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BACKGROUND AND PURPOSE: To review the safety and efficacy of gadolinium as a contrast agent in
spine pain management procedures in patients who are at high risk for a contrast reaction and are
therefore unacceptable candidates for the use of standard nonionic contrast.

METHODS: We reviewed our records over a 4-year period of interlaminar and foraminal epidural steroid
injections, nerve blocks, facet injections, intercostal blocks, and diskograms in the lumbar, thoracic,
and cervical spine for cases in which patients had allergies that made them unsuitable candidates for
standard nonionic contrast and where gadolinium was used to confirm needle tip placement before
injection of medication.

RESULTS: Ninety-two patients underwent 127 procedures. A spinal needle was used in all but 7
procedures. All patients were outpatients and all were discharged without complication after 20 to 45
minutes with follow-up instructions. No delayed complications were reported. Gadolinium was visu-
alized by using portable C-arm fluoroscopy in vivo allowing for confirmation of needle tip location. For
epidural steroid injection, the gadolinium dose ranged from 1 to 5 mL, nerve blocks from 0.2 to 1 mL
per level, facet injections from 0.2 to 0.5 mL per level, intercostal blocks used 0.5 mL, and diskograms
from 1.5 to 7.5 mL per level. The highest dose received by 1 patient was an intradiskal 15.83 mL during
a 3-level diskogram.

CONCLUSION: Gadolinium seems to be a safe alternative to standard nonionic contrast in spine pain
management procedures in those patients considered to be at high risk for a contrast reaction.

The use of epidural injections for the treatment of back pain
was first described by Evans in 1930.1 Since then, a growing

body of evidence has documented the need for fluoroscopic
confirmation of needle placement2,3 by using x-ray attenuat-
ing contrast. Most commonly, this involves nonionic contrast.
A small but significant group of patients exhibit allergic symp-
toms to contrast. Contrast reactions have been documented in
the setting of vascular injections. A vascular injection is a rec-
ognized complication of spinal pain management proce-
dures.2 Vascular injections should be avoided because they
may result in injection of particulate steroid and local anes-
thetic to the systemic circulation with possible embolic effects
and arrhythmias, respectively. In a series by Katayama et al,4

adverse drug reaction with the intravenous use of nonionic
contrast was noted at 1.2% to 3.13%, of which 0.02% to 0.04%
were severe. Therefore, some patients should not receive io-
dinated ionic or nonionic contrast. Another common poten-
tial complication of epidural injections is inadvertent intra-
thecal injections. This carries a risk of spinal anesthesia with
subsequent hypotension in patients who may have limited car-
diovascular reserve as well as adhesive arachnoiditis induced
by some classes of steroids.5,6 Very little work has been pub-
lished in the literature regarding the use of gadolinium in the
intrathecal space7,8 because there are few clinical applications.
As needle misplacement is the most common complication of

percutaneous spinal injections, it is essential to use a contrast
agent to determine the exact position of the needle tip in all
patients. We therefore present our collective findings on the
use of gadolinium as an effective contrast agent in percutane-
ous outpatient image-guided spine procedures demonstrating
it as a safe alternative in those patients who are otherwise not
candidates for contrast use.

Materials and Methods
We performed a retrospective record search in our computerized data

system from 2001 to 2004 (4 years) of our records of percutaneous

outpatient spinal interventions. The search included all interlaminar

and foraminal epidural steroid injections, nerve blocks, facet injec-

tions, intercostal blocks, and diskograms in the lumbar, thoracic, and

cervical spine where gadolinium/gadodiamide (Omniscan; GE

Healthcare, Little Chalfont, Buckinghamshire, UK) was used. Gado-

linium was used for needle tip location confirmation in cases where

contraindications existed to the routine use of iohexol 240 (Om-

nipaque; GE Healthcare). Contraindications to iodinated contrasts

were defined as a documented history of adverse reactions after injec-

tion of iodinated contrast media, patients in or with a history of renal

failure, diabetics with increased creatinine levels as determined by the

reference ranges at the local laboratory, and patients taking met-

formin (Glucophage) or glyburide/metformin (Glucovance) who had

taken their medication in the 48 hours leading up to the procedure.

All procedures were performed on an outpatient basis using por-

table C-arm fluoroscopy (OEC 9600 or OEC 9800; General Electric,

Milwaukee, Wis). The patients signed informed consent for the pro-

cedure and were given the alternatives of rescheduling the procedure

after steroid premedication, the use of saline or air in place of contrast,

or aborting the procedure. All procedures were performed as part of

routine clinical care and not as part of a research study. As is the

clinical routine in our facility, all patients were observed for at least 30
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minutes after the procedure and were given standard instructions to

call the radiologist on call in the event of an adverse reaction. The

procedures were performed under sterile conditions with the patient

taking nothing by mouth between 1 and 4 hours before the start.

