Effect of ESI on Blood
Glucose & Cortisol levels
ZAHRAN ALI
Clinical Fellow in Pain
Management
McMaster University

AL-SHAQAQ ESHAQ
Clinical Fellow in Pain
Management
McMaster University

• In 1948, Lindblom and Rexed first proposed
that pressure on the spinal nerve, caused by a
disc fragment or bone spur, is the primary
cause of sciatic pain in patients with lumbar
disc herniation.
Lindblom K, Rexed B. Spinal nerve injury in dorsolateral protrusions
of lumbar disks. J Neurosurg 1948; 5:413–432.

• In 1960, Brown , reported complete transient
relief in four patients with sciatica lasting 6 to
24 months treated with methylprednisolone.
Brown JH.. Northwest Med (Seattle) 1960; 59:905–909.

• Mechanical compression may be the initial
event leading to numbness and weakness, but
inflammation often is the cause of radicular
pain.
• Since that, ESI is gaining popularity and offers
some advantages over traditional radicular &
some of low back pain management.

• Up to 40% of symptom-free people have disc
herniation .
McRae DL. Asymptomatic intervertebral disc protrusions. Acta Radiol
1956; 46:9–27.

• Once inflammation is present, the nerve
becomes sensitive to pressure, producing
prolonged, pain-generating discharges
spontaneously or with either gentle manipulation
or pressure .
Howe JF, Loeser JD, Calvin WH. Pain 1977; 3:25–41.
Murphy RW. Clin Orthop 1977; 129:46–60.

Pharmacology
In pharmacologic doses, glucocorticoids
• Decrease inflammation by stabilizing leukocyte lysosomal
membranes.
• Preventing release of destructive acid hydrolases from
leukocytes.
• Inhibiting macrophage accumulation in inflamed areas;
reducing leukocyte adhesion to the capillary endothelium;
• Reducing capillary wall permeability and edema formation;
• Decreasing complement components;
• Antagonizing histamine activity, and release of kinin from
substrates;
• Reducing fibroblast proliferation, collagen deposition, and
subsequent scar tissue formation; and possibly by other
mechanisms as yet unknown (70).
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•

The evidence of interlaminar epidural steroid injections in
managing lumbar radiculopathy is strong for short-term relief
and limited for long-term relief.

Pain Physician: January 2007:10:7-111

In managing cervical radiculopathy,
the evidence is moderate for short-term and long-term
relief.

•

Pain Physician: January 2007:10:7-111

The evidence for lumbar transforaminal ESI in managing lumbar nerve root
pain is strong for short-term and moderate for long-term improvement.
The evidence for cervical transforaminal ESI in managing cervical nerve root
pain is moderate for short-term and long-term improvement.

Pain Physician: January 2007:10:7-111

The evidence for caudal epidural steroid injections is
strong for short-term relief and moderate for long-term relief, in
managing chronic low back and radicular pain. The evidence in postlumbar laminectomy syndrome and spinal stenosis is limited.

Pain Physician: January 2007:10:7-111

SIDE Effects OF ESs
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COMMON SIDE ACTION OF ESs

• Hyperglycemia
suppression….

&

Adrenal

• Exogenous glucocorticoids(GC) —
mimic the bodies own stress response. Increased
gluconeogenesis, glycogenolysis, the catabolism of
proteins and lipids, and inhibition of glucose uptake
in peripheral tissues all contribute to the rise in
blood glucose affected by GC.

Insulin sensitivity in 10 healthy patients with sciatica expressed as the rate of glucose
disappearance (kITT) during a short insulin tolerance test at baseline (PRE) and 24 h (ACUTE)
and 1 week (POST) after an epidural injection of 80 mg triamcinolone acetonide.

Ward A et al. Rheumatology 2002;41:68-71
© British Society for Rheumatology

Fasting 9 a.m. serum cortisol levels in 10 healthy patients with sciatica before and after
glucocorticoid epidural (time course as in Fig. 1).

