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BACKGROUND AND PURPOSE: Cervical steroid injections are a minimally invasive means of providing
pain relief to patients with cervical radiculopathy. CT guidance offers many potential advantages. We
developed a technique with the patient in the lateral position with a lateral needle trajectory to minimize
the required needle depth from skin to target and a near-vertical needle trajectory. The aim of this study
was to analyze the cohort for complications, procedural time, and effective radiation dose.

MATERIALS AND METHODS: This was a retrospective evaluation of a single-center patient cohort.
PACS images from the procedures were reviewed for needle depth, procedural time, and CTDIvol. An
anatomically relevant conversion factor was used to calculate the effective dose.

RESULTS: One hundred sixteen cases from 110 patients were identified. The average patient age was
55 years. There were no complications. In 50% of cases, C5–6 was targeted. The average time was
6 minutes, and the average effective radiation dose, 0.51 mSv (0.21–2.56 mSv). Needle-insertion
length from the skin to the target was highly correlated with a need for �3 needle repositioning
adjustments and scan series (� � 0.52, P � .001) and increased procedural time (� � 0.42, P � .001).
The angle of needle insertion relative to the floor was significantly correlated with an increased number
of needle adjustments for depths �25 mm and a longer procedural time (� � 0.29, P � .01) but not
for depths �25 mm.

CONCLUSIONS: The lateral patient position with CT guidance is safe and allows use of a short needle
in a vertical trajectory. This reduces the number of needle adjustments and imaging series to provide
a short procedural time with a low effective radiation dose from the procedure.

ABBREVIATIONS: CSI � cervical epidural steroid injections; CTDIvol � CT dose index volume;
DLP � dose-length product; ED � effective dose

Cervical radicular pain affects 0.1% of the population per
year.1 Pain relief is obtained with time, physical therapy,

and oral medication in most cases. When pain persists despite
medical management, cervical steroid injections are a mini-
mally invasive means of providing pain relief to patients with
cervical radiculopathy.2,3

Although commonly performed with fluoroscopic guid-
ance, CT guidance offers many potential advantages.4,5 As
seen in Fig 1, direct visualization of soft-tissue planes, vital
organs and glands, and neural and vascular structures and
precise anatomic localization with millimeter accuracy are all
features that make CT attractive as a guidance technique. Lack
of real-time vascular contrast imaging is a potential limiting
feature.6,7

The aim of all such procedures, regardless of the technique,
is to infiltrate near the exiting nerve root and/or epidural space
at the affected level to reduce inflammation believed to cause
the patient’s discomfort. This is performed while attempting

to minimize potential complications, the most feared being
inadvertent brain stem or spinal cord embolization.

There are many reports on the safety and efficacy of cervical
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Fig 1. Lateral decubitus position: anatomy and targeting. CT scan with contrast. The white
line indicates the deviation from the perpendicular approach; the black arrow, the
perineural venous plexus; the white arrow, the target at the anterior margin of the facet.
SCM indicates the sternocleidomastoid muscle; IJ, internal jugular vein; CA, carotid artery;
V, vertebral artery; LSM, levator scapulae muscle.
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steroid injections, with various injection techniques. CT-
guided injections of the cervical neural foramen are less com-
monly performed than injections with fluoroscopic guidance.
There are clear potential benefits to using the spatial and soft-
tissue resolution afforded by CT over fluoroscopic guidance.
Several approaches to cervical injections have been described
previously.2,3,6-9 A recent report using CT fluoroscopy and a
dorsal interlaminar approach for cervical epidural injections
demonstrated no complications, 19-minute procedures, and
24 seconds of CT fluoroscopy time.10

In our experience with �10,000 CT-guided spine injec-
tions, needle placement is facilitated when the needle depth is
minimized and a vertical needle trajectory is used.11 Develop-
ment of a technique with the patient in the lateral position and
a near-perpendicular needle trajectory minimizes needle
depth from the skin to the target and creates a near-vertical
needle trajectory. In addition, it allows the least amount of
muscle tissue to be traversed, the least patient discomfort, and
the least potential for bleeding.

