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Comparison of Clinical Outcomes of Different
Rates of Infusion in Caudal Epidural Steroid
Injection: A Randomized Controlled Trial
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Study Design: Prospective randomized controlled equivalence trial.

Purpose: To compare the clinical outcomes between patients with lumbosacral radiculopathy that received caudal epidural steroid
injection (CESI) at injection rates of 40 mL/min (fast rate) and 20 mL/min (slow rate) and to identify the complications associated with
these different CESI rates.

Overview of Literature: CESI is widely used for chronic low back pain with lumbar radiculopathy. However, the influence of CESI
rates on clinical outcomes has not been well studied.

Methods: Ninety patients were randomized into two CESI groups. Two patients did not complete the study. Eighty-eight were includ-
ed in the final analysis: 44 patients were in the fast infusion group, and 44 patients were in the slow infusion group. Intragroup and
intergroup comparisons were conducted with regard to the Visual Analog Scale (VAS), Roland 5-point pain scale, standing tolerance
test, walking tolerance test, and patient satisfaction scale at pre-injection, 2 weeks, 6 weeks, and 12 weeks post-injection. Complica-
tions associated with the different rates were recorded.

Results: Both groups demonstrated clinical improvement in all parameters, except for VAS, after injection. There were no statistically
significant differences in any outcomes at each time point between the two groups. One patient in the fast rate group and no patients
in the slow rate group experienced nausea and vomiting after injection (p=0.320). Eight patents in the fast rate group and two pa-
tients in the slow rate group experienced pain at the injection site (p=0.044).

Conclusions: Although there were no significant differences between injection rates in the short-term clinical improvement out-
comes, the fast injection rate group experienced more pain at the injection site, suggesting that the use of the slow injection rate may
be considered.
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Introduction presence or absence of lumbar radiculopathy. It is an ef-

fective and relatively safe procedure when performed with

Caudal epidural steroid injection (CESI) is a widely used appropriate care under fluoroscopic visualization [1,2]. To
interventional treatment for chronic low back pain in the improve the efficacy of these injections, many studies have
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focused on potential strategies to enhance the cephalic
migration of drug delivery. Theoretically, the spread of
solutions injected into the epidural space depends on the
volume and rate of infusion at the injection site [3].

The effect of epidural injections on intracranial pres-
sure (ICP) has been studied, and it is known that epidural
injections, at least transiently, increase ICP. The literature
reveals that spinal cord compression following rapid in-
jections into the epidural space may cause large increases
in intraspinal pressure with a risk of cerebral hemorrhage,
visual disturbances, headache, and compromise of spinal
cord blood flow [4]. Consequently, a slow injection rate
that is clinically effective should be used. However, the
volume of solution used and the rate of injection vary
widely in different centers. Studies comparing the effect of
different rates of injection are scarce and inconclusive.

Therefore, in this study, we conducted a randomized
controlled trial to (1) compare the clinical outcomes be-
tween patients with lumbosacral radiculopathy that re-
ceived CESI at injection rates of 40 mL/min (fast rate) and
20 mL/min (slow rate), and (2) identify the complications
associated with these different CESI rates. We hypoth-
esized that the slower infusion rate would demonstrate
equivalent short-term clinical outcomes compared to the
faster infusion rate.

Materials and Methods

1. Study design

The study was a prospective, randomized controlled
equivalence trial. The study was conducted in accordance
with the principles of the Declaration of Helsinki. Ap-
proval for the study was obtained from Navamindradhiraj
University Review Board (COA 74/2559). This study was
registered in clinicaltrial.gov and all participants provided
informed consent prior to the study.

2. Participants

1) Inclusion criteria

All patients who were evaluated at our outpatient clinic
who were above 20 years old with chronic low back pain
and radicular symptoms attributable to lumbar disk dis-
ease and/or spinal stenosis on a prior magnetic resonance
scan were considered for inclusion.

2) Exclusion criteria

Patients were excluded from the trial if they had a previ-
ous lumbar surgery, previous CESI, coagulopathy, or a
skin infection at the injection site.

3. Recruitment

All patients were initially screened with regard to the se-
lection criteria before randomization. If the inclusion cri-
teria were met and the informed consent form was signed,
the patient was scheduled for randomization.

