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SUMMARY: Historically, ESIs were performed without any imaging guidance, resulting in erroneous
placement in up to 30% of injections. Fluoroscopic imaging is now used to guide most procedures.
Recently, several reports have described the use of CT to guide ESIs instead of fluoroscopy. CT
provides the ability to use air as contrast to localize the epidural space. This retrospective review will
discuss findings in 1000 CT-guided ESIs with air localization.

ABBREVIATIONS: ADR � adverse drug reaction; ESI � epidural spinal injection

ESIs have a low complication rate1 and are minimally inva-
sive. While the efficacy of ESIs is still unclear, observational

studies have largely supported their effectiveness. However,
there are few well-designed randomized double-blinded
studies.2

Historically, ESIs were performed without any imaging
guidance, resulting in erroneous placement in up to 30% of
injections.3 Because of this and the potential for intrathecal
and intravascular injections, imaging is now used to guide
most procedures. Although fluoroscopy is currently the stan-
dard for ESIs, it has its limitations. Among these is the poor
demonstration of soft-tissue structures, which necessitates
contrast injection to localize the epidural space or nerve roots.
It has been reported that ESIs performed without contrast are
at increased risk of being intravascular injections (transforam-
inal),4 which can, in turn, cause untoward side effects. Fur-
thermore, contrast use runs the risk of inducing allergic reac-
tions in contrast-sensitive patients.

More recently, several reports have described the use of CT
to guide ESIs instead of fluoroscopy. CT has several advan-
tages, including increased anatomic precision and visualiza-
tion of needle placement with millimeter accuracy. The supe-
rior tissue contrast offered by CT provides the ability to use air
as contrast to localize the epidural space. Air is used in much
the same way as iodinated contrast—it is injected to verify that
the needle is indeed within the epidural space and not intra-
thecal. Air has several advantages, including lack of risk of
allergic reactions and no cost for materials. There is profound
ability to discriminate between air and soft-tissue by using CT,
which makes air an excellent contrast agent. Because incorrect
needle placement and incorrect steroid injection are the most
frequent complications of ESIs, it is important to find a safe
and reliable way to localize the epidural space.

Because this method, to our knowledge, has not been pre-
viously described in the literature, this retrospective review
will discuss findings in 1000 CT-guided ESIs with air
localization.

Materials and Methods
This institutional review board�approved protocol is a retrospective

review composed of a record search in the computerized radiology

information system from 2006 to 2009. The search included all CT-

guided ESIs in the lumbar region for which air was used for localiza-

tion. Cases in which the additional use of contrast was used for needle

localization were included as well. The data collected included age,

sex, level treated, needle size, amount of air, type and amount of steroid

used, contrast use and amount, and any reported complications.

Technique
The CT-guided epidural access was typically performed with the pa-

tient prone; adjustments were made for patient comfort. A standard

sterile prep and drape were used. A scout lateral image was obtained.

Five axial images through the affected level (3-mm helical, 120 kVp,

50 mA) were obtained for planning. The trajectory was planned on

the CT console. The skin entry site and depth were recorded. Local

anesthesia was administered with 2% lidocaine both superficially and

deep at the planned entry location. The needle was inserted 1 cm short

of the planned depth. A 3-mL luer-slip syringe with 1 mL of air was

attached to the spinal needle, and the loss of resistance technique was

used to cross the ligamentum flavum. Confirmatory images were ob-

tained once loss of resistance was felt by the operator.

Results
We identified 751 patients who underwent 1000 procedures.
The average patient age was 59.2 years, 439 (58.5%) were
women and 312 (41.5%) were men. Seventy-five percent of
the treated levels were L5/S1, with L4/5 and L3/4 much less
frequently treated (15.5% and 4.9%). Rarely, procedures tar-
geted L2/3 (1.3%), L1/2 (0.8%), and T12/L1 (0.1%). A spinal
needle was used for all procedures, with 90% using a 22-ga
spinal needle. Of the total number of cases, 575 reported a
specific amount of air injected; the typical dose was 0.5 mL,
with a range of 0.05–2 mL (Fig 1). A total of 132 cases required
further administration of iodinated contrast, predominantly
iohexal (Omnipaque 180; GE Healthcare, Princeton, New Jer-
sey), to confirm needle position. Of those cases, 103 reported a
specific amount of contrast; the usual dose was 1.0 mL, with a
range of 0.5–5.0 mL

The most common steroid administered was betametha-
sone acetate (Celestone; Schering, Kenilworth, New Jersey)
(in 91.5% of cases), with methylprednisolone acetate (Depo-
Medrol; Schering) administered 4.7% of the time. Eighteen
millligrams of Celestone and 3 mL of Sensorcaine (bupiva-
caine HCL 0.25%; APP Pharmaceuticals, Schaumburg, Illinois)
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were given in most cases (65.2%). Of the 1000 procedures
identified, no immediate or delayed clinically significant com-
plications were reported during a standard 24-hour and
1-week follow-up (99% of patients had 24-hour follow-up and
93% had 2-week follow-up via phone or office consultation).

