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ABSTRACT

Objective. 'The purpose of this study was to document particulate size in commonly used corticos-
teroid preparations. Inadvertent injection of particulate corticosteroids into a vertebral or foraminal
artery can cause brain and spinal cord embolic infarcts and the size of the particles could be directly
related to the chance that a clinically significant infarct would occur. One might assume that
corticosteroids with particles significantly smaller than red blood cells might be safer.

Design. The following four types of corticosteroid preparations were used in various solutions and
evaluated under light microscopy: dexamethasone sodium phosphate injection, triamcinolone ace-
tonide injectable suspension, betamethasone sodium phosphate and betamethasone acetate inject-
able suspension, and methylprednisolone acetate injectable suspension.

Results. Dexamethasone sodium phosphate particle size was approximately 10 times smaller than
red blood cells and the particles did not appear to aggregate; even mixed with 1% lidocaine HCI
solution and with contrast dye, the size of the particles were unchanged. Triamcinolone acetonide
and betamethasone sodium phosphate showed variable sizes; some particles were larger than red
blood cells, and aggregation of particles was evident. Methylprednisolone acetate showed unifor-
mity in size and the majority were smaller than red blood cells which were not aggregated, but the
particles were densely packed.

Conclusions. Compared with the particulate steroid solutions, dexamethasone sodium phosphate had
particles that were significantly smaller than red blood cells, had the least tendency to aggregation,
and had the lowest density. These characteristics should significantly reduce the risk of embolic
infarcts or prevent them from occurring after intra-arterial injection. Until shown otherwise in
clinical studies, interventionalists might consider using dexamethasone or another corticosteroid
preparation with similar high solubility and negligible particle size when performing epidural
injections.
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Introduction

pidural injection of corticosteroids is a com-
monly used treatment for radicular pain [1-

11]. Although there are no controlled randomized
trials evaluating the effectiveness of epidural ste-
roid injections for treating upper extremity pain,
prospective studies have shown significant reduc-
tion in extremity pain following transforaminal
and interlaminar injection [1,12,13], and random-
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ized controlled studies have shown the effective
use of epidural injection of corticosteroids in
relieving lower extremity pain [3,14-17].
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The interlaminar and transforaminal ap-
proaches are the most common methods used to
access the cervical epidural space. The interlami-
nar approach typically achieves a multiple seg-
mental dispersion of injected solutions. When
radicular pain is caused by foraminal stenosis or
disk protrusions, the transforaminal approach
has the advantage of being more selective and is
thus more likely to achieve a higher concen-
tration of injected solution within the foramen
[18-20].

Serious injury to the central nervous system has
been reported following cervical transforaminal
injection of corticosteroids [18,21-24]. These
complications have prompted an ongoing debate
on the risk vs the benefit of this procedure [23,25].
Although clinicians have performed hundreds, if
not thousands, of cervical epidural steroid injec-
tions without injury to the spinal cord or brain,
the exponential increase in the use of these proce-
dures by a growing number of interventionalists
contributes to the increasing number of reported
and unreported complications. The most
likely causes of these complications include the
following [26,27]:

* spinal cord trauma following direct injection
into the spinal cord;

* an infarction of the brain following injection of
particulate corticosteroids into the vertebral
artery;

* an infarction of the spinal cord following injec-
tion of particulate corticosteroids into a radicu-
lar or communicating artery;

* a compression of the spinal cord from an epidu-
ral hematoma or abscess; and

* an infarction of either the brain or the spinal
cord secondary to spasm, physical trauma, or a
compression of either the verterbral, the radic-
ular, or a communicating artery.

Injuries involving the spinal cord are variations
of anterior spinal artery syndrome [28]. “Anterior
spinal artery syndrome is defined as complete
motor paralysis with loss of pain and temperature
sense, but sparing of position, vibration, and
motion sense in the posterior columns. It occurs
when the territory of the anterior spinal artery,
supplying the ventral two-thirds of the spinal cord,
is involved” [29]. Although injection into the ver-
tebral artery should be recognized during the test
injection of contrast medium, even with accurate
needle placement and the injection of contrast,
injection into a radicular or a communicating
artery is difficult to detect due to the small diam-
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eter and fleetingly brief flow of contrast medium
[18,23].

