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Background: Morbidity has been reported as a sequelae of crystalline steroid epidural steroid 

injections (ESIs), and particulate steroid size, aggregation, and embolization in brain and spinal 

cord may be the mechanism related to these neurologic effects. 

Objective: The objective of the study was to examine the aggregation properties of triamcino-

lone acetonide in commonly used local anesthetics with and without human serum.

Setting: This study was conducted in an academic tertiary care center.

Hypothesis: Triamcinolone acetonide shows different aggregation characteristics in serum 

compared to a non-physiologic solution.

Design: Triamcinolone acetonide was mixed with lidocaine 1% (first group) and bupivacaine 

0.5% (second group) in a 1:1 ratio and then mixed with either distilled water (control group) 

or serum ex vivo. A pathologist blinded to our hypothesis inspected all solutions under light 

microscopy with 100× and 400× magnifications. Total number of particulate steroid aggregates 

and the number of particles forming each aggregate (recorded as single,1 double,2 triple,3 qua-

druple,4 or large [>4} crystals) were counted. Particle size and aggregate size were measured 

(in μm). The ratios of quadruple to total aggregates, large to total, and quadruple with large to 

total aggregates were calculated. Steroid-serum solutions and steroid-sterile water were then 

compared.

Results: Triamcinolone aggregates showed an increased crystal and aggregate size when 

compared with other steroids. Within the triamcinolone subgroup, the mixture of lidocaine 1% 

and serum resulted in the largest crystal aggregates.

Limitations: Whole blood analysis may have provided a more physiologically accurate model 

but was not chosen due to poor microscopic analysis. Serum donor variability may also have 

affected particle characteristics.

Conclusion: Fewer large triamcinolone aggregates were noted in the presence of serum when 

compared to the non-serum control groups. However, when compared to previously studied 

particulate steroids, it had the largest aggregates when added to serum.

Keywords: triamcinolone, betamethasone, aggregation, lidocaine 1%, methylprednisolone

Introduction
There are several options of corticosteroids for epidural steroid injection (ESI). Tri-

amcinolone has recently been criticized for a possible link between spinal cord and 

brain infarcts when injected into the epidural space.1,2 Embolization of particulate cor-
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ticosteroids in transforaminal injection leading to spinal cord 

ischemia is the suggested mechanism, and some consider 

vasospasm of the anterior spinal artery (ASA) or radiculo-

medullary artery an alternate explanation.3–6 Embolization 

is the favored theory in events where particulate steroids 

have been used. This may be because a number of investi-

gators have demonstrated aggregation of triamcinolone in 

commonly prepared ESI solutions.7–9 Based on these basic 

science and clinical literature reports, the United States Food 

and Drug Administration released a warning against the use 

of particulate steroids when performing spinal injections in 

April 2014.10

The rates of ESI performance in the United States is 

very high, but devastating complications are rare.1 In a 

previous paper, our team attempted to explain this discrep-

ancy when we evaluated the behavior of clumping patterns 

of particulate steroids in human serum. We hypothesized 

that particulate steroid behavior is different in physiologic 

solutions compared to non-physiologic solutions. We dem-

onstrated that betamethasone becomes significantly less 

particulate when in serum, but methylprednisolone does not. 

We did not examine triamcinolone because we assumed that 

the reported disproportionate ratio of devastating outcomes 

with triamcinolone compared to other particulate steroids is 

very high.11 Hundreds of thousands of ESIs are performed 

in the United States every year and less than a dozen associ-

ated neurologic events are reported.12 However, many pain 

physicians believe that even this number is too high for, what 

is thought to be, an innocuous procedure. The heightened 

awareness that triamcinolone may be a potentially dangerous 

choice for spinal injections has prompted us to evaluate the 

aggregation behavior of triamcinolone in serum. Clumping 

profile of triamcinolone did not reduce in serum, validating 

the potentially devastating effects this medication can have 

if injected into the spinal cord or cranial vasculature.

Methods
About 0.5 mL of base triamcinolone (Kenalog 40 mg/mL) 

solutions were prepped with equal volumes of distilled 

water or serum using micropipettes. Each water and serum 

base was then mixed separately. To each distilled water and 

serum base solution, 1% lidocaine or 0.5% bupivacaine was 

added in a 1:1 ratio using micropipettes for dilution accu-

racy. Each aliquot was prepared separately and placed onto 

a glass histology slide. All solutions were prepared on site 

and examined immediately (within 30 seconds of mixing) 

via light microscopy under 100× and 400× magnification by 

a blinded board-certified histologist. All groups were kept at 

37°C during preparation and pipetting, but exposed to room 

temperature of 23.3°C for no more than 2–3 minutes. Rapid 

transfer and evaluation were performed to lessen the impact 

of room temperature on physiologic temperature of aliquots.

