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Background: Case reports of catastrophic neurological sequelae during ESIs have questioned
the safety of this procedure. A proposed mechanism is particulate steroid embolization resulting
in neuralischemia. Previous reports have described steroid clumping in common epidural injection
mixtures. We demonstrate that physiologic medium can also modify aggregation.

Objective: To inspect and compare aggregative properties of steroid preparations with and
without human serum.

Setting: Academic tertiary care center.

Hypothesis: Particulate steroids display different aggregation characteristics in serum compared
to non-physiologic solutions.

Design: Solutions were inspected under light microscopy: betamethasone sodium phosphate/
betamethasone acetate, methylprednisolone, and dexamethasone were each mixed in lidocaine
1%, bupivacaine 0.5%, or sterile water in a 1:1 ratio. All preparations were inspected under
light microscopy with 100x and 400x magnifications by a pathologist blinded to our expectations
and hypothesis. Five random viewing fields were selected within each slide and the number of
aggregates per field and the number of particles per aggregate was evaluated.

Results: The addition of serum had a significant effect on steroid particle aggregation and
number of particles per aggregate.

Limitations: This study was limited by sample size as only 2 sets of human serum samples were
tested with each preparation against one non-serum control. Additionally, as steroid preparations
were evaluated under light microscopy, the ex vivo setting must be considered in the interpretation
of results. Finally, mixing preparations with human serum as opposed to whole blood was necessary
to allow for improved visibility on light microscopy despite the fact that whole blood may be
necessary to more closely emulate in vivo coagulation setting.

Conclusions: Overall, the presence of serum resulted in fewer large steroid particle aggregates
when compared to non-serum control samples. Amongst particulate steroids, betamethasone with
bupivacaine 0.5% demonstrated the fewest and smallest particle aggregates, suggesting that
preparation may reduce the risk of embolic infarction. Methylprednisolone formed significantly
larger particles in bupivicaine 0.5% with serum compared to non-serum controls.
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n epidural steroid injection (ESI) is a common
treatment to relieve radicular back pain.
In recent years, much research has been
dedicated to evaluating the true efficacy of this

intervention. Additionally, several case reports of
significant morbidity have been published which
have prompted new lines of questioning into the
procedure’s safety. As a result of these cases, in April
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2014 the United States Food and Drug Association (FDA)
issued a “warning that injection of corticosteroids into
the epidural space of the spine may result in rare but
serious adverse events, including loss of vision, stroke,
paralysis, and death”(1).

Reported complications of ESIs have been described
in the literature; they include vasodepressor syncope,
headache, dural puncture, epidural hematoma, epidural
abscess, and bacterial meningitis (2). One such compli-
cation gaining increasing attention is the introduction
of steroid into arterial structures, resulting in embolic
infarction of tissue. This is most likely when performing
transforaminal injections, but it may also occur during
other spinal procedures. Intravascular introduction of
particulate steroid mixtures during a spinal injection
can lead to spinal cord or cerebral infarction with
devastating morbidity (3-7). The mechanism of injury,
particularly pertaining to cervical transforaminal ESls
(CTFESI), may also be due to vasospasm of the anterior
spinal artery causing anterior spinal cord syndrome or
direct cord infarction (8-10).

Previous studies examined the size and aggrega-
tion of steroid crystals in native solutions or diluted
with local anesthetic by light microscopy (11-13). Al-
though examination of these mixtures may elucidate
the behavior of these particles in vitro, they do not
necessarily predict the behavior of steroid particulates
in the intravascular space. While particle size may not
be expected to change, its propensity to aggregate in
human serum versus in its native preparation may be
different. This study evaluates steroid particle behavior
in an environment that resembles physiologic condi-
tions more closely than what has been described. In
this study, we examined the effect of human serum on
steroid crystal aggregation.