4. Sample size

The trial was conducted as an equivalence study. Sample
size was calculated based on reduction of Visual Analog
Scale (VAS). A minimal clinical difference change of 0.5
(d) was set from an expert’s opinion. Data from a previous
study indicated that patients typically reported a change
of 2.45 points (standard deviation [SD]=0.91) on the VAS
at 2 weeks post-injection [5]. With a SD (o) of the VAS of
0.91, 8=d/o, §=0.80, to achieve an alpha of 0.05 and beta
of 0.20 with 80% power [6], 32 patients would be required
for each group of the trial. Taking into account a 20%
potential loss to follow-up, at least 40 patients per group
would be considered for recruitment.

5. Randomization

Site-specific randomization lists were computer-generated
using randomly permuted blocks of four and were con-
cealed from the researchers by a senior data manager who
was not involved in the study. This trial used a prospec-
tive, randomized, and outcome-blinded design, in which
all outcome assessments were made by a research assistant
blinded to the treatment allocation and patient informa-
tion. Forty-five participants selected from the 90 patients
included were randomly assigned to each group (Fig. 1).

6. Allocation concealment

Patient randomization was performed by another co-
ordinator, without the knowledge of the physicians and
participants. Study participants were mixed with routine
treatment participants. A statistician that was not involved
with patient care assembled the data.
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Assessed for eligibility (n=112)
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Y

-Not meeting inclusion criteria (n=17)
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-Received allocated intervention (n=45)
-Did not receive allocated intervention (n=0)

on (n=0)

Randomized (n=90) -Other reasons (n=0}
Y
\/ \
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Allocated to intervention (n=45) Allocated to intervention (n=45)
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Lost to follow-up (n=1) Lost to follow-up (n=1)
Discontinued intervention (n=0) | | Discontinued interventi
Y \
Analysis
Analysed (n=44) Analysed (n=44)
-Excluded from analysis (n=0) | | -Excluded from analysis (n=0)

Fig. 1. Flowchart of patients through the trial involving 40 mL/min (fast rate group) or 20 mL/min (slow rate group) for caudal epidural ste-

roid injection.

7. Intervention

Eligible patients were randomized into two groups as fol-
lows: a fast infusion rate group (40 mL/min, 45 patients)
and a slow infusion rate group (20 mL/min, 45 patients).
Clinical variables including age, sex, body weight, height,
body mass index, level of spine involvement, grading of
spinal stenosis on magnetic resonance imaging [5,6], and
duration of symptoms were recorded prior to the inter-
vention. Clinical parameters including VAS [7], Roland
5-point pain scale, standing tolerance test, walking toler-
ance test, and patient satisfaction scale were also evaluated
before the intervention [8] (Table 1).

All injections were administered by the same surgeon,
a spine specialist, under fluoroscopic control to ensure
accurate needle placement. All patients were positioned
prone during the procedure. A standardized technique
was used in all procedures. A wedge-shaped pillow was
placed under the hips to tilt the pelvis and bring the sacral
hiatus into greater prominence. The sacrococcygeal area
was prepared using an iodine-based antiseptic solution
(povidone-iodine USP solution). The surgeon then used
a sterile gloved finger of the dominant hand to localize
the tip of the coccyx through palpation and applied an
anesthetic of 2% lidocaine. An 18G, 90-mm spinal needle

Table 1. Measurement of outcomes

Variable Score

Visual Analog Scale 0-10

Roland 5-point pain scale 0: Absence of pain
1: Little pain

2: Moderate pain
3: Bad pain

4: Very bad pain
5: Almost unbearable pain
0:0-5

1:5-10

2:10-30

3:30-60

4:>60

0:0-15.24
1:15.5448-60.96
2:61.2648-152.4
3:152.7048-804.672
4:>804.672

4: Completely better
3: Somewhat better
2: Same

1: Slightly worse

0: Worse

Standing tolerance test (min)

Walking tolerance test feet (m)

Patient satisfaction scale

(Quincke type point; B. Braun Melsungen AG, Melsun-
gen, Germany) was guided via fluoroscopy (Philips BV li-
bra c-arm, Eindhoven, the Netherlands) to the midline of
the sacral hiatus. A lateral fluoroscopic view was used to
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confirm that the needle was in the caudal epidural space.
Aspirations were routinely performed. The same injectate
was used in all patients and consisted of 18 mL of nor-
mal saline and 2 mL of triamcinolone acetonide (40 mg/
mL). The injection rate was controlled by a 50-mL syringe
pump (Syringe pump; Treat Med Co., Bangkok, Thailand)
that provided 20 mL in 30 seconds for the fast rate group
(40 mL/min) and 20 mL in 60 seconds for the slow rate
group (20 mL/min).