The serum was drawn from two healthy human subjects 

(no history of disease and not on any medications) into a 

standard vacuum sealed blood draw tube without anticoagu-

lation additive. They were then centrifuged at 10,000 rpm 

for 15 minutes. Subsequently, the serum supernatant was 

collected and maintained at 37°C in a water bath to preserve 

physiologic integrity of the solution.

Photomicrographs of five randomly selected microscopic 

fields at 100× and 400× magnification containing particles 

were taken of each preparation and aggregate size was mea-

sured. The total number of particulate steroid aggregates and 

the number of particles forming each aggregate (recorded 

as either single [1], double [2], triple [3], quadruple [4], or 

large [>4} crystals) were counted. The particle and aggregate 

sizes were then measured (in μm) in each field. The ratios of 

quadruple to total aggregates (RQT), large to total (RLT), and 

quadruple with large to total aggregates (RQLT) were calcu-

lated. The steroid-serum solutions were then compared to the 

steroid-sterile water solution. Lastly, comparison and statistical 

significance were evaluated using a two-sided Mann–Whitney 

U-test resulting in Z-scores and associated P-values.

The human subjects from whom the serum was drawn 

provided written informed consent in compliance with the 

Declaration of Helsinki.

Results
The particle and aggregate sizes were measured (in μm) in 

each microscopic field. RQT, RLT, and RQLT were calculated 

(Table 1). The steroid-serum solutions were then compared 

to the steroid-sterile water solution.

Dilution of triamcinolone with 1% lidocaine in serum 

solution showed a statically significant increase in the RLT 

(ie, >4 particle aggregates) compared to other commonly 

used particulate steroids for ESIs (Table 1). While statistical 

significance was not achieved with the RQLT, the P-value 

very closely approached significance (P=0.057). On the 

other hand, there was no statistical significance in the RQT 

and RQLT when triamcinolone was diluted in water or 0.5% 

bupivacaine (P>0.05). The size of the largest aggregate in 

each solution was also noted. The largest was 352 μm and 

the smallest was 70 μm, from water only and 1% lidocaine 

preparation, respectively (Figure 1).

Our results demonstrate that while serum without local 

anesthetic ex vivo will decrease the size of the triamcinolone 
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particulates, a serum-based solution with triamcinolone and 

1% lidocaine had a significant increase in the RLT (P<0.05). 

In other words, the combination of triamcinolone with 1% 

lidocaine in serum resulted in a high proportion of particle 

aggregates composed of more than four particles each. This 

is demonstrated in Figure 2, which illustrates an increase in 

triamcinolone aggregation in serum/local anesthetic solution, 

compared to non-physiologic solutions with local anesthetic.

Discussion
ESIs are commonly used to treat a variety of spine pain 

conditions. Generally accepted as an innocuous procedure, 

rare, but devastating, associated complications have been 

reported.12 Despite the infrequency of such cases, much 

attention has been directed at the safety of these procedures. 

There are a number of published reports regarding their 

complications, including death, spinal cord, vertebrobasilar, 

and brain infarcts.13,14 Arterial embolization with particulate 

steroid is the well-accepted mechanism; therefore, epidurals 

performed in spinal locations with dense local arterial flow 

are most vulnerable to these devastating outcomes. Available 

case series reports support this theory, as the incidence of 

severe neurological deficits are disproportionally more com-

mon with cervical transforaminal epidural spinal injections 

than with epidurals performed in areas with less prominent 

arterial structures.15 This theory of intra-arterial particulate 

steroid injections causing embolization has also been sup-

ported in the literature.16–21 In addition, many investigators 

believe that insoluble particulates, such as steroids injected 

during ESIs, increase the risk for poor neurological sequelae. 