Ward A et al. Rheumatology 2002;41:68-71
© British Society for Rheumatology

Rheumatology Oxford journal 2002;41:68–71
TABLE 1.
Mean (S.D.) insulin sensitivity (kITT) and fasting glucose, insulin and cortisol levels in 10
healthy individuals with sciatica measured before (Pre), 24 h after (Acute) and 1 week
after (Post) a caudal epidural containing 80 mg triamcinolone acetonide
kITT (%/min)

Pre
3.7 (1.4)

Acute
1.9 (1.0)

Post
3.4 (0.9)

Blood glucose (mmol/l)*

4.7 (1.1)

5.3 (1.2)

4.6 (1.1)

Plasma insulin (mU/l)*

11.6 (1.9)

16.2 (1.7)

11.8 (1.5)

Serum cortisol (nmol/l)*

352 (1.5)

49 (2.0)

96 (2.9)

Result :
• The rate of glucose disappearance after insulin
administration (k(ITT)) fell from 3.6%/min
before the epidural to 1.9%/min 24 h
afterwards (P=0.001) and returned to
pretreatment values by 1 week. Significantly
raised fasting insulin and glucose levels also
reflected impaired insulin sensitivity
immediately after the epidural. Morning
cortisol levels were suppressed after the
epidural (49 nmol/l at 24 h and 95 nmol/l at 1
week vs 352 nmol/l at baseline; P<0.01).

CONCLUSIONS:
• Epidural administration of glucocorticoid
results in potent suppression of insulin action
and this should be taken into account when
patients with diabetes require treatment for
sciatica.

Vol. 1, 340-345, April 2009 DOI: 10.1016/j.pmrj.

Results
• There was a 106 mg/dL average elevation in
blood glucose level on the evening of the
injection day. The blood glucose elevation
remained statistically significant for 3 days after
the injection (P < .002). .
Conclusions
• Lumbosacral transforaminal and caudal epidural
betamethasone injections are associated with
statistically significant elevations in blood
glucoselevels in diabetic subjects. This effect
peaked on the day of the injection and lasted
approximately 2 days.
Vol. 1, 340-345, April 2009 DOI:
10.1016/j.pmrj.2008.12.007

result
• We noted a statistically significant increase in blood glucose levels in
diabetic patients (n = 30) after ESI. The mean blood glucose

level prior to ESI was 160.18 ± 47.46, and, after
ESI, it was 286.13 ± 111.11. This represents an
average 125.96 ± 100.97 increase in blood glucose
levels after injection. Using a nonlinear mixed effect model,
the estimated half-life of this increase was 1.06
days (95% CI 0.80, 1.58), meaning that the patients were back within
their normal standard deviation mean glucose levels within 2 days of
injection. There was no association between

observed glucose level change and preinjection
hA(1c) levels or age (Spearman = 0.0326 and -0.1091
separately), indicating that there is no correlation
between preinjection hA(1c) levels and systemic
response to ESI.

CONCLUSION:
• ESIs were noted to cause a significant increase in
the blood glucose levels in diabetics. There was
no correlation between preinjection diabetic
control, represented by hA(1c) levels, and
postinjection response. Diabetics who are
candidates for ESI should be counseled that a
blood glucose increase may be apparent post
intervention, but effects should not last longer
than approximately 2 days.

Results
• Mean systolic blood pressure increased significantly between
baseline (123+/-10 mmHg) and the first two post-treatment visits
(day 1, 127+/-9 mmHg; and day 7, 128+/-10 mmHg) but returned to
baseline values by the third post-treatment visit (day 21). Mean

postprandial blood glucose was significantly higher at
the day 1 post-treatment visit (10.1+/-5.4 mmol/l)
than at baseline (7.5+/-2.9 mmol/l). At the day 7 posttreatment visit, blood glucose remained significantly
elevated compared to baseline in the 12 diabetic
patients (13.9+/-4.8 mmol/l versus 9.4+/-3.3 mmol/l at
baseline). In both the overall population and the various
subgroups, plasma cortisol and ACTH and urinary free cortisol were
markedly reduced at the day 1 and day 7 post-treatment visits,
compared to baseline. At the day 21 visit, these variables were
diminished in the group given epidural injections, whereas plasma
cortisol and ACTH were normal in the group treated intra-articularly.

