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Ropivacaine and dexamethasone: a potentially dangerous
combination for therapeutic pain injections
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Abstract

Introduction: Targeted spinal steroid injections are effective in reducing back
pain in selected patient populations and carry a small risk of significant
adverse neurological outcomes. Recent recommendations are for the use of
non-particulate steroid agents for all spinal injections to reduce the risk of
neurovascular embolic adverse events. Many injections have used a combi-
nation of local anaesthetic agent with the steroid. At our institutions, we have
recently observed interactions between ropivacaine and dexamethasone com-
binations ascribed to the incompatibility of the former with alkaline solutions,
resulting in rapid crystallisation. This study has further investigated the
combinations of commonly used local anaesthetic and steroid combinations to
determine if such precipitation effects are more widespread.
Methods: The commonly used local anaesthetics (lignocaine, bupivacaine,
ropivacaine) and the non-particulate steroid dexamethasone sodium phos-
phate combinations were evaluated macroscopically, microscopically, and pH
values measured. Where crystallisation was observed the rate of precipitation
and crystal size was measured. Contamination of ropivacaine with sodium
bicarbonate solution was also evaluated. Particulate size of the particulate
steroid agent betamethasone acetate was evaluated as a comparison.
Results: All mixtures of ropivacaine and the non-particulate dexamethasone
sodium phosphate assessed demonstrated a pH-dependent crystallisation of
the solution. No precipitation was demonstrated with the combinations of
dexamethasone and lignocaine or bupivacaine. Contamination of ropivacaine
with residual sodium bicarbonate in a drawing up needle following air clearing
had a precipitation effect.
Conclusion: We describe the effect of crystallisation with the combination of
ropivacaine and the non-particulate steroid, dexamethasone sodium phos-
phate, a mixture that has been used in the literature for targeted pain
injections. As this may be considered a non-particulate steroid/anaesthetic
injectate, this would potentially carry increased risk if inadvertent intravas-
cular injection occurred during a targeted spinal injection, as has been
described with particulate steroid agents. This is due to the elevated pH of
dexamethasone and the incompatibility of ropivacaine with alkaline solutions.
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Introduction

Lumbar back pain is a common health problem affecting
all age groups and increases in frequency with advancing
age with a peak between ages 35 and 55. The estimated

lifetime prevalence of non-specific low back pain is
60–70% in developed countries and it carries a signifi-
cant socioeconomic burden.1 Targeted epidural, trans-
foraminal and perineural steroid injections have been
shown to be effective in reducing lumbar back pain with,
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and without radiculopathy, and there is strong evidence
showing the benefit of epidural steroid injection for treat-
ment of lumbar back pain in a patient population with
appropriate indications.2–6 Recently, there has been
concern raised regarding the use of particulate steroids
for spinal injections given the risk, albeit rare, of serious
neurological adverse events ascribed to inadvertent
neurovascular embolisation. Cases of cerebrovascular
events, spinal cord injury, paralysis and death have been
reported.7,8 In response, it has been suggested that the
use of non-particulate steroids over particulate steroid
agents should be considered for all targeted epidural,
transforaminal and perineural spinal injections.9 Recent
studies have demonstrated comparable efficacy between
non-particulate and particulate steroids for spinal injec-
tions when appropriate dosages are utilised.10,11 At the
authors’ institutions, use of non-particulate steroids for
all spinal epidural and perineural injections in combina-
tion with a local anaesthetic has commenced. A variety
of anaesthetic–steroid mixtures are widely used for
spinal, musculoskeletal and other pain-management
procedures including targeted spinal injections and infu-
sions. We have, however, observed that the combination
of ropivacaine 0.75%, typically with 4 and 10 mg/mL
concentrations of dexamethasone sodium phosphate
results in rapid crystallisation in the non-particulate
steroid/anaesthetic combination, even to the extent of
occlusion of 22-G spinal needles. This is due to inadvert-
ent alkalisation of ropivacaine. Furthermore, commonly
used local anaesthetics (as mentioned earlier) are pre-
pared with an acidic pH to maximise their water solubility
and chemical stability,12 and the pain associated with
cutaneous/subcutaneous administration of local anaes-
thetics is largely ascribed to this low pH. To counter this,
it is common practice to admix a small volume of sodium
bicarbonate to the local anaesthetic solution to raise the
pH, increase the local anaesthetic effect and lessen the
discomfort,13 also a potential source for contamination of
subsequently drawn up agents with an alkaline agent.
This observation of crystallisation is concerning, given
the basis of the shift from particulate to non-particulate
agents for spinal injections to minimise the risk of sig-
nificant neurological events. In this study, we have
assessed the commonly used local anaesthetic and non-
particulate steroid combinations in our centres. The
authors caution readers regarding the use of such com-
binations for spinal perineural, transforaminal and
epidural injections without thorough preliminary assess-
ment to ensure such combinations are not precipitating,
and thus negating the proposed risk reduction of signifi-
cant neurological events with use of a non-particulate
steroid.