Under fluoroscopic guidance, a spinal needle (or, in some cases in the

cervical spine, a Whitacre needle) was guided into position. The gad-

olinium was drawn into a syringe (5 or 10 mL) from a 20-mL con-

tainer that had been opened for less than 24 hours and stored in a dark

cupboard at temperatures between 15 and 30°C according to the

manufacturer’s recommendations. A gadolinium test injection was

then performed to confirm correct location of the needle and to ex-

clude vascular or intrathecal injection. The procedure was performed,

at the discretion of the operator, by using local anesthesia but without

conscious sedation. After needle localization, depending on the pro-

cedure type, the patients were administered with a combination of

steroid and local anesthetic, steroid alone or, in the case of diskograms

after pain response was determined, local anesthetic only.

Results
We identified 92 patients who underwent 127 procedures. Ta-
ble 1 provides a breakdown of the type of procedures and
contrast amounts. A spinal needle was used in 120 procedures.
The remaining procedures used a Whitacre needle. All pa-
tients were outpatients and all were discharged without com-
plication after 20 to 45 minutes. No delayed complications
were reported. Gadolinium was visualized by using portable
C-arm fluoroscopy in vivo allowing for confirmation of needle
tip location and excluding vascular or intrathecal location.

Although gadodiamide was less conspicuous than iohexol
240, there was sufficient visualization of the contrast material
(Figs 1, 2, and 3). For epidural steroid injections, gadodiamide
dose ranged from 1 to 5 mL, nerve blocks from 0.2 to 1 mL per
level, facet injections from 0.2 to 0.5 mL per level, intercostal
blocks used 0.5 mL, and diskograms used from 1.5 to 7.5 mL
per level. The highest dose received by a single patient was an
intradiskal 15.83 mL during a 3-level diskogram.

Discussion
Degenerative back disease is a growing health care problem as
the number of aged patients increases. Furthermore, there is a
growing trend to use percutaneous image-guided spinal inter-
ventions to alleviate or palliate pain9,10 and as a prelude to
surgery both in determining whether surgery is necessary and
in determining the operative levels.11,12 To date, however, no
article in the medical literature guides physicians in the use of
gadolinium in the event a patient is considered an unsuitable
candidate for iodinated contrast in image-guided spinal pro-
cedures. As part of the informed consent process required for
such procedures, one of the basic tenets is giving the patient a
complete overview of the risks and benefits. This article ad-
dresses that gap in the literature.

There is a significant body of evidence attesting to the safety
of gadolinium compounds injected intravenously, with doses
as high as 60 mL for CT angiography13 and for MR studies.14-16

No overdose of gadodiamide has been reported.17 Mild-to-
moderate side effects occurred in less than 1% of patients
when administered intravenously.18-23 Nausea or vomiting
and headache are the most common adverse effects, with a
frequency ranging from 0.26% to 0.42%.20 Other rare reac-
tions reported after the IV administration of gadolinium
products include paresthesias, dizziness, focal convulsions,
urticaria, mucosal reactions, generalized flushing, cardiovas-
cular reactions (eg, tachycardia, arrhythmia), generalized sei-
zures, laryngospasm, and anaphylactic shock.18-23 A study in
an animal model that used low intrathecal doses of gadolin-
ium did not reveal such alterations.24 A large multicenter
study of 95 patients showed no deleterious effects of up to 5
mL of a gadolinium compound (Magnevist; Schering, Berlin,
Germany) injected into the lumbar subarachnoid space,8

whereas another study demonstrated safety of gadolinium in-
jected directly into the ventricles.25

Although our study did not include a formal control group,

Fig 1. Visualization of iohexol 240 and gadodiamide using fluoroscopy. 5 mL of iohexol 240
(Omnipaque; left) and gadodiamide (Omniscan; right) were drawn into a 5-mL syringe and
a snapshot image was obtained with the use of a portable C-arm (GE 9600) at 0.6 mA and
46 Kv.