No significant variations were noted for fasting blood
glucose or for serum levels of cholesterol, triglycerides, sodium,

and potassium.

CONCLUSION:
• The administration of three local cortivazol
injections was followed by suppression of the
corticotropic axis that persisted beyond 21 days
after epidural injection and recovered more
rapidly after intra-articular injection. Systolic
blood pressure increased transiently. Elevations
in postprandial glucose levels lasted longer in
diabetic than non-diabetic patients.

Results
• Serum cortisol, ACTH and urinary cortisol were
profoundly decreased on D2 and D7 but normal
on D21. There were no changes in fasting serum
glucose, triglycerides, cholesterol, sodium or
potassium levels.
CONCLUSION:
• a single epidural injection of 15 mg
dexamethasone acetate is associated with
transient adrenal suppression, denoting passage
of the steroid into the systemic bloodstream.

Glucocorticoids
• Glucocorticoids are life-sustaining cholesterol
derivatives produced in the zona fasciculata of
the adrenal cortex under the negative feedback
control of both the hypothalamus and pituitary
gland, maintained by the hypothalamic- pituitaryadrenal (HPA) axis.
• The hypothalamus produces corticotropinreleasing hormone (CRH), which stimulates the
pituitary gland to synthesize adrenocorticotropic
hormone (ACTH) to signal production of cortisol,
the main endogenous glucocorticoid (1, 3, 64)
Pain Physician Vol. 5, No. 2, 2002

Glucocorticoids
• Glucocorticoids play a crucial role in maintaining
cell homeostasis and viability of the organism.
• Glucocorticoids are required to maintain normal
carbohydrate, lipid, and protein metabolism (64).
• Glucocorticoids are postulated to enhance
normal immune activity and wound healing,
maintenance of cardiovascular integrity and
cardiac contractility, and various other functions
(64).

Pain Physician Vol. 5, No. 2, 2002
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Does it causes adrenal
suppression

• Recently it has been estimated that glucocorticoid
secretions are approximately 5 mg/m2 per day to 10
mg/m2 per day of cortisol, which is apparently much
less than previously reported (67, 68).
• These estimates of glucocorticoid secretion are
equivalent to about 20 to 30 mg/day of hydrocortisone
or 5 to 7 mg/day of oral prednisone.
• However, the synthesis of cortisol can increase 5- to
10-fold under conditions of severe stress, to a maximal
level of approximately 100 mg/m2/day (3, 69).

Pain Physician Vol. 5, No. 2, 2002

• Recent literature suggests that patients who receive
5mg/day or less of prednisone continue to have an intact
HPA axis (78). However, the recovery of the HPA axis after
the discontinuation of exogenous glucocorticoids may take
up to a year (69).
• Measure of plasma cortisol levels when patients are not
receiving exogenous glucocorticoids and judicious
application of adrenal stimulation with a lower high-dose
cosyntropin stimulation test are recommended on an
individual basis to determine HPA axis reserve in persons
with adrenal suppression secondary to glucocorticoid
therapy (2, 79).
Role of Neuraxial Steroids in Interventional Pain Management
Pain Physician, Volume 5, Number 2, pp 182-199
2002, American Society of Interventional Pain Physicians®
ISSN 1533-3159

Janicki et al (73) reported pharmacokinetic analysis of
methylprednisolone after epidural administration in
rabbits, with only traces of methylprednisolone being
detected at 6 and 12 hours after the administration of
highest epidural dose of the drug, ie, 5 mg/kg,
whereas plasma methylprednisolone levels were
undetectable at 24 to 72 hours after 5 mg/kg
dose and at all sampling times for the epidural doses
of 2.5 and 1.25 mg/kg.