One might assume that if a nonparticulate
solution was injected into an artery, there would
be little or no risk of an embolic infarct. In fact,
some physicians advocate the use of a test dose
of local anesthetic before the injection of partic-
ulate corticosteroids [23]. Injection of local anes-
thetic into a vertebral artery can cause a seizure,
but if the airway and blood pressure are man-
aged the patient should recover uneventfully
within minutes. Although we can only speculate
what would happen if a small dose were injected
into a radicular artery, Karasek and Bogduk
recently reported transient quadriparesis follow-
ing the test dose of local anesthetic during a
transforaminal epidural injection. The procedure
was aborted and the patient recovered quickly
and uneventfully [30].

Anecdotally, no serious complications have
been cited that were caused by the injection of a
nonparticulate steroid. However, the injection
of particulate steroids has been associated with
brain and spinal cord infarctions [12,22,
23,31,32]. This is believed to occur because the
size of particles in commonly used steroid prepa-
rations equals or exceeds the caliber of many
arteries. Tiso et al. postulated that these compli-
cations were caused by embolism [32] and others
have agreed that infarctions caused by particulate
steroid emboli are a primary cause of complica-
tions [18,23,33]. In addition, one could logically
propose that the greater the size of the particle,
the greater the risk of obstruction in terminal
arterioles.

Cerebellar infarction caused by the injection of
particulate steroids into the vertebral artery is an
event seen by experts reviewing litigated cases
[26,34]. Similar to brain infarctions caused by the
injection of particulate solutions into the vertebral
artery [23,25,30,35], the injection of a particulate
solution into a radicular or a communicating
branch of the ascending or deep cervical artery is
a likely cause of spinal cord infarcts [27]. Spasm or
physical trauma to the artery is another potential,
but less likely cause of these spinal cord infarcts.
In addition, embolism can be caused by injected
air [33,36-38].

Although researchers have examined various
steroid mixtures under the microscope, to our
knowledge no one has formally reported their
observations. Moreover, there has been no study
to determine whether nonparticulate steroids are
safe. In all cases of misadventure reported in the
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literature, particulate steroids have been used. No
complications have been reported following the
use of nonparticulate preparations.

In the following observational study, we evalu-
ated the particle size of various commonly used
corticosteroid mixtures. We compared the relative
particle sizes in these preparations with the size
of red blood cells and also observed particulate
density and aggregation.

Methods

Four proprietary steroid preparations were
studied: Decadron® (Baxter Healthcare Corp.,
Deerfield, IL), Kenalog® (Bristol-Myers Squibb
Company, Princeton, NJ), Celestone Soluspan®
(Schering, Kenilworth, NJ) and Depo-Medrol®
(Pharmacia & Upjohn, Kalamazoo, MI). Various
standard concentrations of these agents were
examined, along with certain mixtures.

Each milliliter of Decadron® 4 mg/mL contains
dexamethasone sodium phosphate equivalent to
4 mg dexamethasone phosphate or 3.33 mg dex-
amethasone. Inactive ingredients per milliliter
are: 8mg creatinine, 10mg sodium citrate,
sodium hydroxide to adjust pH, and water for
injection q.s., with 1 mg sodium bisulfite, 1.5 mg
methylparaben, and 0.2 mg propylparaben added
as preservatives. Dexamethasone sodium phos-
phate forms a white or slightly yellow crystalline
powder. It is freely soluble in water and is exceed-
ingly hygroscopic. Infusion solutions generally do
not contain preservatives [39].

Kenalog®10 and Kenalog®40 are sterile
aqueous suspensions that contain 10 mg/mL or
40 mg/mL triamcinolone acetonide, respectively;
sodium chloride for isotonicity; 0.9% (w/v) benzyl
alcohol; 0.75% carboxymethylcellulose sodium;
and 0.04% polysorbate 80. In some solutions,
sodium hydroxide or hydrochloric acid may be
added by the manufacturer to adjust pH to
between 5.0 and 7.5 [39].