Procedure type, location, and contrast amounts

Procedure Patients Procedures

Gadolinium
Amounts
(cc/level)

Diskogram (total) 11 35
Lumbar 10 32 1.5–7.5
Thoracic 1 3 1.5–1.8

Epidural injection
(interlaminar) (total) 53 53

Cervical 16 16 2.0–5.0
Thoracic 1 1 1.0–1.0
Lumbar 36 36 1.0–5.0

Epidural Injection
(transforaminal) (total) 7 7
Lumbar 7 7 1.0–3.0

Facet injection (total) 6 13
Cervical 1 2 0.2–0.2
Lumbar 5 11 0.2–0.5

Intercostal injection
(total)

1 3

1 3 0.5–0.5
Nerve block (total) 14 16

Cervical 5 5 0.2–0.5
Lumbar 9 11 0.2–5.0

Grand total 92 127
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as suggested by Johnson,26 the practice of epidural spinal in-
jections is now so widely entrenched in routine clinical medi-
cine that there is no need for a formal control group. The risks
and complications of image-guided spinal procedures using
iodinated contrast have been published by members of our
group as well as others and have been well documented.2,9,10

Between the authors of this article (excluding the authors’
partners/colleagues), we perform approximately 60 such pro-
cedures per day with iohexol 240. Interpolating that to the
thousands of physiatrists and pain specialists in the United
States, innumerable instances of these procedures are per-
formed daily. Therefore, the “control” is the routine standard
of care. Furthermore, our injection techniques are identical to
those in the original article by our colleagues, who reviewed
5334 cases2 and that are currently the standard of care with a
known and accepted safety profile.

We used gadodiamide because it was the gadolinium prep-
aration available in our institutions. We recognize that there
are several other widely available gadolinium-based contrast
agents that are often used interchangeably in clinical practice.
Therefore, our study is strictly applicable only to gadodiamide

(Omniscan). Future larger studies may
also include other gadolinium agents.

We chose to include all image-
guided pain management procedures
for this study because the potential
for intrathecal or intravenous admin-
istration exists with all procedures. A
previous series of gadolinium diskog-
raphy used gadopentetate dimeglu-
mine (Magnevist; Schering) at low
concentrations (1:250) for MR dis-
kography.27 For this unusual applica-
tion of diskography, such low doses
suffice. However, for routine diskog-
raphy and other percutaneous spine
interventions, such low doses would

not attenuate the x-ray beam sufficiently to be visualized;
therefore, higher doses would have to be used.

The importance of defining the exact position of the needle
tip cannot be understated and is difficult to achieve without
some form of contrast injection.3 The main danger in impre-
cise needle position is intrathecal administration of injectate,
which may result in steroid-induced adhesive arachnoiditis
and anesthetic-induced spinal anesthesia, which can cause hy-
potension.5,6 Vascular injection may result in particulate ste-
roid material entering and embolizing in the circulation and
arrhythmias because of vascular local anesthesia. The only
method of confirming nonvascular location is via a contrast
injection, because saline and/or air would not opacify the
small perispinal vessels.2 In the end, even if blind needle place-
ment does not result in an adverse event, it has been shown
that a blind approach does not result in correct placement of
therapeutic material2,3,28,29 in up to 30% of instances. Al-
though this may not hurt the patient, it would not benefit
them either and would result in an essentially ineffective pro-
cedure for which the patient was charged a fee. Therefore,
contrast injection in the performance of image-guided spinal
interventions is a necessity and not a luxury.

Fig 2. Cervical interlaminar epidurography using gadodiamide
(a) and iohexol 240 (b ).

Fig 3. Lumbar interlaminar epidurography using gadodiamide
(a) and iohexol 240 (b ).
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Conclusion
Gadolinium seems to be a safe alternative to iodinated con-
trast for percutaneous image guided outpatient procedures in
patients who are deemed unsuitable candidates for the use of
iodinated contrast.
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Author’s Note
Since the submission of our original paper, the authors have
amassed an additional 400 procedures. In this larger cohort,
we had one documented inadvertent intrathecal injection in
the lumbar spine, without complication. One patient under-
going cervical interlaminar epidurography and another un-
dergoing a two level cervical diskogram on the same day expe-
rienced an adverse event that included seizures and
necessitated ICU admission. Both patients were discharged
without complications after 3 days. Because both reactions
happened at the same center within an hour of each other,
because both procedures were at the hand of a very experi-
enced radiologist, and because these were the only adverse
events in the entire study, we cannot exclude the possibility
that the gadolinium batch was tainted. Based on our wider
experience, we think that gadolinium is safe for use in the
lumbar spine. The indication for gadolinium use in cervical
needle-guided spine procedures are less clear, and use of a
blunt-tip needle should be considered. These patients, as well
as the rest of our larger cohort, will be the subject of a fol-
low-up paper.
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