METHODS

Betamethasone sodium phosphate/betametha-
sone acetate (celestone 6mg/mL), methylprednisolone
(depo-medrol 40mg/mL), or dexamethasone (10mg/
mL) were mixed in a 1:1 ratio with either lidocaine 1%,
or bupivacaine 0.5% to make a steroid/anesthetic (SA)
solution, or mixed 1:1 with sterile water to generate 9
total steroid solutions. The baseline steroid particle and
aggregate sizes were determined by mixing these solu-
tions at a 1:1 ratio in sterile water followed by immedi-
ate evaluation (within 30 seconds of mixing) by light
microscopy using the 10X and 40X objectives (approxi-
mating 100- and 400-fold magnification, respectively).

Serum for these studies was obtained from 2 healthy

human subjects. Fresh whole blood was drawn into red
top Vacutainer® tubes (no additives) and centrifuged
at 10,000 rpm for 15 minutes. After centrifugation, the
serum was collected (no hemolysis or lipemia was evi-
dent) and maintained at 37°C in a water bath. Each SA
solution mixed in a 1:1 ratio with human serum and an
aliquot was pipetted onto a glass slide and evaluated in
the same manner as were the baseline steroid solution
samples. Samples were evaluated within 30 seconds of
mixing the steroid solution with the serum. The appear-
ance of the particles and particle aggregates did not
change as over 5 minutes. The pathologist was blinded
to the study expectations and hypothesis.

Measurements of particle and aggregate size
were done by taking photomicrographs of 5 randomly
selected microscopic fields containing particles. Each
field was photographed for analysis at 100- and 400-
fold magnification. The histologist then described and
counted the total number of particulate steroid aggre-
gates as well as the number of particles forming each
aggregate (single [1], double [2], triple [3], quadruple
[4], and quadruple+ [4+] crystals). The particle and ag-
gregate sizes were also measured (um) in each field.
The ratio of quadruple to total aggregates (RQT) and
quadruple with quadruple+ to total aggregates (RQ+T)
was calculated. We compared these ratios in the steroid
solutions with serum to steroid solutions with sterile
water. Comparison and statistical significance was eval-
uated using a 2-sided Mann-Whitney U-test resulting in
Z scores and associated P-values.

REesuLTs

Dexamethasone crystals, regardless of anesthetic
choice, were not visible at 100-fold and 400-fold mag-
nification and therefore no data on particle aggregates
were included for this steroid solution. Dilution of all
betamethasone solutions (water, lidocaine 1%, and bu-
pivacaine 0.5%) 1:1 in human serum showed a decrease
in both RQT and RQ+T compared to the native SA
solution (Table 1). Betamethasone/water in serum and
betamethasone/bupivacaine 0.5% in serum had RTQ
and RTQ+ that were statistically different from their
native solutions (P < 0.01). While betamethasone/lido-
caine 1% in serum demonstrated a decrease in RQT and
RQ+T compared to the native SA solution, this was not
significant (P > 0.05) (Table 1). In the native solutions,
single betamethasone particles ranged from 5 to 20 um
and large particles ranged from 40 to 100 pym. Large
aggregations seen in the betamethasone/lidocaine 1%
group measured from 60 to 120 um. However, the larg-
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est aggregates in the serum samples measured between
30 and 60 pm, indicating an overall decrease in the size
of the large aggregate formation (Table 2).

The methylprednisolone/water solution failed to
show a significant change in aggregation after mix-
ing in serum. The methylprednisolone/lidocaine 1%
solution mixed with serum demonstrated a significant
decrease in RQT when combining all serum groups (P
< 0.05). Methylprednisolone/bupivacaine 0.5% solution
mixed with serum displayed a significant increase (P <
0.05) in RQT (Fig. 1).

Our results demonstrate that, ex vivo, serum de-
creases the size of betamethasone particle aggregates
whether prepared in water, lidocaine 1%, or bupiva-
caine 0.5%. While serum does significantly reduce the
percentage of large steroid aggregates in methylpred-
nisolone/lidocaine 1%, the combination of methylpred-
nisolone and bupivacaine 0.5% with serum resulted in
increased steroid particle aggregate size.

