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Abstract

Background/Objectives: Fluoroscopically guided cervical nerve root corticosteroid injec-
tions are used for the treatment and diagnosis of radicular pain. Including a local anesthetic
with the injected corticosteroid may decrease the pain associated with the procedure and
add immediate diagnostic value. However, little is known about the safety of including
a local anesthetic with a corticosteroid in these injections. Methods: A total of 299 con-
secutive cervical nerve root injections, performed between 2016 and 2024, were reviewed.
Demographic and injection information (level/laterality and inclusion/exclusion of 1%
preservative-free lidocaine with dexamethasone injectate) were documented. Charts were
reviewed for major complications and increased pain post-procedure. Categorical data
were compared between groups using Fisher’s exact test or Chi-square testing. Results: In-
jections were performed with 10 mg of dexamethasone only in 263 cases and with a mixture
of 10 mg of dexamethasone and 1 mL of 1% lidocaine in 36 cases. There was no statistically
significant difference in the incidence of major complications (p ≈ 1) or immediately in-
creased pain post-procedure (p = 0.799). Conclusions: With proper technique, there is no
evidence from this case–control study or in the available literature to suggest that including
lidocaine with corticosteroid increases risks associated with cervical nerve root injections.
However, serious adverse events are theoretically possible with injection of local anesthetic
into a radicular artery, the vertebral artery, or subdural space. Given that such risks are not
associated with the use of non-particulate steroids alone, large multi-institutional studies
are needed to draw confident conclusions on the risks and benefits of the inclusion of local
anesthetics with non-particulate corticosteroids for cervical transforaminal epidural steroid
injection to inform clinical practice.

Keywords: cervical nerve root block; lidocaine; local anesthetic; fluoroscopic guidance;
dexamethasone; corticosteroid

1. Introduction
Fluoroscopically guided cervical transforaminal epidural corticosteroid injections

(TFESIs) are commonly performed for the treatment of radicular pain. Pain relief is believed
to be the result of decreased inflammation, a reduction in nociceptive activity in the dorsal
root ganglia, and stabilization of neural membranes [1,2]. In many cases of radiculopathy
caused by cervical disc herniations, improvement in pain and function occurs naturally
over time, and surgery can be avoided if pain can be managed through more conservative
measures, such as treatment with TFESI [2,3]. Evidence suggests TFESI to be an effective
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treatment in these patients, with ~50% of those treated experiencing more than a 50%
improvement in pain and function in the short to intermediate term [2].

TFESI is generally considered safe, though catastrophic adverse events associated with
these injections have been reported, including stroke, seizures, paralysis, and death [4,5]. A
cohort study including 32,913 patients reported the risk of stroke and spinal cord injury to
be 0.46% and 0.08%, respectively [6]. The etiology of these adverse events is not always clear,
though many of these events are believed to be related to central nervous system ischemia
due to either inadvertent intra-arterial injection of an embolic agent (i.e., particulate steroid
or air) into a cervical radicular artery or the vertebral artery [5,7–9]. Few case reports have
implicated local anesthetic (LA) as a cause of serious adverse events during cervical TFESI
through inadvertent subdural or intra-arterial injection [9–14]. These occurrences have led
to providers approaching these procedures with extreme caution. Though most of these
serious complications do not seem to be related to the injection of LA, the risk of including
LA with the TFESI injection is unknown [7]. This has led to some providers adopting an
approach in which they do not include LA with their corticosteroid when they perform
these injections [15,16].

Here, we retrospectively compare the rate of major and minor complications related
to fluoroscopically guided cervical TFESI when performed with or without LA in a single
academic medical center.

2. Materials and Methods
This study was approved by the Institutional Review Board at Massachusetts General

Hospital. This single-center retrospective case–control study included all patients aged
18 and above who received transforaminal cervical nerve root injections for pain manage-
ment between 2016 and 2024 in the Department of Radiology at Massachusetts General
Hospital (n = 299). Patients were identified for inclusion through a query of the electronic
medical record (EMR) system.

All injections were performed in an outpatient setting under fluoroscopic guidance
using a C-arm. The corticosteroid used for all injections was dexamethasone 10 mg (either
2.5 mL of dexamethasone 4 mg/mL OR 1 mL of dexamethasone 10 mg/mL). LA, in
the form of lidocaine 1% preservative-free 1 mL, was mixed with the dexamethasone in
36/299 (12%) cases.

Prior to injection of perineural medications, iodinated contrast (Omnipaque™ 300, GE
HealthCare, Chicago, IL, USA OR Isovue-M® 300, Bracco Diagnostic Inc., Milan, Italy) was
injected through extension tubing under live fluoroscopic imaging to ensure extravascular
needle placement. Live fluoroscopic imaging was also performed during the injection
of medication to document the perineural and transforaminal spread of injectate and re-
confirm that the injection was extravascular (Figure 1). In most cases, digital subtraction
angiography (DSA) was performed.