Each milliliter of Celestone Soluspan® contains
3.0 mg betamethasone as betamethasone sodium
phosphate; 3.0 mg betamethasone acetate; 7.1 mg
dibasic sodium phosphate; 3.4 mg monobasic
sodium phosphate; 0.1 mg edentate disodium;
and 0.2 mg benzalkonium chloride. Betametha-
sone sodium phosphate is a sterile, aqueous sus-
pension with a pH of between 6.8 and 7.2. It is a
white to off-white, or creamy white, odorless pow-
der and is hygroscopic. It is practically insoluble
in water, but freely soluble in acetate, and is solu-
ble in alcohol and chloroform [39].
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Preparations of Depo-Medrol® 40 mg/mL con-
tain methylprednisolone 40 mg; polyethylene gly-
col 29.1 mg; polysorbate 80 1.94 mg; monobasic
sodium 6.8 mg; dibasic sodium phosphate United
States Pharmacopeia (USP) 1.42 mg; and benzyl
alcohol preservative 9.16 mg. Methylprednisolone
acetate is a white or off-white, odorless, crystal-
line powder that is soluble in dioxane; sparingly
soluble in acetone, alcohol, chloroform, and
methanol; and slightly soluble in ether. It is prac-
tically soluble in water [39].

The preparations studied were Decadron®
4 mg/mL; Decadron® 10 mg/mL; Kenalog®
10 mg/mL; Kenalog® 40 mg/mL; Celestone®
6 mg/mL; and Depo-Medrol® 40 mg/mL. Certain
mixtures were also prepared and examined to
assess if a local anesthetic (lidocaine; Abbott
Laboratories, Abbot Park, IL) or contrast medium
(iohexol; Omipaque™; Amersham Health, Cork,
Ireland) affected solubility or aggregation of ste-
roid particles. The mixtures were Decadron®
4 mg/mL mixed 1:1 with 1% lidocaine HCI injec-
tion; Decadron® 10 mg/mL mixed 1:1 with 1%
lidocaine HCI injection; Decadron® 10 mg/mL
mixed 1:1:1 with 1% lidocaine HCI injection and
iohexol injection 240 mg/mL; Depo-Medrol®
40 mg/mL mixed 1:1 with 1% lidocaine HCI
injection; and Depo-Medrol® 40 mg/mL mixed
1:1:1 with 1% lidocaine HCl injection and iohexol
injection 240 mg/mL.

Each of the steroid solutions and mixtures was
distributed on a glass slide over an area approxi-
mately 1 cm in diameter. All slides were coded.
With a light microscope, each slide was examined
at two magnifications (X400 and x1,000), in five
areas, and photographed. Evaluations were made
independently by three investigators, one of whom
is a pathologist. To document the size of red blood
cells, more than 40 separate slides were prepared,
each utilizing a drop of blood. Red blood cells

were stained with toluidine blue and measured.

Results

The various steroid preparations and mixtures
exhibited different physical features in terms of
particle size, density, and the prevalence and size
of aggregates (Table 1). At a magnification of
x400, red blood cells were observed to be 7.5-
7.8 um in diameter, and provided a reference for
the size of steroid particles and aggregates.

Dexamethasone

In both 4 mg/mL and 10 mg/mL solutions, the
majority of dexamethasone particles measured
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Table 1 Size of Steroid particles, comparison with red blood cells

Size of Steroid Particles

In Comparison with Size of Red Blood Cells (7.5-7.8 um)

