
Background: Epidural injection of corticosteroids is a commonly used treatment for 
radicular pain. However, the benefits are often short lived, and repeated injections are often 
limited secondary to concerns of side effects from cumulative steroid doses. In addition, rare, 
catastrophic complications, including brain and spinal cord embolic infarcts have been attributed 
to particulate steroid injections. A previous study has shown that dexamethasone has less 
particulate than other corticosteroids, possibly reducing embolic risk. Furthermore, a recent study 
indicated that clonidine may be useful in the treatment of radicular pain when administered via 
epidural steroid injection. The combination of corticosteroid and clonidine is an intriguing, yet 
unstudied, alternative to traditional treatment. 

Objective: Our study examines whether mixing clonidine and various corticosteroids results in 
increased particle size or aggregation.

Methods: Evaluations under light microscopy for particle size were made of samples of clonidine 
alone and clonidine mixed with equal parts of 3 corticosteroids solutions: dexamethasone sodium 
phosphate injection, triamcinolone acetonide injectable suspension, and betamethasone sodium 
phosphate and betamethasone acetate injectable suspension. Four mL each of clonidine (100 μcg/
mL), clonidine (100 μcg/mL) + dexamethasone sodium phosphate injection (4 mg/mL), clonidine 
(100 μcg/mL) + triamcinolone acetonide injectable suspension (40 mg/mL), and clonidine (100 
μcg/mL) + betamethasone sodium phosphate and betamethasone acetate injectable suspension 
(6 mg/mL) were examined Their particle sizes were compared to measurements taken when each 
steroid solution was examined alone.

Results: Clonidine was determined to be nonparticulate when examined by light microscopy. 
Clonidine mixed with equal parts of each of the 3 corticosteroids mentioned above did not result 
in increased clumping or increased particle size over each of the corticosteroids measured alone. 

Conclusion: Mixing clonidine with corticosteroids did not increase particulation compared to 
corticosteroids alone. Combining clonidine and corticosteroids for epidural injection may prove 
to be a useful treatment for radicular pain. The combination of these is unlikely to result in a 
solution that is more likely to cause embolic infarcts than the use of corticosteroids alone.
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Injection of epidural steroids is a widely practiced 
intervention for the treatment of back pain 
with radicular symptoms (1). Indeed, epidural 

steroid injections are the most commonly performed 
intervention used in the United States to manage 

chronic and subacute low back pain (2-8). There is 
sufficient evidence regarding the short-term efficacy 
of epidural steroid injections but few trials have 
evaluated long-term outcomes (3-7). Further, the well 
known complications of cumulative steroid dosing 
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A recent study by Burgher et al (48) indicates that cloni-
dine may be useful in the treatment of radicular pain 
when administered epidurally. Clonidine, an alpha 2 
agonist, is both an analgesic and an anti-inflammatory. 
Alpha-2 receptors, where clonidine exerts its effect, are 
located in the central nervous system, as well as on pe-
ripheral nerves. There is evidence that the analgesic ef-
fects of clonidine are exerted at the level of the spinal 
cord, but other potential mechanisms exist, including 
the blockade of C and A-delta fibers, increasing potas-
sium conductance, and augmenting local anesthetic 
blockade. Multiple studies support the safety and ef-
ficacy of clonidine for epidural use (49). Furthermore, 
clonidine is not anticipated to be associated with cumu-
lative dose toxicity. The study by Burgher et al (48) ran-
domized patients receiving transforaminal epidural ste-
roid injections to either lidocaine + clonidine injections 
or lidocaine + triamcinolone injections. No differences 
were noted between the 2 groups on measurements of 
pain intensity rating at one month. Functional measures 
revealed additional improvement in the triamcinolone 
group at one month (48). The use of clonidine for epi-
dural injection, either alone or as an adjunct to corti-
costeroid, has potential for patient benefit both from 
the standpoint of improving pain control and perhaps 
allowing for decreased dosing and/or the frequency of 
steroid injections. Both of these would have obvious ad-
vantages for patient care.

Given the positive results of Burgher et al’s study 
(48), future studies may focus on the efficacy of comb-
ing corticosteroids and clonidine. Prior to undertaking 
such a study it is important to know if the addition of 
clonidine has any effect on corticosteroid particle size 
and/or aggregation. We hypothesized that mixing cloni-
dine at a standard concentration with various commonly 
used preparations of 3 corticosteroids would not result 
in increased particle size or aggregation over that seen 
when corticosteroids are examined alone. 