Demographic data was extracted from the EMR. Procedure-specific information, in-
cluding the foraminal level and laterality of injection, as well as inclusion/exclusion
of lidocaine with the corticosteroid injectate, was also retrieved from the EMR. Major
complications—which we defined as immediate serious adverse events such as stroke,
paralysis, death, or emergency department visit or hospital admission (within 72 h of proce-
dure) for any neurologic presentation—were documented. Additionally, the most common
minor complication, immediate post-procedural pain, was also recorded. The procedural
reports consistently reported any complications (i.e., increased pain), but other qualita-
tive or semi-quantitative information (i.e., improvement in pain, subjective procedural
experience, etc.) was not consistently available for review in this retrospective study.
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Figure 1. Representative images during a fluoroscopic cervical transforaminal epidural steroid injec-
tion. On the foraminal oblique projection (A), the needle (arrow) is positioned in the posteroinferior
aspect of the foramen (outlined by dashed line). On the anteroposterior projection during injection of
iodinated contrast (B,C), the needle is positioned just across the articular pillars (bracketed by dashes),
and there is perineural flow (asterisks) and subsequently transforaminal epidural flow (arrowheads
in C) of contrast without evidence of vascular uptake.

A Shapiro–Wilk test was performed to test for normality. Categorical variables were
reported as counts (n) and percentages (%), and group comparisons were performed us-
ing Fisher’s exact test or Chi-square testing, depending on whether expected frequencies
were greater than 5, as beyond this expected frequency value, a Chi-square would be
preferred. Ultimately, the categorical demographic data for sex, immediate increased pain,
and major complications were analyzed with Fisher’s exact test, while the laterality and
level of procedure were analyzed using Chi-square testing. For the level of procedure,
categories were collapsed due to small overall counts in C1–C3. Continuous variables
were reported as means ± SD. A two-tailed, independent sample t-test was performed
for comparison of continuous variables. A p < 0.05 was considered statistically significant.
In addition to p-values, 95% confidence intervals were reported for dependent variable
proportions (increased pain and major complications) and the between-group mean differ-
ence in age. Statistical analysis was performed using Stata software (v17.1, StataCorp LLC,
College Station, TX, USA).

3. Results
3.1. Demographics and Sample Distribution

A total of 299 patients were included. Of these, 263/299 (88%) patients re-
ceived dexamethasone without LA (controls), and 36/299 (12%) received combined
dexamethasone + LA (cases). The average age at the time of injection was 55.2 ± 15.5 years
for the control group and 58.9 ± 14.8 for the case group, without a statistically significant
difference between the two groups (mean difference: 3.7 years; 95% CI: [−1.62, 9.02];
p = 0.079). Gender was almost evenly distributed between the two groups (controls: 47%
female; cases: 52.8% females). There was a relatively even distribution of injection laterality
between the two groups (controls: 58.6% right-side; cases: 44.4% right-side). Overall, there
was no significant difference in the level at which the injections were performed in either
group, and a majority of injections were performed between the C4–C5 and C6–C7 levels.
Detailed data, including that pertaining to level-by-level injection sites, are found in Table 1.
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Table 1. Demographics and sample distribution.

Controls 1 Cases 2 p-Value

Age (y) 55.2 ± 15.54 58.9 ± 14.82 0.079

Female 124 (47.1%) 19 (52.8%)
0.595

Male 139 (52.9%) 17 (47.2%)

Total (n) 263 36

Laterality

Right 154 (58.6%) 16 (44.4%)
0.155

Left 109 (41.4%) 20 (55.6%)

Level

C1–C2 0 (0%) 0 (0%)

0.709

C2–C3 1 (0.4%) 0 (0%)

C3–C4 23 (8.7%) 4 (11.1%)

C4–C5 37 (14.1%) 7 (19.4%)

C5–C6 86 (32.7%) 14 (38.9%)

C6–C7 102 (38.8%) 9 (25%)

C7–T1 14 (5.3%) 2 (5.6%)
1 No local anesthetic, only 10 mg of dexamethasone. 2 Inclusion of 1 mL of 1% lidocaine preservative-free with
10 mg of dexamethasone.

