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Corticosteroids and local anesthetics are some of the most
commonly administered medications in radiology departments. These medications have marked variability in their
formulations, which may increase their adverse event profile for specific procedures. In particular, certain corticosteroid preparations are associated with adverse central
nervous system (CNS) sequelae. This is most likely due to
distal embolization by particulate formulations. Nonparticulate steroid formulations are not associated with such
events. Local anesthetics have severe CNS and cardiac
adverse effects if injected intravascularly and have recently
been associated with intraarticular chondrolysis if used in
large doses. This review discusses these medications with
particular emphasis on their established and postulated
adverse effects. The administering radiologist should be
aware of these potential effects and how best to reduce
their occurrence.
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C

orticosteroids and local anesthetics
(LAs) are some of the most commonly administered parenteral medications in radiology departments. Musculoskeletal and other radiologists administer
corticosteroids and LAs routinely as part of
their role in the diagnosis and treatment of
musculoskeletal disorders.
Common indications for corticosteroid or LA treatment include joint (eg,
facet, shoulder, hip, wrist, knee, ankle),
bursal (eg, subacromial, iliopsoas), tendon sheath, epidural, transforaminal,
perineural, interdigital neuroma, and cyst
and ganglion conditions. The frequency of
such interventional pain management
procedures is growing, as evidenced by a
Medicare claims study (1) that demonstrated a nearly 100% increase in the frequency of epidural injections between
1998 and 2003.
Corticosteroids are predominately
administered because they are proven antiinflammatory agents that provide medium-term relief of symptoms (2–4). Corticosteroids can additionally be used to
treat neuromas, ganglia, and paralabral
cysts (5). LAs can provide not only immediate relief to the patient but also possible
diagnostic feedback in the elucidation of
the source of pain (6,7).

Essentials
䡲 Most corticosteroid preparations
contain corticosteroid esters,
which are highly insoluble in water and thus form microcrystalline
suspensions.
䡲 Corticosteroid transforaminal injections are associated with potential cerebral and spinal cord
infarction, likely secondary to distal embolization by the particulate
corticosteroid preparation.
䡲 Non-particulate corticosteroid
preparations are not associated
with embolic type CNS sequelae.
䡲 Local Anesthetics have definite
severe CNS and cardiovascular
adverse effects if injected intravascularly in large doses.
䡲 Local anesthetics are potentially
associated with significant chondrolysis if used in large quantities
and/or with vasoconstrictors.
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Corticosteroids and LAs are routinely
administered in combination, either in
the same syringe or separately during the
same procedure. It is important for the
administering radiologist to understand
the properties of the various pharmaceutic preparations available because there is
considerable variability in their effectiveness, duration of action, and potential for
severe adverse effects.
This article will review the common
corticosteroid and LA preparations used
in radiology departments, with particular
emphasis on their potential for adverse
effects and complications.

Corticosteroids
Steroids have variable structures, functions, and sites of effect. In addition to
those steroids found in nature, there are
many that have been synthetically produced. Steroid molecules differ principally in terms of changes to the functional
groups attached to their carbon rings.
Natural corticosteroids are formed in the
adrenal cortex and are involved in a
wide range of physiologic effects. In 1950,
the Nobel Prize in Physiology or Medicine
was awarded to Philip Hench, Tadeusz
Reichstein, and Edward Calvin Kendall
for discovering that corticosteroids have
important antiinflammatory effects. Corticosteroids can be classified as mineralocorticoids (eg, aldosterone), which control water and electrolyte physiology, and
glucocorticoids (eg, cortisol), which control
metabolism and inflammation. Due to the
powerful antiinflammatory effects discovered by Hench, corticosteroid-like molecules have been synthesized to be used in
drug therapy. The efficacy of corticosteroids was dramatically demonstrated when
an intramuscular injection of hydrocortisone allowed a patient with rheumatoid arthritis who had been confined to bed to
walk again (8).
Corticosteroids predominately affect
the action of cytokines involved in inflammation (9–11). They lead to downregulation of immune function (12), inhibiting cell-mediated immunity, reducing
cellular accumulation at inflammatory
sites and decreasing vascular responses
(11,12). Corticosteroids cause these effects through a mechanism that ultimately

involves its active moiety entering cells
and combining with receptors to alter
messenger RNA production, mainly altering the protein annexin-1 (previously
called lipocortin-1) (13,14).
Corticosteroids were first used as an
intraarticular injectable by Thorn in 1940,
but it was Hollander in 1951 who established the practice (15). Hollander successfully treated tens of thousands of patients with a range of conditions that included rheumatoid arthritis, osteoarthritis,
bursitis, systemic lupus erythematosus,
and gout. In various publications, he described the effects of corticosteroid injections in large joints, small joints, bursae,
and tendon sheaths (16–19). These injections were not image guided, and any
poor therapeutic response was considered by Hollander as secondary to a failure of the steroid to enter the joint space
(17). While Hollander predominately
used hydrocortisone, there are now several injectable preparations of corticosteroids available from which the radiologist
can choose.

Corticosteroid Preparations
The common synthetic corticosteroids
used in radiology procedures are derivatives of prednisolone (an analogue of cortisol). All have antiinflammatory potencies per dose unit somewhat greater than
that of cortisol. The most commonly used
preparations are detailed in Table 1.
Methylprednisolone is the methyl derivative of prednisolone, whereas betamethasone, dexamethasone, and triamcinolone
are all fluorinated derivatives of prednisolone.
Corticosteroid preparations can be
either soluble or insoluble. Most corticosteroid preparations contain corticosteroid esters, which are highly insoluble in
water and thus form microcrystalline suspensions. Dexamethasone preparations,
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No
Yes
Some
None
35
0

Yes
Yes
Few
Extensive
45
45

References 23, 24. Maximum size of a red blood cell is approximately 10 m.

Value is percent wt/vol.

†

‡

* Information obtained from package inserts for each commercial product.

Depo-Medrol, Solu-Medrol, Duralone, Medralone 4
Kenalog
4

Methylprednisolone acetate
Triamcinolone acetonide
Betamethasone acetate,
betamethasone sodium phosphate
Dexamethasone sodium phosphate

Celestone Soluspan, Betaject
Decadron Phosphate, Adrenocot, Decaject

Commercial Names
Steroid

0.75
0.75

0.001‡
⬎500
0.0002‡
⬎500
Acetate form, “practically insoluble”;
sodium phosphate form, freely soluble
500
Freely soluble
0.5

Particles
⬎10 m Particle
(%)†
Aggregation†
Maximum
Particle
Size (m)†
Equivalent
Potency
(mg)
Solubility*

Common Corticosteroid Injectables

Table 1

Corticosteroid Use
It is outside the scope of this paper to
provide a detailed review of techniques
and doses for the multitude of uses for

Benzyl
Polyethylene
Alcohol* Glycol*

however, are not esters and are freely
soluble in water; hence, the preparation
is clear (ie, nonparticulate). The potential
advantage of corticosteroid ester preparations is that they require hydrolysis by
cellular esterases to release the active
moiety and consequently should last
longer in the joint than do nonester preparations (20). On the other hand, freely
water soluble preparations such as dexamethasone sodium phosphate and betamethasone sodium phosphate are taken
up rapidly by cells and thus have a quicker
onset of effect but with a concomitant
reduced duration of action. Of note, the
formulation Celestone Soluspan (Schering, Kenilworth, NJ) contains a combination of betamethasone ester and betamethasone salt and, therefore, may
provide a dual action of quick onset and
long-acting therapy. However, most clinical
studies have not shown a significant difference between Celestone Soluspan and
other corticosteroid ester preparations in
terms of onset or duration (21,22).
Various in vitro studies (23–26) have
recently demonstrated that there are substantial variations in the size of the crystals in corticosteroid esters preparations.
There are also differences in the propensity of different corticosteroid crystals to
aggregate into larger particles. In addition, because each pharmaceutic has a
different potency, there are varying concentrations of crystals in each to allow
equivalent doses between different corticosteroids. These variations are summarized in Table 1. What is important to
note is that formulations that contain ester preparations have a relatively larger
particulate size. There is, however, considerable variation in the reported particle size for the preparations studied in the
literature. The clinical importance of this
will be discussed in more detail below.
In addition to the actual steroid, there
are several other chemical ingredients in
any corticosteroid formulation, including
preservatives (commonly, benzyl alcohol)
and a drug vehicle (namely, polyethylene
glycol). These will also be discussed later.

No
No
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injectable steroids. Each corticosteroid
formulation has a different potency. Table
1 includes the equivalent milligram dose
of the various steroids for the purpose of
comparison. As can be seen, five times
less dexamethasone and betamethasone
is required to achieve potency similar to
that of methylprednisolone or triamcinolone. The standard approximate corticosteroid doses for intraarticular injections
are outlined in Table 2.
The duration of action of corticosteroids can be described by their biologic
half-life, pharmaceutic half-life, or duration of clinical benefit. While the duration
of clinical benefit is the most practical assessment, it is unfortunately the most
subjective and differs widely in the literature, without statistically significant differences. For example, in rheumatoid arthritic knee joints, the average duration of
benefit is reported to be between 14 and
66 days for triamcinolone (19,27) and between 8 and 56 days for methylprednisolone (28,29). Such wide overlapping
ranges are typical and hence difficult to
analyze confidently. As previously explained, the ester preparations of a corticosteroid would be expected to have
longer half-life, since they rely on the patient’s own hydrolytic enzymes (esterases) to release the active moiety. Al-
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though there are very few clinical trials in
which a corticosteroid ester is compared
with dexamethasone, to date there are no
studies of which we are aware that have
shown a statistically significant difference
between onset, duration, or efficacy (30).
The use of corticosteroid injections to
treat neuromas, ganglia, and paralabral
cysts is still debated (5). They were first
used in this way in 1953 for the treatment
of wrist ganglia (31). Since the publication of that article, the data have been
conflicting regarding steroid treatment
versus aspiration alone. The mechanism
of action of how corticosteroids may treat
ganglia is unclear. Initially it was thought
that ganglia were inflammatory in origin
and that steroids would thus be effective.
Histopathologic analyses, however, have
rarely shown a notable inflammatory
component of ganglia, thus indicating that
an inflammatory origin is unlikely. A potential benefit possibly arises through a
protein catabolic effect, although this is
unproved (32).
Corticosteroids are sometimes administered after admixture with other
agents in the same syringe. The potential
advantages over a dual-syringe technique
would be the reduced chance of inadvertent needle movement during syringe exchange and marginally reduced proce-

Table 2
Comparative Table of Typical Dosages for Different Sized Joints
Joint Size
Large*
Medium†
Small‡

Methylprednisolone
Acetate (mg)

Triamcinolone
Acetate (mg)

Betamethasones (mL)

Dexamethasone Sodium
Phosphate (mg)

20–80
10–40
4–10

10–15
5–10
2.5–5

1–2
0.5–1.0
0.25–0.5

2–4
2–3
0.8–1

Note.—Data obtained from package inserts.
* Including knee, shoulder, and ankle. Epidural doses are similar.
†

Including elbow and wrist.

