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Background: Caudal epidural injections have been commonly performed in patients with low back pain 
and radiculopathy. Although caudal injection has generally been accepted as a safe procedure, serious 
complications such as inadvertent intravascular injection and dural puncture can occur. The present prospective 
study was designed to investigate the influence of the depth of the inserted needle on the success rate of 
caudal epidural blocks. 

Methods: A total of 49 adults scheduled to receive caudal epidural injections were randomly divided into 
2 groups: Group 1 to receive the caudal injection through a conventional method, i.e., caudal injection after 
advancement of the needle 1 cm into the sacral canal (n = 25), and Group 2 to receive the injection through 
a new method, i.e., injection right after penetrating the sacrococcygeal ligament (n = 24). Ultrasound was 
used to identify the sacral hiatus and to achieve accurate needle placement according to the allocated groups. 
Contrast dyed fluoroscopy was obtained to evaluate the epidural spread of injected materials and to monitor 
the possible complications. 

Results: The success rates of the caudal injections were 68.0% in Group 1 and 95.8% in Group 2 (P = 
0.023). The incidences of intravascular injections were 24.0% in Group 1 and 0% in Group 2 (P = 0.022). 
No intrathecal injection was found in either of the two groups. 

Conclusions: The new caudal epidural injection technique tested in this study is a reliable alternative, with 
a higher success rate and lower risk of accidental intravascular injection than the conventional technique. 
(Korean J Pain 2015; 28: 122-128)
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INTRODUCTION

Epidural injections are classified as transforaminal, in-

terlaminar and caudal injection according to the routes of 

entry. Caudal epidural steroid injections have been com-

monly used as diagnostic or therapeutic tool in a variety 

of lumbosacral-originating spinal pain, and particularly it 

can be applied to patients with complicating lumbar epi-

dural access conditions, such as postlaminectomy syn-

drome. In the conventional caudal epidural technique, the 

needle is inserted at 45-60o to the skin surface until the 

sacrococcygeal ligament is penetrated with a characteristic 

“pop”, and the needle is then lowered to 15-30o and ad-

vanced 1 cm further into the sacral canal. It is considered 

a relatively easy technique in the interventional pain man-

agement field, and is also known to present a lower risk of 

accidental dural puncture than other epidural techniques [1].

However, conventional caudal epidural injections pres-

ent a potential risk of penetration of the epidural venous 

plexus or dura. According to our literature review, the in-

cidence of accidental intravascular injections as confirmed 

by contrast enhanced fluoroscopy ranged between 11-42% 

in patients who had received caudal epidural injections 

[2-5]. Moreover, there have been a few reports of in-

advertent dural puncture during the caudal approach 

caused by an abnormally low termination of the dural sac 

in the sacral canal [6]. To our knowledge, accidental intra-

vascular and intrathecal drug injections can cause sys-

temic toxicity of the local anesthetics and total spinal an-

esthesia, if they are not detected by the physicians 

beforehand. 

In this context, we hypothesized that a new caudal in-

jection technique, which the needle only penetrates the 

sacrococcygeal ligament without being inserted into the 

sacral canal, might represent a safe alternative, with a 

lower incidence of intravascular and intrathecal injections 

than the conventional technique. The present study pro-

spectively investigated the influence of the depth of the 

needle insertion in ultrasound- guided caudal epidural in-

jection, and evaluated the feasibility of the new caudal in-

jection method. 

MATERIALS AND METHODS

This study was approved by the institutional review 

board of the hospital. After obtaining informed consent 

from the participants, 50 patients, aged 19-80 years, who 

were scheduled to receive caudal epidural injections for low 

back pain with or without radiculopathy in our pain clinic 

were enrolled in this prospective study. Patients with a his-

tory of lumbosacral spine surgery, allergies to local anes-

thetics or contrast dye, coagulation abnormalities, or sus-

picions of infections in the coccygeal area were excluded 

from the study. Using a computerized random number 

generator, the patients were randomly allocated to one of 

two groups, a conventional method group (Group 1), receiv-

ing the injection after further needle advancement of 1 cm 

into the sacral canal following penetration of the sacro-

coccygeal ligament, or a new method group (Group 2), re-

ceiving the injection immediately after penetration of the 

sacrococcygeal ligament. Patients were given consent with 

full knowledge of the risks involved, including radiation ex-

posure, possible consequences, and the alternatives.

