 4 (13/16 samples) and
wk 12 (6/16 samples).

Limitations—Relatively small group.

Conclusion—Epidural triamcinolone suppresses unstimulated and CRH-stimulated ACTH and
cortisol secretion for 1-4 wk but urinary free cortisol =12 wk. Suppression of ACTH and cortisol
after glucocorticoid treatment is thus complex.
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Introduction

Corticotrope-adrenal function is suppressed by parenteral, oral, topical, rectal and inhaled
glucocorticoids [1]. ACTH-adrenal suppression is less well characterized after
glucocorticoid injection into confined compartments, such as epidural, intrathecal, or joint
spaces. The extent of corticotrope-adrenal inhibition presumably reflects the type, dose,
frequency and site of glucocorticoid injection, as well as its subsequent efflux and
metabolism [2]. Theoretically, cortisol suppression by injected steroid could arise via any of
several hypothalamic-pituitary-adrenal (HPA) routes. Indeed, case reports of secondary
adrenal insufficiency after intrathecal steroid administration [3] and emergence of Cushing’s
syndrome after extradural [4], paraspinal [5], and epidural [6] glucocorticoid injections
could reflect both central and peripheral exposure.

The use of epidural glucocorticoid injections for chronic pain management has increased
exponentially over the past decade [7]. An untoward clinical sequel is suppression of the
corticotropic axis, inferred initially from markedly decreased cortisol concentrations one wk
after administration of a single dose of epidural methylprednisolone [8]. Other
measurements of corticotropic and adrenal function, such as ACTH, urinary free cortisol,
and salivary cortisol also manifest inhibition within 24 to 48 h [9-12]. Suppression can
occur as early as 15 min for ACTH and 30 min for cortisol after epidural triamcinolone
administration [13]. Moreover, suppression of insulin-induced hypoglycemia-stimulated
cortisol secretion occurs after epidural injection of triamcinolone in dogs [14], and
impairment of adrenal cortisol secretion occurs in response to synthetic ACTH stimulation
after extradural methylprednisolone and epidural prednisone administration in humans [9,
15]. The duration of suppression after paraspinal glucocorticoid injections is less well
defined, possibly up to 21 days after a single glucocorticoid dose [10], and 3 months after
repeated dosing [13]. However, in mechanistic assessments, measurements of glucocorticoid
concentrations in spinal fluid, blood and urine have not yielded conclusive results [3, 9, 16].
Moreover, ACTH responses to CRH are largely unknown in the settings.

The present study quantifies HPA disruption after epidural triamcinolone injection by
measuring plasma ACTH and serum cortisol concentrations every 10 min for 4 h on each of
4 successive occasions (0 baseline, 1, 4 and 12 wk) along with serum and urinary
triamcinolone concentrations, as well as 24-hr urinary free cortisol, and the urinary cortisol/
cortisone ratio by mass spectrometry. CRH was injected to evaluate corticotrope
suppression.
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Material and Methods

Subjects

Protocol

Assays

Eight men ages 25-63 yr with a clinical indication (back pain due to degenerative lumbar
disc disease in 2 patients, and lumbosacral spondylosis in 6 men) for epidural glucocorticoid
administration completed the study, which was approved by the Salem Veterans Affairs
Medical Center Institutional Review Board. Participant voluntarily signed informed consent.
Subjects were excluded with history of diabetes mellitus (DM), chronic lung disease, and/or
psychiatric disorders, use of glucocorticoids by any route within 6 months, prior epidural,
intrathecal or any other central nervous system (CNS) glucocorticoid administration, chronic
use of anticonvulsants or opiates, substance abuse including ethanol, and hemoglobin less
than 13 g/dL. Subjects were recruited over a 5-year period, and the study was conducted at
the Salem V.A. Medical Center, Salem, VA USA.

Each subject was studied after an overnight fast on 4 separate occasions: baseline (wk 0), as
well as 1, 4, and 12 wk after epidural injection of 80 mg triamcinolone Kenalog (Bristol-
Meyers Squibb, Princeton, NJ), which is a standard epidural dose for pain management.
Sessions started at 0900 h, and continued for a period of 4 h of blood sampling at 10-min
intervals. Synthetic ovine corticotropic hormone (CRH) (1 ug/kg) was injected at 1000 h.
Urine was collected for 24 h just prior to each session.

ACTH and cortisol concentrations were measured in each blood sample collected at 10-min
intervals over the 4-h study period by Immulite 2000 (Siemens Healthcare Diagnostics,
Flanders, NJ). The assay for cortisol has a detection range of 0.2-50 pg/dL, with intra- and
interassay coefficients of variation of 7.2-9.4% and 6.3-9.4% at respective concentrations of
3.8-44 and 3.7-41 pg/dL. The ACTH assay has a detection range of 5-1250 pg/mL, with
intra- and interassay coefficients of variation of 6.1-8.2% and 4.4-5.7% at respective
concentrations of 32-417 and 30-446 pg/mL [17]. Urinary free cortisol was assayed by
radioimmunoassay (RIA) using reagents from DiaSorin (Stillwater, Mn). Serum (4-h pool)
and urine (aliquot of the 24-h collection) triamcinolone concentrations were measured by
mass spectrometry, as described [18]. Urinary cortisol/cortisone rations were also measured
by mass spectrometry in the 24-hr collections [19].