‡

Including metacarpophalangeal, facet, and acromoclavicular joints.

Table 3
Contraindications to Corticosteroid Injections
Type of Contraindication Condition
Absolute
Relative
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Local or intraarticular sepsis; bacteremia, intraarticular fracture, joint instability
Severe juxtaarticular osteoporosis, coagulopathy, injection of joint three times that
year or within 6 weeks

dure time. A recent study (24) demonstrated that corticosteroid crystals do not
have any greater propensity to aggregate
or change size when mixed with lidocaine
solution or iodinated contrast material.
Thus, it appears safe to coadminister corticosteroids and lidocaine, with the caveat
that other LAs have not been formally
assessed.

Contraindications
There are several known contraindications to the use of corticosteroid injections in musculoskeletal disorders. These
are listed in Table 3. The main concerns
are the introduction of sepsis into a joint
during the procedure or the exacerbation
of sepsis already present within a joint.
Thus, local or intraarticular infection is a
contraindication to corticosteroid injection. In addition, because corticosteroids
inhibit bone healing (33,34), an intraarticular fracture at the time of injection is
also a relative contraindication to injection (35). To prevent disease progression, it has generally been advised to minimize the use of injected corticosteroids in
markedly unstable joints or in those with
severe juxtaarticular osteoporosis.
Worsening of joint instability after
corticosteroid injection apparently results
from the development of subchondral osteonecrosis and weakening of the capsule
and ligaments (36). It is also advised that
the number of injections to the same joint
or structure be limited to one injection
every 6 weeks and/or three injections in 1
year (37). Bacteremia or conditions likely
to cause bacteremia (eg, bacterial endocarditis, pneumonia) are generally regarded as contraindications to local corticosteroid injection (38).
Juxtaarticular osteoporosis was a
concern to Hollander, since the use of
corticosteroids could potentially decrease
bone density, with resultant fracture. It
has been argued by some authors (37),
however, that this is a regular consequence of synovitis and, thus, that therapy that moderates such synovitis may
actually improve juxtaarticular osteoporosis and osteopenia. However, we are
aware of no published reports to support
this hypothesis.
Joint injection in the presence of coagulopathy or in a patient on anticoagu-
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lant therapy is somewhat controversial.
While it is prudent that any coagulopathy
should be corrected or anticoagulation
therapy should be withheld prior to any
injection therapy, there is little evidence
to suggest that it is a necessary course of
action. A small study (39) in which joint
and soft-tissue injections were assessed in
patients receiving oral anticoagulation
therapy did not result in any hemorrhages. Some authors (38), however, still
suggest prudence and withholding of oral
anticoagulation if the international normalized ratio is greater than 2.

Adverse Effects
The following is a list of the established
adverse effects associated with corticosteroid injections: (a) septic arthritis,
(b) postinjection “flare,” (c) local tissue
atrophy, (d) tendon rupture, (e) cartilage
damage, and (f) flushing and increased
blood glucose level.
The most feared complication after
steroid injection is infection; in particular,
a septic joint. With a good sterile technique, however, the incidence of such a
complication is as low as 0.01%– 0.03%
(17,19,40). The most common adverse
effect is the postinjection flare, which is a
local increase in inflammation that develops within hours and can last 2–3 days. If
severe, this flare may be difficult to distinguish from sepsis. If the flare lasts longer
than 24 hours, joint aspiration is recommended to exclude infection (37). The
prevalence of postinjection flare is 2%–
25% (17,19,41) and does not predict a
poor response to therapy (19,42,43). The
cause of the flare may be due to the previously described microcrystalline steroid
esters, which may incite a crystal-induced
arthritis (42), or possibly to a chemical
within the drug formulation (41).
Local tissue necrosis, calcification,
and tendon rupture have been associated
with extraarticular injections of the corticosteroid formulation triamcinolone
hexacetonide (Aristospan, Novartis,
CITY, STATE, COUNTRY). It is for this
reason that it is recommended that triamcinolone hexacetonide be used only by
experienced radiologists, even though it is
a very effective medication with a clinical
benefit of up to several months (37).
There has been considerable debate

over the past several decades on the risk
of articular hyaline cartilage damage with
intraarticular injections. The results of
animal studies have been inconsistent,
with studies in rabbits demonstrating increased cartilage fissures and cysts, reduced proteoglycan and protein synthesis, and reduction of cartilage production
by 50% (44,45), while a later study in
dogs reported a protective effect (46).
More recent animal studies have assessed
biomarkers of cartilage turnover after intraarticular steroid injection. These have
demonstrated increased markers of aggrecan turnover and increases in cartilage
matrix degradation (47). Results from
studies of large patient groups confirms
that cartilage loss can occur after repeated corticosteroid injections; however, it is thought that the risk is generally
low, with 0.7%–3% of patients who have
received multiple injections developing
substantial cartilage loss (48). A recent
randomized double-blind study demonstrated no deleterious effects on joint
space size for a period of 2 years (49). As
stated already with regard to juxtaarticular osteopenia, corticosteroids may theoretically help preserve cartilage in the setting of active synovitis. Overall, many investigators believe this benefit outweighs
the potential harm (37).
There are a number of soft-tissue adverse effects associated with local injection of corticosteroids: namely, skin atrophy and depigmentation, as well as fat
necrosis. These are most noticeable after
injection of superficial structures (eg, ganglia, neuromas, tendon sheaths) but can
also be seen after an intraarticular injection, presumably due to reflux of corticosteroid along the needle track (50). The
mechanisms underlying skin changes are
not well elucidated, but several authors
(51–54) attribute direct cytotoxicity, altered ground substance, vasoconstriction, and/or the mechanical effects of
edema as potential underlying reasons. In
addition, decreased type I collagen and
glycosaminoglycan synthesis are important factors (55).
Skin depigmentation is an important
but underappreciated complication of
corticosteroid injection. Such depigmentation is of course most noticeable on
dark-skinned patients, and such patients
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should be informed of such a potential
complication prior to injection. It is important to note that it can take up to 2
months for skin effects to manifest. Skin
depigmentation normalizes in most patients over a period of 12 months (56). Of
interest, there is some evidence that
repigmentation is accelerated with exposure to ultraviolet light (56,57).
Cutaneous atrophy is observed
clinically as a depressed area of skin,
occasionally with hypopigmentation,
distended blood vessels, and alopecia.
While atrophy usually normalizes over
a period of 1–2 years, effects lasting
longer than 5 years have been reported (50,58,59). The extent and duration of such skin complications is
likely related to the solubility and concentration of the corticosteroid preparation (60). Interestingly, normal saline infiltration has been demonstrated to be a rapid and effective
method to treat local and prolonged
skin atrophy (61). Of note, methylprednisolone is less associated with
these adverse effects than is triamcinolone and, therefore, may be the preferred preparation when injecting superficial structures (50,60).
Corticosteroids increase protein catabolism. It has been shown in animal
models that intratendinous injection of
corticosteroids adversely affects the biomechanical properties of tendons. There
is some debate currently on the use of
corticosteroids in the treatment of
chronic tendon processes (degeneration,
tendinosis). Injections may predispose to
weakening of tendons and may minimize
an inflammatory reaction that aids in the
healing process (62). It is relatively well
established that intratendinous corticosteroid injection can lead to tendon rupture (63–65). This is likely to occur
through the inhibition of tenocyte proliferation (66) and the reduction in the
strength of isolated collagen fascicles
(67). These observations suggest that
peritendinous injections should also be
performed with some caution.
Systemic effects of soft-tissue or intraarticular injections do occur but are
generally believed to have minimal clinical
importance (68). In the past decade,
however, there have been a number of
651
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reports of a measurable effect on the hypothalamus-pituitary-adrenal axis after
intraarticular injection of corticosteroids
(69–72). Duclos et al (69) demonstrated
that seven of 10 male athletes had an abnormally low serum cortisol level after a
single intraarticular injection of corticosteroid and that response to adrenocorticotropic hormone stimulation was
blunted. This inhibitory effect was seen to
persist 14 days later in three of 10 athletes. The authors proposed that athletes
should be prohibited from all sporting or
professional activities that have a high
risk of trauma or infection for a period of
2 weeks after treatment, because they
believe there is an increased risk of adrenal crisis in this period after injection. It
must be pointed out that inhaled corticosteroids are known to cause a similar rate
of adrenal suppression (73), but there are
few cases of adrenal crisis in the literature
(74). Nevertheless, it is important for
the treating radiologist to be aware that
intraarticular corticosteroids do have
variable systemic effects, and patients
should be counseled not to undergo surgery, become severely dehydrated, or expose themselves to severe physical stress
within 2 weeks after corticosteroid injection (69).
Several studies have demonstrated a
measurable increase in blood glucose
level in diabetic patients receiving corticosteroid injections (75–77). The hyperglycemic effect can be seen from 2 to 5
days after injection. Patients with diabetes should thus be warned to expect an
increase in their blood glucose level at
home.
Corticosteroid injections may be
less effective in patients with diabetes,
as evidenced by results from a prospective, randomized, controlled trial (76)
of corticosteroid injections in diabetic
patients with trigger finger. The authors
found that corticosteroid injections were
less effective in diabetic patients than in
nondiabetic patients, did not decrease
the surgery rate compared with placebo, and did not improve symptom relief compared with placebo.
Facial flushing has been reported as
an unpleasant adverse effect after intraarticular injection in 15% of patients (78).
Flushing occurs 2–30 hours after injection
652
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and can last 36 hours. It is seen more
commonly after triamcinolone administration but can occur after any preparation (78). Chilliness, shaking, and headaches can accompany the facial flushing.
It is always self-limiting, and its cause is
still to be fully elucidated; however, flushing is likely secondary to a histaminemediated response to the drug (79). If
such symptoms persist, consideration
should be given to administering diphenhydramine to reduce symptom duration
or to switching to another corticosteroid
if further injections are required (80).