We report on results obtained from studying this approach
by using lateral decubitus patient positioning, based on a com-
bination of previously reported methods.7,11-13 Although CT
guidance, dorsal and laterally directed techniques, and prone
and supine patient positioning have been reported, the use of
a lateral patient position and procedural time and ED from
these methods have not been previously reported in the liter-
ature, to our knowledge.

The aim of this study was to describe the procedural time,
ED, findings, and complications associated with CT-guided
injection of the cervical neural foramen with lateral patient
positioning and a lateral skin entry in patients with cervical
radiculopathy.

Materials and Methods

Study Design
This institutional review board–approved and Health Insurance Por-

tability and Accountability Act–compliant study is a retrospective

case review of a cohort treated with CT-guided cervical steroid injec-

tions. The radiology information system was used to identify all CSI

from August 2008 to August 2010. Once identified, each patient chart

was reviewed, and each procedure was analyzed for positioning, med-

ications, time, CT dose report, and complications. The PACS images

from the procedure were analyzed, and the patient chart was re-

viewed. Board-certified neuroradiologists performed all procedures.

Each had a minimum of 5 years’ experience performing at least 100

CT-guided interventions annually.

Technique of Cervical Foraminal Injection
All patients provided written informed consent before entering the

procedure suite. Risks, including possible cerebral and spinal cord

infarct and infection, were discussed. Preprocedural MR imaging was

available for all patients and was used to identify target pathology. The

patient described his or her radiculopathy, and the combination of

clinical symptoms and image abnormality was used to identify the

target.

All procedures were performed with intermittent CT guidance by

using LightSpeed RT 16/LightSpeed Xtra scanners (GE Healthcare,

Milwaukee, Wisconsin) in the helical mode, with 120 kVp, 50 mAs,

and 0.8-second rotation time. Operators were in the shielded control

room during all image acquisitions. The patient was placed in the

lateral decubitus position with the affected side up. The skin was

prepped and draped. Scout and reconstructed 5-mm-thick images

through the target level were obtained without IV contrast (series 1).

Operator preference determined the number of planning images. C2

or the first rib was included to allow accurate counting of interspaces

when the scout image was unclear.

A vertical trajectory relative to the target neural foramen was plot-

ted on the CT console. The depth to the foramen was measured. The

vertebral artery was identified. The anterior aspect of the ipsilateral

articular facet was targeted. Optimal needle position was at the ante-

rior lateral margin of the facet at the affected neural foramen.6 The

needle was placed just superficial to the periosteum with its opening

directed ventrally. Skin anesthetic was used as necessary.

As shown in Fig 2, a single 2.5-cm, leur lock 25-ga and a 3-mL

syringe were used in most cases. The needle was inserted to the pre-

determined depth. In biopsy mode, the target volume was imaged,

and five 2.5-mm images were reconstructed to visualize the needle

position relative to target (series 2). The images were reviewed, and

deviation from the target was defined. If it was not in a satisfactory

position, the needle was adjusted with appropriate trajectory and dis-

tance adjustments (series 3). This process was repeated as necessary to

ensure precise targeting (series 4 and so forth).

Once the needle was in the appropriate position, a slow 1-mL

injection of iohexol (Omnipaque; GE Healthcare, Princeton, New

Jersey) diluted in 1-mL 1% lidocaine was used in all cases to identify

inadvertent direct vessel (arteriole or vein) puncture visually and clin-

ically. After an additional series was obtained and reviewed and after

neurologic status was determined to be unchanged, dexamethasone

sodium phosphate (Decadron) was slowly injected as a bolus. Patients

were monitored by the operator for changes in neurologic status

throughout and immediately following the injection procedure. Vital

signs were simultaneously monitored by nursing staff as well. All pa-

tients returned for 1-month follow-up clinic visits or were contacted

by phone.