Procedure time averaged 15 minutes (range, 10 –32 min-
utes). Average radiation dose measured as an effective dose
calculated from the dose-length product and abdomen and
pelvis conversion was 1.5 mSv (range, 0.9 –3 mSv).5

Discussion
Air localization is a technique used in conjunction with CT
guidance to identify the epidural space and verify correct nee-
dle placement. This technique provides an alternative to io-
dine-based contrasts.

In 87% of cases, the epidural space was visualized by using
air alone. The remainder required contrast to verify needle
localization to the epidural space. When we compared the
groups with air and contrast, the distribution of ages and levels
treated was the same. Further demographic analysis did not
demonstrate a clear difference between the groups. More se-
vere spondylosis was suspected as a cause for increased con-
trast use; this information was not collected. Further analysis
and prospective evaluation may be required to determine in
which patients contrast should be used as the primary agent
for localizing the epidural space.

In general, ESIs have a very low rate of complications,
though they are not completely free from risk. Reported com-
plications include spinal headache after dural puncture, infec-
tion, intravascular injections, and nerve trauma.6 There have
also been reports of rarer but usually more serious complica-
tions, including pneumocephalus,7 epidural hematomas,8

paraplegia,9 vision loss,10 epidural abscess,11 and meningitis.12

While the relative risks and complications of ESI have been
described in the literature, the safety of the air localization
technique for use in ESI has not been previously discussed, to

our knowledge. Our study detected no clinically significant
complications with the use of air localization or with the pro-
cedure overall. Other studies have reported overall complica-
tion rates from 0.04%.13

The reported incidence of complications is very low, and
this study reproduced that finding. In theory, air should re-
duce the risk of anaphylactic reactions to the contrast me-
dium, and it may also reduce the rate of other adverse drug
reactions from contrast. However, given the retrospective na-
ture of this study, it is uncertain whether the lower rate of
complications is attributable to the use of air in place of con-
trast or whether some other factor is influencing the results.

Several studies have evaluated the safety of contrast. Cur-
rently, nonionic contrast is preferred over ionic contrast due
to a lower rate of ADRs.14 A large-scale study of 337,647 cases
of intravenous contrast use found the ionic contrast ADR rate
to be 12.66% and the nonionic ADR rate to be 3.13%; severe
ADRs were found in 0.22% of the ionic and 0.04% of the
nonionic groups.15 The overall incidence of ADRs from con-
trast is low, though ADRs were found to be more likely in
patients with a history of ADRs to contrast and in those with a
history of allergy.15 One advantage of air localization is that it
reduces the potential of anaphylactic reactions due to contrast
allergies, and this may play a role in the reduced rates of com-
plications we observed.

Although contrast such as gadolinium is available for use in
patients with contrast allergies,15 gadolinium has the disad-
vantage of being significantly more expensive than regular
contrast. Even a commonly used nonionic contrast such as
Omnipaque-180 costs $431 for ten 10 mL vials, and the cumu-
lative cost can be significant for an institution that performs a
large volume of ESIs. Another benefit of air as a localizing
agent is its cost-saving potential.

The use of CT guidance for ESIs offers many potential ad-
vantages. The ability to use air as a contrast agent is one. An-
other is precise needle guidance to actual soft-tissue struc-
tures, instead of inference from bony landmarks or contrast
location. Room time was similar to that of a CT scanner in the
hospital radiology department. Radiation dose demonstrated
in this large series was reasonable compared with that found
by Kim et al 16 and should not be a deterrent to CT use. Our
results of 1.5 mSv are similar to the typical effective dose from
continuous fluoroscopic guidance for ESI reported by Schmid
et al (0.43–1.25 mSv for 1–3 minutes of guidance).17

Conclusions
The use of air to localize the epidural space in CT-guided ESIs
has a high success rate and a very low rate of complications.
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