Adverse Central Nervous System
Sequelae
In the recent literature there have been a
number of reported cases of adverse central nervous system (CNS) events occurring secondary to corticosteroid injections. This is most commonly seen with
cervical transforaminal corticosteroid injections (81–86), with brain and spinal
cord infarction being the most frequent of
these uncommon sequelae (87–90).
There are additional case reports of paraplegia after selective lumbar transforaminal injection (91). Postulated causes of
these negative sequelae include (a) vascular injury causing arterial spasm, trauma,
or compression; (b) spinal cord or cerebral embolic infarction after particulate
corticosteroid injection into an arterial
vessel; and (c) neurotoxicity from the preservative and/or drug vehicle in the steroid formulation.
Several authors (81,84,92) agree that
infarctions caused by particulate steroid
emboli are likely the primary cause of the
reported CNS complications. As has been
discussed earlier, there is considerable
variation in the size of particles in different corticosteroid preparations. The size
of the corticosteroid particles is likely important, because it will determine the size
of vessel that is potentially embolized.
Particles larger than a red blood cell but
smaller than an arteriole will have the
greatest propensity to occlude terminal
arterial vessels and cause infarction. Particles larger than this will likely occlude
larger vessels (arterioles); however,
there is increased likelihood of collateral
blood supply preventing substantial tissue
damage (93). It is for this reason that

small particles in the arterial system can
be the most dangerous, and their use is
typically avoided in interventional embolization procedures (94). Studies in which
cerebral infarction was assessed (95,96)
have demonstrated that microthrombi of
60 –100 m in diameter are capable of
occluding terminal vessels and causing
substantial infarction. As can be seen
from Table 1, the size of corticosteroid
esters is similar to that of agents used in
interventional embolization procedures.
For example, embolization microspheres
are used in sizes ranging from 40 to 1000
m, depending on the target vessel
(97,98). For additional comparison, a red
corpuscle has a diameter of 4 –10 m.
The diameter of an arteriole ranges from
100 to 500 m, the diameter of deep and
accessory cervical arteries ranges from
600 to 2600 m, and that of vertebral
arteries ranges from 3000 to 5500 m
(24). The inner diameter of a 22-guage
needle is approximately 400 m; however, it is thought that particles, once in
the vascular space, can coalesce or precipitate in the blood and form larger particles (24). This theory of particle aggregation in blood has not been demonstrated to date, but corticosteroids are
known to have varying propensities to aggregate in vitro (Table 1).
We found no reports in the literature
of adverse CNS events that were due to
the use of nonparticulate corticosteroids
(dexamethasone or pure betamethasone
sodium phosphate) (99). This strengthens the theory that embolic infarction
from particulate corticosteroid esters (as
opposed to needle-induced vascular injury) is the cause of the reported CNS
adverse events. On the other hand, nonparticulate corticosteroids are used much
less frequently than are particulate corticosteroids for transforaminal injections.
It is important for the radiologist to be
aware that critical arteries can be located
posteriorly in the intervertebral foramen
and thus are vulnerable to injection or
injury during a transforaminal injection.
A study by Huntoon (100) found that ascending and deep cervical arterial
branches can enter the external opening
of the posterior aspect of the foramen—
hence, close to the intended target for
transforaminal injection (Fig 1). These
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branches can occasionally supply radicular and segmental medullary arteries to
the spinal cord (100). A case report by
Baker et al (84) describes the opacification of a radicular artery that appears to
supply the spinal cord during a transforaminal injection (Fig 2). The procedure
was abandoned before corticosteroid injection, and the patient experienced no ill
effects. This confirms that it is possible to
inject a radicular artery by using standard
fluoroscopy-guided techniques.
Of note, the phenomenon of corticosteroid emboli is not unique to transforaminal injection. There are multiple reports in the literature of central retinal
artery occlusion after retrobulbar or periocular corticosteroid injection (101–104).
In many cases, embolic material is actually visualized in small retinal arterioles
(101,104).
A recent in vivo animal study (105)
assessed the vascular sequelae of particulate steroids. In that study, methylprednisolone was injected directly
into the vertebral artery of pigs via a
catheter, and the outcome was compared with that in pigs injected with
soluble corticosteroids (dexamethasone
and prednisolone). Assessment was
carried out by direct observation, magnetic resonance imaging, and dissection. The authors demonstrated that all
pigs who received methylprednisolone
had serious neurologic deficits and required ventilatory support. None of the
pigs that received nonparticulate steroids had serious sequelae. While these
results do not prove that this is the
cause of clinical cases of CNS infarction,
they certainly demonstrate the importance of inadvertent passage of particulate steroids into the CNS vasculature
and, specifically, that dexamethasone
sodium phosphate is safe.
Transforaminal corticosteroid injections can result, extremely rarely, in near
instantaneous death, tetraplegia, or paraplegia, with any spinal level being at risk.
The precise probability of such complications has not been evaluated at this time.
Some centers, notably in France, are designing studies to address this issue (106).
Another potential source of adverse
effects is from the preservatives and drug
vehicles used in the different formulations
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Figure 1

Figure 1: Diagram demonstrates potential mechanism of spinal cord infarction caused by transforaminal
injection of corticosteroid crystals traveling to the spinal cord. A radicular artery is located posteriorly at the
foramen that, in some patients, may contribute arterial supply to the spinal cord. Diagram illustrates corticosteroid crystals traveling to the spinal cord. (Reprinted, with permission, from reference 99.)

Figure 2

Figure 2: Fluoroscopic contrast medium— enhanced spot image obtained during routine transforaminal
injection. Radiopaque contrast medium is seen opacifying a radicular artery (arrows) that appears to supply
the spinal cord. (Reprinted, with permission, from reference 83.)

Radiology: Volume 252: Number 3—September 2009 ▪ radiology.rsnajnls.org

653

REVIEW: Injectable Corticosteroids and Local Anesthetics

of corticosteroids. Benzyl alcohol is the
most commonly used preservative, and
there is some debate over its adverse effects. A number of neurotoxic effects
have been described including demyelination, neural degeneration, and paraplegia
(107–109). This compound is found in
formulations of methylprednisolone, triamcinolone, and dexamethasone (Table
1). Because the adverse CNS sequelae
reported with corticosteroids occur quite
soon after injection, it is thought that this
preservative cannot explain the majority
of events in the literature.
Polyethylene glycol is a drug vehicle
used in many formulations (Table 1). This
chemical has been shown to reversibly
decrease the action potentials of neural
fibers, which could potentially cause adverse effects after intraarterial injection
(110). However, no clear link has been
established. Indeed, some authors
(111,112) now believe that polyethylene
glycol has no neurotoxic effects at commercially available concentrations.
As there are no reported cases of
CNS sequelae from the use of nonparticulate corticosteroids, many authors suggest that all transforaminal procedures
should use such preparations to reduce
adverse event rates (24,99,113). Unfortunately there are many fewer data on clinical efficacy for such formulations. In addition, such preparations would be expected to have a reduced duration of
action. Importantly, some studies (21,113)
have found no difference in immediate
efficacy of particulate versus nonparticulate corticosteroids for the treatment of cervical and lumbar radicular
pain, respectively. Neither of those
studies, however, assessed longer
term clinical effect.
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In conclusion, there is wide variation
in the preparations of corticosteroids that
affect onset, efficacy, duration of action,
and adverse effects profile. A good understanding of these important factors is critical for the radiologist in deciding on the
most appropriate therapy for the patient.

Local Anesthetics
LAs inhibit nerve excitation and/or conduction to cause local analgesia and/or
paralysis. They are among the most commonly administered pharmaceutics in radiology departments. Anesthetics are administered primarily to induce cutaneous
analgesia at the time of a procedure but
may also be given for local relief at sites of
musculoskeletal discomfort (articular and
nonarticular). Mayson et al (114) demonstrated that radiology residents lack
knowledge with respect to agents used in
radiology departments, including LAs.
This section will review LAs for the practicing radiologist.
The first clinically administered LA
was cocaine. Cocaine was extracted and
isolated from coca leaves in the 1860s
(115). This naturally occurring LA is,
however, relatively toxic and has caused
notable abuse and addiction issues. The
first synthetic LA, procaine (Novocaine),
was developed in 1904, but it has a delayed onset of action, short duration of
action, and is less potent than cocaine.
Since then, multiple synthetic LAs have
been developed, notably lidocaine in 1943
and bupivacaine in 1957.
LAs act mainly through inhibition of
sodium-specific ion channels on neuronal
cell membranes. This prevents the development of an action potential in the neuron, thus inhibiting signal conduction.