Data Collection
Each procedure included a planning series of images, followed by

series used to visualize needle placement. Subsequent imaging series

were obtained following each needle adjustment. Procedural time was

measured by using the PACS time stamp on the scout image and the

PACS time stamp on the last helical image in the last series of the

procedure. Needle distance was measured from the skin surface to the

needle tip on the injection image. Estimated distance if using a pos-

terior approach was measured from the dorsal skin surface in line

with the target to the needle tip. Needle angle was measured on the

PACS workstation from the image in which contrast was injected

through the needle. The needle deviation from perpendicular to table

surface was recorded.

The percentage of image volume in which the thyroid gland was

demonstrated was calculated to determine the ED, which was calcu-

lated from the dose report indicated by the CT machine as the DLP.

This result was multiplied by a tissue-weighting factor, which was

calculated by using the technique described previously and modified

in the following way to account for the significant contribution of the

thyroid gland to the ED.12

As demonstrated in Fig 3 and the On-line Table, a weighting-

factor chart was created by using a Monte Carlo calculation (ImPACT

CT Patient Dosimetry Calculator, Version 1.0.2; http://www.

impactscan.org) to account for varying amounts of thyroid gland in
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the field of imaging. The calculations were performed assuming a

hermaphrodite phantom and used the International Commission on

Radiological Protection 103 weighting factors. The thinnest section

thickness allowed in the simulation, 1 cm, was used. ED per DLP

(ED/DLP) constants ranged from 1.7 to 12 �Sv/mGy-cm over the

distance from the skull base to the thoracic inlet. The maximum ED/

DLP constant observed when the thyroid was in the scan was 12 �Sv/

mGy-cm. This was used to calculate the ED for the scan volume in-

cluding the thyroid gland. In areas where the thyroid was not

included, a constant of 2.5 was used for the calculations. Each proce-

dure was analyzed to determine the total number of axial images, total

scan length, and total image length with the thyroid gland included.

Fig 2. Injection procedure. A, Needle nearly perpendicular to the floor. The dotted line indicates the theoretic dorsal approach to the same target. The dashed line is parallel to the CT
table line. The vertical solid line is a plumb line. B, Injection procedure. Enlarged view shows the 3.8-cm, 25-ga needle (N), with the tip at the lateral aspect of the neural foramen (white
arrow). Contrast has flowed into the neural foramen (black arrow) and outlined the vertebral artery (V).

Fig 3. ImPACT dose software. The shaded area represents a volume of tissue imaged for a scan series. The area is between the skull base and thyroid gland. This was used to calculate
constants for the effective dose based on different amounts of thyroid gland in the imaging volume. The grid indicates the section location of the scan and correlates with the On-line
Table ImPACT results.
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The DLP fraction in which the thyroid was included was multiplied by

the thyroid contribution constant,12 and the DLP fraction in which

the thyroid was absent was multiplied by 2.5. These numbers were

added to obtain the total ED for each series, and then each series was

added to obtain the total ED for the procedure.

Medical records, including the procedure report, nursing notes,

and follow-up office notes, were reviewed for information on com-

plications categorized according to the recommendations of the So-

ciety of Interventional Radiology.13

Statistical Methods
Needle-insertion angle and depth were analyzed in an attempt to

understand predictors of radiation exposure, which, other than ma-

chine settings, were wholly dependent on the number of scan series

and imaged volume. The angle of insertion was categorized into 3

groups: �10°, 11°–20°, and �20° deviation from perpendicular. Nee-

dle-insertion depth was divided into 2 categories: greater than or less

than 25 mm. Attempts at needle repositioning were divided into 2

groups: �3 attempts and �3 attempts. To evaluate correlations with

ordinal and dichotomous variables, we used Spearman � statistics.

Analyses were performed for the group as a whole and for the 2 depth

strata. All statistics were performed with the Statistical Package for the

Social Sciences for Windows (Version 19; SPSS, Chicago, Illinois),

and a 2-tailed � of .05 was used to denote statistical significance.