Discussion

In 2011 an estimated 2.2 million epidurals were per-
formed; this was approximately a 172% increase since
the 800,000 performed in 2000 (14). The rapid growth
of ESIs for back pain, in conjunction with an increase
in reported associated major complications, has led to
much attention directed at both the safety and efficacy
of this interventional spine procedure. While devastat-
ing complications of spinal injections are exceedingly
rare, understanding the magnitude of this complica-
tion is important to evaluate and optimize the safety
of these injections. There is no data that quantifies the
serious complications associated with spinal injections.
However, published case reports and physician surveys
have produced qualitative data regarding complica-
tions. In 2007, Scanlon et al (15), via a survey of 278
physicians, reported 30 major complications between
1990 and 2004 which included 12 cervical spinal cord
infarcts, 16 verterbrobasilar brain infarcts, and 2 com-
bined brain spinal/cord infarcts. In 2014, Engel and King
(16), reviewed the literature, and in addition to those
mentioned by Scanlon, noted 63 additional complica-
tions, 10 of which were fatal. These reports suggest that
cervical transforaminal injections have the highest risk
of serious side effects, followed by thoracic then lum-
bar transforaminals; though there is a risk of clinically
significant steroid infarction with other steroid spinal
injections such as interlaminar injections, the incidence
is not as high. This is likely because most spinal neural
foramen house a radicular artery. Interlaminar spaces

Table 1. RQT and RQ+TZ scores for each particulate steroid
preparation.

RQT RQ+T
PREP Z-score | P-Value | Z-score | P-Value
Beta/W -2.8 0.00512 -2.9333 0.00338
Beta/L1% -1.6 0.1096 -0.8 0.42372
Beta/B0.5% -3.0006 0.0027 -2.8782 0.00398
MP/W -0.6736 0.50286
MP/L1% -2.1433 0.03236 -1.286 0.19706
MP/B0.5% 2.3883 0.01684 1.6534 0.09894

Beta - betamethasone; MP — methylprednisolone; L1% - lidocaine
1%; B0.5% - bupivacaine 0.5%

mostly contain small venous vasculature so infarction
may not produce symptoms. Though complication
rates may not be inferred from these publications, it
does highlight complications encountered by physi-
cians in the field.

Though exact complication rates remain unknown,
many have directed efforts towards postulating pos-
sible mechanisms for these neurologic complications.
One such mechanism, particularly specific to CTFESlIs,
is the occlusion of the vertebral artery or segmental
artery accompanying the nerve root via embolization
of the particulate steroid (14). Real time vascular in-
jection studies suggest that intravascular injections
are more common than previously reported (17). This
has prompted several studies that have evaluated the
microscopic appearance and behavior of various SA
preparations. Under this assumption, it is believed that
larger steroid particles and aggregates may increase
the likelihood of embolic infarction. Conversely, it
may be inferred that smaller particles and those with
a lesser propensity to aggregate may decrease the risk
of infarction.

Of the complications published in the literature,
some identify the exact steroid preparation used.
Scanlon et al (15) reported that of the 28 complications
reported with known steroid preparations, methyl-
prednisolone acetate was used in 21, betamethasone
sodium phosphate, and sodium acetate in 3, triam-
cinolone acetonide in 3, methylprednisolone sodium
succinate in 3, and dexamethasone sodium phosphate
in 0 cases.

In an attempt to compare steroid safety, Benzon
et al (12) evaluated the size of various steroid particles
and the effect of various dilutions in saline and lido-
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Table 2. 100x images of betamethasone (Beta) and methylprednisolone (MP) in all 3 preparations comparing native dilutant against
human serum. 20 um legend demonstrates relative size of red blood cells to particle size.
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Fig. 1. Ratio of large to total aggregates (RQT).

caine 1%. Compounded betamethasone was found to
have the smallest particle size of the particulate steroids
and thus was recommended for strong consideration
for CTFESIs when a particulate steroid was desired by
the physician.