3.2. Complications

There was no significant difference between the rate of increased pain immediately
post-procedure or major complications between cases and controls (p = 0.799 and ≈1,
respectively). Increased post-procedural pain was reported in 38/263 (14.5%; 95% CI:
[10.4%, 19.3%]) of controls and 4/36 (11.1%; 95% CI: [3.1, 26.1]) of cases. Only 1 (0.4%, 95%
CI: [0.01%, 2.10%]) subject in the control group met the criteria for a major complication,
while no major complications were observed in the case group (0%, CI [0%, 9.74%]). The
sinlge major complication manifested as severe neck pain and vague neurologic symptoms
the evening after the injection. The patient was seen in the emergency department and
evaluated for stroke. The work-up was negative for stroke, and the patient’s symptoms
resolved (Table 2).

Table 2. Complications.

Controls 1 Cases 2 p-Value

Increased Pain (n) 38 (14.5%) 4 (11.1%) 0.799

Major Complications (n) 1 (0.4%) 0 (0%) ≈1
1 No local anesthetic, only 10 mg of dexamethasone. 2 Inclusion of 1 mL of 1% lidocaine preservative-free with
10 mg of dexamethasone.

4. Discussion
In this case–control study, we found no significant difference in the incidence of major

complications or immediate post-procedural pain related to cervical TFESI performed with
or without LA (1% lidocaine). To date, there is no literature to suggest an increased risk
associated with the inclusion of LA with corticosteroid for cervical nerve root injections.
However, there are theoretical risks associated with LA, and this has led some proceduralists
to cease combining LA with corticosteroids when performing cervical TFESI. The theoretical
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risks of LA in TFESI are related to systemic toxicity, local neurotoxicity, or inadvertent
intrathecal or subdural injection [7].

Lidocaine is often the preferred choice for cervical nerve root injections because it
has a rapid onset, a relatively short duration of action, and a higher seizure threshold
compared to bupivacaine [17]. To prevent direct neurotoxicity, only preservative-free LAs
should be used, as common preservatives like methylparaben and sodium bisulfite are
neurotoxic [18,19]. Direct neurotoxicity of lidocaine itself is a theoretical concern, though it
is dependent on the dose and duration [7,17]. The exact mechanism of this neurotoxicity
is not fully understood; however, with the small doses of lidocaine used (≤10 mg) for
TFESI, significant nerve damage from local toxicity relating to a perineural injection is
unlikely [20].

Systemic LA systemic toxicity is a well-known clinical phenomenon that can manifest
as central nervous system (CNS) toxicity, cardiovascular toxicity, or both [21]. Serious CNS
symptoms like seizures typically precede life-threatening cardiovascular issues, and a LA’s
safety is often measured by the ratio of the dose needed to cause cardiovascular collapse
versus the dose required for seizures [22]. However, this safety profile is less relevant for
cervical nerve root injections due to the risk of direct injection into the vertebrobasilar
arterial system, which can cause CNS toxicity at much lower doses [23]. While the exact
toxic dose remains unclear and is influenced by factors like injection location and rate,
studies and case reports suggest that even small amounts of lidocaine (as low as 5–10 mg)
or bupivacaine (as low as 2.5 mg) injected into the vertebral artery can be enough to induce
seizures [24–28].

Since LA doses used in cervical nerve root blocks may be close to the threshold for
toxicity if the LA is inadvertently injected into the vertebrobasilar system, using lower
concentrations, like 0.5–1% lidocaine, is presumably safer than using a 2% formulation.
However, a study including almost 800 cervical nerve root blocks using 2% lidocaine as
their LA reported no major complications [29]. Operators should always remain vigilant to
stay in the posterior portion of the foramen to avoid the vertebral artery.

Even with proper needle placement, intra-arterial injection into a cervical radicular
artery supplying the spinal cord may occur [10,30]. Cadaveric studies have identified such
vessels supplying both the anterior and posterior spinal arteries within the posterior periph-
eral portion of cervical foramina [8,31]. A case of suspected radicular artery injection with
0.8 mL of 2% lidocaine resulted in transient quadriplegia, loss of pin-prick sensation, and
preservation of proprioception and fine touch, suggesting anesthesia of the spinothalamic
and corticospinal tracts, presumably through communication of the radicular artery with
the anterior spinal artery [30]. Alternatively, if a radicular artery communicating with the
posterior spinal artery is injected with LA, the neurologic deficits would be expected in
proprioception and fine touch due to the effect on the posterior columns [10]. Using DSA as
an adjunct to live fluoroscopic imaging may improve the detection of inadvertent injection
of a radicular vessel [10].