While all neurons are sensitive to LAs,
smaller-diameter neurons are blocked
better than are larger neurons, and thus
pain sensation (small myelinated axons)
can be blocked but sensation relatively
preserved.
LAs can be divided into those that are
esters (eg, cocaine and procaine) and
those that are amides (lidocaine, bupivacaine, ropivacaine). The ester preparations of LAs are associated with a risk of
severe allergic reactions secondary to the
breakdown product paraaminobenzoic
acid (116). True allergic reactions are
much less common with amide preparations (117).
The relative potencies of different
LAs are reviewed in Table 4. It is important to note that while increasing the dose
of administered LA increases the degree
of anesthesia and duration of action, the
time of onset of anesthesia is unchanged.
It is relatively common for a vasoconstrictor, typically epinephrine, to be
added to LA formulations. This decreases
the rate of vascular absorption, allowing
more anesthetic to reach the neuron and
improve potency. For example, the addition of epinephrine to 0.5% bupivacaine
increases the depth and duration of local
anesthesia obtained at epidural blocks
(118).

LA Preparations
The most commonly administered LAs
are reviewed in Table 4. The physiochemical properties that influence the activity of LAs include lipid solubility, protein binding, and the acid dissociation
constant pKa. Lipid solubility is the primary determinant of intrinsic LA potency: The more lipophilic the preparation, the more easily it penetrates the

Table 4
Comparative Table of LAs
Generic Name
Procaine hydrochloride
Lidocaine hydrochloride
Bupivacaine hydrochloride
Ropivacaine hydrochloride

Trade Name

Relative Potency

Protein Binding (%)

pKa Value*

Lipid Solubility

Onset

Duration of Action (min)

Novocain
Xylocaine
Marcaine
Naropin

1
2
8
6

5.8
55
96
95

8.9
7.8
8.1
8.1

1.7
25
346
115

Moderate
Rapid
Longest (2–10 min)
Moderate

30–60
80–120
180–360
140–200

Note.—Information obtained from package inserts.
* pKa ⫽ logarithmic acid dissociation constant.
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nerve membrane. Protein binding determines the duration of action, and pKa
determines onset of action.
The most commonly used LAs in radiology are amides, namely lidocaine and
bupivacaine. While lidocaine is the best
known amide LA, bupivacaine may be
used more commonly in some centers for
musculoskeletal procedures.
Lidocaine has a quicker onset but a
shorter duration of action than does bupivacaine. Lidocaine is also about half as
potent as bupivacaine at inducing local
anesthesia (119,120). Ropivacaine, a
newer amide LA developed in 1996, is
similar in potency to bupivacaine but has
fewer cardiotoxic effects (121). As mentioned previously, nearly all these preparations can be formulated or admixed
with epinephrine to prolong their duration of action by approximately 50%
(122).
LAs are often administered in conjunction with corticosteroids, both as a
diagnostic tool but also to provide the patient with immediate relief of symptoms.
If symptoms do not resolve after targeted
injection, the injected structure is unlikely
to be the source of pain. The most commonly administered LA in skeletal procedures is bupivacaine, because it is more
potent and has a longer duration of action
than does lidocaine. Typical doses of bupivacaine range from 0.5 to 2.0 mL in
concentrations of 0.25% or 0.50%, depending on joint size (123,124).
Interestingly, bupivacaine injections
have been demonstrated to provide relief from chronic back pain after lumbar
facet nerve-root block for a median duration of 15 weeks (123). This is a relatively unexpected finding because the
anesthetic effect of bupivacaine lasts for
no more than 6 –7 hours (Table 4). The
mechanism of how such relatively longterm relief is provided by LAs is unknown. Apart from a placebo-type effect, there are a number of postulated
mechanisms: suppression of nociceptive
discharge (125), blockade of the sympathetic reflex arc (126,127), blockade of
axonal transport (128,129), blockade of
sensitization, (130,131) and antiinflammatory effects (132).
There are few contraindications to
the use of LAs. A clinical history of hyper-

sensitivity reaction to any amide-type LA
is a contraindication. A true anaphylactic
allergy is extremely rare; however, immediate (⬍12 minutes) and delayed-type hypersensitivity reactions (48 –72 hours) to
LAs have been reported (133,134). Local
sepsis and coagulopathy are relative contraindications to musculoskeletal LA injections owing to the risk of the introduction of sepsis into a joint or bleeding into
a joint. As stated earlier, the risk of intraarticular hemorrhage is very low (39). An
additional relative contraindication applies to LA preparations that contain epinephrine or norepinephrine. Such preparations may produce severe prolonged
hypertension in patients also receiving
monoamine oxidase inhibitors or tricyclic
antidepressants (135). Such a risk is low,
but because these medications demonstrate some systemic absorption from
joints, the potential risk does exist during
intraarticular injection (136).

Known or Potential Adverse Effects
It is important for the radiologist to be
aware of the maximum safe dose of an
LA. Present recommendations for maximum doses are, in large part, not evidence based (137). The dose recommendations are meant to prevent the administration of a toxic dose of an LA. In
Europe, the maximum dose of lidocaine is
200 mg (or 3 mg per kilogram of body
weight). This equates to 20 mL of 1%
lidocaine or 10 mL of 2% lidocaine. In the
United States, the maximum dose is 300
mg. If epinephrine is used with lidocaine,
then the maximum dose increases to 500
mg in both Europe and the United States
(137). The maximum safe dose of bupivacaine is approximately 150 mg (2 mg/
kg). This equates to 25 mL of 0.5% bupivacaine or 50 mL of 0.25% bupivacaine.
The maximum safe dose for ropivacaine
is 375 mg. These doses, however, do not
take into account the site of injection. For
example, similar plasma concentrations
of lidocaine are obtained after a 300-mg
intercostal block, a 500-mg epidural
block, a 600-mg brachial plexus block,
and a 1000-mg subcutaneous infiltration
of the leg (138,139).
The most well-known and established
adverse effects from LAs are CNS and
cardiac toxicity after intravascular or un-
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wanted intrathecal injection (140). Because the CNS is more sensitive to the
effects of LAs than is the cardiovascular
system, CNS sequelae are usually the first
indication of systemic toxicity after intravascular injection. CNS sequelae include
shivering, muscle twitching, tremor, hypoventilation, respiratory arrest, and, finally, generalized convulsions. In an animal model, bupivacaine had a markedly
lower threshold dose to induce generalized convulsions than did the other amide
LAs (lidocaine and ropivacaine) (141). In
fact, that study demonstrated that the
dose of lidocaine needed to induce convulsions was four times higher than that
of bupivacaine (141). Ropivacaine is
more toxic to the CNS than lidocaine but
less toxic than bupivacaine (142). The exact dose required for the various LAs to
induce convulsions in humans is unknown; however, there are case reports
in the literature to act as a guide. Ropivacaine, for example, has been reported to
cause CNS toxicity after accidental intravenous injection of doses varying from 75
to 200 mg (143).
The cardiac toxicity related to the use
of LAs is initially secondary to sympathetic pathway activation in the CNS. This
is then followed by arrhythmias, profound cardiovascular depression, and, finally, cardiovascular collapse (144). Bupivacaine is notably more cardiotoxic
than lidocaine and ropivacaine, likely because it is more lipid soluble and protein
bound (140).
In the event of a severe adverse reaction to an LA, there are a number of potential treatments. Signs of anaphylaxis
include sudden loss of conscious, convulsions, and cardiovascular collapse. These
signs can be seen at variable times after
administration, depending on the site of
injection (soft tissue vs vascular) and on
the agent administered. The onset of convulsions begins approximately 20 seconds
after intravascular administration of lidocaine, as compared with 7 seconds for
bupivacaine (141). If advanced cardiac
life support treatment fails to treat the
reaction, a lipid emulsion (eg, Intralipid
20%; Baxter Healthcare, Deerfield, Ill)
should be administered intravenously
(145). This may reverse LA toxicity by
extracting lipophilic LAs from plasma and
655
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tissues and by counteracting any myocardial inhibition (146). If this fails, consideration should be given to cardiopulmonary bypass (147).
In addition to CNS and cardiac toxicity, LAs can, on rare occasions,
cause clinically important skeletal
muscle toxicity (148,149). All LAs in
experimental settings are myotoxic in
clinical concentrations, with a dosedependent rate of toxicity (150–152). Bupivacaine is characterized with a high rate
of myotoxicity, as compared with ropivacaine and lidocaine (152–154). While necrotic changes predominate in LA-exposed myocytes, bupivacaine seems to
uniquely induce myocyte apoptosis (149).
The pathogenesis of LA myotoxicity is
highly complex and incompletely understood. It appears that a fast and permanent increase in intracellular calcium levels is the most important mechanism
(149).
The clinical effect of LA-induced myotoxicity remains controversial. There are
only a few case reports of myotoxic complications in patients. Muscle weakness
and malfunction have been described after continuous peripheral blockade, infiltration of wound margins, and peri- and
retrobulbar blocks (151,155,156). While
experimental evidence of myotoxicity is
strong, in the clinical setting it is relatively
rare. This is likely because of rapid and
complete recovery with complete tissue
regeneration. The radiologist should be
aware, however, that this type of toxicity
may be seen in this class of agents.