BSP and Methyl Methyl

DMSP DMSP DMSP DMSP + TAA TAA

Corticoid

Prednisone

Prednisone
40 mg/ml

Lidocaine 10 mg/ml 40 mg/ml BMA

+dye

with

10 mg/ml

4 mg/ml

Steroid

40 mg/ml +

6 mg/ml

Lidocaine

lidocaine + dye

<7.6

<7.6

Varied

0.5—>100 0.5—>100

<7.6 <7.6 <7.6 <7.6

Particle size

Densely packed

Few

Densely packed

Few

Densely packed

Densely packed
Extensive

Densely packed

Extensive

Few particles

None

Few particles

None

Few particles

None

Few particles

None

Concentration
Aggregation

Aggregates >100
12 times RBC

Densely packed

Densely packed

12 times RBC

12 times RBC

<RBC <RBC <RBC <RBC

Comparison

size

size

size
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0.5 um—much smaller in diameter than red blood
cells (Table 1). The smallest dexamethasone parti-
cles were too small to be measured, even at x1,000
microscopic magnification. Fewer than 20 parti-
cles in each view field were observed in both solu-
tions, and there was no apparent aggregation in
either solution (Figure 1).

The mixtures of dexamethasone and local anes-
thetic, and of dexamethasone, local anesthetic,
and contrast medium showed features like those
of dexamethasone alone (Figure 2). There were
fewer than 20 particles per field, at x1,000 magni-
fication, and no aggregation was observed

Figure 1 Microscopic finding of 4 mg/mL dexamethasone
(A: x400, B: x1,000); the majority of particles were 0.5 um.
Red blood cells, 7.5-7.8 um are illustrated on the right
bottom (black arrow). Each unit on the scale indicates
2.45 um (white arrow). Even at x1,000 microscopic view,
the size of the particles were so small to be measured. Only
some relatively big particles were observed (white-tipped
arrows), but still much smaller than the size of red blood
cells.
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Figure 2 Under x1,000 microscopic finding of 10 mg/mL
dexamethasone mixed with lidocaine and mixed with
lidocaine and radioactive dye; the majority of particles were
0.5 um. Red blood cells, 7.5-7.8 um are illustrated on the
right bottom (black arrow). Each unit on the scale indicates
2.45 um (white arrow). Mixed with lidocaine and lidocaine
with radioactive dye, the size remained the same and no
aggregation was observed.

(Table 1). However, the mixtures did appear to be
more viscous.

Triamcinolone

In the 10 mg/mL solution of triamcinolone, par-
ticles varied in size, ranging from 0.5 um to larger
than 100 pm. Similar particle size was observed
in the 40 mg/mL solution of triamcinolone
(Table 1). The largest of particles were more than
12 times greater than median-sized red blood
cells. Particles were darkish and were observed to
be densely packed. Extensive aggregation was
observed (Figure 3).

Betamethasone

Particles of betamethasone were rod-shaped and
varied in size. Some particles were extremely small
at x1,000. The particles were densely packed, and
extensive aggregation was observed, including
some large aggregations exceeding 100 pm
(Figure 4). The larger aggregations of betametha-
sone were more than 12 times greater than the
size of red blood cells.

Methylprednisolone

Methylprednisolone particles were relatively uni-
form in size, and most were smaller than red blood
cells. Particles were densely packed, but few
aggregations were observed (Table 1). Most parti-
cles and aggregations were smaller than red blood
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cells (Figure 5). However, the propensity of the
particles to pack densely suggests that they could
form an embolus, possibly capable of occluding a
small arteriole. The mixture of methylpredniso-
lone and local anesthetic and methylprednisolone
with local anesthetic and contrast medium exhib-
ited the same features as methylprednisolone
alone, and few aggregates were seen (Figure 6).

Discussion

Rosenkranz et al. [21] have shown that the patho-
physiologic mechanism of spinal cord infarction
may be due to hemodynamic compromise (e.g.,
vasospasm or mechanical pressure due to injected
fluid volume) of a cervical artery. However, embo-
lic occlusion of cord arterioles following acciden-
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Figure 3 Microscopic findings of 40 mg/mL triamcinolone
acetonide (A: x400, B: x1,000); large aggregations were
observed (white-tipped arrows). Red blood cells are illus-
trated on the right bottom (black arrow). Each unit on the
scale indicates 2.45 um (white arrow).
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Figure 4 Microscopic findings of 6 mg/mL betamethasone
sodium phosphate and betamethasone acetate (Celestone
Soluspan®) (A: x400, B: x1,000). Rod-shaped aggregations
were observed (white-tipped arrows). Red blood cells are
illustrated on the right bottom (black arrow). Each unit on
the scale indicates 2.45 um (white arrow).

