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Background: A caudal epidural steroid injection (CESI) is a commonly used method to improve 

symptoms of lumbosacral pain. We compared the achievement of successful epidurograms and 

patient-reported clinical outcomes following different needle-insertion depths during CESI.

Methods: For the conventional method group, the needle was advanced into the sacral canal. 

For the alternative method group, the needle was positioned immediately after penetration of 

the sacrococcygeal ligament. Epidural filling patterns and vascular uptake during fluoroscopy 

were determined to verify successful epidural injection. Procedural pain scores were investigated 

immediately after the procedure. Pain scores and patient global impression of symptom change 

were evaluated at 1-month follow-up.

Results: Assessments were completed by 127 patients (conventional method, n=64; alternative 

method, n=63). The incidence of intravascular injection was significantly lower in the alternative 

method group than in the conventional method group (3.2% vs 20.3%, P=0.005). Procedural 

pain during needle insertion was significantly lower in the alternative method group (3.7±1.3 

vs 5.3±1.2, P<0.001). Epidural contrast filling patterns were similar in both groups. One-month 

follow-up pain scores and patient global impression of symptom change were comparable in 

both groups.

Conclusion: Compared with the conventional method, the alternative method for CESI could 

achieve similar epidural spread and symptom improvement. The alternative technique exhibited 

clinical benefits of a lower rate of intravascular injection and less procedural pain.
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Introduction
Caudal epidural steroid injection (CESI) is a commonly used treatment option for 

patients with lumbosacral pain.1 Traditionally, CESI was performed by placing a needle 

through the sacral canal to deliver medications into the epidural space. This is a blind 

technique simply performed by palpating the sacral hiatus. However, inadvertent vas-

cular injection is more common than with lumbar epidural injections, resulting in an 

increased risk of complications and ineffective injection.2,3 In addition, there is a poten-

tial risk of dural puncture, as the end of the dural sac may extend below the S3 level.4

With the advent of fluoroscopy and ultrasound in guiding needle placement, the 

success rates of caudal epidural block have improved dramatically.5,6 Doo et al eported 

an alternative approach, injecting medications immediately after penetration of the 

sacrococcygeal ligament, in which placing the needle into the sacral canal becomes 

unnecessary.7 This study demonstrated reduced rates of intravascular injection using the 
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real-time fluoroscopy and manual blood aspiration method. 

However, the detailed extent of epidural spread, such as 

cephalad spread and nerve root involvement, was not com-

pared with the conventional approach. Furthermore, clinical 

benefits of the alternative CESI technique on procedural 

pain and patient-reported symptom improvement after the 

procedure were not investigated.

In this study, we used two different needle-insertion 

depths (into the sacral canal vs immediately after sacrococ-

cygeal ligament penetration) for CESI, and compared epidu-

rogram patterns and the incidence of intravascular injection 

using digital subtraction angiography (DSA). Needle-related 

pain during the procedure and Patient Global Impression of 

Change (PGIC) in symptoms at 1-month follow-up were 

investigated. Ultimately, we determined the clinical reliability 

of this alternative approach compared with the conventional 

approach for CESI.

Materials and methods
Study population and randomization
This randomized prospective clinical trial was approved by 

our institutional review board (4-2016-1030) and registered at 

ClinicalTrials.gov (NCT 03057197). Written informed con-

sent was provided by each patient before study enrollment. 

The study was conducted at the outpatient department for 

pain management at Yonsei University College of Medicine, 

Seoul, Republic of Korea, between March 2017 and March 

2018. This manuscript adheres to the applicable CONSORT 

guidelines for randomized controlled studies.

The study included 130 patients (20–80 years of age) 

scheduled for CESI. Patients with general contraindications 

for fluoroscopy-guided injection, such as pregnancy, contrast 

material allergy, and coagulopathy, were excluded. Each 

patient was randomly assigned to either the conventional 

method group or the alternative method group. Randomiza-

tion was performed using a computer-generated randomiza-

tion sequence (http://www.randomizer.org) by an investigator 

who was not involved in the procedures. The different CESI 

methods were used for each patient based on the group 

assignment (Figure 1).

Caudal epidural injections and outcome 
measures
All procedures were performed using the same C-arm 

fluoroscopy system (ARCADIS Varic 2013 model; Siemens 

Medical Solutions, Erlangen, Germany). A single practiced 

pain physician with 5 years of experience performed all 

procedures. The clinician performed CESIs after being 

given information on which depth (conventional or alterna-

tive) should be used. Two other researchers, not involved 

in performing the procedure, checked whether the contrast 

medium spread intravascularly, and observed the epidural 

Figure 1 The CONSORT flow diagram.