Results
A total of 116 procedures from 110 patients were identified (6
patients each had 2 procedures during the study period). The
average age of the patients was 55 years (range, 30 – 88 years).
There were 41 men and 69 women. There were no immediate
or delayed minor or major complications. Fifty-two percent of
injections targeted C5– 6 (n � 60), and 28% targeted C6 –7
(n � 32), with the remaining 20% spread across C2–3 (n � 1),
C3– 4 (n � 6), C4 –5 (n � 15), and C7–T1 (n � 2). A 2.5-cm,
25-ga needle was used in 105 cases. A 25-ga, 7.5-cm spinal
needle was needed for 11 patients: 1 injection to C3– 4, 4 in-
jections to C5– 6, and 6 injections to C6 –7. Forty procedures
required �3 CT series to place the needle.

As shown in Fig 4, the average needle depth was 44 mm
(9 –57 mm) with 50% �2.5 cm in depth and 7.5% �4 cm. The
average length of insertion for the 40 procedures requiring �3
CT series was 32.9 mm (Fig 5). The average length of insertion

for the procedures requiring �3 series was 24.8 mm. The av-
erage estimated posterior approach distance was twice the ac-
tual lateral approach distance (magnitude range, 1.8 –2.3
mm). Procedural time averaged 6 minutes (range, 3–16 min-
utes). The average time of procedures with �3 CT series was
5.1 minutes, while the average time when �3 series were re-
quired was 8.75 minutes. Median angle deviation from the
perpendicular was 15° on the injection image (range, 0°– 48°).
For procedures in which �3 series were necessary, the average
needle angle was 17° from plumb, and when �3 series were
required, the average needle angle was 20.4°. The average neck
diameter at the needle insertion site was 12.4 cm (median, 11.5
cm; range, 9.5–18 cm).

The average ED was 0.51 mSv (median, 0.38 mSv; range,
0.21–.56 mSv). The thyroid gland was located below the supe-
rior endplate of C6 in all cases and below the superior endplate
of C7 in 50% of cases. Thyroid content on the images was
�10% of the total section volume for procedures targeting
C5– 6 and above. Only the planning series and not the needle
placement series included the thyroid when C5– 6 and above
were targeted. Because only one-third of the cases were tar-
geted at or below C6 –7, the gland was not included in most of
the needle-placement images.

Increasing the number of scan series increased the ED from
the procedure. Each additional scan series was required after
the needle position was incrementally adjusted during target-
ing. Needle-insertion length from skin to target was highly
correlated with a need for �3 needle repositioning adjust-
ments (� � 0.52, P � .001) and increased procedural time
(� � 0.42, P � .001). The angle of needle insertion relative to
the floor was significantly correlated with an increased num-
ber of needle adjustments for depths of �25 mm and a longer
procedural time (� � 0.29, P � .01) but not for depths �25
mm.

Discussion
Safely targeting the neural foramen or epidural space is the
goal of image-guided transforaminal CSI. Injection proce-
dures are used to deposit steroid solution in the perineural
or epidural space, while avoiding intravascular injection.
Although it is a generally safe procedure, rare severe compli-
cations have been reported with CT and fluoroscopic
guidance.8,14

Recently reported techniques focus on CT-guided access to
the neuroaxis while minimizing the chance for embolic com-
plications.6-8 We present a cohort treated with a variation on
these techniques. A lateral patient position and a near-vertical
trajectory with a short 25-ga needle were combined to mini-
mize procedural time and radiation dose. Because proportion-
ally less soft-tissue is crossed in the lateral position, this theo-
retically decreases the chance that a small muscular artery will
be inadvertently pierced. In addition, when comparing the
needle-insertion depth by using a lateral trajectory versus a
dorsal trajectory within each patient, a 50% reduction in nee-
dle depth should also lead to a decreased number of needle
adjustments and a decreased radiation dose from the proce-
dure. Procedural time with fluoroscopy has been reported as
lasting approximately 15 minutes from initial patient contact
to completion.4 We were able to replicate these findings.