Methods

Three common steroid preparations were utilized 
in this study: Celestone Soluspan (Schering, Kenilworth, 
NJ), a trade name of betamethasone; Kenalog-40 (Bris-
tol-Meyers Squibb Company, Princeton, NJ) a trade 
name of triamcinolone; and Dexamethasone Sodium 
Phosphate (American Regent, Inc, Shirley, NY). One for-
mulation of clonidine, Duraclon (Xanodyne Pharmaceu-
ticals, Inc, Newport, KY), was utilized for the study. Each 
of the above agents was examined alone, along with 
each of the steroids with equal parts clonidine.

limit the frequency of administering epidural steroids 
(9). Epidurally administered steroids are known to 
cross into the systemic circulation and affect nearly 
every major organ system in the body (10).

Obviously, the risks of epidural steroid injections 
are not limited to complications from systemic absorp-
tion of the steroid. Entry to the epidural space can be 
achieved via interlaminar, transforaminal, or caudal ap-
proaches. The route with which epidural steroids are 
delivered often depends on the anatomy of the patient 
and the experience of the clinician providing care. Stud-
ies have shown that fluoroscopically directed epidural 
injections with or without steroids may offer greater 
efficacy (11-23). However, transforaminal epidural in-
jections are considered more effective than caudal and 
interlaminar but are associated with an increased risk of 
ischemic neurologic injury (24-29). Multiple mechanisms 
of injury have been hypothesized. Cortisone-induced va-
sospasm of the vascular endothelium may be one mech-
anism (29,30). Another possibility is that particles in the 
steroid itself may embolize, jeopardizing blood flow to 
the anterior spinal artery, resulting in spinal cord injury 
(29,31). While the risks of transforaminal injection in the 
cervical cord may seem more obvious (32-38), there are 
reports of significant neurological injury and paraplegia 
after lumbar transforaminal injection as well (39-46). 

With embolization and possible obstruction of the 
anterior spinal artery as a potential mechanism for the 
serious complications that have been reported after 
transforaminal epidural steroid injection, an obvious 
response may be to search for injectable anti-inflam-
matories that are less particulate. A study by Derby et 
al (47) delineated the size and potential to aggregate 
of various steroid preparations that are most common-
ly used in the United States for epidural injection. The 
study compared preparations of dexamethasone, triam-
cinolone, betamethasone, and methylprednisolone mi-
croscopically, examining each for particulate matter and 
tendency to form aggregates. Next, particles and aggre-
gates were compared to red blood cell size. Presumably, 
if smaller than red blood cells, the particles and/or ag-
gregates should pass more easily through small vessels. 
They found that dexamethasone contained particles 10 
times smaller than red blood cells and without obvious 
potential to aggregate, while both triamcinolone and 
betamethasone contained particles that tended to ag-
gregate, with many aggregates larger in size than red 
blood cells.

The risks and limits of corticosteroids have contrib-
uted to a continued search for novel epidural therapy. 
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The preparations studied were: Dexamethasone 
Sodium Phosphate, 4 mg/mL; Celestone Soluspan, 6 
mg/mL; and Kenalog-40, 40 mg/mL. Clonidine 0.1 mg/
mL was also examined. Initially, one mL of each steroid 
preparation was examined alone. Then, clonidine one 
mL was examined alone. Further, each steroid solution 
was mixed 1:1 with clonidine (one mL steroid with 1 mL 
clonidine) and examined.	

After mixing, each of the steroid solutions and 
mixtures was distributed on a glass slide in an area of 
approximately one cm in diameter. Each slide was ex-
amined by light microscopy at a magnification of 200X 
in 4 areas. Initial sites for examination were selected by 
random number generator. Photographs were taken 
in each of the 4 areas selected, and particle sizes were 
measured. 

Results 
The various steroid preparations exhibited differ-

ent properties in terms of particle size, shape, and the 
prevalence and size of aggregates. For comparison, the 

size of red blood cells has previously been determined 
as 7.5 – 7.8 μm in diameter, providing a reference for 
the size of our particles and aggregates (48).

Dexamethasone
At 200X magnification, the dexamethasone 4 mg/

mL solution had no measurable particles, and there was 
no apparent aggregation in the solution. The clonidine 
and dexamethasone solution also had no measurable 
particles or evidence of aggregation.

Triamcinolone
The triamcinolone 40 mg/mL solution contained 

particles measuring 2.3 μm to 200 μm. The particles 
were densely packed with extensive aggregation ob-
served. These measurements were similar to those re-
ported by Derby et al (47). The clonidine:triamcinolone 
mixture resulted in particles measuring 3.1 – 82 μm, 
with many clumps and aggregates noted (Fig. 1). There 
was no increased size or aggregation noted when cloni-
dine was added to triamcinolone 40mg/mL. (Fig. 1.)