Materials and methods

Routinely used particulate and non-particulate steroid
and local anaesthetic agent combinations used at our

institutions were assessed macroscopically and micro-
scopically.

Non-particulate steroid agent: dexamethasone pre-
sented as 4 and 10 mg/mL preparations (dexamethasone
sodium phosphate, chemical formula C22H28FNa2O8P).

Particulate steroid agent: betamethasone acetate
(Celestone Chronodose, MSD, Macquarie Park, NSW, Aus-
tralia) presented as 5.7 mg/mL preparation (each millili-
tre containing 3.9 mg betamethasone sodium phosphate
(in solution), chemical formula C22H28FNa2O8P, and 3 mg
betamethasone acetate (in suspension), chemical
formula C24H31FO6).

Local anaesthetic agents: lignocaine 1% (lignocaine
hydrochloride, chemical formula C14H22N2O.HCl.H2O);
ropivacaine 0.75% (ropivacaine hydrochloride, chemi-
cal formula C17H26N2O.HCl.H2O); bupivacaine 0.25%
(bupivacaine hydrochloride, chemical formula
C18H28N2O.HCl).

Combinations of these medications were prepared,
mirroring those commonly used in clinical practice; 1 mL
of each of the local anaesthetic agents was admixed with
1 mL of dexamethasone steroid (both 4 and 10 mg/mL).
A preparation of 5 mL of ropivacaine 0.75% together
with 0.5 mL of sodium bicarbonate 8.4% alkalising agent
was also prepared. In addition, an 18-G drawing up
needle that was first used to draw up sodium bicarbonate
8.4% and macroscopically ‘cleaned out’ by passing air
through it via a syringe, was then applied to a clean
syringe, which was subsequently used to draw up 1 mL
of ropivacaine 0.75% local anaesthetic.

After formulating each of these preparations, several
drops of each solution were placed onto a glass slide and
observed under a microscope using low- and high-power
fields for 15 min each. Combinations were also created
directly on slides under continuous microscopic observa-
tion to monitor precipitation rate.

An electronic pH probe (Horiba Benchtop pH/Water
Quality Analyzer LAQUA F-71, Horiba, Ltd., Kyoto,
Japan) was used to measure the pH of ropivacaine
0.75%, dexamethasone 4 mg/mL, dexamethasone
10 mg/mL, 1 mL ropivacaine + 1 mL dexamethasone
steroid (4 mg/mL) and 1 mL ropivacaine 0.75% + 1 mL
dexamethasone steroid (10 mg/mL).

Betamethasone acetate (5.7 mg/mL) was examined
under the same microscope to assess crystal size (micro-
scope magnification calibrated against a ruler standard).

Results

The observation of crystals (subjectively on a 6-point
ordinal scale with 0 = no crystals, 1(+) = minimal crys-
tallisation to 5 (+++++) with heavy crystallisation), in
each of the preparations under the microscope (up to
15 min) is documented in Table 1.

Non-particulate dexamethasone sodium phosphate
when combined with ropivacaine showed prompt crys-
tallisation at all concentration combinations tested.
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Crystallisation began almost instantaneously, reaching
near full size by 30 s, with minor growth observed
between 1 and 3 min, without significant growth or
breakdown between 3 and 15 min (Fig. 1). Macroscopi-
cally, the mixture had a slightly cloudy appearance,
more pronounced with the higher concentration of dex-
amethasone (10 mg/mL), with a residual white film seen
coating the plastic surfaces and syringe plunger (Fig. 2).
With lower concentrations of dexamethasone, the mac-
roscopic precipitation was less apparent, although dis-
crete crystals were identifiable along the inner surfaces
of the syringe. Average diameter of stellate crystals was
in the range of 50–60 microns, with linear crystals meas-
uring up to 100–120 microns. A pH-dependent relation-
ship was observed with more pronounced crystallisation
observed with the addition of the 10 mg/mL dexametha-
sone (pH 8.4) compared with 4 mg/mL (pH 8.2) concen-
trations. The size of the large particles in the particulate

steroid betamethasone was comparable with the crystal
sizes observed with the ropivacaine and dexamethasone
combinations (Fig. 3).

Severe precipitation of ropivacaine was observed with
sodium bicarbonate 8.4% solution, forming a thick
gelatinous compound virtually instantaneously, apparent
both microscopically and macroscopically.

The 1 mL of ropivacaine drawn up with a grossly
‘clean’, but pre-used 18-G drawing up needle (previously
used to draw up sodium bicarbonate 8.4%) into a fresh
syringe also resulted in extensive crystal formation, with
a lower number, but still apparent, both microscopically
and macroscopically (Fig. 4).