Increasing needle-insertion depth and deviation of the an-

Fig 4. Histogram demonstrating needle-insertion lengths.
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gle of approach from the perpendicular were both correlated
with more needle adjustments and confirmatory scan series;
therefore, both are similarly correlated with an increased ED
from the procedure. With intermittent CT guidance, the ED
was lower than that reported previously in diagnostic neck
CT.15 Adding previously reported dose-reduction techniques
might reduce the expected patient dose further.16 Several au-
thors have previously discussed radiation exposures to the op-
erator and patients during image-guided procedures by using
fluoroscopy, CT fluoroscopy, and intermittent CT without
specifically addressing the ED.9,16 Because all images are ac-
quired with the operator in the CT control room, dose to the
operators is zero with this technique.

An anatomically relevant constant was calculated to more
accurately define an ED for the procedure. The ED is highly
dependent on the presence of the thyroid gland in the imaging
volume. A typical ED for a neck CT is 3 mSv, which is 6 times
the average in this study. Most of that difference is accounted
for by the thyroid gland contribution to the effective dose.15 It
is unusual for the thyroid gland to be present above the supe-
rior endplate of C6. For those patients in whom a C5– 6 or
higher injection is contemplated, care taken to exclude tissue
caudal to C6 when planning the first cross-sectional dataset
can significantly reduce the ED for the procedure. When MR
imaging or other imaging is available before the procedure,
this may be used to plan a procedure that avoids irradiating the
thyroid gland. The average age of the patients in this study was
55 years, which is older than the age at which radiation expo-
sure is most detrimental.17

Limitations of the present study include inaccuracies of the
dose-reporting system from the CT console. The DLP mea-
surements are based on the standard adult male 16-cm head
phantom. The average neck dimensions in our study more
closely resembled a 12-cm-diameter circle, which would result
in a higher average dose in the volume of tissue than the CT
console value of CTDIvol, which would also result in a higher
DLP. We estimate that the CTDIvol would increase by 19% for
a 12-cm-diameter phantom by using 2 different methods.18,19

Another limitation in the use of the CTDIvol is that it over-
estimates the average dose during procedures in which the CT
table does not move, such as brain perfusion and certain in-
terventional procedures.20 It has been demonstrated that dur-
ing simulated brain perfusion procedures, the dose to the skin
may vary from 53% to 89% of the CTDIvol, while the dose to
the eye lens is approximately 62% of the CTDIvol.

21,22 If one
assumes an average dose reduction by 75%, the product of this
factor by the increase due to the 12-cm neck size results in a net
overestimate of the true CTDIvol and DLP of approximately
10%–12%.

The scans in this study used 50 mAs for the planning and
subsequent series. This was adequate for visualization of rele-
vant anatomy. Perhaps adopting additional dose-reduction
techniques with lower milliampere-second and axial images
would further lower the ED of the procedure.16 If a scanner
were available that could produce images with �360° scan-
ning range, avoiding the thyroid tissue may be possible in the
future.

Conclusions
This series demonstrates the advantages of a near-vertical ap-
proach with the patient in the lateral decubitus position with
intermittent CT guidance for CSI. Procedures were completed
in a short time, with a low radiation dose and without
complications.

References
1. Bogduk N. The anatomy and pathophysiology of neck pain. Phys Med Rehabil

Clin N Am 2011;22:367– 82, vii
2. Vallée JN, Feydy A, Carlier RY, et al. Chronic cervical radiculopathy: lateral-

approach periradicular corticosteroid injection. Radiology 2001;218:886 –92
3. Stout A. Epidural steroid injections for cervical radiculopathy. Phys Med Re-

habil Clin N Am 2011;22:149 –59
4. Schellhas KP, Pollei SR, Johnson BA, et al. Selective cervical nerve root

blockade: experience with a safe and reliable technique using an anterolateral
approach for needle placement. AJNR Am J Neuroradiol 2007;28:1909 –14

5. Lee JH, Lee SH. Comparison of clinical effectiveness of cervical transforam-
inal steroid injection according to different radiological guidances (C-arm
fluoroscopy vs. computed tomography fluoroscopy). Spine J 2011;11:416 –23

Fig 5. Needle-insertion attempts correlated with target depth and angle deviation from the perpendicular. More insertion attempts increase the procedural time and radiation dose (P �
.001).