Inadvertent subdural injection is possible when performing cervical TFESI [12]. This
is because the dura mater extends laterally along the dorsal root ganglia (DRG), forming
a dural sleeve [12,14,32]. The DRG is usually positioned anterosuperiorly within the
foramen. Lower in the cervical spine, particularly at C6 and C7, the dural sleeve can be
encountered further laterally and extra-foraminal about 50% of the time [32,33]. Generally,
symptoms of subdural LA injection will present as transient sensory phenomena [7,32].
This is because the subdural space is widest dorsally and laterally, where sensory fibers
predominate [12,34]. In larger volumes, beyond those that would be routinely used for
a cervical TFESI, there is potential for pressure-related ischemia of a nerve root [35]. If
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subdural LA migrates intracranially, there is potential for serious side effects, including
apnea, loss of consciousness, hypotension, bradycardia, and cardiac arrest [11,12,14,32,36].

Intrathecal injection of LA in the cervical spine can have catastrophic conse-
quences. This will present rapid onset motor and sensory deficits and resulting respi-
ratory/hemodynamic compromise [7]. This can only occur if the proceduralist advances
the needle deep into the foramen. The needle should be placed no further centrally than
1/3 of the distance across the articular pillar on the anteroposterior projection.

When performing cervical TFESI, risk mitigation strategies can and should be em-
ployed. In this case series, such strategies were employed for all injections. Such strategies
include the use of a small gauge needle (≤25 gauge) primed with iodinated contrast; use
of fluoroscopic guidance with a C-arm, allowing for orthogonal views to confirm appro-
priate needle positioning in the posteroinferior foramen, with the needle tip no further
medial than the lateral third of the articular pillar on the anteroposterior projection; live-
fluoroscopic injection of contrast prior to medication administration through extension
tubing (Figure 2); and subsequent injection of therapeutic injectate through the primed
extension tubing under live fluoroscopic guidance [7,10]. Consider using DSA, if available,
to improve confidence of an extravascular location of the injection. When including LA as
part of the injectate, one should inject slowly and ask patients if they are experiencing any
sensory phenomena, such as a metallic taste or tinnitus [7,37]. Lastly, if injecting low in the
cervical spine, risk of subdural injection can be minimized by accepting a more peripheral
needle position on the anteroposterior projection (i.e., just lateral to the articular pillar),
given the anatomic considerations of the DRG and dural sleeve at these levels [7,33].

 
Figure 2. Extension tubing connected to a 25-gauge 1.5” needle.

This study is limited by operator selection bias, with operator preference determining
whether or not LA was included in the injection. The decision to include LA by the operator
was made almost exclusively based upon the background/training experience of the
provider, with those providers who trained routinely using LA in cervical TFESI choosing
to use it, and those operators that did not have such experience generally electing to
withhold the LA. Other case-specific factors (i.e., patient allergies, technical considerations,
injection indications, etc.) may have influenced the decision to include or exclude LA in
a small minority of cases. The greatest limitation of this study is the small sample size.
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This limitation is exacerbated by the generally low incidence of major adverse events
during these procedures [6,38]. Furthermore, only an immediate increase in pain was
documented, and potential benefits of LA were not routinely available to report in this
study. Similarly, the long-term efficacy of the injections in this cohort was not assessed, nor
was the diagnostic value of the injection for surgical consideration.

Based on the current available literature, risks of serious adverse events with cervical
TFESI are low [6,39]. Many of these risks have been posited to be related to the injection
of an embolic agent, such as particulate steroid or air, or direct needle trauma to the
vertebrobasilar system [7]. There are only a few case reports implicating LA as the cause of
adverse events during TFESI [7]. However, these case reports do suggest that inadvertent
injection of a small volume of LA into a radicular artery or into the subdural space may
cause serious harm [10,12,31]. There is no existing evidence that injection of non-particulate
steroid without the LA into these same spaces would cause significant injury.

Since there are potential risks with the inclusion of LA, albeit extraordinarily rare,
future studies should explore the diagnostic and therapeutic benefits of including LA
in these injections. Additionally, future investigations including large sample sizes are
necessary to determine the true risk profile specific to the inclusion of LA with non-
particulate corticosteroid for TFESI. Together, this information would allow for a more
confident assessment of the risk-benefit profile of LA in cervical TFESI.

5. Conclusions
No evidence exists, including in this case–control study, to support the notion that per-

ineural lidocaine substantially increases the risks associated with fluoroscopically guided
cervical nerve root injections. However, serious adverse events are theoretically possible
with the injection of LA into a radicular artery, the vertebral artery, or the subdural space.
Given that such risks are not associated with the use of non-particulate steroids alone,
large multi-institutional studies are needed to draw confident conclusions on the risks and
benefits of the inclusion of LA with non-particulate corticosteroids for cervical TFESI to
inform clinical practice.
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Abbreviations
The following abbreviations are used in this manuscript:

TFESI Transforaminal epidural corticosteroid injection
LA Local anesthetic
EMR Electronic medical record
CNS Central nervous system
DRG Dorsal root ganglion
DSA Digital subtraction angiography
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