Non-particulate dexamethasone sodium phosphate
when combined with bupivacaine remained in solution at
all concentration combinations tested.

The combination of lignocaine and sodium bicarbonate
in addition to dexamethasone remained clear of crystals.

Table 1. Subjective microscopic assessment of crystallisation up to 15 min

Lignocaine 1% Bupivacaine 0.5% Ropivacaine 0.75%

Dexamethasone 4 mg/mL Clear Clear Crystals +++

Dexamethasone 10 mg/mL Clear Clear Crystals ++++

Sodium bicarbonate 8.4% Clear Clear Crystals +++++

Grossly ‘clean’ 18-G needle used to

draw up sodium bicarbonate 8.4%

Clear Clear Crystals +

Extent of crystallisation ranging from + (minimal) to +++++ (heavy).

Fig. 1. Microscopic images (20× objective) demonstrating progressive crystallisation of ropivacaine 0.75% and dexamethasone 10 mg/mL combination over time:

(a) t = 0 s; (b) t = 15 s; (c) t = 60 s; (d) t = 180 s.

Crystallisation of ropivacaine and dexamethasone
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The particles in betamethasone steroid (5.7 mg/mL)
measured up to a maximum of 50 microns, with the
majority measuring 10–30 microns.

The pH values of the mixtures were as follows: 1 mL
ropivacaine 0.75% + 1 mL dexamethasone (4 mg/mL)
pH = 6.8, and 1 mL ropivacaine 0.75% + 1 mL dexam-
ethasone (10 mg/mL) pH = 7.0. The pH of ropivacaine
0.75% in isolation was pH 5.3, reflecting the product
disclosure statement of all local anaesthetics which are
prepared in the acidic range. Conversely, sodium bicar-
bonate 8.4% was alkaline, with a pH of 8.0. The meas-
ured pH of dexamethasone 4 and 10 mg/mL was 8.2 and
8.4, respectively.

Discussion

Targeted epidural, transforaminal and perineural steroid
injections are commonly used for treatment of back pain
in patients, and there is strong evidence supporting their
efficacy when utilised in an appropriate patient popula-
tion with appropriate indications.2–6 As with any
interventional procedure, the risk profile includes,
although usually uncommon, a number of potential
severe adverse outcomes. Spinal cord injury, infarction,
paralysis and death are a number of the serious neuro-
logical adverse effects that fall into the arena of targeted
spinal injections.14–16 Inadvertent intravascular injection,
in particular into a radiculomedullary artery, is believed
to be a primary cause of a number of serious adverse
effects reported with spinal injections, particularly with
particulate agents; however, the overall rate of severe
complications remains small. Spinal cord injury following

targeted pain injections have been documented following
transforaminal epidural and perineural injections, and to
the best of the authors’ knowledge, there are no reports
of such adverse effects with non-particulate steroid
agents or when an interlaminar epidural technique is
utilised in a patient without a history of spinal
surgery.7,14,17–19 Our findings with ropivacaine and non-
particulate dexamethasone combinations producing
crystallisation are concerning and would theoretically
carry the same intravascular injection risk as seen with
particulate steroid agents. This finding further supports
the pharmacological principle that a combination of
drugs should be considered incompatible, until proven
compatible.

Some institutions, including our own, have preferen-
tially used ropivacaine over the previously used alterna-
tive agent bupivacaine for steroid/local anaesthetic
targeted injections. This transition was based on the
improved cardiovascular risk profile of ropivacaine in the
setting of inadvertent intravascular injection,20 and

Fig. 2. Macroscopic appearance of ropivacaine 0.75% and dexamethasone

10 mg/mL combination after ∼10 min showing obvious precipitation within

solution and residual white film precipitate on the plunger.

Fig. 3. Microscopic images (20× objective) showing relative particulate size

between (a) betamethasone acetate and (b) dexamethasone 4 mg/mL and

ropivacaine 0.75% combination.
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previous reports of intraarticular injections of
bupivacaine and lidocaine demonstrating increased
chondrotoxicity relative to ropivacaine; however, in the
latter, the clinical relationship of these findings is less
well defined.21–24 The combination of ropivacaine and
both particulate and non-particulate steroid agents, has
been used for both various spinal and musculoskeletal
diagnostic and therapeutic injections, with reports in the
literature of such combinations being used for pain injec-
tions and infusions.25–30

The combination of concern is that of ropivacaine and
alkaline solutions, a category that dexamethasone
sodium phosphate falls into with a pH of 8.0. This has
been previously described in the literature when evalu-
ating alkalising local anaesthetic agents, with reports of
ropivacaine precipitating at a pH of 6.0 and above.31