All patients were monitored by pulse oximetry and
blood pressure after the procedure and were observed for
any complications by a physician, who did not perform
the injection, and by a registered nurse for 30 minutes be-
fore discharge.

8. Patient follow-up for outcomes evaluation

Patients were evaluated at 2, 6, and 12 weeks post-injec-
tion. Clinical outcomes were evaluated using the VAS, Ro-
land 5-point pain scale, standing tolerance test, walking
tolerance test, and patient satisfaction scale [8]. VAS has
a horizontal, 100-mm-long line, with “no pain” recorded
on the left side (score: 0) and “pain as bad as it could be”
on the right side (score: 10). Patients were asked to place a
mark on the line that corresponded to their current level
of pain. The VAS score was then determined by measuring
the millimeters between the left endpoint and the point
that the patient marked.

9. Quality control

Before the trial, all staff involved was trained regarding
patient inclusion and exclusion criteria, data collection,
and intervention methods. During the trial, supervisors
checked the case report forms and intervention pro-
cesses. Dropouts, withdrawals, reasons for withdrawal,
and the compliance of all patients were recorded in detail
throughout the treatment and follow-up period.

10. Statistical analysis

The demographic data and clinical outcomes of both
groups were compared using independent samples ¢-tests
and chi-square tests. Shapiro-Wilk tests were used to as-
sess normally distributed variables. Unpaired Student
t-tests were used to compare the groups, whereas a paired
Student t-tests were used for multiple time point com-

parisons. A p-value of <0.05 was considered to indicate a
statistically significant difference. IBM SPSS ver. 23.0 (IBM
Corp., Armonk, NY, USA) was used for all analyses.

Results

In this randomized controlled trial, 45 patients were re-
cruited in each group, with both groups recording a loss
to follow-up of one patient each. One patient from the
fast rate group was lost to follow-up because of an ankle
fracture. The patient from the slow rate group was lost to
follow-up due to relocation. The patients’ demographic
data and pre-injection clinical parameters revealed no sig-
nificant differences between the groups (Table 2).

To determine if a statistically significant difference ex-
isted before and after treatment, a paired sample ¢-test was
performed to evaluate the difference between pre- and
post-injection values of the outcome parameters. Irrespec-
tive of the measured outcome, there was a statistically sig-
nificant improvement comparing the pre-injection values
and the initial and 2, 6, and 12-week follow-up visits in all
clinical outcomes except for VAS (Tables 3, 4).

When clinical outcomes were compared between the
two groups at each time point, there were no significant
differences in all outcomes. This included VAS, Roland
5-point pain scale, standing tolerance test, walking toler-
ance test, and patient satisfaction scale (Table 5).

One patient in the fast rate group and no patients in the
slow rate group experienced nausea and vomiting after
injection (p=0.320). Eight patents in the fast rate group
and two patients in the slow rate group experienced pain
at the infiltration site (p=0.044) (Table 6).

Discussion

CESI is a well-accepted technique for the treatment of ra-
dicular low back pain. However, it is essential to underline
the subtle but important distinction between the physical
spread of a solution in the epidural space and its clinical
efficacy. The former can be measured using radiological
evidence of the distribution of solutions in the epidural
space, but the latter is recognized by the clinical outcomes.

The spread of solutions injected into the epidural space
depends on the injection volume and rate at the injection
site [3]. Regarding the injection volume, it is not linearly
volume dependent despite the increasing volume of the
injectate. The leakage of solution and “staring effect” of
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Table 2. Demographics and baseline characteristics