LA Effect on Articular Cartilage
Authors of several publications (157–
161) have demonstrated that LAs (lidocaine, bupivacaine, and ropivacaine) are
toxic to chondrocytes. This issue has been
raised recently in the radiology literature
by Kamath et al (162). The initial evidence was seen in cases of severe chondrolysis in patients who had undergone
continuous intraarticular infusion of bupivacaine at arthroscopy (163). Subsequently, a number of in vitro studies
(157–161) have been performed to better
assess any effects.
Initially, Chu et al (157) demonstrated that 0.5% bupivacaine was cytotoxic to bovine articular chondrocytes af656
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ter only 15–30 minutes of exposure. This
same group (159) demonstrated in 2007
that lidocaine (1% and 2%) had dose- and
time-dependent cytotoxic effects on bovine cartilage but that the effects were
less than those they had reported previously with bupivacaine. It is important to
note that these experiments were designed to simulate large-volume (30 – 60mL) intraarticular injections of LA prior
to arthroscopic surgery or continuous LA
joint infusion after arthroscopy. Chu et al
(158) recently repeated their initial experiments, but this time they used human
articular cartilage to show that 0.25% and
0.50% bupivacaine are cytotoxic to human chondrocytes. They also demonstrated that the intact articular surface
(as opposed to cell cultures) has a partially protective effect (158). A team from
Stanford University (Stanford, Calif)
(161) recently demonstrated that exposure to 0.25% bupivacaine or 1% lidocaine for less than 48 hours had minimal
effect on chondrocyte viability, however
0.5% bupivacaine and all epinephrinecontaining LA formulations demonstrated
significantly increased chondrocyte apoptosis. Last, a study by researchers in San
Francisco, Calif, demonstrated that while
0.5% ropivacaine was toxic to cultured
chondrocytes, it was significantly less
toxic than 0.5% bupivacaine; this difference was especially the case when assessing the effects on intact cartilage (160).
Those researchers concluded that ropivacaine may be a safer alternative to bupivacaine for intraarticular analgesia. Of
note, ropivacaine costs two to three times
more than bupivacaine ($6.20 vs $2.30
for equivalent dose).
It must be highlighted that the Stanford group demonstrated a significant increase in chondrocyte toxicity with the
use of lidocaine and bupivacaine formulations that contained epinephrine at all
doses and exposure times. Interestingly,
they believe that this finding may be secondary to the significantly lower pH in
these formulations (161). Thus, epinephrine-containing formulations of LAs
should not be used in intraarticular injections.
All the above-reported studies were
designed to assess the effect on cartilage
by the large volumes of LA used in ortho-

pedic practices. Since there are few case
reports of clinically significant chondrolysis after a single intraarticular injection
and because this technique has been used
for decades, the results suggest that any
clinically significant effect is mild but that
further clinical research is warranted.
Intraarticular injections of LAs are unlikely to expose chondrocytes to the concentrations used for in vitro experiments
owing to the dilutional effects of joint fluid
and active synovial absorption (158).
Studies have shown that LAs are naturally
absorbed from the joint, with absorption
peaking within the 1st hour (164,165).
Importantly, 0.125% bupivacaine, a potential joint concentration after a single
0.25% bupivacaine injection, does not appear to markedly affect chondrocyte viability (158).
While the toxic effect from LAs may
be minimal, it is important for the radiologist to be aware that chondrocyte exposure to high concentrations of LA for prolonged periods is cytotoxic. The mechanisms underlying this effect are still to be
elucidated. There are several proposed
theories of how LAs are cytotoxic to
chondrocytes, including (a) increased intracellular nitric oxide, (b) increased reactive oxygen species, and (c) mitochondrial transmembrane potential disruption
(159,160,166). Of note, corticosteroids
have been shown to ameliorate the expression of inducible nitric oxide systems
in cultured chondrocytes; therefore, the
concurrent administration of corticosteroids at the time of LA injection may
counteract the chondrocytotoxic effect
(167).
Most local anesthetics are vasodilators at clinical doses, and for this reason a
vasoconstrictor, namely epinephrine, is
added to reduce the rate of drug absorption and hence increase the duration of
anesthetic effect (168). The introduction
of ropivacaine has prompted interest because it is less neuro- and cardiotoxic
than other long-acting LAs. More recent
evidence, as outlined earlier, also suggests it is less chondrocytotoxic than bupivacaine. What is less well known is that
ropivacaine has vasoconstrictor activity
as well. Indeed, the addition of epinephrine to ropivacaine has been shown to
have no beneficial effect (169–171).
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Moreover, ropivacaine alone has been
shown to cause vasoconstriction in multiple vascular beds including the skin, cerebral arteries, and mesenteric arteries
(169,172–175). In addition, a vasoconstrictive effect was noted clinically in patients who received epidural analgesia
with ropivacaine (176).
Patients undergoing transforaminal
nerve root injections typically receive a
corticosteroid and an LA. As described in
the corticosteroids sections, the needle
position used for these procedures can be
extremely close to vessels that potentially
supply the spinal cord and/or brain. As
concluded previously, the use of particulate corticosteroids should be avoided in
such procedures, to reduce the risk of
spinal or cerebral infarction. Because
ropivacaine is vasoconstrictive, it could
be postulated that intravascular or
perivascular injection for a transforaminal injection may cause significant vasoconstriction of arterioles supplying the
CNS, thus increasing the risk of CNS infarction. This suggests that ropivacaine
should not be used in transforaminal injections or injections near vessels that
supply organs with limited ability to form
collateral vessels or to cope with shortterm ischemia.
In summary, LAs have variable
pharmacologic characteristics, depending on the formulation administered. It
is important for the practicing radiologist to be aware of their adverse effects,
especially the potential for chondrocyte
toxicity.

Conclusions
Corticosteroids and LAs have marked
variability in their formulations, which
may increase their adverse event profiles
for specific procedures. Radiologists
should be aware of these potential effects
and how best to reduce their occurrence.

References
1. Manchikanti L, Cash KA, Pampati V,
McManus CD, Damron KS. Evaluation of
fluoroscopically guided caudal epidural injections. Pain Physician 2004;7:81–92.
2. Robinson P, Keenan AM, Conaghan PG.
Clinical effectiveness and dose response of
image-guided intra-articular corticosteroid

MacMahon et al

injection for hip osteoarthritis. Rheumatology (Oxford) 2007;46:285–291.

cells. Rheumatology (Oxford) 2008;47:
636 – 639.

3. Ravaud P, Moulinier L, Giraudeau B, et al.
Effects of joint lavage and steroid injection
in patients with osteoarthritis of the knee:
results of a multicenter, randomized, controlled trial. Arthritis Rheum 1999;42:475–
482.

15. Hollander JL. The local effects of compound
F (hydrocortisone) injected into joints. Bull
Rheum Dis 1951;2:3– 4.

4. Hochberg MC, Perlmutter DL, Hudson JI,
Altman RD. Preferences in the management of osteoarthritis of the hip and knee:
results of a survey of community-based
rheumatologists in the United States. Arthritis Care Res 1996;9:170 –176.
5. Louis LJ. Musculoskeletal ultrasound intervention: principles and advances. Radiol
Clin North Am 2008;46:515–533, vi.
6. Crawford RW, Gie GA, Ling RS, Murray
DW. Diagnostic value of intra-articular anaesthetic in primary osteoarthritis of the
hip. J Bone Joint Surg Br 1998;80:279 –
281.
7. Khoury NJ, el-Khoury GY, Saltzman CL,
Brandser EA. Intraarticular foot and ankle
injections to identify source of pain before
arthrodesis. AJR Am J Roentgenol 1996;
167:669 – 673.
8. Hench PS, Kendall EC, et al. The effect of
a hormone of the adrenal cortex (17hydroxy-11-dehydrocorticosterone; compound E) and of pituitary adrenocorticotropic hormone on rheumatoid arthritis.
Mayo Clin Proc 1949;24:181–197.
9. Schramm R, Thorlacius H. Neutrophil recruitment in mast cell-dependent inflammation: inhibitory mechanisms of glucocorticoids. Inflamm Res 2004;53:644 –
652.
10. Malemud CJ. Cytokines as therapeutic targets for osteoarthritis. BioDrugs 2004;18:
23–35.

16. Hollander JL. Intra-articular corticosteroid
therapy. Am Pract Dig Treat 1961;12:190 –
193.
17. Brown EM Jr, Frain JB, Udell L, Hollander
JL. Locally administered hydrocortisone in
the rheumatic diseases; a summary of its
use in 547 patients. Am J Med 1953;15:
656 – 665.
18. Hollander JL, Brown EM Jr, Jessar RA,
Brown CY. Hydrocortisone and cortisone
injected into arthritic joints: comparative
effects of and use of hydrocortisone as a
local antiarthritic agent. JAMA 1951;147:
1629 –1635.
19. Hollander JL, Jessar RA, Brown EM Jr.
Intra-synovial corticosteroid therapy: a decade of use. Bull Rheum Dis 1961;11:239 –
240.
20. Wright JM, Cowper JJ, Page Thomas DP,
Knight CG. The hydrolysis of cortisol 21esters by a homogenate of inflamed rabbit
synovium and by rheumatoid synovial fluid.
Clin Exp Rheumatol 1983;1:137–141.
21. Blankenbaker DG, De Smet AA, Stanczak
JD, Fine JP. Lumbar radiculopathy: treatment with selective lumbar nerve blocks—
comparison of effectiveness of triamcinolone and betamethasone injectable suspensions. Radiology 2005;237:738 –741.
22. Stanczak J, Blankenbaker DG, De Smet
AA, Fine J. Efficacy of epidural injections of
Kenalog and Celestone in the treatment of
lower back pain. AJR Am J Roentgenol
2003;181:1255–1258.

11. Barnes PJ. Anti-inflammatory actions of glucocorticoids: molecular mechanisms. Clin Sci
(Lond) 1998;94:557–572.

23. Tiso RL, Cutler T, Catania JA, Whalen K.
Adverse central nervous system sequelae
after selective transforaminal block: the
role of corticosteroids. Spine J 2004;4:
468 – 474.

12. Eymontt MJ, Gordon GV, Schumacher HR,
Hansell JR. The effects on synovial permeability and synovial fluid leukocyte counts in
symptomatic osteoarthritis after intraarticular corticosteroid administration. J Rheumatol 1982;9:198 –203.

24. Benzon HT, Chew TL, McCarthy RJ,
Benzon HA, Walega DR. Comparison of the
particle sizes of different steroids and the
effect of dilution: a review of the relative
neurotoxicities of the steroids. Anesthesiology 2007;106:331–338.

13. Buckingham JC, John CD, Solito E, et al.
Annexin 1, glucocorticoids, and the neuroendocrine-immune interface. Ann N Y
Acad Sci 2006;1088:396 – 409.

25. Derby R, Lee SH, Date ES, Lee JH, Lee CH.
Size and aggregation of corticosteroids
used for epidural injections. Pain Med
2008;9:227–234.

14. D’Acquisto F, Paschalidis N, Raza K,
Buckley CD, Flower RJ, Perretti M. Glucocorticoid treatment inhibits annexin-1
expression in rheumatoid arthritis CD4⫹ T

26. Francis BA, Chang EL, Haik BG. Particle
size and drug interactions of injectable corticosteroids used in ophthalmic practice.
Ophthalmology 1996;103:1884 –1888.

