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Background: Transforaminal epidural injection (TFEI) with local anesthetics and steroids are
effective in treating spinal radicular pain. However, inadvertent intravascular injection can lead to
severe neurologic complications. To reduce complications of intravascular injection, use of imaging
modality, such as real-time fluoroscopy (RTF) or digital subtraction angiography (DSA), has been
recommended. DSA is an imaging technique that can clearly visualize the blood vessels from
surrounding bones or dense soft tissues by subtracting the pre-contrast image from the image
after injecting contrast medium.

Objective: In this study, we investigated whether there is a difference between RTF and DSA in
the detection of intravascular injection during cervical TFEI.

Study Design: Clinical study.
Setting: Pain clinic in South Korea.

Methods: We prospectively examined 137 cervical TFEls on 128 patients who have a radiating
pain from spinal stenosis and herniated nucleus pulposus. The needle position was confirmed
using biplanar fluoroscopy and 2 mL of nonionic contrast medium was injected at the rate of 0.5
mL/sec under RTF. Thirty seconds later, 2 mL of nonionic contrast medium was injected at the
rate of 0.5 ml/sec under DSA. Intravascular injection was defined as contrast medium spreading
throughout the vascular channel during injection of contrast medium under RTF and DSA. This
study is registered in the ClinicalTrials.gov (NCT03040648).

Results: The detection rate of intravascular injection in RTF was not statistically different compared
to that in DSA (30.7 % vs. 34.3%, P> 0.05).

Limitations: We injected 2 mL of contrast medium at the rate of 0.5 mL/sec. Further studies
about the ideal injection speed and volume of contrast medium for improvement of detection
of intravascular injection during TFEI are needed. This study was a single center study. Therefore,
multi-center studies are needed to obtain the high level of evidence. Additionally, the procedural
pain physician was not blinded to the type of imaging modality, such as RTF and DSA, to detect
intravascular injection. To minimize this confirmation bias and provide homogenous procedural
conditions for TFEI, the same procedural physician performed all 137 injections.

Conclusions: In this study, there is no significant difference in detection rate of intravascular
injection between RTF and DSA during cervical TFEI.

Key words: Analgesia, bleeding, clinical trials, complications, diagnostic equipment, epidural,
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ransforaminal epidural injections (TFEI) with

local anesthetics and steroids are an effective

treatment option for cervical and/or lumbar
spinalradicularpain(1,2).Schellhasetal (3)demonstrated
that cervical selective nerve root injection is useful for
cervical radicular pain in a retrospective study including
4612 patients who underwent fluoroscopic guided
cervical selective root injection. However, during TFEI
intravascular injection should be avoided, which can
cause fatal neurologic deficits, such as spinal infarction
and cerebral infarction (4-7). To avoid intravascular
injection, use of imaging modality, such as real-time
fluoroscopy (RTF) or digital subtraction angiography
(DSA), has been recommended (7-11). In a recent meta-
analysis in 2015, DSA had a 32% improvement for
detection of intravascular injection during lumbosacral
TFEI, compared to RTF (10). However, Kim et al (11)
failed to find any benefit of DSA during lumbosacral
TFEI, compared to RTF.

The incidence of intravascular injection during TFEI
with RTF guidance depends on spinal level. The previ-
ous studies using RTF demonstrated that the incidence
of intravascular injection of cervical TFEIl is higher than
that of lumbosacral TFEI (12-14). Until now, there is no
study comparing DSA and RTF for the same patients
during cervical TFEI prospectively. The present study,
therefore, was designed to investigate whether there
is a difference between RTF and DSA in the detection
of intravascular injection during cervical TFEI. Methods

Patients

The present study was approved by the institution-
al review board of our hospital and informed written
consent was obtained from all patients. This study is
registered in the ClinicalTrials.gov (NCT03040648).

We prospectively examined 137 cervical TFEls. In-
clusion criteria of this study were patients over 18 years
of age, patients with radiating pain from spinal steno-
sis, and herniated nucleus pulposus. Exclusion criteria
were pregnancy, allergic to contrast medium, patient
refusal, and patients with persistent contraindication to
nerve block, such as coagulopathy and infection of the
injection site.

Study Designs

Two pain physicians were involved in this study.
They had more than 10 years of experience in the de-
partment of pain medicine. TFEl was performed by the
same physician and were simultaneously observed by
the other pain physician.