Variable Fast rate (N=44) Slow rate (N=44) p-value
Age (yr) 64.3+10.2 64.9+9.2 0.769"
Gender 0.565"
Female 38(86.4) 36(81.8)
Male 6(13.6) 8(18.2)
Body weight (kg) 63.4+11.3 64.8+14.7 0.601°
Height (cm) 155.646.9 154.0+15.7 0.525"
Body mass index (kg/m?) 26.2+4.3 31.0¢19.9 0.118"
Level of involvement 1.9 (1-4) 1.8(1-4) 0.365"
Grading of spinal stenosis on magnetic resonance imaging (%)
L1-2 (grade 0/1/2/3) 20.1/39.9/20.0/20.0 42.9/42.9/14.3/0.0 0.589°
12-3 (grade 0/1/2/3) 20.0/40.0/19.0/21.0 14.3/57.1/28.6/0.0 0.634"
13-4 (grade 0/1/2/3) 0.0/59.0/0.0/41.0 0.0/57.1/14.3/28.6 0.659°
L4-5 (grade 0/1/2/3) 0.0/0.0/17.7/82.3 0.0/42.9/0.0/57.1 0.152"
L5-S1 (grade 0/1/2/3) 21.1/39.9/0.0/39.0 14.3/42.9/14.3/28.3 0.8277
Duration of symptom (mo) 17.2425.3 20.0£22.4 0.580°
Visual Analog Scale 74419 77418 0.421°
Roland 5-point pain scale 3.61.1 3.7+1.1 0.623"
Standing tolerance 0.5:0.8 0.4:0.7 0.591°
Walking tolerance 11411 1.0£1.1 0.780"
Patients satisfaction 0305 0.4+05 0514

Values are presented as meansstandard deviation, number (%), or median (range).
By independent samples ¢-test. "By chi-square test.

Table 3. Qutcomes of fast rate group at pre-injection, 2 weeks, 6 weeks, and 12 weeks after the injection

Outcome Pre-injection 2 wk 6 wk 12 wk p-value®
Visual Analog Scale 7.4+1.9 3.8+2.6 3.9+2.8 4.6+3.1 0.054

Roland 5-point pain scale 3.6+1.1 1.5¢1.2 1.6+1.2 19+1.4 <0.001*
Standing tolerance 0.5+0.8 21416 2116 1.8+1.6) <0.001*
Walking tolerance 1.1£1.1 2.9+13 3.0¢1.3 2.7+14 <0.001*
Patients satisfaction 0.3:0.5 2908 2711 2413 <0.001*

Values are presented as mean+standard deviation.
*p<0.05; indicates significant difference. “By paired Student ¢-test.

Table 4. Outcomes of slow rate group at pre-injection, 2 weeks, 6 weeks, and 12 weeks after the injection

Outcome Pre-injection 2 wk 6 wk 12 wk p-value®
Visual Analog Scale 7.7+1.8 3.6+2.6 4.7+3.3 51132 0.156
Roland 5-point pain scale 3.7+1.1 1.1¢0.9 2.1£16 2114 <0.001*
Standing tolerance 0.4+0.7 1.5¢15 1.6£1.7 1.4£15 0.001*
Walking tolerance 1.0£1.1 2.8+1.3 24416 2515 <0.001*
Patients satisfaction 0.4:0.5 3.2:0.8 2413 2.3:1.3 <0.001*

Values are presented as meansstandard deviation.
*p<0.05; indicates significant difference. By paired Student ¢-test.
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Table 5. Comparison of five outcome measurements between the two groups
Outcome Fast rate (N=44) Slow rate (N=44) p-value®

Visual Analog Scale

Pre-injection 7.4+1.9 7.7£1.8 0.421
2 wk 38+2.6 36+2.6 0.770
6 wk 3928 47+33 0.240
12 wk 4.6+3.1 5.143.2 0.490

Roland 5-point pain scale

Pre-injection 3.6+1.1 37411 0.623
2 wk 1.5¢1.2 1.4+0.9 0.093
6 wk 1.6+1.2 2.1£16 0.073
12 wk 1.9+1.4 2.1£1.4 0.595

Standing tolerance

Pre-injection 0.5+0.8 0.4+0.7 0.591
2 wk 2.1£1.6 1.5£15 0.057
6 wk 2.1£1.6 1.6£1.7 0.152
12 wk 1.8+1.6 1.4£15 0.252

Walking tolerance

Pre-injection 1.1£1.1 1.0+1.1 0.780
2 wk 2913 2.8+13 0.747
6 wk 3.0+1.3 24116 0.061
12 wk 2.7£1.4 2.5£1.5 0.720

Patients satisfaction

Pre-injection 0.3+0.5 0.4+0.5 0.514
2 wk 29+08 3.240.8 0.090
6 wk 2.7£1.1 24413 0.297
12 wk 24413 2313 0.674

Values are presented as mean+standard deviation.
“By unpaired Student #-test.