Role of Neuraxial Steroids in Interventional Pain Management
Pain Physician, Volume 5, Number 2, pp 182-199
2002, American Society of Interventional Pain Physicians®
ISSN 1533-3159

Jacobs et al (71) studied 12 patients
following
administration of a single lumbar epidural
steroid
injection of methylprednisolone acetate,
80 mg, and found no absorption of the
corticosteroid into the systemic circulation
Role of Neuraxial Steroids in Interventional Pain Management
Pain Physician, Volume 5, Number 2, pp 182-199
2002, American Society of Interventional Pain Physicians®
ISSN 1533-3159

Results; 22 pt . Plasma cortisol values on day 0
(immediately before epidural steroid injection) and
on day 14. Baseline and stimulated plasma cortisol
values differed significantly between day 0 and 14
(p<0.001).
Conclusions: 14 Days after epidural lumbar steroid
therapy, a high incidence of deficient ACTH
stimulation tests with depressed baseline plasma
cortisol values were found, and therefore, by
means of the low-dose ACTH test, adrenal
insufficiency can be diagnosed in high proportion of
these patients. These patients not only have
diminished stimulated plasma cortisol levels, but
also significantly reduced cortisol increase to ACTH.

Epidural steroids (ESI) are often used for the treatment of low
At 48 days after the first ESI (34 days after the third ESI), plasma ACTH and
back pain but their effects on the endocrine system have not been
Cortisol were significantly suppressed only in the group that had received
determined. We studied the hypothalamic-pituitary adrenal
midazolam before each ESI. At 48 days, the plasma Cortisol response to
(HPA) axis in 14 patients by measuring plasma
cosyntropin was blunted (<500 nmol/L) in 5 of 14 patients. All patients had
adrenocorticotropin (ACTH) by sensitive two-site
a normal Cortisol response to cosyntropin by 3 mo after the last ESI.
immunoradiometric assay and by evaluating the acute Cortisol
Weekly ESI over 3 wk caused a dramatic acute and chronic suppression of
response to cosyntropin. We also evaluated the additional impact
the HPA axis. Median suppression was less than 1 mo, and all patients had
of sedation with midazolam before ESI on the degree of
recovered by 3 mo. Sedation with midazolam accentuated the
suppression of the HPA axis. Plasma ACTH and Cortisol were
suppression of the HPA axis. Exogenous steroid coverage during this
significantly suppressed 7 days after the first ESI; the group
potentially vulnerable period should be considered in patients undergoing
receiving midazolam was more suppressed. By 14 days after the
major stress especially if the adrenocortical response to ACTH is subnormal.
first ESI (7 days after the second ESI), plasma ACTH was more
suppressed in the group receiving midazolam and plasma Cortisol
was markedly suppressed in both groups.

Summary
Adrenocortical function was tested in 12 patients following a single
lumbar extradural injection of methyl-prednisolone acetate (‘DepoMedrol’) 80 mg as treatment for chronic sciatica. There was no
absorption of the corticosteroid into the systemic circulation, but
marked suppression of plasma Cortisol levels was documented for up to
3 weeks following the injection and the capacity of the adrenal cortex
to secrete Cortisol in response to synthetic adrenocorticotrophin (ACTH)
was diminished. These results suggest that the dose and frequency of
extradural steroid administration should be kept to a minimum to
prevent suppression of the hypothalamicjpituitaryladrenocortical axis
and that patients thus treated should he considered candidates for
steroid cover during surgery and other stressful procedures

Overview
Epidural steroid injections (ESIs) have been endorsed by
the North American Spine Society and the Agency for
Healthcare Research and Quality (formerly, the Agency
for Health Care Policy and Research) of the Department
of Health and Human Services as an integral part of
nonsurgical management of radicular pain from lumbar
spine disorders.

Epidural Steroid Injections, Medscape reference
,Author: Boqing Chen, MD, PhD; Chief Editor: Rene Cailliet, MD more..
Medscape Reference

• Timing;
unknown, but as long as there are no signs of
progressive neurologic deficits), epidural
injection is indicated for pain control.