Radiology: Volume 252: Number 3—September 2009 ▪ radiology.rsnajnls.org

657

REVIEW: Injectable Corticosteroids and Local Anesthetics

27. Blyth T, Hunter JA, Stirling A. Pain relief in
the rheumatoid knee after steroid injection:
a single-blind comparison of hydrocortisone succinate, and triamcinolone acetonide or hexacetonide. Br J Rheumatol
1994;33:461– 463.
28. Ostergaard M, Stoltenberg M, Gideon P,
Sorensen K, Henriksen O, Lorenzen I.
Changes in synovial membrane and joint
effusion volumes after intraarticular
methylprednisolone: quantitative assessment of inflammatory and destructive
changes in arthritis by MRI. J Rheumatol
1996;23:1151–1161.
29. Bird HA, Ring EF, Bacon PA. A thermographic and clinical comparison of three
intra-articular steroid preparations in rheumatoid arthritis. Ann Rheum Dis 1979;38:
36 –39.
30. Saini JS, Gupta A, Pandey SK, Gupta V,
Gupta P. Efficacy of supratarsal dexamethasone versus triamcinolone injection in recalcitrant vernal keratoconjunctivitis. Acta
Ophthalmol Scand 1999;77:515–518.
31. Becker WF. Hydrocortisone therapy in
ganglia. Ind Med Surg 1953;22:555–557.
32. O’Donnell J. Adverse effects of corticosteroids. J Pharm Pract 1989;2:256 –266.
33. Kondo T, Kitazawa R, Yamaguchi A,
Kitazawa S. Dexamethasone promotes osteoclastogenesis by inhibiting osteoprotegerin through multiple levels. J Cell Biochem 2008;103:335–345.
34. Aspenberg P. Drugs and fracture repair.
Acta Orthop 2005;76:741–748.
35. Pountos I, Georgouli T, Blokhuis TJ, Pape
HC, Giannoudis PV. Pharmacological agents
and impairment of fracture healing: what is
the evidence? Injury 2008;39:384 –394.
36. Padeh S, Passwell JH. Intraarticular corticosteroid injection in the management of
children with chronic arthritis. Arthritis
Rheum 1998;41:1210 –1214.
37. Ostergaard M, Halberg P. Intra-articular
corticosteroids in arthritic disease: a guide
to treatment. BioDrugs 1998;9:95–103.
38. van de Putte LBA, Furst DE, Williams HJ,
van Riel PLCM, eds. Therapy of systemic
rheumatic disorders. New York, NY: Marcel Dekker, 1997.
39. Thumboo J, O’Duffy JD. A prospective
study of the safety of joint and soft tissue
aspirations and injections in patients taking
warfarin sodium. Arthritis Rheum 1998;41:
736 –739.
40. Gray RG, Tenenbaum J, Gottlieb NL. Local
corticosteroid injection treatment in rheu-

658

MacMahon et al

matic disorders. Semin Arthritis Rheum
1981;10:231–254.

systemic use of cortisone in dermatology.
Calif Med 1951;75:324 –331.

41. Friedman DM, Moore ME. The efficacy of
intraarticular steroids in osteoarthritis: a
double-blind study. J Rheumatol 1980;7:
850 – 856.

54. Basadonna PT, Rucco V, Gasparini D,
Onorato A. Plantar fat pad atrophy after
corticosteroid injection for an interdigital
neuroma: a case report. Am J Phys Med
Rehabil 1999;78:283–285.

42. Berger RG, Yount WJ. Immediate “steroid
flare” from intraarticular triamcinolone
hexacetonide injection: case report and review of the literature. Arthritis Rheum
1990;33:1284 –1286.
43. Kendall PH. Local corticosteroid injection
therapy. III. Ann Phys Med 1963;7:31–38.
44. Mankin HJ, Conger KA. The acute effects
of intra-articular hydrocortisone on articular cartilage in rabbits. J Bone Joint Surg
Am 1966;48:1383–1388.
45. Behrens F, Shepard N, Mitchell N. Alterations of rabbit articular cartilage by intra-articular injections of glucocorticoids.
J Bone Joint Surg Am 1975;57:70 –76.
46. Pelletier JP, Mineau F, Raynauld JP,
Woessner JF Jr, Gunja-Smith Z, MartelPelletier J. Intraarticular injections with
methylprednisolone acetate reduce osteoarthritic lesions in parallel with chondrocyte stromelysin synthesis in experimental
osteoarthritis. Arthritis Rheum 1994;37:
414 – 423.
47. Celeste C, Ionescu M, Robin Poole A,
Laverty S. Repeated intraarticular injections of triamcinolone acetonide alter cartilage matrix metabolism measured by biomarkers in synovial fluid. J Orthop Res
2005;23:602– 610.
48. Balch HW, Gibson JM, El-Ghobarey AF,
Bain LS, Lynch MP. Repeated corticosteroid injections into knee joints. Rheumatol
Rehabil 1977;16:137–140.
49. Raynauld JP, Buckland-Wright C, Ward R,
et al. Safety and efficacy of long-term intraarticular steroid injections in osteoarthritis
of the knee: a randomized, double-blind,
placebo-controlled trial. Arthritis Rheum
2003;48:370 –377.
50. Cassidy JT, Bole GG. Cutaneous atrophy
secondary to intra-articular corticosteroid
administration. Ann Intern Med 1966;65:
1008 –1018.
51. DiStefano V, Nixon JE. Steroid-induced
skin changes following local injection. Clin
Orthop Relat Res 1972;87:254 –256.
52. Place VA, Velazquez JG, Burdick KH. Precise evaluation of topically applied corticosteroid potency: modification of the Stoughton-McKenzie assay. Arch Dermatol 1970;
101:531–537.
53. Newman BA, Feldman FF. The topical and

55. Iuel J, Kryger J. Local cutaneous atrophy
following corticosteroid injection. Acta
Rheumatol Scand 1965;11:137–144.
56. Rogojan C, Hetland ML. Depigmentation: a
rare side effect to intra-articular glucocorticoid treatment. Clin Rheumatol 2004;23:
373–375.
57. Kligman AM, Willis I. A new formula for
depigmenting human skin. Arch Dermatol
1975;111:40 – 48.
58. Jacobs MB. Local subcutaneous atrophy after corticosteroid injection. Postgrad Med
1986;80:159 –160.
59. Lund IM, Donde R, Knudsen EA. Persistent
local cutaneous atrophy following corticosteroid injection for tendinitis. Rheumatol
Rehabil 1979;18:91–93.
60. Schetman D, Hambrick GW Jr, Wilson CE.
Cutaneous changes following local injection
of triamcinolone. Arch Dermatol 1963;88:
820 – 828.
61. Shumaker PR, Rao J, Goldman MP. Treatment of local, persistent cutaneous atrophy
following corticosteroid injection with normal saline infiltration. Dermatol Surg 2005;
31:1340 –1343.
62. Wong ME, Hollinger JO, Pinero GJ. Integrated processes responsible for soft tissue
healing. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1996;82:475– 492.
63. Clark SC, Jones MW, Choudhury RR,
Smith E. Bilateral patellar tendon rupture
secondary to repeated local steroid injections. J Accid Emerg Med 1995;12:300 –
301.
64. Ford LT, DeBender J. Tendon rupture after
local steroid injection. South Med J 1979;
72:827– 830.
65. Chen SK, Lu CC, Chou PH, Guo LY, Wu
WL. Patellar tendon ruptures in weight lifters after local steroid injections. Arch Orthop Trauma Surg 2009;129:369 –372.
66. Scutt N, Rolf CG, Scutt A. Glucocorticoids
inhibit tenocyte proliferation and tendon
progenitor cell recruitment. J Orthop Res
2006;24:173–182.
67. Haraldsson BT, Langberg H, Aagaard P,
et al. Corticosteroids reduce the tensile
strength of isolated collagen fascicles.
Am J Sports Med 2006;34:1992–1997.

radiology.rsnajnls.org ▪ Radiology: Volume 252: Number 3—September 2009

REVIEW: Injectable Corticosteroids and Local Anesthetics

68. Gottlieb NL, Riskin WG. Complications of
local corticosteroid injections. JAMA 1980;
243:1547–1548.
69. Duclos M, Guinot M, Colsy M, et al. High
risk of adrenal insufficiency after a single
articular steroid injection in athletes. Med
Sci Sports Exerc 2007;39:1036 –1043.
70. Younes M, Neffati F, Touzi M, et al. Systemic effects of epidural and intra-articular
glucocorticoid injections in diabetic and
non-diabetic patients. Joint Bone Spine
2007;74:472– 476.
71. Weitoft T, Larsson A, Ronnblom L. Serum
levels of sex steroid hormones and matrix
metalloproteinases after intra-articular glucocorticoid treatment in female patients
with rheumatoid arthritis. Ann Rheum Dis
2008;67:422– 424.
72. Lazarevic MB, Skosey JL, Djordjevic-Denic
G, Swedler WI, Zgradic I, Myones BL. Reduction of cortisol levels after single intraarticular and intramuscular steroid injection. Am J Med 1995;99:370 –373.
73. Dorsey MJ, Cohen LE, Phipatanakul W,
Denufrio D, Schneider LC. Assessment of
adrenal suppression in children with asthma
treated with inhaled corticosteroids: use of
dehydroepiandrosterone sulfate as a screening test. Ann Allergy Asthma Immunol 2006;
97:182–186.
74. Christensson C, Thoren A, Lindberg B.
Safety of inhaled budesonide: clinical manifestations of systemic corticosteroid-related adverse effects. Drug Saf 2008;31:
965–988.
75. Habib GS, Bashir M, Jabbour A. Increased
blood glucose levels following intra-articular injection of methylprednisolone acetate
in patients with controlled diabetes and
symptomatic osteoarthritis of the knee.
Ann Rheum Dis 2008;67:1790 –1791.
76. Baumgarten KM, Gerlach D, Boyer MI.
Corticosteroid injection in diabetic patients with trigger finger: a prospective,
randomized, controlled double-blinded
study. J Bone Joint Surg Am 2007;89:
2604 –2611.