tal intra-arterial injection of crystalline corticoid
suspension may be more likely. Rosenkranz et al.
reported that the size of some triamcinolone ace-
tonide microcrystals exceeded 20 um in diameter
(mean 4.5 pm), and intravascular precipitation of
microcrystals could result in aggregation of much
larger particles that could be sizeable enough to
occlude small vessels of the microcirculation [21].
The most commonly used corticosteroid prep-
arations all have different solubility and aggrega-
tion characteristics. Our results show that the four
most commonly used steroids have a range of
physical properties, with particles of differing size,
water solubility, and tendency to aggregate.
Dexamethasone particles measured 0.5 um
and were five to 10 times smaller than red blood

Derby et al.

cells. They were soluble in water and showed no
aggregation.

In terms of metabolic activity, dexamethasone
has a rapid onset but short duration of action when
compared with less soluble preparations [40].
Given the short duration of action, some clinicians
view other particulate corticosteroids as more

Figure 5 Microscopic finding of 40 mg/mL methylpredniso-
lone acetate injectable suspension (Depo-Medrol®)
(x1,000). Small and densely packed particles were
observed (white arrows), but there was no noticeable
aggregation. Red blood cells are illustrated on the right
bottom (black arrow). Each unit on the scale indicates
2.45 um (gray arrow).

Figure 6 Microscopic finding of 40 mg/mL methylpredniso-
lone acetate injectable suspension (Depo-Medrol®) mixed
1:1:1 with 1% lidocaine HCI injection 10 mg/mL and radio-
active contrast dye (x1,000). Small and densely packed
particles were observed (white arrows), but there was no
noticeable aggregation. Red blood cells are illustrated on
the right bottom (black arrow). Each unit on the scale indi-
cates 2.45 um (gray arrow).
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appropriate therapeutic choices. However, recent
research by Dreyfuss etal. evaluating relative
effectiveness of particulate and nonparticulate
steroids found no clinically or statistically signifi-
cant difference in immediate efficacy [41].

Particles of triamcinolone vary greatly in size,
from 0.5 pm to 100 um. The majority are sub-
stantially larger than red blood vessels. The parti-
cles pack densely, and have a tendency to
aggregate and form precipitates. The particles of
betamethasone vary in size. They are less than
5 um, but some tend to aggregate. The aggre-
gates exceed 10 um, which is larger than red
blood cells.

The particles of methylprednisolone are uni-
formly smaller than red blood cells and, although
densely packed, they seem not to aggregate.

The present study was limited to observing var-
ious dissolved corticosteroid preparations iz vitro
under a microscope. It would be difficult to per-
form these studies iz vivo in live blood, given its
visual density. Therefore, it is not possible to
determine if particle size and aggregation would
increase or decrease in flowing blood could. How-
ever, if particles of a particular steroid are consid-
erably smaller than the size of a red blood cell, are
soluble in water, and do not aggregate, one might
logically assume that such a steroid would be less
likely to cause a symptomatic embolism if injected
into an artery. Observed under a microscope, both
dexamethasone and methylprednisolone acetate
particles were smaller than red blood cells, were
water soluble, and did not aggregate. However,
methylprednisolone acetate was observed to be
densely packed, which suggests increased potential
for forming an embolus.

Conclusion

Compared with triamcinolone acetonide inject-
able suspension, betamethasone acetate inject-
able suspension, and methylprednisolone acetate
injectable suspension, dexamethasone sodium
phosphate has the smallest particle size and is the
least densely concentrated. Particles of dexam-
ethasone sodium phosphate are, on average, 5-10
times smaller than red blood cells and do not
aggregate. These findings suggest that dexametha-
sone is less likely to cause arterial or capillary
obstruction if inadvertently injected into a verte-
bral or foraminal artery. As the efficacy of nonpar-
ticulate corticosteroids may be comparable to that
of particulate corticosteroids, interventionalists
might consider using a nonparticulate steroid
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when  performing  cervical  transforminal
injections.
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