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Background: Ultrasound-guided caudal epidural injection (CEl) is limited in that it
cannot confirm drug distribution at the target site without fluoroscopy. We hypoth-
esized that visualization of solution flow through the inter-laminar space of the lum-
bosacral spine using color Doppler ultrasound alone would allow for confirmation
of drug distribution. Therefore, we aimed to prospectively evaluate the usefulness
of this method by comparing the color Doppler image in the paramedian sagittal
oblique view of the lumbosacral spine (LS-PSQOV) with the distribution of the con-
trast medium observed during fluoroscopy.

Methods: Sixty-five patients received a 10-mL CEl of solution containing contrast
medium under ultrasound guidance. During injection, flow was observed in the LS-
PSOV using color Doppler ultrasonography, following which it was confirmed using
fluoroscopy. The presence of contrast image at L5-S1 on fluoroscopy was defined
as “successful CEI.” We then calculated prediction accuracy for successful CEl us-
ing color Doppler ultrasonography in the LS-PSOV. We also investigated the correla-
tion between the distribution levels measured via color Doppler and fluoroscopy.
Results: Prediction accuracy with color Doppler ultrasonography was 96.9%. The
sensitivity, specificity, positive predictive value, and negative predictive value were
96.7%, 100%, 100%, and 60.0%, respectively. In 52 of 65 patients (80%), the high-
est level at which contrast image was observed was the same for both color Dop-
pler ultrasonography and fluoroscopy.

Conclusions: Our findings demonstrate that color Doppler ultrasonography in the
LS-PSOV is a new method for determining whether a drug solution reaches the lum-
bosacral region (i.e., the main target level) without the need for fluoroscopy.

Key Words: Anesthesia, Caudal; Contrast Media; Equivalence Trial; Fluoroscopy;
Injections, Epidural; Low Back Pain; Lumbar Vertebrae; Sensitivity and Specificity;
Ultrasonography, Doppler, Color; Ultrasonography, Interventional.

in patients with lower back pain or radiating pain in the
lower extremities. The long-term effect of lumbosacral
epidural injection remains controversial, but many stud-

INTRODUCTION

Lumbosacral epidural injection is commonly performed
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ies have shown a favorable trend regarding various effects
including short-term benefits [1-4]. Among the several epi-
dural approaches, caudal epidural injection (CEI) is pre-
ferred by many clinicians because it can be implemented
easily. CEI is possible using a blind technique, which is less
invasive and requires a short procedure time. However,
the failure rate of blind techniques in adults is as high as
25%, even for experienced clinicians, because of variations
in caudal anatomy [5-7).

Recently, ultrasound guidance has increased the suc-
cess rate of CEI, with several studies showing that ultra-
sound is effective in guiding needle placement during CEI
[8,9]. Ultrasound can be used to accurately assess caudal
anatomical structures such as the sacral hiatus and sacral
cornu before inserting the needle and to evaluate needle
placement in real time [10,11]. Nevertheless, fluoroscopy-
guided caudal epidural injection (FG-CEI) is still con-
sidered the gold standard, given the need to confirm the
distribution of the solution in the epidural space [5,7,12,13].
It has been considered impossible to confirm the distribu-
tion of the injected solution at the lumbosacral level when
using ultrasound-guided CEI (USG-CEI), although it is ef-
fective in guiding needle placement.

Compared to FG-CEI, USG-CEI has advantages such as
ease of use, short procedural time, and contrast-free and
radiation-free application. In rare cases, however, USG-
CEI may result in the injected solution not reaching the
desired target level, which is usually the lumbosacral
epidural space. When performing a CEI with ultrasound
alone, it is difficult to predict the area over which the in-
jected solution has spread. Therefore, CEI—which is com-
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monly recommended in clinical practice—is performed
as follows. First, the sacral area is scanned using ultra-
sound, the needle entry point is checked, and the needle
is inserted. After needle placement, fluoroscopy is used to
examine the distribution of the contrast medium, follow-
ing which the drug solution is injected. The identification
of contrast medium via fluoroscopy is considered essential
for predicting whether a drug has reached the target site
[14].