In 2008, Derby et al (11) similarly evaluated par-
ticle size using light microscopy, but also assessed each
steroid’s propensity to aggregate in lidocaine 1% with
and without the addition of contrast dye. They found
that dexamethasone had the smallest particle size, less
than the size of one red blood cell, and had no particle
aggregation. Of the particulate steroids, triamcinolone
and compounded betamethasone formed more exten-
sive aggregates than methylprednisolone preparations
regardless of dye inclusion (11). Our results support
Derby et al's methylprednisolone finding. We did not
include triamcinolone in our study.

Both the Benzon et al (12) and Derby et al (11) stud-
ies reveal information about steroid particle behavior
under the microscope that may guide physicians in both
steroid selection and preparation with the goal to re-
duce the risk and morbidity of ischemia due to particu-
late embolism. Our study is the first study we are aware
of to assess particulate steroid aggregation in serum.
Methylprednisolone, betamethasone, and dexametha-

sone were chosen because they are commonly used
steroids for spinal injections and the aforementioned
investigators used these in their landmark publications.
Lidocaine and bupivacaine were used for the same
reason. The triamcinolone was not chosen because the
FDA recently discouraged the use of this medication
for intraspinal use. Accordingly, though there are no
large studies that describe epidural injection prepara-
tions, the authors believe that the steroid and local
anesthetic solutions mentioned in this manuscript are
reflective of what is mostly used in epidural spinal in-
jection preparations. The particulate sizes in this study
were in accordance with sizes seen in previous studies.
However, the addition of serum resulted in a notable
change in the microscopic appearance of the steroid
particles, and particle aggregation was different than
reported by Derby et al (11). Derby et al (11) found that
aggregation of methylprednisolone was greater than
betamethasone. However this study revealed that in
human serum, betamethasone, when combined with
bupivacaine 0.5%, had less particle aggregation than
without serum. From this, one may infer that amongst
particulate steroids, the mixture of betamethasone
and 0.5 % bupivacaine may have the lowest risk of
neurologic complications from particulate embolism.

www.painphysicianjournal.com
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Table 3. Published cases of infarctions following spinal injections.

Adverse Event Fatal Corticosteroid Local Anesthetic | Procedure Reference
Cervical spinal cord infarct yes Triamcinolone Bupivacaine CTFESI Brouwers et al(18)
Cervical spinal cord infarct no Triamcinolone Lidocaine CTFESI Brouwers et al(19)
Cortical blindness no None None CTFESI McMilla n & Crumpton (7)
Uncal and cerebellar herniation yes Methylprednisolone Bupivacaine CTFESI Rozin et al(20)
Cervical cord and cerebellar infarct no Betamethasone Lidocaine CTFESI Windsor et al(21)
Cerebellar and occipital lobe infarct yes Triamcinolone Bupivacaine CTFESI Tiso et al(6)
Cervical spinal cord infarct no Triamcinolone Bupivacaine CTFESI Ludwig and Burns(22)
Cervical spinal cord infarct yes Cortisone Lidocaine CTFESI Meyer et al(23)
Spinal cord infarct no Betamethasone Bupivicaine LTFESI Kennedy et al (24)
cerebellar herniation no Methylpredisolone Lidocaine CTFESI Beckman et al (25)
Spinal cord infarct no Triamcinolone Bupivicaine LTFESI Somayaji et al (26)
Cerebellar and brainstem infarct no Triamcinolone None CTFESI Suresh et al (27)
Transverse Myelitis no Betamethasone E;E:;:rlfé LTFESI Deshpande et al (28)
Transverse Myelitis no Triamcinolone Bupivacaine LTFESI Lyders et al (29)
Spinal cord infarct no Methylpredisolone None CTFESI Popescu et al (30)
Paraplegia No Triamcinolone Bupivacaine TIL Tripathy et al (31)
Quadraplegia No Methylpredisolone None CIL Bose et al (32)
Stroke Yes Triamcinolone None CF Edlow et al (33)
Stroke Yes Methylpredisolone None CIL Ziai et al (34)

TIL: Thoracic interlaminar; CIL: Cervical interlaminar; CF: Cervical facet

Additionally, this study showed an increase in large
aggregate formation when the SA mixture of meth-
ylprednisolone and bupivacaine 0.5% was combined
with serum. One may infer that this SA mixture may
have an increased risk of particle embolism potentially
having neurologic sequelae.