Randomized (n=130)

Allocation Allocated to alternative caudal group (n=65)

Received allocated intervention (n=63)
Discontinued intervention (n=2)
- Inappropriate epidural spread (n=2)

Analysis of intravascular injection (n=63)
- Intravascular injection (n=2)

Analysis of epidurogram patterns and clinical
outcome (n=61)

Allocated to conventional caudal group (n=65)

Received allocated intervention (n=64)
Discontinued intervention (n=1)
- Difficulty with intervention (n=1)

Analysis of intravascular injection (n=64)
- Intravascular injection (n=13)

Analysis of epidurogram patterns and clinical
outcome (n=51)

Intervention

Analysis
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spread pattern during the process. The patients were placed in 

the prone position with a pillow beneath the lower abdomen 

and then covered with a sterile drape. The sacral hiatus was 

identified in the lateral fluoroscopy view as an abrupt dropoff 

at the caudal end of the S4 lamina. After infiltration of the 

skin at the planned needle entry point with 1% lidocaine, a 

spinal needle (22 G, 8 cm Quincke) was inserted into the 

epidural space through the sacral hiatus using intermittent 

fluoroscopic guidance. In the conventional method group, the 

needle was inserted into the sacral canal and advanced to the 

mid-S3 level. In the alternative method group, the needle tip 

was inserted into the epidural space until a “pop” was felt as 

the sacrococcygeal ligament was penetrated; the sacral canal 

was unaffected (Figure 2).

After verification of the final needle position using lateral 

and anteroposterior (AP) views, the needle was attached to 

an extension tube, which was connected to a 5 mL syringe at 

the opposite end. The plunger of the syringe was withdrawn 

to check for blood. If this aspiration test was negative, 1 mL 

of contrast medium was slowly injected at 0.1 mL/second; 

DSA was used to assess intravascular and sacral epidural 

space injection. Intravascular injection was characterized 

by the appearance and immediate disappearance of contrast 

medium in a snake-like pattern. Each distribution pattern was 

assigned to one of three categories: epidural only, epidural 

and intravascular, or intravascular only. If intravascular spread 

of contrast medium was observed, the needle was reposi-

tioned and the lack of vascular uptake was confirmed. When 

no vascular flow was observed, 15 mL of injectate (0.2% 

lidocaine with 5 mg dexamethasone disodium phosphate 

and 5 mL contrast medium) was injected, then the pattern 

of contrast distribution was observed under fluoroscopy. 

Dispersion of contrast medium into the epidural space and 

filling of nerve roots was observed in AP and lateral views.

We collected patient demographic and clinical data, 

including age, gender, weight, height, body mass index, pain 

score, duration of pain, and main diagnoses, and previous 

spinal surgery history. Procedural pain was investigated 

separately from the existing (pre-procedure) pain, using a 

ten-point numeric rating scale from 0= no pain to 10= worst 

imaginable pain. We defined procedural pain as pain from 

the start of needle insertion until it reached its final position. 

Patients rated the procedural pain immediately after the 

CESI was completed. At 1-month follow-up, we evaluated 

patient-reported pain scores and overall symptom improve-

ment (PGIC: 1= very much improved, 2= much improved, 

3= minimally improved, 4= no change, 5= minimally worse, 

6= much worse, and 7= very much worse). An independent 

observer who was not involved in the procedure confirmed 

and recorded all assessments in this study.

Statistical analysis
The primary endpoint of this study was the success rate of 

epidural spread without intravascular uptake. The results of 

a previous study revealed a 41.7% incidence of intravascular 

injection for CESI, when verified by DSA.8 We considered a 

55% decrease in the rate of intravascular injection with the 

alternative method of CESI to be clinically relevant. Power 

analysis results indicated that a sample size of 65 patients was 

required for each group (a-error =0.05, power =80%, dropout 

rate =5%). All results are expressed as mean±SD or number 

of patients. The Shapiro–Wilk test was used to determine 

whether data were normally distributed. The Student’s t-test, 

chi-squared test, or Mann–Whitney U test was used where 

Figure 2 Schematic diagram and fluoroscopic images demonstrating needle placement of (A) the conventional method and (B) the alternative method for caudal epidural 
injection.
Note: S3, third vertebral body of sacral spine; arrowheads indicate the tip of the needle.
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appropriate for between-group comparisons of demographic 

and clinical data. SPSS version 23 (IBM Corp., Armonk, NY, 

USA) was used for all analyses. Results with a P-value <0.05 

were considered to be statistically significant.

Ethics
This trial was conducted in accordance with the Declaration 

of Helsinki.

Results
We enrolled and randomized 130 patients. Three patients 

were excluded from the study population for the final 

analysis. One patient in the conventional method group 

was converted to the alternative method group because 

of difficulty approaching the sacral canal. Two patients 

from the alternative method group were converted to the 

conventional method group because the contrast medium 

was mostly observed at the coccygeal level, and thus had 

failed to ascend to the cephalad epidural space. Therefore, 

data from 64 patients in the conventional method group and 

63 patients in the alternative method group were analyzed. 