Benzon et al validated this causal risk for ESI and steroid 

embolus by comparing the histological size of commonly 

used particulate steroids with and without the solutions 

they are mixed with prior to injection.22 Their investigation 

clearly demonstrated that particulate steroids could occlude 

a small- to medium-sized arteriole. It has also been reported 

that occult intra-arterial injection during ESIs are much more 

common than the reported neurological sequelae.23 Nahm 

et al described a 20% incidence of intravascular injection 

during the performance of cervical transforaminal ESIs.24 

However, the reported rate of neurological sequelae with 

these injections is extremely low, even when these injec-

tions were performed commonly with particulate steroids. 

The discrepancy of vascular injection frequency to reported 

clinical sequelae suggests that blood factors may prevent 

steroid particle aggregation.

We assessed ex vivo the behavior and microscopic 

appearance of betamethasone and methyl-prednisolone 

when prepared in water with 1% lidocaine vs with 0.5% 

bupivacaine in a previous study.11 The study showed that 

while there was a significant decrease in the percentage 

of large steroid aggregates of methylprednisolone in 1% 

lidocaine solution, there was an increase in the size of the 

steroid particle aggregate of methylprednisolone in the 

0.5% bupivacaine serum solution (Table 1). Human serum 

decreased betamethasone aggregates appreciably. Thus, 

we demonstrated that serum does impact steroid particle 

aggregation.

Triamcinolone was not evaluated in our previous manu-

script, but we introduce its serum aggregation characteristics 

here. Triamcinolone ESIs have the highest adverse event rate 

of any of the particulate steroids. CNS ischemic infarctions, 

blindness, and death have all been reported. Its aggrega-

tion characteristics have not been described in physiologic 

solution.2,16,25–28 We postulated, therefore, that triamcino-

lone would aggregate similar, or more so, in human serum 

compared to non-physiologic solutions evaluated by other 

investigators.7,8 In this study, we examined triamcinolone 

in serum, ex vivo, in lidocaine 1%, bupivacaine 0.5%, and 

water solution. There was a significant increase in the steroid 

Table 1 The RQT, RlT, and RQlT between different injectate in serum vs non-serum

Prep RQT P-value RLT P-value RQLT P-value

BetaW –0.6667 0.50286 –2.8 0.00512 –2.9333 0.00338
Beta1% 0.4 0.68916 –1.6 0.1096 –0.8 0.42372
Beta0.5% 1.16351 0.24604 –3.0006 0.0027 –2.8782 0.00398
MPW –0.3062 0.75656 –0.6736 0.50286 –0.6736 0.50286
MP1% 0.06124 0.95216 –2.1433 0.03236 –1.286 0.19706
MP0.5% –0.9186 0.35758 2.3883 0.01684 1.6534 0.09894
Triam1% –1.3472 0.17702 2.26578 0.0232 1.89835 0.05744
Triam 0.5% 0.15811 0.87288 0.26352 0.79486 0.47434 0.63836
Triam W 0.9798 0.32708 –1.8371 0.6576 –1.5922 0.11184

Abbreviations: Beta, betamethasone; Bup, bupivacaine; lido, lidocaine; MP, methylprednisolone; prep, preparation; RlT, ratio of large to total; RQlT, ratio of quadruple 
with large to total aggregates; RQT, ratio of quadruple to total aggregates; Triam, triamcinolone; W, water. 
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particle aggregate size in the serum/triamcinolone/lidocaine 

1% solution. This aggregation may be clinically significant, 

as the average size of the steroid particle aggregate 70 μm; 

the average diameter of an arteriole measures 37 μm. This 

strongly suggests that this steroid-anesthetic mixture may 

have an increased risk of particle embolism, potentially 

having neurologic sequelae. Moreover, the comparative size 

of triamcinolone particulates of betamethasone and meth-

ylprednisolone in the same anesthetic and serum solutions 

identifies triamcinolone as a greater risk of occlusion because 

Injectate Native prep Serum
Triam+
water

Triam+
lidocaine
1%

Triam+
bupivicaine
0.5%

Beta+
lidocaine
1%

Beta+
lidocaine
0.5 %

MP+
lidocaine
1%

MP+
bupivicaine
0.5%

Figure 1 400× images of triamcinolone (Triam), betamethasone (Beta), and methyl-prednisilone (MP) in three preparations (prep), side-by-side comparison of native vs 
human serum.
Note: shaded rows are from our previous study and are displayed for comparative purposes.
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it showed the largest relative aggregates seen in physiologic 

solution.11 This is in accord with clinical reports that link 

triamcinolone with the greatest incidence of devastating 

embolic phenomena.