Before the procedure, all patients were monitored
using an electrocardiogram, pulse oximetry, and non-
invasive blood pressure. A 22-gauge cannula needle
was inserted in the patient’s hand. The patients did not
receive any sedation. Under fluoroscopic guidance, TFEI
was performed using a Quincke type, 25-gauge, 9 cm
spinal needle (Taechang Industrial Co., Kongju, Korea).
For TFEI, the patient is placed in a supine position on a
fluoroscopic table with their head slightly extended. The
fluoroscope (Ziehm vision, Ziehm imaging, Nuremberg,
Germany) is rotated obliquely to the ipsilateral side to
supply the view of the neural foramen with maximum
transverse width. At the skin entry site 1% lidocaine
was infiltrated. The spinal needle was advanced toward
the posterior aspect of the intervertebral foramen until
the tip reached the superior articular process at the
division between the caudal and middle thirds. Then
the needle was advanced 2-3 mm into the foramen, no
further than halfway across the facet column, on the
anteroposterior fluoroscopic view. After the confirma-
tion of final needle position using biplanar fluoroscopy,
2 mL of nonionic contrast medium (Omnipaque 300,
GE Healthcare, Little Chalfont, Buckinghamshire, UK)
was injected at the rate of 0.5mL/sec under RTF. Thirty
seconds later, 2 mL of nonionic contrast medium was
injected at the rate of 0.5mL/sec under DSA. Intravascu-
lar injection was defined as contrast medium spreading
throughout the vascular channel during the injection of
contrast medium under RTF and DSA. If intravascular in-
jection was observed, the needle position was changed.

Sample Size

Based on the previous study, the incidence of
intravascular injection during cervical TFEI was 20.6 %
(14). We considered a 50% increment in the incidence
of intravascular injection to be clinically important.
Therefore, to detect such difference, a minimum size of
137 of TFEI were calculated with Type I and Il errors <
0.05 and < 0.2, respectively.

Statistical Analysis

The patient’s age, gender, diagnosis, and spinal
level of the procedure were collected. The data was
analyzed with a McNemar test, using SAS software ver-
sion 9.3 (Cary, NC), A P value under 0.05 was considered
statistically significant.

REsuLTs

A total of 137 cervical TFEIs were performed on
128 patients (Fig. 1). There were no complications dur-
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ing cervical TFEl. The mean age of patients was 51.7
years (range, 28-84 years). The characteristics of study
patients are presented in Table 1. TFEls were performed
from C3 to C8 spinal levels; 3 injections at C3, 6 at C4, 16
at C5, 46 at C6, 49 at C7, and 15 at C8. The incidence of
intravascular injection on each level using RTF or DSA is
presented in Table 2. Forty-two intravascular injections

were detected in an overall intravascular injection rate
of 30.7% using RTF. Forty-seven intravascular injections
were detected in an overall intravascular injection rate
of 34.7% using DSA. Intravascular injection detected by
RTF were also observed using DSA. However, the detec-
tion rate of intravascular injection in RTF was not sta-
tistically different compared to that in DSA (P = 0.064).

Enrollment of 128 patients

Cervical transforaminal epidural injection

n=137

Detection of Intravascular injection using RTF

n=137

h

Positive on RTF

n=42

!

|

Negative on RTF

n=95

)

Negative on DSA (n=0)

' !

Detection of Intravascular injection using Detection of Intravascular injection using
DSA DSA
n=42 n=95
Positive on DSA (n=42) Positive on DSA (n=5)

Negative on DSA (n=90)

| '

Intravascular
injection absent

Intravascular
injection present

n=42 n=0

Intravascular
injection absent

Intravascular
injection present

n=5 n=90

Fig 1. Flow diagram of the study.
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Discussion

From our findings, there is no significant difference
in detecting intravascular injection during cervical TFEI
between RTF and DSA.

The incidence of intravascular injection during TFEI
with RTF guidance depends on the region of the spine.
Cervical TFEl is associated with higher incidence of
intravascular injection compared to thoracic and lum-
bosacral TFEI (14). In the cervical spine, it was reported
that the incidence of intravascular injection with RTF
was 26% to 32.8% (8,13). In the present study, the in-
cidence of intravascular injection with RTF was 30.7%,
which is compatible with the previous studies (8,13).

DSA is an imaging technique that can clearly visual-
ize the blood vessels from surrounding bones or dense
soft tissues by subtracting the pre-contrast image from
the image after injecting contrast medium (15). In a
recent meta-analysis in 2015, it was suggested that DSA
guidance was more effective to detect intravascular
penetration than RTF during lumbosacral TFEI. In the
retrospective study by MclLean et al (9), 177 cervical

Table 1. Demographic and clinical characteristics of the study
patients (n=128).

Variables Value

Age (year) 51.7 £12.0
Height (cm) 166.2+7.6
Weight (kg) 64.5+11.0
Men 66 (51.6%)
Diagnosis

HNP 109

SS 17

HNP = herniated nucleus pulposus; SS = spinal stenosis; DSA = digital

subtraction angiography; RTF = real-time fluoroscopy.

TFEls were performed with RTF or DSA guidance in the
different patients with different machine. They found
that the incidence was 32.8% in the group with DSA
guidance, and 17.9% in the group with RTF guidance
(P =0.041).

In the present study, during cervical TFEI the intra-
vascular injection of contrast medium was measured by
RTF and DSA sequentially. The incidence of intravascu-
lar injection using DSA was 34.4%, which is similar to
the previous study by McLean et al (9). However, DSA
did not improve the detection rate of intravascular in-
jection, compared to RTF alone.