AJNR Am J Neuroradiol ●:● � ● 2013 � www.ajnr.org 5



6. Wolter T, Knoeller S, Berlis A, et al. CT-guided cervical selective nerve root
block with a dorsal approach. AJNR Am J Neuroradiol 2010;31:1831–36

7. Wagner AL. CT fluoroscopic-guided cervical nerve root blocks. AJNR Am J
Neuroradiol 2005;26:43– 44

8. Hoang JK, Apostol MA, Kranz PG, et al. CT fluoroscopy-assisted cervical
transforaminal steroid injection: tips, traps, and use of contrast material. AJR
Am J Roentgenol 2010;195:888 –94

9. Bartynski WS, Whitt DS, Sheetz MA, et al. Lower cervical nerve root block
using CT fluoroscopy in patients with large body habitus: another benefit of
the swimmer’s position. AJNR Am J Neuroradiol 2007;28:706 – 08

10. Kranz PG, Raduazo P, Gray L, et al. CT fluoroscopy-guided cervical interlami-
nar steroid injections: safety, technique, and radiation dose parameters. AJNR
Am J Neuroradiol 2012 Mar 1. [Epub ahead of print]

11. Chang A, Pochert S, Romano C, et al. Safety of 1000 CT-guided steroid injec-
tions with air used to localize the epidural space. AJNR Am J Neuroradiol
2011;32:E175–77

12. Huda W, Ogden KM, Khorasani MR. Converting dose-length product to ef-
fective dose at CT. Radiology 2008;248:995–1003

13. Sacks D, McClenny TE, Cardella JF, et al. Society of Interventional Radiology
clinical practice guidelines. J Vasc Interv Radiol 2003;14(9 pt 2):S199 –202

14. Scanlon G, Moeller-Bertram T, Romanowsky S. Cervical transforaminal epi-
dural steroid injections: more dangerous than we think? Spine (Phila Pa 1976)
2007;32:2638

15. Mettler FA, Huda W, Yoshizumi TT, et al. Effective doses in radiology and
diagnostic nuclear medicine: a catalog. Radiology 2008;248:254 – 63

16. Shepherd TM, Hess CP, Chin CT, et al. Reducing patient radiation dose during
CT-guided procedures: demonstration in spinal injections for pain. AJNR
Am J Neuroradiol 2011;32:1776 – 82

17. Brenner DJ, Hall EJ. Computed tomography: an increasing source of radiation
exposure. N Engl J Med. 2007;357:2277– 84

18. Nickoloff EL, Dutta AK, Lu ZF. Influence of phantom diameter, kVp and scan
mode upon computed tomography dose index. Med Phys 2003;30:395– 402

19. American Association of Physicists in Medicine Task Group 204, in collabora-
tion with the International Commission on Radiation Units and Measurements
and the Image Gently Campaign. Size-Specific Dose Estimates (SSDE) in Pediatric
and Adult Body CT Examinations. College Park, Maryland: American Associa-
tion of Physicists in Medicine; 2011

20. McCollough CH, Leng S, Yu L, et al. CT dose index and patient dose: they are
not the same thing. Radiology 2011;259:311–16

21. Leng S, Vrieze T, Yu L, et al. A direct skin dose calculation method in CT scans
without table motion: influence of patient size and beam collimation. In: Pro-
ceedings of the 52nd Annual Meeting of the American Association of Physicists in
Medicine, Philadelphia, Pennsylvania. July 18 –22, 2010

22. Zhang D, Cagnon CH, Villablanca JP, et al. Peak skin and eye lens radiation
dose from brain perfusion CT based on Monte Carlo simulation. AJR Am J
Roentgenol 2012;198:412–17

6 Miller � AJNR ● � ● 2013 � www.ajnr.org