Epidural Steroid Injections, Medscape reference
,Author: Boqing Chen, MD, PhD; Chief Editor: Rene Cailliet, MD more..
Medscape Reference

Frequencies:
• The interval between injections varies with the steroid
preparation used. Because injected methylprednisolone has
been reported to remain in situ for approximately 2 weeks,
the clinician should consider waiting approximately 2 weeks
after the injection to assess the patient's response.
• The ideal number of epidural injections to be administered
for a given clinical scenario is often unclear, because there
are no clear data in the current literature on the exact
number ESIs to be administered and the timing that should
be employed. Clinical practice patterns, however, suggest
that up to 3-4 injections may be used for acute radicular pain
syndromes
Epidural Steroid Injections, medscape reference
,Author: Boqing Chen, MD, PhD; Chief Editor: Rene Cailliet, MD more..
Medscape Reference

Frequencies:
• Some authors recommend one injection for diagnostic
as well as therapeutic purposes; others preach three
injections in a series irrespective of patient’s progress
or lack thereof;
• still others suggest three injections followed by a
repeat course of three injections after 3; 6; or 12month intervals; whereas others propose an unlimited
number of injections with no established goals or
parameters.
• A limitation of 3 mg/kg of body weight of steroid or
210 mg/year in an average person and a lifetime dose
of 420 mg of steroid also has been advocated
Pain Physician, Volume 5, Number 2, pp 182-199182 2002, American Society of
Interventional Pain Physicians® ISSN 1533-3159

Doses:
Studies have suggested that, depending on the particular clinical
scenario, the total dose of methylprednisolone should probably not
exceed approximately 3 mg/kg of body weight, in order to prevent
excessive salt and water retention.
A study of methylprednisolone dosage in patients with chronic
lower back pain found that a 40-mg dose is just as effective as an
80-mg dose in improving disability. The lower dose should be
considered for patients who receive repeat injections.[17]
For interlaminar ESIs, the typical corticosteroid doses are 12-18 mg
for betamethasone and 80-120 mg for methylprednisolone. Half of
these steroid doses are generally used when performing
transforaminal ESIs. The epidural steroid is injected in a diluent,
such as lidocaine (1-2%) and/or normal saline.

Epidural Steroid Injections Medscape refrences
Author: Boqing Chen, MD, PhD; Chief Editor: Rene Cailliet, MD more..
Medscape Reference
.

The volume of the injection is directed mainly by the approach
used:
In cervical and thoracic epidural injections, a total of 3-5 mL
may be used for ESIs employing the interlaminar approach.
However, in cervical and thoracic transforaminal ESIs, clinicians
generally use a total volume of only about 1.5-2 mL.
The volume used for lumbar ESIs is slightly greater, generally
being 6-10 mL for interlaminar ESIs, up to 20 mL for caudal ESIs,
and 3-4 mL for transforaminal ESIs.

Epidural Steroid Injections , medscape reference
Author: Boqing Chen, MD, PhD; Chief Editor: Rene Cailliet, MD more..
Medscape Reference

• However, patients with adrenal
suppression secondary to corticosteroid
drug therapy usually have intact
mineralocorticoid function via the reninangiotensin aldosterone system (1).

Role of Neuraxial Steroids in Interventional Pain Management
Pain Physician, Volume 5, Number 2, pp 182-199
2002, American Society of Interventional Pain Physicians®
ISSN 1533-3159

Role of Neuraxial Steroids in Interventional Pain Management
Pain Physician, Volume 5, Number 2, pp 182-199
2002, American Society of Interventional Pain Physicians®
ISSN 1533-3159

In summary
Epidural steroids results in elevation of blood glucose
for limited period of time (2 days) by:1- Decrease sensitivity to insulin.
2- Modulation of pancreatic insulin secretion.
3- Modulation of hepatic and extra-hepatic responses to
insulin.
4- Glucocorticoids are important stress hormones whose
hyperglycemic effects are enhanced in disease states such
as DM where insulin secretion is limited .
McMahon M, Gerich J, Rizza R. Effects of gluco- corticoids on carbohydrate metabolism. Diabetes Metab Rev
1988;4:17–30.

In summary
The patients with diabetes should be given specific
advice on the management of their condition after
glucocorticoid epidural in the form of a protocol
jointly agreed by the interventionist , rheumatology
and diabetes teams.
In addition, the possibility of impaired stress
responses due to adrenal suppression should be
borne in mind in any patient who has received a
glucocorticoid epidural within the last month.
Finally, when investigating a patient with insulin
resistance or impaired glucose tolerance, a history
of recent glucocorticoid exposure should include
epidural administration.