Fulling et al. demonstrated that the proportion of non-
ionised ropivacaine increased with alkalisation, although
only achieving modest precipitation with the concentra-
tions used in their study.32 We observed all concentration
combinations used clinically at our institutions for both
ropivacaine and dexamethasone, given the alkaline pH of
dexamethasone showing a pronounced dose-dependent
crystallisation, with higher concentrations producing
obvious macroscopic precipitates in the injectate. We
observed that the lower concentrations of dexametha-
sone with the standard ropivacaine concentration used
at our institutions resulted in microscopically appreciable
crystallisation, which was barely visible macroscopically,
however, was still apparent. The incompatibility of
ropivacaine with alkaline solutions was further confirmed
with sodium bicarbonate, as has been previously been
reported,31,32 showing a pH-dependent precipitation
increasing from 0.3% to greater than 30% with pH
increasing from 5.51 to 7.63. Increasing time also con-
tributed to the extent of precipitation, and in their study,

Fulling et al. suggested that there was a low likelihood of
substantial drug precipitation after alkalinisation of
ropivacaine with low doses of bicarbonate if the mixture
was administered within 5–10 min. We, however,
observed rapid crystallisation occurring with the typical
concentrations of dexamethasone and ropivacaine used
in our clinical practice, with macroscopically apparent
precipitates evident almost instantaneously with the
10 mg/mL dexamethasone and 0.75% ropivacaine 1:1
combination attributed to the alkalisation of the resultant
mixture (pH 7.0). Lower concentrations of dexametha-
sone (4 mg/mL) combined with 0.75% ropivacaine in a
1:1 mixture showed a slight delay, and subjectively
reduced extent of precipitation, corresponding to the
relatively decreased pH of the mixture (pH 6.8).
Although Melton et al. reported stability of ropivacaine–
dexamethasone admixture using nuclear magnetic reso-
nance analysis, this was with volumes not reflective of
those typically utilised in clinical practice (∼9:1 ratio of
ropivacaine 0.5%:dexamethasone 4 mg/mL). This likely
would not have achieved the required alkalisation to
achieve crystallisation.33 We did not observe any such
crystallisation or precipitation with combinations of dex-
amethasone and bupivacaine or lignocaine, which
remains concordant with other studies.34,35 .

The practice of alkalising local anaesthetics with
sodium bicarbonate is known to increase the speed of
onset of nerve blocks and minimise initial discomfort
with cutaneous/subcutaneous local anaesthetic injec-
tion.11,12 Local anaesthetics are weak bases presented in
an acidic solution for solubility and to prolong shelf life.
The proportion of the non-ionised form of local anaes-
thetics increases with elevated pH, and it is believed that
this form crosses neural membranes more readily, thus
increasing its rate of action in addition to increasing the
pH.11,12 Even the small volumes of sodium bicarbonate
more typically used for alkalisation of lignocaine were
shown to cause rapid precipitation when mixed with
ropivacaine. We further tested the possibility of residual
sodium bicarbonate in an 18-G drawing up needle,
should the same needle be used to aspirate ropivacaine
after alkalising another agent, and this also produced
microscopic precipitation.

Interestingly, in the literature, there are reports of
improved efficacy with ropivacaine and dexamethasone
mixtures. This may relate to the effects of alkalisation
of local anaesthetic agents and their non-ionised
proportions; however, the crystallisation may also be
contributing to the observed improved efficacy, poten-
tially acting in a similar fashion to particulate steroid
agents.

Conclusion

We describe the effect of crystallisation with the combi-
nation of ropivacaine and the non-particulate steroid,
dexamethasone sodium phosphate, a mixture that has

Fig. 4. Microscopic image (40× objective) of crystal formation in ropivacaine

0.75% following contamination with residual sodium bicarbonate 8.4% solution

remaining in a ‘grossly’ clean 18-G drawing up needle.
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been used in the literature for targeted pain injections.
As this may be considered a non-particulate steroid/
anaesthetic injectate, this would potentially carry
increased risk if inadvertent intravascular injection
occurred during a targeted spinal injection, as has been
described with particulate steroid agents. This is due to
the elevated pH of dexamethasone and the incompatibil-
ity of ropivacaine with alkaline solutions. We did not
observe any such crystallisation or precipitation with
dexamethasone and bupivacaine or lignocaine, which
would be the more appropriate choice for situations
where non-particulate agents are required. Thorough
assessment of any medication mixture prior to use in
clinical practice is essential, particularly when precipita-
tion of a solution, such as in spinal injections could result
in severe adverse outcomes. Although, incompatibility of
ropivacaine with alkaline solutions is referred to in avail-
able drug information, no specific comment is made of
the relevance of this information with respect to common
injectable steroid formulations, which potential users
may consider using together. Clarifying this information
would help improve patient safety.
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