80. DeSio JM, Kahn CH, Warfield CA. Facial
flushing and/or generalized erythema after
epidural steroid injection. Anesth Analg
1995;80:617– 619.

MacMahon et al

93. Hurst RW, Rosenwasser RH. Interventional neuroradiology. Boca Raton, Fla:
CRC, 2007.

81. Rathmell JP, Aprill C, Bogduk N. Cervical
transforaminal injection of steroids. Anesthesiology 2004;100:1595–1600.

94. Worthington-Kirsch R, Fueredi G, Goodwin
S, et al. Polyvinyl alcohol particle size for
uterine artery embolization [letter]. Radiology 2001;218:605.

82. Rosenkranz M, Grzyska U, Niesen W, et al.
Anterior spinal artery syndrome following
periradicular cervical nerve root therapy.
J Neurol 2004;251:229 –231.

95. Rapp JH, Hollenbeck K, Pan XM. An experimental model of lacunar infarction: embolization of microthrombi. J Vasc Surg 2008;
48:196 –200.

83. Brouwers PJ, Kottink EJ, Simon MA, Prevo
RL. A cervical anterior spinal artery syndrome after diagnostic blockade of the right
C6-nerve root. Pain 2001;91:397–399.

96. Rapp JH, Pan XM, Yu B, et al. Cerebral
ischemia and infarction from atheroemboli
⬍100 micron in size. Stroke 2003;34:
1976 –1980.

84. Baker R, Dreyfuss P, Mercer S, Bogduk N.
Cervical transforaminal injection of corticosteroids into a radicular artery: a possible
mechanism for spinal cord injury. Pain
2003;103:211–215.

97. Liapi E, Georgiades CC, Hong K, Geschwind
JF. Transcatheter arterial chemoembolization:
current technique and future promise. Tech
Vasc Interv Radiol 2007;10:2–11.

85. Rozin L, Rozin R, Koehler SA, et al. Death
during transforaminal epidural steroid
nerve root block (C7) due to perforation
of the left vertebral artery. Am J Forensic
Med Pathol 2003;24:351–355.
86. Ruppen W, Hugli R, Reuss S, Aeschbach A,
Urwyler A. Neurological symptoms after
cervical transforaminal injection with steroids in a patient with hypoplasia of the
vertebral artery. Acta Anaesthesiol Scand
2008;52:165–166.
87. Muro K, O’Shaughnessy B, Ganju A. Infarction of the cervical spinal cord following
multilevel transforaminal epidural steroid
injection: case report and review of the literature. J Spinal Cord Med 2007;30:385–
388.
88. Suresh S, Berman J, Connell DA. Cerebellar and brainstem infarction as a complication of CT-guided transforaminal cervical
nerve root block. Skeletal Radiol 2007;36:
449 – 452.
89. Ludwig MA, Burns SP. Spinal cord infarction following cervical transforaminal epidural injection: a case report. Spine 2005;
30:E266 –E268.

98. Stampfl S, Stampfl U, Rehnitz C, et al. Experimental evaluation of early and longterm effects of microparticle embolization
in two different mini-pig models. I. Kidney.
Cardiovasc Intervent Radiol 2007;30:257–
267.
99. Scanlon GC, Moeller-Bertram T, Romanowsky
SM, Wallace MS. Cervical transforaminal epidural steroid injections: more dangerous than
we think? Spine 2007;32:1249–1256.
100. Huntoon MA. Anatomy of the cervical intervertebral foramina: vulnerable arteries and ischemic neurologic injuries after
transforaminal epidural injections. Pain
2005;117:104 –111.
101. Ellis PP. Occlusion of the central retinal
artery after retrobulbar corticosteroid injection. Am J Ophthalmol 1978;85:352–
356.
102. Wilson RS, McGrew RN, White HJ. Bilateral retinal artery and choriocapillaris occlusion following the injection of long-acting
corticosteroid suspensions in combination
with other drugs. II. Animal experimental
studies. Ophthalmology 1978;85:975–985.
103. Gupta V, Sharma SC, Gupta A, Dogra MR.
Retinal and choroidal microvascular embolization with methylprednisolone. Retina
2002;22:382–386.

77. Wang AA, Hutchinson DT. The effect of
corticosteroid injection for trigger finger on
blood glucose level in diabetic patients.
J Hand Surg [Am] 2006;31:979 –981.

90. Cicala RS, Westbrook L, Angel JJ. Side effects and complications of cervical epidural
steroid injections. J Pain Symptom Manage
1989;4:64 – 66.

78. Pattrick M, Doherty M. Facial flushing after
intra-articular injection of steroid. Br Med J
(Clin Res Ed) 1987;295:1380.

91. Houten JK, Errico TJ. Paraplegia after lumbosacral nerve root block: report of three
cases. Spine J 2002;2:70 –75.

104. Moshfeghi DM, Lowder CY, Roth DB,
Kaiser PK. Retinal and choroidal vascular
occlusion after posterior sub-tenon triamcinolone injection. Am J Ophthalmol 2002;
134:132–134.

79. Everett CR, Baskin MN, Speech D,
Novoseletsky D, Patel R. Flushing as a
side effect following lumbar transforaminal epidural steroid injection. Pain Physician 2004;7:427– 429.

92. McMillan MR, Crumpton C. Cortical blindness and neurologic injury complicating
cervical transforaminal injection for cervical radiculopathy. Anesthesiology 2003;99:
509 –511.

105. Okubadejo GO, Talcott MR, Schmidt RE,
et al. Perils of intravascular methylprednisolone injection into the vertebral artery:
an animal study. J Bone Joint Surg Am
2008;90:1932–1938.

Radiology: Volume 252: Number 3—September 2009 ▪ radiology.rsnajnls.org

659

REVIEW: Injectable Corticosteroids and Local Anesthetics

106. Wybier M. Transforaminal epidural corticosteroid injections and spinal cord infarction. Joint Bone Spine 2008;75:523–525.
107. Manchikanti L. Role of neuraxial steroids in
interventional pain management. Pain Physician 2002;5:182–199.
108. Craig DB, Habib GG. Flaccid paraparesis
following obstetrical epidural anesthesia:
possible role of benzyl alcohol. Anesth
Analg 1977;56:219 –221.
109. Bagshawe KD, Magrath IT, Golding PR.
Intrathecal methotrexate. Lancet 1969;2:
1258.
110. Benzon HT, Gissen AJ, Strichartz GR,
Avram MJ, Covino BG. The effect of polyethylene glycol on mammalian nerve impulses. Anesth Analg 1987;66:553–559.
111. Ray CE. Pain management in interventional
radiology. Cambridge, England: Cambridge
University Press, 2008.
112. Spaccarelli KC. Lumbar and caudal epidural corticosteroid injections. Mayo Clin
Proc 1996;71:169 –178.
113. Dreyfuss P, Baker R, Bogduk N. Comparative effectiveness of cervical transforaminal
injections with particulate and nonparticulate corticosteroid preparations for cervical
radicular pain. Pain Med 2006;7:237–242.
114. Mayson K, Lennox P, Anserimo M, Forster
BB. Canadian radiology residents’ knowledge of sedation and analgesia: a Webbased survey. Can Assoc Radiol J 2006;57:
35– 42.
115. Hildebrand I. The history of local anaesthetic drugs. Can Serv Med J 1957;13:393–
396.
116. Holmdahl MH. Xylocain (lidocaine, lignocaine):
its discovery and Gordh’s contribution to its
clinical use. Acta Anaesthesiol Scand Suppl
1998;113:8–12.
117. Cox B, Durieux ME, Marcus MA. Toxicity
of local anaesthetics. Best Pract Res Clin
Anaesthesiol 2003;17:111–136.
118. Niemi G. Advantages and disadvantages of
adrenaline in regional anaesthesia. Best
Pract Res Clin Anaesthesiol 2005;19:229 –
245.
119. Brau ME, Vogel W, Hempelmann G. Fundamental properties of local anesthetics:
half-maximal blocking concentrations for
tonic block of Na⫹ and K⫹ channels in
peripheral nerve. Anesth Analg 1998;87:
885– 889.
120. Camorcia M, Capogna G, Columb MO. Estimation of the minimum motor blocking
potency ratio for intrathecal bupivacaine
and lidocaine. Int J Obstet Anesth 2008;17:
223–227.

660

MacMahon et al

121. Ruetsch YA, Boni T, Borgeat A. From cocaine to ropivacaine: the history of local
anesthetic drugs. Curr Top Med Chem
2001;1:175–182.
122. Krunic AL, Wang LC, Soltani K, Weitzul
S, Taylor RS. Digital anesthesia with epinephrine: an old myth revisited. J Am
Acad Dermatol 2004;51:755–759.
123. Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V. Lumbar facet joint nerve
blocks in managing chronic facet joint
pain: 1-year follow-up of a randomized,
double-blind controlled trial— clinical
trial NCT00355914. Pain Physician 2008;
11:121–132.
124. Hambly N, Fitzpatrick P, MacMahon P,
Eustace S. Rotator cuff impingement: correlation between findings on MRI and outcome after fluoroscopically guided subacromial bursography and steroid injection. AJR Am J Roentgenol 2007;189:
1179 –1184.
125. Arner S, Lindblom U, Meyerson BA,
Molander C. Prolonged relief of neuralgia
after regional anesthetic blocks: a call for
further experimental and systematic clinical studies. Pain 1990;43:287–297.
126. Hayashi N, Weinstein JN, Meller ST, Lee
HM, Spratt KF, Gebhart GF. The effect of
epidural injection of betamethasone or bupivacaine in a rat model of lumbar radiculopathy. Spine 1998;23:877– 885.
127. Benzon HT. Epidural steroid injections for
low back pain and lumbosacral radiculopathy. Pain 1986;24:277–295.
128. Lavoie PA, Khazen T, Filion PR. Mechanisms of the inhibition of fast axonal transport by local anesthetics. Neuropharmacology 1989;28:175–181.
129. Bisby MA. Inhibition of axonal transport in
nerves chronically treated with local anesthetics. Exp Neurol 1975;47:481– 489.
130. Katz WA, Rothenberg R. Section 3: the
nature of pain—pathophysiology. J Clin
Rheumatol 2005;11(suppl 2):S11–S15.
131. Melzack R, Coderre TJ, Katz J, Vaccarino
AL. Central neuroplasticity and pathological pain. Ann N Y Acad Sci 2001;933:157–
174.
132. Cassuto J, Sinclair R, Bonderovic M. Antiinflammatory properties of local anesthetics
and their present and potential clinical implications. Acta Anaesthesiol Scand 2006;50:
265–282.
133. Ban M, Hattori M. Delayed hypersensitivity
due to epidural block with ropivacaine.
BMJ 2005;330:229.
134. Duque S, Fernandez L. Delayed-type hy-