The paramedian sagittal oblique view of the lumbosa-
cral spine (LS-PSOV) is one of the ultrasonographic views
introduced for neuraxial anesthesia [15,16]. In the LS-
PSOV, one can observe the laminae of each lumbar spine,
as well as the anterior and posterior complexes containing
the dura mata (Fig. 1). Therefore, we speculated that the
use of color Doppler ultrasonography would allow us to
confirm the distribution of the injected solution in the epi-
dural space at the lumbosacral level without the need for
fluoroscopy. In other words, we hypothesized that color
Doppler flow in the LS-PSOV during ultrasound could
replace identification of contrast medium via fluoroscopy.
Thus, the present study aimed to evaluate the validity and
reliability of CEI using color Doppler ultrasonography in
the LS-PSOV by comparing the technique with fluoros-

copy.

Fig. 1. Ultrasound paramedian sagittal oblique view (PSOV) of the lumbosacral level (A). The patient was in the prone position, and the convex ultrasound
probe was placed on the patient’s back aligned to the sagittal plane (median sagittal view). The sacrum can be recognized as a horizontal high-echo
curve structure, and the L5 layer has a typical “serrated” shape. After checking the sacrum, the sacrum is placed on the right side of the ultrasound win-
dow through the cephalad shift of the probe, and the L3 spinous process is visible on the left side. The probe was then shifted by 1-2 fingers in the left
lateral direction to ensure that the lamina was visible (paramedian sagittal view). The probe was then tilted slightly toward the midline of the spine (PSOV).
In the image presented here, a serrated laminar shape is visible, and hyperechoic shadows of the anterior complex and posterior complex including the
dura mater can be observed between the lamina of each level. The color Doppler in (A) shows that the injection flow has reached L5-S1. (B) is a color
Doppler image of another patient performed in the same way. The drug solution rises from the caudal region to the cephalad, and Doppler flow can be
observed between each lamina. Doppler flow can be observed at L5-S1, L4-L5, and L3-L4, and the anteroposterior and lateral fluoroscopy images show
that the contrast medium is distributed at the corresponding levels.
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MATERIALS AND METHODS
1. Participants

This prospective study was approved by the Institutional
Review Board of Jeonbuk National University Hospital (No.
CUH 2019-08-058) and was registered with the Clinical
Research Information Service (CRIS) (No. KCT0005682).
We obtained written informed consent from all patients,
and the research was performed in accordance with the
Ethical Principles for Medical Research Involving Human
Subjects, outlined in the World Medical Association’s Dec-
laration of Helsinki. The study included 65 adult patients
in our pain clinic, aged 19-80 years, who required CEI for
low back pain with or without radiculopathy. Patients with
a history of lumbar spine surgery, allergies to local anes-
thetics or contrast medium, coagulation abnormalities,
suspected infections in the coccygeal area, and pregnant
women were excluded from the study. The flow diagram of
patient selection is presented in Fig. 2.

2. Procedure

Patients were in the prone position, and a pillow was
placed under the lower abdomen to expose the insertion
site. The area around the coccyx was thoroughly steril-
ized with 10% povidone iodine. We decided to inject a 10-
mL dose based on a pilot study targeting the lower lumbar
level (i.e., L3/4 or L4/5). A 10-mL syringe connected to a
25-gauge, 4-cm-long needle and a 30-cm-long extension
line was prepared. The 10-mL drug solution contained 4
mL of contrast medium (Iohexol, 300 mg I/mL, Omnipa-
que'; GE Healthcare, Shanghai, China), 0.5 mL of dexa-
methasone (5 mg/mL/amp), 2.5 mL of lidocaine (20 mg/
mL), and 3 mL of normal saline. After checking the sacral
hiatus and sacrococcygeal ligament using a 4-18 MHz
linear probe (Affiniti 70; Philips Ultrasound, Cambridge,
MA), the needle entry point was confirmed, and the nee-
dle was inserted toward the target point in real time. We

then used a 2-6 MHz convex probe (Affiniti 70; Philips Ul-
trasound) to observe the Doppler flow in the LS-PSOV [16].
The operator fixed the convex probe in the LS-PSOV firmly
with the left hand (Fig. 1) and carefully observed whether
the Doppler image appeared while slowly injecting the
drug solution with the right hand after confirming nega-
tive blood aspiration. To discriminate against the noise
signal of the ultrasonography, the same person held the
probe and injected the drug solution. During injection of
the drug solution, the operator evaluated the level at which
the color Doppler image was visible. After injecting all 10
mlL, anterior-posterior and lateral fluoroscopic images
were documented and saved for use by another physician
who would later assess the image blindly. The highest level
observed by the color Doppler ultrasonography and fluo-
roscopy was classified as “not detected,” “L5-S1,” “L4-L5,”
or “L3-L4” (Fig. 1). Recorded events included unexpected
adverse reactions or unintended injections (e.g., intravas-
cular and intrathecal).