In 13 patients in the conventional method group and two 

in the alternative method group, intravascular uptake was 

observed, and needle repositioning or a second attempt at 

the epidural injection was subsequently necessary during the 

procedure. These patients were excluded in the analysis of 

epidurogram patterns and the clinical outcomes at 1-month 

follow-up (Figure 1).

Patient characteristics and baseline clinical data, includ-

ing pre-procedure pain scores, are presented in Table 1. The 

rate of successful epidural spread was significantly higher 

in the alternative method group than in the conventional 

method group (96.8% vs 79.7%, P=0.005). The incidence 

Table 1 Patient characteristics and baseline clinical data

Conventional (n=65) Alternative (n=65) P-value

Gender (female/male) 40/25 35/30 0.375
Age (years) 65.6±10.5 65.1±11.4 0.810
Body mass index (kg/m2) 24.3±2.7 24.8±3.5 0.363
Baseline pain scores (NRS) 6.8±1.6 6.7±1.8 0.643
Pain duration (months) 5.5±4.2 4.6±3.4 0.207
Lumbar spine surgery history 45 (69.2) 46 (70.7) 0.848
Diagnosis

Spinal stenosis 29 (44.6) 32 (49.2) 0.725
Herniated lumbar disc 15 (23.0) 9 (13.8) 0.258
Post-spinal surgery syndrome 16 (24.6) 11 (16.9) 0.387
Radiculopathy of other origin 5 (7.6) 13 (20.0) 0.073

Notes: Values are expressed as mean±SD, number, or number (%) of patients. NRS; 0–10.
Abbreviation: NRS, numeric rating scale.

Table 2 Incidence of intravascular injections

Conventional  
(n=64)

Alternative  
(n=63)

P-value

epidural only 51/64 (79.7) 61/63 (96.8) 0.004
Intravascular 13/64 (20.3) 2/63 (3.2) 0.005
epidural and 
intravascular

12/13 (92.3) 2/2 (100)

Intravascular only 1/13 (7.7) 0 (0 )

Note: Values are expressed as number (%) of patients.

Table 3 Analysis of epidurogram patterns

Type of spread Conventional  
(n=51)

Alternative  
(n=61)

P-value

Ventral spread
l5–s1 level 48/51 (94.1) 54/61 (88.5) 0.722
l4–5 level 15/51 (29.4) 14/61 (22.9) 0.523

Nerve root spread
S1 root 27/51 (52.9) 32/61 (52.4) 1.000
L5 root 4/51 (7.8) 3/61 (4.9) 0.702

Note: Data are presented as number of cases with spreading/total number of cases 
in the group (% of cases with spreading).

of intravascular injection was significantly lower in the alter-

native method group (3.2% vs 20.3%, P=0.005) (Table 2). 

Procedural pain during needle insertion was significantly 

lower in the alternative method group (3.7±1.3 vs 5.3±1.2, 

P<0.001). The epidural and nerve root filling patterns are 

presented in Table 3. Most patients (93%) exhibited ventral 

filling extending up to the L5–S1 level. Ventral filling and 

nerve root filling were not significantly different between the 

two groups. While pain scores in both groups were reduced 

at 1-month follow-up, there was no statistically significant 

difference in post-procedure pain relief between the two 

groups (1.7±1.3 vs 1.7±1.6, P=0.913) (Figure 3). Similarly, 

the median value of PGIC was 3 (minimally improved) in 
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both groups (P=0.889) (Table 4). There were two cases 

of facial edema, which was possibly a corticosteroid side 

effect. No severe episodes, such as dural puncture, were 

reported.

Discussion
In the present study, compared with the conventional method, 

the alternative method for CESI could achieve similar epi-

dural spread and symptom improvement. The alternative 

technique exhibited clinical benefits of a lower rate of intra-

vascular injection and less procedural pain.

In caudal epidural injections, intravascular injection 

increases the likelihood of complications and reduces the 

effectiveness of the procedure.2,3 Our results showed that 

during CESI, the incidence of intravascular injection was 

significantly lower with the alternative method than with the 

conventional method. There are two possible explanations for 

this difference. In the alternative technique, as the sacral canal 

is preserved from needling, bony contact with the needle is 

less likely. When the needle touches bone, it may penetrate 

or injure vessels near the bone surface. Shin et al reported 

that when the needle contacts bone between the posterior and 

anterior sacral foramina during S1 transforaminal epidural 

steroid injections, the intravascular injection rate increases, 

with an OR of 2.624.9 The second explanation involves the 

kyphotic nature of the sacrum and the needle-insertion angle. 