persensitivity to amide local anesthetics.
Allergol Immunopathol (Madr) 2004;32:
233–234.
135. Goulet JP, Perusse R, Turcotte JY. Contraindications to vasoconstrictors in dentistry.
III. Pharmacologic interactions. Oral Surg
Oral Med Oral Pathol 1992;74:692– 697.
136. Karaoglu S, Dogru K, Kabak S, Inan M,
Halici M. Effects of epinephrine in local anesthetic mixtures on hemodynamics and
view quality during knee arthroscopy. Knee
Surg Sports Traumatol Arthrosc 2002;10:
226 –228.
137. Rosenberg PH, Veering BT, Urmey WF.
Maximum recommended doses of local
anesthetics: a multifactorial concept. Reg
Anesth Pain Med 2004;29:564 –575; discussion 524.
138. Tucker GT, Mather LE. Absorption and disposition of local anesthetics: pharmacokinetics. In: Cousins MJ, Bridenbaugh PO,
eds. Neural blockade in clinical anesthesia
and management of pain. 3rd ed. Philadelphia, Pa: Lippincott Williams & Wilkins,
1988.
139. Scott DB. “Maximum recommended doses”
of local anaesthetic drugs. Br J Anaesth
1989;63:373–374.
140. Leone S, Di Cianni S, Casati A, Fanelli G.
Pharmacology, toxicology, and clinical use
of new long acting local anesthetics, ropivacaine and levobupivacaine. Acta Biomed
2008;79:92–105.
141. Liu PL, Feldman HS, Giasi R, Patterson
MK, Covino BG. Comparative CNS toxicity
of lidocaine, etidocaine, bupivacaine, and
tetracaine in awake dogs following rapid
intravenous administration. Anesth Analg
1983;62:375–379.
142. Groban L. Central nervous system and cardiac effects from long-acting amide local
anesthetic toxicity in the intact animal
model. Reg Anesth Pain Med 2003;28:
3–11.
143. Selander D, Sjovall J, Tucker G. CNS toxicity of ropivacaine. Anaesth Intensive Care
1999;27:320 –322.
144. Gristwood RW. Cardiac and CNS toxicity
of levobupivacaine: strengths of evidence
for advantage over bupivacaine. Drug Saf
2002;25:153–163.
145. Rosenblatt MA, Abel M, Fischer GW,
Itzkovich CJ, Eisenkraft JB. Successful use
of a 20% lipid emulsion to resuscitate a
patient after a presumed bupivacaine-related cardiac arrest. Anesthesiology 2006;
105:217–218.
146. Corman SL, Skledar SJ. Use of lipid emulsion to reverse local anesthetic-induced

radiology.rsnajnls.org ▪ Radiology: Volume 252: Number 3—September 2009

REVIEW: Injectable Corticosteroids and Local Anesthetics

MacMahon et al

toxicity. Ann Pharmacother 2007;41:1873–
1877.

myopathy induced by repeated bupivacaine
injections. J Neurol Sci 1985;67:229 –238.

147. Guidelines for the management of severe
local anaesthetic toxicity. The Association
of Anaesthetists of Great Britain and Ireland. http://www.aagbi.org/publications
/guidelines/docs/latoxicity07.pdf. Published 2007. Accessed [month, day,
year].

157. Chu CR, Izzo NJ, Papas NE, Fu FH. In vitro
exposure to 0.5% bupivacaine is cytotoxic
to bovine articular chondrocytes. Arthroscopy 2006;22:693– 699.

148. Zink W, Sinner B, Zausig Y, Graf BM. Myotoxicity of local anaesthetics: experimental
myth or clinical truth? [in German]. Anaesthesist 2007;56:118 –127.
149. Zink W, Graf BM. Local anesthetic myotoxicity. Reg Anesth Pain Med 2004;29:333–
340.
150. Brun A. Effect of procaine, carbocain and
xylocaine on cutaneous muscle in rabbits
and mice. Acta Anaesthesiol Scand 1959;3:
59 –73.
151. Hogan Q, Dotson R, Erickson S, Kettler R,
Hogan K. Local anesthetic myotoxicity: a
case and review. Anesthesiology 1994;80:
942–947.
152. Foster AH, Carlson BM. Myotoxicity of local anesthetics and regeneration of the
damaged muscle fibers. Anesth Analg 1980;
59:727–736.
153. Benoit PW, Belt WD. Destruction and regeneration of skeletal muscle after treatment with a local anaesthetic, bupivacaine
(Marcaine). J Anat 1970;107:547–556.
154. Yagiela JA, Benoit PW, Buoncristiani RD,
Peters MP, Fort NF. Comparison of myotoxic effects of lidocaine with epinephrine
in rats and humans. Anesth Analg 1981;60:
471– 480.

158. Chu CR, Izzo NJ, Coyle CH, Papas NE,
Logar A. The in vitro effects of bupivacaine
on articular chondrocytes. J Bone Joint
Surg Br 2008;90:814 – 820.
159. Karpie JC, Chu CR. Lidocaine exhibits
dose- and time-dependent cytotoxic effects
on bovine articular chondrocytes in vitro.
Am J Sports Med 2007;35:1621–1627.
160. Piper SL, Kim HT. Comparison of ropivacaine and bupivacaine toxicity in human articular chondrocytes. J Bone Joint Surg Am
2008;90:986 –991.
161. Dragoo JL, Korotkova T, Kanwar R, Wood
B. The effect of local anesthetics administered via pain pump on chondrocyte viability. Am J Sports Med 2008;36:1484 –1488.

tric oxide expression in equine articular
chondrocytes: effects of antiinflammatory
compounds. Osteoarthritis Cartilage 2002;
10:5–12.
168. Sisk AL. Vasoconstrictors in local anesthesia for dentistry. Anesth Prog 1992;39:
187–193.
169. Cederholm I, Akerman B, Evers H. Local
analgesic and vascular effects of intradermal ropivacaine and bupivacaine in various
concentrations with and without addition
of adrenaline in man. Acta Anaesthesiol
Scand 1994;38:322–327.
170. Weber A, Fournier R, Van Gessel E, Riand
N, Gamulin Z. Epinephrine does not prolong the analgesia of 20 mL ropivacaine
0.5% or 0.2% in a femoral three-in-one
block. Anesth Analg 2001;93:1327–1331.
171. Oliveira NE, Lima Filho NS, Lima EG,
Vasquez EC. Effects of regional anesthesia
with ropivacaine on arterial pressure and
heart rate in healthy subjects. Eur J Oral
Sci 2006;114:27–32.

162. Kamath R, Strichartz G, Rosenthal D. Cartilage toxicity from local anesthetics. Skeletal Radiol 2008;37:871– 873.

172. Kopacz DJ, Carpenter RL, Mackey DC. Effect of ropivacaine on cutaneous capillary
blood flow in pigs. Anesthesiology 1989;71:
69 –74.

163. Petty DH, Jazrawi LM, Estrada LS,
Andrews JR. Glenohumeral chondrolysis
after shoulder arthroscopy: case reports
and review of the literature. Am J Sports
Med 2004;32:509 –515.

173. Iida H, Watanabe Y, Dohi S, Ishiyama T.
Direct effects of ropivacaine and bupivacaine on spinal pial vessels in canine. Assessment with closed spinal window technique. Anesthesiology 1997;87:75– 81.

164. Debruyne D, Moulin MA, Carmes C,
Beguin JA, Locker B. Monitoring serum
bupivacaine levels during arthroscopy.
Eur J Clin Pharmacol 1985;27:733–735.

174. Ishiyama T, Dohi S, Iida H, Watanabe Y.
The effects of topical and intravenous ropivacaine on canine pial microcirculation.
Anesth Analg 1997;85:75– 81.

165. Kaeding CC, Hill JA, Katz J, Benson L.
Bupivacaine use after knee arthroscopy:
pharmacokinetics and pain control study.
Arthroscopy 1990;6:33–39.

175. Timponi CF, Oliveira NE, Arruda RM,
Meyrelles SS, Vasquez EC. Effects of the
local anaesthetic ropivacaine on vascular
reactivity in the mouse perfused mesenteric
arteries. Basic Clin Pharmacol Toxicol
2006;98:518 –520.

155. Gomez-Arnau JI, Yanguela J, Gonzalez A,
et al. Anaesthesia-related diplopia after cataract surgery. Br J Anaesth 2003;90:189 –
193.

166. Park CJ, Park SA, Yoon TG, Lee SJ, Yum
KW, Kim HJ. Bupivacaine induces apoptosis via ROS in the Schwann cell line. J Dent
Res 2005;84:852– 857.

156. Sadeh M, Czyewski K, Stern LZ. Chronic

167. Tung JT, Venta PJ, Caron JP. Inducible ni-

Radiology: Volume 252: Number 3—September 2009 ▪ radiology.rsnajnls.org

176. Dahl JB, Simonsen L, Mogensen T, Henriksen
JH, Kehlet H. The effect of 0.5% ropivacaine
on epidural blood flow. Acta Anaesthesiol
Scand 1990;34:308–310.

661