3. Data analysis and statistical analysis

The observation of contrast image observed at L5-S1 on
fluoroscopy was defined as “successful CEL.” The primary
outcome was the probability of predicting successful CEI
using color Doppler ultrasonography in LS-PSOV, defined
as “prediction accuracy” and calculated as follows: (A +
B) / Total number of patients analyzed. In this equation,
A refers to patients in whom both Doppler flow of ultraso-
nography and the contrast image of fluoroscopy allowed
for observation in the LS-PSOV and at L5-S1, respectively.
B refers to patients in whom both Doppler flow and the
contrast image did not allow for observation in both the
LS-PSOV and at L5-S1, respectively. We also calculated the
sensitivity, specificity, positive predictive value, and nega-
tive predictive value to verify the CEI using color Doppler
ultrasonography in the LS-PSOV when compared with the
FG-CEI, which is known as the gold standard. Fig. 3 shows
how the levels of injected drug distribution predicted by

| Excluded (n = 6)
- Not meeting inclusion criteria (n = 4)

- Declined to participate (n = 1)

A 4

| Screening | | Screened for eligibility (n = 71)
I
v

| Enrollment | | Enrolled (n = 65)

| - Other reasons (n = 1)

)

Allocati Allocated for validity (n = 65)
IEMIeI - Received allocated intervention (n = 65)

}

| Analysis | | Analyzed (n = 65)

Fig. 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Fig. 3. The figure shows the correlation between the highest level of
injection flow measured using color Doppler ultrasonography in the para-
median sagittal oblique view at the lumbosacral level (LS-PSOV) and the
highest level at which contrast image was identified using fluoroscopy. In
52 of 65 patients (80%), the highest level at which image (Doppler flow
or contrast medium) was observed was the same for both color Doppler
ultrasonography and fluoroscopy: not detected (n = 3), L5-S1 (n = 22),
L4-L5 (n = 24), L3-L4 (n = 3). The difference in the level measured by the
two modalities was one level in 11 patients and two levels in two patients
(16.9% and 3.0%, respectively). ND: not detected.

Table 1. Patient characteristics

Characteristic Patients (n = 65)
Sex (male:female) 32:33
Age (yr) 61 (46-69)
Height (cm) 162.0 (154.5-170.0)
Weight (kg) 62 (53-70)
Pre-CEl pain score (VAS) 6.5+2.2
Post-CEl pain score (VAS) 35+22

Values are expressed as numbers, medians (25th-75th percentile), or
means + standard deviation.
CEl: caudal epidural injection, VAS: visual analogue scale.

color Doppler ultrasonography match those identified by
fluoroscopy.

We performed a non-inferiority test (one-sided test) of
CEI using color Doppler in the LS-PSOV for FG-CEI and
set -10% as a non-inferiority margin based on similar
previous studies [17,18]. The sample size was determined
based on the expected prediction accuracy of CEI using
Doppler ultrasonography in the LS-PSOV. We expected the
probability of detecting the injected solution flow passing
through L5-S1 to be approximately 80% based on our pilot
study and our own retrospective data. With a type 1 error
of 0.05, power of 80%, discordant ratio of 0.15, and drop out
of 0.15, the minimal sample size was estimated to be 65.
Statistical analysis was performed using PASW Statistics
18.0 (IBM Co., Armonk, NY).
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Table 2. The contrast image in fluoroscopy at L5-S1 after CEl using color
Doppler ultrasound in LS-PSOV

Doppler flow of The contrast image of fluoroscopy at L5-S1
ultrasonography in the
LS-PSOV Positive Negative
Positive 60 0
Negative 2 3

CEl: caudal epidural injection, LS-PSQOV: the paramedian sagittal oblique
view at the lumbosacral level.