Table 6. Comparison of complications between groups

Outcome Fast rate (N=44) Slow rate (N=44)  p-value
Pain at injection site 8 2 0.044%
Nausea and vomiting 1 0 0.320

Values are presented as number of patients.
*p<0.05; indicates significant difference.

the epidural space cause variations in the medication
level achieved with the same volume [9]. To date, no data
has shown that a specific volume is more efficacious than
another, although a volumetric caudal epidural approach
with as much as 50 mL has historically been advocated
[10]. Kim et al. [11] injected 50 mL in sequential boluses
of 10 mL under fluoroscopy and found that the first 10 mL
of injection could reach as far as the mid to lower lumbar

area consistently with a minimal incremental spread of
injectate with increasing volumes. This was attributed to
the “repainting” of the epidural space rather than a “build-
ing block” effect due to the mechanical and anatomical
characteristics of the epidural space. In contrast, Murphy
etal. [12] performed a magnetic resonance epidurography
to assess the distribution of injectate using two different
volumes during CESI. They found that a volume of 10
mL was unlikely to be effective for L5/S1 disease in nearly
half of the patients and that at least 20 mL of injectate was
necessary for any medication to reach the desired level,
including L4/5 and above.

In terms of injection rate, few studies have investigated
the effect of injection rate on the spread of solutions in-
jected into the epidural space. Although Nishimura et al.
[13] reported that the high pressure resulting from rapid
injections failed to result in greater spread of injected so-
lution and concluded that “speed of injection does not af-
fect the spread of the solution,” the study used only anes-
thetic solution injected at the lumbar region in the lateral
decubitus position. Theoretically, rapid injection, like the
use of large volumes, causes discomfort to the conscious
patient and may result in loss of consciousness due to a
pressure wave being transmitted through the cerebrospi-
nal fluid. However, the only complication reported follow-
ing epidural injection has been vision loss [14]. Retinal
hemorrhages have been predominantly attributed to rapid
epidural injections of high volumes, causing a sudden in-
crease in ICP and increased retinal venous pressure [15].
To our knowledge, the effect of injection rate on the out-
come of CESI has not been investigated.

Our study revealed a significant benefit for patients with
lumbosacral radicular pain at 2, 6, and 12 weeks follow-
ing fluoroscopic CESI regardless of injection rates. Except
for VAS, the other outcome measures, including Roland
5-point pain scale, standing tolerance test, walking toler-
ance test, and patient satisfaction score, were significantly
improved when compared with pre-injection values in
both groups. Furthermore, there was no significant dif-
ference between the fast and slow injection groups in
terms of outcomes measurement, with the most notable
improvement occurring at 2 weeks post-injection in most
categories of outcomes.

Although this study did not find significant differences
in clinical improvement between the two injection rate
groups after injection, the complications from pain and
discomfort at the injection site were found more often in
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the fast rate infusion. Moreover, one patient in the fast
rate group experienced nausea and vomiting that may be
caused by a transient increase in ICP.

A fast rate of CESI is often used because it is believed to
improve the cephalad spread of drug delivery and lead to
better clinical outcomes. Our study showed no advantages
regarding improvement of clinical outcomes after CESI
with the faster rate of infusion compared to the slower
rate. Our outcomes support the use of a slower infusion
rate to minimize the risk of a transiently increased ICP.

The study has several limitations. Firstly, the most suit-
able speed of CESI injection was unclear. However, we
used 40 mL/min as a practical rate compared with the
slower rate of 20 mL/min. Second, we limited our study
period to the first 12 weeks after injection. We believe that
any beneficial effects would be most notable within the
immediate short term, and therefore, a period of 12 weeks
seemed sufficient to test our hypothesis. Previous studies
have shown that any benefit from a caudal epidural injec-
tion would occur in the immediate short-term period [16].

Conclusions

Our study found a significant improvement in short-term
clinical discomfort for patients that underwent CESI un-
der fluoroscopic guidance. Comparison between the clini-
cal outcomes of faster (40 mL/min) and slower (20 mL/
min) injection rates revealed no significant differences in
the short-term period. However, the faster injection rate
group experienced more pain at the injection site, sug-
gesting that the use of the slow injection rate might be
considered.
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