Deconvolution Analysis

Plasma ACTH and cortisol time series were subjected to deconvolution analysis using a
Matlab-implemented maximum-likelihood methodology [20]. The two-component cortisol
half-life model was 2.4 and 56 min (63% slow decay), and that of ACTH was 3.5 and 18
min (63% slow component) [21]. Outcome variables were basal (nonpulsatile), pulsatile and
total (sum of basal plus pulsatile) secretion, and the mass (concentration units), number (per
study period), and duration (mode) of ACTH and cortisol secretory bursts [20, 22].
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Statistical analysis

Results

Repeated-measures analysis of variance (ANOVA) was used to assess time-dependent
effects across the 4 treatment sessions [23]. Dunnett’s test was used for post hoc
comparisons. Primary outcomes were summed 1-h pre-CRH and summed 3-h post-CRH
plasma ACTH and serum cortisol concentrations, measured 24-h urinary free cortisol
concentrations, and deconvolution-estimated ACTH and cortisol secretion rates. Data are
presented as the mean + SEM. Significance was construed for experiment-wise P<0.05.

Mean (= SEM) 10-min sampled ACTH and cortisol concentration time series in all 8
subjects are illustrated in Figure 1 (A & B). ANOVA revealed significant overall suppression
and recovery of summed 60-min pre-CRH-injected plasma ACTH and serum cortisol
concentrations at respective P-values of 0.0002 and <0.0001. Epidural triamcinolone
administration decreased (60-min mean) ACTH (from 18 + 3.1 to 4.8 + 0.4; P<0.0001) and
cortisol (from 12 + 1.6 to 1.6 + 0.3; P<0.0001) at wk 1, with recovery to values not
significantly different from the baseline at wk 4 (Figure 2A and 2B). As a group, the ACTH
response to injected CRH was blunted 1 wk after triamcinolone administration; viz., 3-h
post-CRH summed ACTH concentrations fell from 633 + 116 to 129 + 10 pg/mL/min
(P<0.0001) and summed cortisol concentrations from 385 + 29 to 56 + 22 ug/dL/min
(P<0.0001). Whereas the ACTH response to CRH normalized at wk 4, the adrenal cortisol
response was still suppressed (284 + 53 vs 385 + 29: P<0.01), but recovered fully at wk 12.
Moreover, in individual subjects, for a normal serum cortisol cut-off > 18 pg/dL, 30 min
post-CRH values remained suppressed in all 8 subjects at wk 4, and in 6 of 8 individuals at
wk 12. At min 60 post-CRH, cortisol concentrations continued to be lower than 18 pg/dL in
4 and 2 men, respectively at weeks 4 and 12. Figure 3 demonstrates decreases in 24-h
urinary free cortisol concentrations (ug/day) from 60 + 6.5 t0 9.0 £ 1.3 at wk 1 (P<0.0001),
rising somewhat at wk 4 (36 + 8.6) and also at wk 12 (38 * 4.1). One and 3-mo values
remained significantly below baseline (P<0.05). Urinary ratios of cortisol to cortisone at wks
0,1, 4and 12 were 4.94 + 0.50, 4.76 + 0.67, 5.74 £ 0.53 and 4.14 + 0.38, respectively
(P=0.0014 for wk 4 vswk 12 contrast).

By deconvolution analysis, total secretion of ACTH (pg/mL/4 h) and cortisol (ug/dL/4 h)
decreased markedly 1 wk after triamcinolone administration (ACTH secretion fell from 447
+ 83 t0 92 + 6.8; cortisol secretion from 92 + 5.8 to 14 + 5.2, P<0.0001). Triamcinolone
inhibited both basal and pulsatile ACTH and cortisol secretion (all P values <0.005). The
latter was due to suppressed ACTH and cortisol secretory-burst mass (P<0.005). Total
(pulsatile plus basal) secretion rates remained lower at wk 4 than at wk zero for ACTH (312
+ 55 vs 447 £ 83: P<0.05) and cortisol (67 + 14 vs 92 + 5.8: P<0.01): Table 1A. Secretion
recovered fully at 12 wk.