Table 3. Prediction accuracy of USG-CEI vs. FG-CEI (n = 65)

Result USG-CEI FG-CEI

63/65 (96.9%)
-3.1% (~7.4% to 1.2%)

Prediction accuracy 65/65 (100%)
Absolute difference vs. FG-CEI

(95% Cl)

USG-CEI: ultrasound-guided caudal epidural injection, FG-CEI: fluorosco-
py-guided caudal epidural injection, Cl: confidence interval.

RESULTS

Sixty-five patients were enrolled, and all 65 patients were
analyzed without exclusion. The baseline characteristics
of the patients are described in Table 1. The mean patient
age was 61 years, the pre-CEI visual analogue scale (VAS)
score was 6.5, and the post-CEI VAS score was 3.5 (P <
0.001).

In 62 of 65 patients, the contrast image was observed in
L5/S1 on fluoroscopy after USG-CEI, and the probability
of “successful CEI” was 95.4% (Tables 2, 3). The predic-
tion accuracy of CEI using Doppler ultrasonography in the
LS-PSOV, the primary outcome of this study, was 96.9%.
That is, in all 60 patients with Doppler flow observed in
the LS-PSOV, contrast images were also observed at L5-S1
on fluoroscopy, and in all three patients without Doppler
flow, no contrast images were observed. Two of 65 patients
exhibited no Doppler flow, although contrast images were
observed at L5-S1 on fluoroscopy; consequently, the pre-
diction of color Doppler ultrasonography was incorrect.
On the other hand, none of the patients showed both posi-
tive Doppler flow and negative contrast image. The sensi-
tivity, specificity, positive predictive value, and negative
predictive value of color Doppler ultrasonography in the
LS-PSOV were 96.7%, 100%, 100%, and 60.0%, respectively.
In addition, Fig. 3 shows how the level of injected drug
distribution predicted by color Doppler ultrasonography
match that confirmed by fluoroscopy.

In the non-inferiority test, CEI performed under Dop-
pler ultrasonography in the LS-PSOV was not inferior to
that performed under FG, since the lower limit of the con-
fidence interval for the absolute difference versus FG-CEI

https://doi.org/10.3344/kjp.2021.34.3.339
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was greater than the pre-specified non-inferiority margin
of —-10%. Among the 65 patients, there were no unexpected
adverse reactions or unintended injections (e.g., intrathe-
cal or intravascular).

DISCUSSION

Fluoroscopy is currently the standard for predicting drug
distribution in the epidural space before drug injection.
Although ultrasound has many advantages over fluo-
roscopy and is widely used, the visualization of solution
spread has only been possible using fluoroscopy [19]. In
the present study, we investigated whether ultrasound
could confirm drug spread during CEI Ultrasound has
many advantages over fluoroscopy for CEIL it is radiation-
free, contrast-free, and easy to use and requires a short
procedure time [9]. Above all, USG-CEI provides a more
accurate route for needle insertion than FG-CEI because it
can provide information regarding anatomical structures
such as the sacral hiatus, sacral cornu, and sacrococcygeal
ligament in real time [20].

Our study introduced and verified a novel ultrasonic
method for predicting the range of drug spread and con-
firming the success of CEI, with a very high prediction
accuracy of 96.9%. Among the 65 patients, failure to pre-
dict the success of CEI occurred in only two patients. The
statistical significance obtained from prediction accuracy
was also not inferior to that of FG-CEI. In particular, the
100% specificity is very impressive. This means that the
probability of a type 1 error is almost zero. In addition, if
color Doppler flow is observed at L5-S1, the probability
that the actual drug solution reaches above L5-S1 is 100%.
Ifit is observed at L4-L5, the probability that the drug solu-
tion reaches above L4-L5 is also 100%.