El Abd et al (16) compared the detection rate of
intravascular injection with DSA and other safety pre-
cautions, such as aspiration and RTF in the 150 consecu-
tive patients who received TFEI. A total of 222 TFEIs in
the cervical (18.47%), lumbar (50.9%), and sacral levels
(30.36%) was performed, and in the sacral region an ad-
ditional 5.26% intravascular injection was found using
DSA. Kim et al (11) conducted a large prospective study
to compare DSA with RTF for detection of intravascular
injection in the same patients who receive lumbosacral
TFEI. They evaluated 732 injections performed on 348
patients and found that there were no significant dif-
ference in the detection rate between DSA (8.1 %) and
RTF alone (10.5%).

In this study, DSA did not improve the detection
rate of intravascular injection during cervical TFEI, com-
pared to RTF. Several possible reasons can be consid-
ered. First, 2 mL of contrast medium was injected at the
rate of 0.5 mL/sec in the present study. In previous stud-
ies, it was found that DSA is more effective than RTF
to detect intravascular injection with a small volume of
contrast medium such as 1 mL (10,16,17). However, it
demonstrated that a small volume of contrast medium
is not sufficient to detect the intravascular injection

Table 2. Incidence of intravascular injection during cervical transforaminal epidural block by level.

Level Number of injections N'm.nbe.r of intravascular N.ur.nbe'r of intravascular P value
injection on RTF (%) injection on DSA (%)
C3 3 2 (66.7%) 2 (66.7%)
C4 6 1(16.7%) 1(16.7%)
C5 16 5(31.3%) 5(31.3%)
Cé6 46 20 (43.5%) 23 (50.0%)
C7 49 11 (22.4%) 13 (26.5%)
c8 15 3 (20.0%) 3(20.0%)
Total 137 42 (30.7%) 47 (34.3%) 0.064

DSA = digital subtraction angiography; RTF = real-time fluoroscopy
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during transforaminal epidural injections using RTF
(12). Therefore, 2 mL of contrast medium was used in
the present study. Kim et al (11) did not find any ben-
eficial effect of DSA on the detection of the intravascu-
lar injection TFEl in the lumbosacral region using 1~2
mL of contrast medium. In addition, we prospectively
investigated the incidence of intravascular injection in
the same patients using RTF and DSA. In the study by
El Abd et al (16), RTF and DSA was successively applied
in the same patients, but DSA did not additionally de-
tect intravascular injection in the cervical and lumbar
region. Mclean et al (9) conducted a retrospective study
to evaluate the detection rate of intravascular injection
during cervical TFEI. They compared the patients moni-
tored by RTF with the patients monitored by DSA. We
think that many factors, including volume of contrast
medium and the type of study, might have contributed
to discrepancies with previous studies.

In the cervical spine, the arterial branches come
from the vertebral artery. The risk of arterial injection is
more devastating than that of venous injection. Unin-
tentional intraarterial injection during TFEI can induce
dissection, vasospasm, or occlusion, which can result in
insufficient blood supply in the distal area (4-6). In ad-
dition, accidental intraarticular injection of particulate
steroids during TFEI can occlude the artery, resulting in
infarction of brain or spine (7). In the previous studies,
it could be impossible to define the vascular contrast
spreading pattern as venous or arterial during epidural
TFEI because the patterns were ambiguous despite us-
ing RTF (12,14,18) and DSA (19,20). We could not differ-
entiate between the 2 types of vascular pattern, which
was compatible with previous studies. Chang Chien et
al (21) suggested that DSA was not reliable to iden-
tify intravascular injection of contrast medium during
nerve block. Therefore, to reduce the complications of
intravascular injection during cervical TFEl, use of test
dose of short acting local anesthetic, and use of only
nonparticulate corticosteroids were recommended (22).

In addition, DSA has disadvantages, such as ad-
ditional radiation exposure to physicians and patients
and the high cost of the new and upgraded fluoro-
scopic equipment (15). DSA was reported to increase
the effective radiation dose incurred by 2.3 ~ 4.3 fold
for TFEI compared to conventional fluoroscopy (23).

In the present study, intravascular injection was de-
tected using RTF and DSA guidance sequentially. There
were some limitations of the present study. First, in the
present study, 2 mL of contrast medium was injected at
the rate of 0.5 mL/sec. Until now, there are no studies

about the association between the injection speed and
volume of the contrast medium and the detection of
intravascular injection during TFEI. Therefore, further
studies about the ideal injection speed and volume
of contrast medium for improvement of detection of
intravascular injection during TFEI are needed. Second,
in the present study, the procedural pain physician was
not blinded to the type of imaging modality, such as
RTF and DSA, to detect intravascular injection. To mini-
mize this confirmation bias and provide homogenous
procedural conditions for TFEI, the same procedural
physician performed all 137 injections.

ConcLusION

In conclusion, DSA did not improve the detection
rate of intravascular injection during cervical TFEI, com-
pared to RTF in the present study. DSA increases the
radiation exposure to physicians and patients and the
cost for new and upgraded fluoroscopic equipment.
Therefore, further studies to evaluate whether employ-
ment of DSA can be ideal for cervical TFEI are needed.
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