There are several published cases of adverse
events resulting in brain or spinal cord ischemia fol-
lowing spinal injections (Table 3). Table 3 includes the
SA mixtures that were used. Triamcinolone was used
in half of the listed adverse events. Two of the cases
represent SA preparations that were tested in our study
and both support our findings. In our study, the com-
bination of methylprednisolone and bupivacaine (20)
showed a significant increase in crystal aggregation
when mixed in serum. Additionally, the betamethasone
and lidocaine mixture (21) failed to show a significant
decrease in crystal aggregation when mixed in serum.
This table suggests that there may be a link between
a SA mixture’s propensity to aggregate in physiologic
conditions which may affect the risk of brain or spinal
cord ischemia.

One limitation of this study was its ex-vivo inter-
pretation of in-vivo activity. Additionally, evaluating SA
preparations in human serum may render results dif-

ferent than those obtained when mixing with whole
blood. Evaluating steroid behavior in whole blood,
while scientifically optimal, is not practical as red blood
cells fill the microscopic field and do not allow for clear
viewing of steroid particles.

Data samples were limited to 2 healthy human se-
rum samples. This study did not control for variability of
blood composition such as pH or osmolality which may
impact particulate behavior. Triamcinolone was not
evaluated as previous investigators demonstrated that
even a sentinel particle can occlude a medium sized
vessel (8,11). Our study was designed to assess a pos-
sible change in embolization properties by modifying
aggregation, thus mitigating the value of assessing tri-
amcinolone here. Finally, the exact mechanism of brain
or spinal cord damage as a complication from spinal
injections remains unclear and this study is focused on
the particle size as a component of morbidity.

Further research is needed to demonstrate the
clinical value of this ex vivo study.

ConcLusION

Particulate SA mixtures behaved differently when
combined with serum as compared to previous studies
presented in the literature. Betamethasone and bupiva-
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caine 0.5% in serum showed the least amount of large
crystal aggregates. Methylprednisolone in bupivacaine
0.5% demonstrated increased formation of large crys-
tal aggregates in serum compared to sterile water. This
study reveals information that may increase safety and
influence anesthetic and steroid choice if a particulate
steroid is desired for transforaminal epidural injection.

Comparing steroid preparations with dexametha-
sone in its native preparation versus in human serum
proved to be of low clinical significance due to the
small size particles and absence of large aggregate for-
mations under the microscopic settings used.

We demonstrated a significant decrease in large
betamethasone crystal aggregates when mixed with
water or local anesthetic and human serum. Macro-
scopic evidence of precipitation such as that seen with
triamcinolone and microscopic evidence of aggregate
formation of betamethasone and lidocaine 1% may
influence physicians to choose bupivacaine 0.5% as an-
esthetic diluent; this displayed smaller size aggregates
as well as a significant decrease in large steroid particle
formation.

The only methylprednisolone group that demon-
strated a significant decrease in aggregation when
mixed with human serum was the lidocaine 1% group.
We suggest using betamethasone over methylpredniso-
lone, but if methylprednisolone is preferred, we sug-
gest using lidocaine 1% as anesthetic dilute.

Both betamethasone and methylprednisolone ste-
roids formed large crystal aggregations ranging from
40 to 100 um in size. The betamethasone mixtures dis-
played a decrease in size of the large aggregates when
mixed with human serum.

In a clinical setting where a particulate steroid and
local anesthetic is desired for intraspinal or paraspinal
use, our ex vivo study suggests that betamethasone
and 0.5% bupivicaine may produce the least end-
artery clotting; therefore, in anatomical locations
where arterial injection is considered a high risk
(cervical>thoracic>lumbar transforaminals) this should
be considered.

Here, we analyzed the effect of particulate steroids
in physiologic medium and suggest that some prepara-
tions may be safer than others.
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