Failure to predict successful epidural spread of the
injected solution occurred in two patients. In these two
patients, injection flow was not observed on color Doppler
ultrasonography, but the epidural spread of the contrast
solution was observed at L5-S1 under fluoroscopy. One
patient had morbid obesity (body mass index: 35.2), and
the other patient exhibited severe degenerative changes.
These factors are thought to have influenced color Dop-
pler detection [21,22]. One of the limitations of ultrasound
is that it remains difficult to check for unintended intra-
vascular injections and dura puncture [5]. However, in-
jecting immediately after penetrating the sacrococcygeal
ligament is associated with a very low risk of intravascular
injection or dura puncture [23]. In addition, a previous
study identified that intravascular injection can be distin-
guished even by color Doppler ultrasound flow in the lon-
gitudinal view of the sacral hiatus [11]. In our study, none

www.epain.org

of the 65 patients received any unintended injection (e.g.,
intrathecal or intravascular).

Our findings indicated that color Doppler ultrasonog-
raphy in the LS-PSOV can predict the level to which the
injected solution has spread in real time and in 80% of pa-
tients. Indeed, the level was exactly consistent with the flu-
oroscopic confirmation in 52 of 65 patients (Fig. 3). These
findings suggest that it is possible to determine whether
the injected solution has reached the target level in real
time, and that this method can help determine the volume
of solution injected, which may in turn prevent overuse of
the injected drug. When Doppler artifacts such as noise or
blood vessels are suspected, the operator can distinguish
them from the actual solution flow by repeatedly inject-
ing and stopping. As in our study, this is simplified when
a single operator holds the probe and injects the solution
simultaneously. For consistency, all procedures were per-
formed in the left PSOV in the present study. However, we
recommend selecting the left or right PSOV based on the
desired target side.

This study has several limitations. First, we did not ex-
amine solution spread above level L2-L3 on ultrasound.
Since issues at L2-L3 or higher are less likely to result in
lower back pain and the distance from the CEI insertion
site is far, there are relatively few cases in which CEI is in-
dicated at L2-L3. In addition, we were unable to capture
L5-S1 through L2-L3 on a single ultrasound screen, mak-
ing it difficult to evaluate the spread of contrast solution
in these regions at the same time. Even within one ultra-
sound window, as the level of the lumbar spine increased,
it became more difficult to observe the color Doppler flow.
In particular, the amount of color Doppler flow was quite
small at L3-L4, necessitating more careful examination. A
larger solution volume may have allowed for easier visu-
alization of Doppler flow. However, we thought that high
doses of lidocaine pose a risk of local anesthetic systemic
toxicity because ultrasound cannot complet rule out intra-
vascular injection [24]. In addition, according to our pilot
study and our own retrospective data, even the 10 mL dose
reached the level of L4-5 or L5-S1 in most patients, and it
was thought that an excessive dose could rather obscure
the comparison between the ultrasound and fluoroscopy
in the lower lumbar level, one of the objectives of this
study.

Second, when there is vascular uptake during the epidu-
rogram, it cannot be excluded by ultrasound alone. This
is thought to be a phenomenon caused by the vein in the
epidural space and is distinguished from vascular injec-
tion. In our study, several vascular uptakes were identified
on fluoroscopy during the epidurogram, but there was no
local anesthetic systemic toxicity, including neurological
symptoms. Third, the possibility that the vertebra, which

Korean J Pain 2021;34(3):339-345
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is expected to be L5 on ultrasound, is actually S1, due to
lumbarization of S1, cannot be excluded. Although accu-
rate lumbar vertebra numbering is possible through whole
spine images [25], preoperative whole spine images of all
patients were not obtained uniformly.

Finally, color Doppler flow was not easily observed in
patients with narrow interlaminar spaces or severe scolio-
sis due to advanced degenerative changes. Furthermore,
the ultrasound window was obscured depending on the
degree of obesity, further complicating evaluation. Further
studies are required to determine whether color Doppler
ultrasonography in the LS-PSOV can be used to evaluate
CEI of contrast material in various patient groups.

In conclusion, our findings suggest that CEI using color
Doppler ultrasonography in the LS-PSOV has good va-
lidity, reliability, and feasibility. Our findings indicated
that this technique was associated with high prediction
accuracy and was not inferior to FG-CEI. Moreover, our
study suggests that color Doppler ultrasonography in the
LS-PSOV is easy to apply in clinical practice, allowing for
visual confirmation that the CEI solution has reached the
target level of the lumbosacral spine without the need for
fluoroscopy.
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