The authors suggest that if triamcinolone is used for ESIs, 

and if local anesthetic is preferred, that the local anesthetic 

and triamcinolone be injected separately. In addition, for all 

cases of triamcinolone, we suggest using digital subtraction 

whenever available; if not, injecting under live fluoroscopy 

to define lack of vascular detail is also suggested. We 

believe that the use of extension tubing should be used at the 

discretion of the practitioner because tubing has an inherent 

risk of altering final needle tip position (perhaps into a vessel) 

because the natural tension in packed, coiled tubing can 

displace preferred needle location. The use of a blunt needle 

is recommended whenever available. It is not unreasonable 

to perform a physiologic test injection with local anesthetic 

and epinephrine to assess intravascular injection prior to 

steroid injection. Thoughtful and careful practice should be 

mandated prior to injecting any particulate steroid.

A limitation of this study was its ex vivo preparation 

in predicting the in vivo behavior of the steroid–anesthetic 

solution in serum rather than whole blood. While examin-

ing the steroid behavior in blood is scientifically optimal, 

it hindered clear viewing of the steroid particles upon trial 

examinations preceding our serum analysis. We do not 

know why serum had a clumping effect on some steroids 

but not others; further research is required to understand 

this better. If the agents that cause steroid aggregation can 

be identified perhaps a solution can be created to retard, or 

reverse, this process.

Another limitation was variability of blood pH or 

osmolality, which may have impacted the steroid particle 

behavior and was not controlled in this study. Blood was 

drawn via venipuncture but clinically apparent neurologic 

sequelae occur as a cause of arterial disruption. We assumed 

that venous blood would create the same effect to steroid 

aggregation as arterial blood. Future investigation may 

warrant the evaluation of arterial blood and steroid aggrega-

tion. Lastly, our study was designed to assess triamcinolone 

aggregation in commonly used mixtures by pain physicians 

to complement previously studied methylprednisolone and 

betamethasone, focusing on the particle size as the com-

ponent of morbidity with the assumption that embolism is 

the mechanism of devastating neuro-sequelae.11 However, 

we recognize that some investigators doubt embolism as 

the exact mechanism of injury to the brain or spinal cord 

following spinal injection.6

Solutions Singlets Doublets Triplets Quadruplets >4
L1% w serum Triam 400× 7 6.6 8.6 8 38

B0.5% w serum Triam 400× 19 8 9 10.3333333 46
H2O w serum Triam 400× 16.8 7.8 10.4 7.8 31

H2O only Triam 400× 5 1.9 2.1 3.5222222 8
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Figure 2 Triam aggregate in anesthetic solution with serum and without serum.
Abbreviations: B, betamethasone; l, lidocaine; Triam, triamcinolone.
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This study was based on the assumption that embolization 

of particulate steroids used in ESIs was the mechanism by 

which the observed neurological sequelae occurred. However, 

we recognize that several other theories exist to explain this 

phenomenon.6

Conclusion
Comparing triamcinolone behavior in different serum-based 

preparations showed that serum increases the size of the 

triamcinolone aggregate. We demonstrated a significant 

increase in the triamcinolone aggregate size when mixed 

with lidocaine 1% compared to bupivacaine 0.5%. When 

comparing the large crystal aggregates of triamcinolone 

to betamethasone and methylprednisolone, triamcinolone 

aggregate size ranged from 70 to 160 μm, compared to 40 

to 100 μm for betamethasone and methylprednisolone in our 

previous study. Here, we demonstrated that triamcinolone 

may become more aggregate if injected into a blood vessel 

compared to its already large particulates in non-physiologic 

solution. This should make the pain physician wary about 

injection in artery-rich spinal locations.

In clinical setting, where a particulate steroid and local 

anesthetic are preferred for spinal injections, we suggest that 

betamethasone and 0.5% bupivacaine may pose the least risk 

in artery clotting based on our ex vivo model. In the event 

the provider prefers using triamcinolone, which we believe 

forms the largest aggregate size compared to other steroids, 

triamcinolone mixed with bupivacaine 0.5% produces smaller 

size aggregates compared to lidocaine 1%. Nevertheless, 

high-risk injectable anatomical locations (cervical > thoracic 

> lumbar transforminals) should be considered by the provider 

in the clinical setting regardless of what steroid is being used.

Disclosure
The authors report no conflicts of interest in this work.
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