In the conventional technique, the needle is inserted at a shal-

low angle to the sacral canal where, in many cases, it comes 

into contact with the anterior wall of the sacral spine. The 

sacral venous plexus is located along the anterior wall of 

the sacral canal and usually terminates at S4 but may extend 

inferiorly, particularly in older patients.10,11

There has been little research regarding procedural pain 

during caudal epidural injections. Previous studies reported 

post-injection pain as one of the adverse effects of caudal 

blocks. Ogoke reported that pain may persist at the sacral hiatus 

site of entry, but it usually resolves within 2–6 months and is 

associated with ecchymosis at the injection site.12 Another 

study reported injection-site soreness in 18% of patients after 

caudal epidural injection.3 In our study, compared with the 

conventional method, the alternative method was associated 

with lower procedural pain. This finding may be attributed 

to the fact that the pain-sensitive structures, such as sacral 

nerves, fat tissue, and bone, are secure from needling in the 

alternative approach.

In the present study, contrast agent spread to the coccygeal 

level in two out of 65 patients in the alternative method group, 

instead of ascending to the lumbosacral level. These patients 

excessively complained of pain during the procedure and 

were subsequently injected using the conventional method. 

The injectate failed to travel in the cephalad direction and 

stagnated at the coccygeal level outside the sacral canal, pos-

sibly because of anatomic variation, such as a very small sacral 

canal diameter.13 Conversely, one patient had a narrow sacral 

canal that was difficult to access by the conventional technique. 

When the alternative method was used instead, the injection 

was successful. Certain anatomic features and variations in 

the sacral hiatus may lead to difficult needle insertion into 

the caudal epidural space. A previous study reported that an 

AP diameter <3.7 mm at the sacral hiatus apex was associated 

with difficulty inserting a needle into the caudal epidural space 

using the blind technique.14 Nikooseresht et al reported that 

the average AP diameter of the sacral hiatus apex in patients 

Figure 3 Changes in pain scores during the study period.
Notes: Values are expressed as mean±sD. *P<0.05 vs baseline in each group. There 
was no significant difference in pain scores between the two groups at 1 month after 
injection (P=0.333).
Abbreviation: NRS, numeric rating scale.

10 Conventional group

Alternative group

* *

8

6

4

2

0
Baseline

N
R

S
 (0

–1
0)

1 month

Table 4 PGIC at 1-month follow-up

PGIC rating Conventional  
(n=51)

Alternative  
(n=61)

1. Very much improved 0 (0) 0 (0)
2. Much improved 13 (25.5) 17 (27.9)
3. Minimally improved 32 (62.7) 34 (55.7)
4. no change 6 (11.8) 10 (16.4)
5. Minimally worse 0 (0) 0 (0)
6. Much worse 0 (0) 0 (0)
7. Very much worse 0 (0) 0 (0)

Notes: Values are expressed as number of patients (%). The Mann–Whitney U test 
showed no significant difference in PGIC ratings between the two groups (P=0.889).
Abbreviation: PGIC, Patient Global Impression of Change.
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with failed caudal epidural needle insertion was 1.61±0.1 

mm, which was significantly less than the diameter in patients 

with successful insertion (4.7±1.7 mm).15 On the other hand, 

the extent of epidural spread confirmed by fluoroscopy dur-

ing CESI may be associated with the clinical outcome after 

the procedure.16,17 There was no difference in ventral spread 

or nerve root filling between the two groups in the current 

study. Moreover, pain relief was mostly achieved at 1-month 

follow-up in both groups. Collectively, this study demonstrated 

that the alternative method may be a useful option when the 

conventional approach is difficult in clinical practice.

Limitations
There are some limitations in this study. First, the operator was 

not blinded to the injection method, although an independent 

observer who was not involved in the procedure recorded and 

confirmed the results. Second, this study used a real-world 

clinical practice model in which there were many potential con-

founders, such as medication type, which could have affected 

clinical outcomes. Third, we did not assess psychological 

factors which may have affected procedural pain and post-

procedure clinical outcomes. Another limitation of this study 

is the short follow-up time of 1 month after the procedure.

Conclusion
This study confirmed that successful epidural spread can 

be achieved during CESI if the needle passes through the 

 sacrococcygeal ligament but does not advance into the 

sacral canal. Moreover, this alternative technique was asso-

ciated with a lower incidence of intravascular uptake and 

less procedural pain. Therefore, this study supports the use 

of ultrasound-guided CESI with the alternative approach. 

Although needle placement within the sacral canal may 

anatomically guarantee drug delivery into the epidural space, 

the alternative approach would be beneficial for selected 

patients in whom technical difficulty or excessive sensitivity 

to procedural pain is expected during CESI.

Data sharing
The authors are willing to share the data in this article. All of 

the individual participant data collected during the trial will 

be available, after deidentification. The data will be available 

for anyone who wishes to access the data for any purpose. 

Data will be available indefinitely at http://datadryad.org/. 

The data will be accessible immediately following publica-

tion, with no end date.
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