Triamcinolone concentrations peaked 1 wk after epidural injection both in serum (0.295

+ 0.077 pg/dL) and urine (0.892 £ 0.196 ug/dL), and then decreased significantly to 0.053
+ 0.019 (serum) and 0.292 + 0.101 (urine) at 4 wk, and to 0.002 £ 0.001 (serum) and 0.024
+ 0.01 (urine) at 12 wk [P<0.001]: Table 1B.
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Discussion

Epidural triamcinolone administration markedly suppressed multiple measures of the
corticotropic axis, viz., both pre- and post-CRH stimulated plasma ACTH and serum cortisol
concentrations, basal and pulsatile (and thus total) ACTH secretion rates, and 24-h urinary
free cortisol concentrations. Triamcinolone-induced suppression of ACTH and cortisol
concentrations after CRH stimulation reflected marked inhibition of pulsatile ACTH and
cortisol secretion. HPA activity was maximally blunted at wk one after triamcinolone
administration. However, inhibition of CRH-stimulated ACTH and cortisol secretion
persisted for 4 wk, and of 24-h urinary free cortisol concentrations for over12 wk. The latter
could indicate lack of full recovery of HPA axis free cortisol levels in blood, possibly due to
suppressed hypothalamic CRH release, which was not tested in this study, or altered
dynamics of cortisol binding to transcortin (CBG). Urinary free cortisol is a product of
glomerular filtration of plasma protein-unbound cortisol.

Modulation of corticotropic function after glucocorticoid injection into paraspinal and
epidural spaces has been investigated sporadically over the past decades [3, 8-13, 15].
However, dynamic testing of the HPA axis in this setting is quite limited. The present study
used CRH to evaluate the corticotrope suppression after epidural administration of
triamcinolone. The CRH stimulation test was used to test pituitary ACTH inhibition by the
injected glucocorticoid. Reduced ACTH secretion in response to CRH would reflect direct
inhibition of anterior pituitary ACTH secretion. Maximal inhibition of ACTH occurred at 1
wk, 30% inhibition of cortisol at 4 wk, and full recovery of both ACTH and cortisol at wk
12. Serum cortisol 30 min after CRH injection was <18 ug/dL in 8 of 8 men at wk 3, and 6
of 8 men at wk 12, denoting reduced responsitivity of the HPA axis. At 1 hr after CRH
injection, serum cortisol failed to rise to >18 ug/dL in 4 of 8 patients at wk 4, and 2 of 8
patients at wk 12.

Mass spectrometry was used to quantify injected glucocorticoid concentrations. Earlier
studies have not been conclusive [3, 9, 16]. One reported persistent prednisolone
concentrations in cerebrospinal fluid (CSF) after 6 days, and another after 2 mo, following
spinal methylprednisolone injection [3, 24]. In other analyses, serum prednisolone was not
measurable after extradural steroid injection [9], whereas urinary synthetic glucocorticoid
was detectable [16]. In the present study, triamcinolone was measurable in the blood and
urine after epidural administration, with maximal concentrations after 1 wk, decreased
values after 4 wk, and low to undetectable levels after 12 wk. A presumptively slower rise in
serum triamcinolone after epidural than intraarticular injection, inferable from the literature,
may reflects greater absorptive capacity of the joint than the epidural tissues.

Outcomes of this investigation must be interpreted in the context of strengths and
limitations. Strengths are precise estimates of unstimulated and CRH-stimulated
corticotropic and adrenal secretion (rather than just direct stimulation of adrenal function
with ACTH injection) achieved by repetitive 10-min sampling for 4 h; estimation of ACTH
and cortisol secretory rates by deconvolution; quantification of 24-h urinary free cortisol
concentrations and quantification of triamcinolone in blood and urine at 0, 1, 4 and 12 wk.
Limitations include sample size, and lack of spinal-fluid triamcinolone measurements. Peak
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triamcinolone concentrations, and times to suppression and recovery of the HPA axis could
be established more precisely by more frequent surveillance.

Conclusion

In conclusion, epidural administration of triamcinolone markedly suppresses the HPA axis
within 1 wk, followed by a gradual return of function over 4-12 wk. Although unstimulated
mean blood ACTH and cortisol concentrations recover within 4 wk, at least 3 mo are
required for full recovery of urinary free cortisol and clearance of injected glucocorticoid.
The latter findings have significant clinical implications, particularly if the procedure is used
repeatedly, which could further prolong the time to recovery. These data may aid physicians
in interpreting ACTH and cortisol measurements after epidural glucocorticoid treatment.
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Mean (x SEM) plasma ACTH (Panel A) and serum cortisol (Panel B) concentrations
sampled at 10-min intervals for 4 h in 8 volunteers. CRH was injected immediately after the
60-min blood sample. Data were obtained at baseline (wk 0) and again after 1, 4 and 12 wk.
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Serum Cortisol Concentration (ug/dL/1 h)

Plamsa Cortisol Concentration (ug/dL/3 h)

Mean (= SEM) plasma ACTH concentrations obtained over 1 h before (pre-CRH, Panel A)
and 3 h after (post-CRH, Panel B) CRH injection (solid bars, left axis label) and matching
cortisol concentrations (checkered bars, right axis) in 8 subjects studied as described in
Figure 1. Asterisks denote P<0.01 vsall other data on post hoc testing. The overall P value

of <0.0001 denotes the time effect by repeated-measures ANOVA.
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Twenty-four h mean (+ 95% ClI: shaded area; horizontal mean line; dots are individual data)
urinary free cortisol concentrations at baseline (wk 0), and 1, 4, and 12 wk after
triamcinolone injection. *P<0.01 and **P<0.05 vsbaseline (wk 0) data. Overall ANOVA
P<0.0001.
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