Fig. 1.  Microscopic findings of  triamcinolone 40 mg/mL mixed with clonidine 100 μg/mL.
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Betamethsone
The betamethasone 6mg/mL solution contained 

long, rod-shaped particles of varying sizes. The particles 
formed extensive aggregates. These measured from 1.5 
to 77 μm, but most were much smaller than the maxi-
mum measurement. These measurements were simi-
lar to those reported by Derby et al (47). Mixed with 
clonidine, the betamethasone solution resulted in more 
long particles with aggregates from 2.2 to 54.6 μm (Fig. 
2). There was no increased size or aggregation noted 
when clonidine was added to betamethasone 6 mg/mL 
(Fig. 2). 

Clonidine 
Clonidine (100 μg/mL) alone resulted in no measur-

able particles and thus, no aggregates.

Discussion

This study examined whether clonidine, when used 
alone or added to steroid preparations commonly uti-
lized for epidural steroid injection, resulted in increased 
particles or aggregation over what is seen with the ste-
roids themselves. We found that not only were there no 
particles in clonidine alone, this medication also did not 
contribute to increase in particulate size or aggregation 
when mixed with steroid.

Derby et al (47) have shown that some of the 
steroid preparations commonly used for epidural in-
jections contain particles and aggregates that, when 
compared in size to red blood cells, could be sizable 
enough to occlude small vessels of the microcircula-
tion. Dexamethasone contained no appreciable par-

Fig. 2. Microscopic finding of  betamethasone 6 mg/mL mixed with clonidine 100 μg/mL.
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ticles or aggregations. However, both triamcinolone 
and betamethasone alone contained large particles 
and aggregates. Interestingly, no adverse neurologic 
events have been reported when nonparticulate ste-
roids have been used. This lends evidence to the the-
ory that the neurologic compromise seen after trans-
foraminal steroid injections is secondary to particle 
embolization (47). Furthermore, a recent study has 
shown no difference in efficacy when comparing par-
ticulate to nonparticulate corticosteroids in treating 
cervical radiculopathy (50) which raises the question 
of whether or not particulate steroids should ever be 
used in neuroaxial injections.

Clonidine may be a useful adjunct or single agent 
treatment in epidural injections for multiple reasons. 
Analgesia is mediated by its action at alpha 2 receptors 
in the central nervous system. Clonidine may also pos-
sess significant anti-inflammatory activity that would 
also decrease pain (51). Further, clonidine is known to 
be a safe to administer epidurally (49). A recent study 
by Burgher et al (48) reveals that clonidine may result 
in pain relief that is comparable, when administered in 
the epidural space, to steroid. Further studies are need-
ed to determine if the combination of clonidine with 
corticosteroids offers any clinical advantage to either 
medication injected alone.

The risks associated with inadvertent injection of 
particulate steroids into the arteries supplying the cen-
tral nervous system, particularly with transforaminal 
injections, have come under discussion in recent years. 
Multiple case reports have surfaced citing significant 
morbidity following these injections when particulates 
were utilized (37,39).

Clearly, safe adjunctive medications that decrease 

steroid utilization while maintaining efficacy may find 
a role in epidural steroid injection. 

The present study was limited to observing various 
dissolved corticosteroid preparations with clonidine in 
vitro under a microscope. Making the observations in 
vivo in blood would be difficult, given that the visual 
density of blood would make observation and photog-
raphy of particles and aggregates of steroids virtually 
impossible. However, since clonidine alone and with 
the steroids did not result in any increase in particulate 
matter, and since clonidine is soluble in water, it is logi-
cal to conclude that the addition of clonidine to epi-
dural steroid injectate would not result in any increase 
in risk for arterial or capillary obstruction over the use 
of the individual steroids alone.

Conclusion

Derby et al (47) have shown that commonly used 
steroid preparations vary greatly in particulate size and 
tendency to aggregate. Dexamethasone does not tend 
to form particles or to clump. Both triamcinolone and 
betamethasone contain particles and form extensive ag-
gregates which tend to be much larger than red blood 
cells. Thus, it is logical to deduce that epidural steroid 
injections containing dexamethasone may be less likely 
to cause arterial or capillary obstruction. Furthermore, 
a recent study by Burgher et al (48) indicates that cloni-
dine may be useful in the treatment of radicular pain 
when administered via epidural steroid injection. The 
combination of steroid and clonidine may be a logical 
next step in the evolution of epidural steroid therapy. 
In this study, clonidine was noted not to increase par-
ticulate matter or aggregation when combined with 
dexamethasone, triamcinolone, or betamethasone.
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