1. Procedure 

The patients were placed in the prone position with 

their heels rotated laterally and a cushion pillow was used 

as an iliac wedge to facilitate the exposure of the skin sur-

face in the coccygeal area. After usual sterile preparation, 

the patients were scanned with a 13-6 MHz linear array 

transducer (EDGEⓇ ultrasound machine, Sonosite inc., 

Bothell, Washington, USA) to identify the sacral hiatus and 

sacrococcygeal ligament. A transverse image for the sacral 

hiatus and dorsal sacrococcygeal ligament between the bi-

lateral sacral cornua was obtained first, and transducer 

was then rotated by 90o to examine the longitudinal view 

of the sacral hiatus. Under real-time ultrasonography, a 

25- gauge, 5 cm short-bevel needle (Disposable nerve 

blockade needle, UNISIS corp., Tokyo, Japan) was inserted 

and advanced at an approximate 45o angle until approach-

ing the dorsal sacrococcygeal ligament, with a hyperechoic 

band like structure, using the in-plane technique. In Group 

1, the needle was advanced 1 cm further into the sacral 

canal after piercing the sacrococcygeal ligament (Fig. 1A). 

In Group 2, the needle advancement was terminated right 

after penetrating the sacrococcygeal ligament (Fig. 1B). 

After confirming negative aspiration of cerebrospinal fluid 

and blood, the same solution containing 5.5 ml of 0.2% ro-

pivacaine, 4 ml of contrast dye, and 0.5 ml of hyalur-

onidase 750 IU (a total volume of 10 ml) was injected in 

both groups. The position of the needle and dispersion of 

the contrast dye into the epidural space were observed 
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Fig. 1. Longitudinal ultrasound image showing the final location of the needle in the conventional caudal injection group 
(A) and the new caudal injection group (B).

Fig. 2. Fluoroscopic AP image
showing a characteristic epi-
dural filling pattern (A) and 
inappropriate dispersion of 
the contrast dye (B). 

through real- time fluoroscopic AP imaging, and the pic-

ture was also stored in a separate computer. When intra-

vascular and intrathecal uptakes were detected under real- 

time fluoroscopy, the needle was immediately withdrawn 

and repositioned to ensure the safety of the intervention, 

and all cases were recorded. Additional complications as-

sociated with the procedure were also recorded. All the ini-

tial needle insertion procedures were performed according 

to the allocated groups, by one experienced pain physician, 

and another pain physician who was blinded to the study 

group subsequently injected the study solutions and ob-

served the outcomes.

2. Analysis of fluoroscopic images

The real- time fluoroscopic images were analyzed by 

one pain physician who was blinded to the study group 

during the procedure, in order to discriminate proper dye 

spreading into the epidural space. A characteristic 

Christmas tree-like epidural and nerve root filling pattern 

without intravascular and intrathecal injections in the AP 

image was judged as a successful procedure (Fig. 2A). 

Conversely, an atypical contrast filling pattern instead of 

epidural spreading was considered to indicate a failed pro-

cedure (Fig. 2B).

3. Sample size determination and Statistical analysis

Sample size was predetermined by Proportions Sample 

Size using SigmaPlot 12.5 (Systat Software Inc., San Jose, 

USA). Based on previously published data [2-5], we as-

sumed that the success rate of the ultrasound-guided epi-
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Fig. 3. CONSORT diagram.

Table 1. Patients’ Characteristics

Group 1 Group 2 P value

Number of patients 25 24 1.000
  Male 10  9
  Female 15 15
Age (yrs) 64 (57−76) 68 (56−77.5) 0.726
Height (cm)  160 (157−165)  159.5 (151.3−163.8) 0.501
Weight (kg) 59.2 ± 8.7 57.9 ± 8.7 0.585
Duration of symptoms (months)  5 (0.9−24)  5 (1.5−20.5) 0.960
Pain scores (NRS) 6.6 ± 2.5 6.3 ± 2.1 0.685
Previous nerve block (number) 1 (0−2.5) 1.5 (0−3) 0.171

Values are expressed as numbers, mean ± SD or median (25th−75th percentile). NRS: Numeric rating scale. Group 1: conventional method
group, Group 2: new method group.

dural injection through the conventional technique would be 

70%, and determined that a difference of 25% would be 

of clinical significance. A total of 43 patients were required 

with a significance level of 0.05 (α = 0.05) and a power 

of 80% (β = 0.20). Taking into account the possibility of 

dropouts, a total of 50 patients were recruited for the 

study. 

Statistical analysis was performed with SigmaPlot ver-

sion 12.5. Continuous variables such as patient demo-

graphics and NRS were analyzed with Student’s t-test or 

Mann-Whitney rank-sum test after normality test. And 

the success rates of the procedure and incidences of com-

plications were analyzed using Fisher’s exact test. All the 

data were expressed as the means ± standard deviations 

(SD), medians (25th-75th percentile), or the numbers of pa-

tients and percentages. A P value less than 0.05 was con-

sidered statistically significant. 

RESULTS

Fifty patients were recruited, and 49 completed the 

study. One patient with a previous surgical history of lum-

bar spine fusion was excluded from the study (Fig. 3). 

There were no significant differences between the two 
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Table 2. Success Rate of the Caudal Epidural Injection in Both Groups

Group 1
(n = 25)

Group 2
(n = 24)

P value

No. of successful procedure (%)† 17 (68.0 %) 23 (95.8 %)  0.023*

Values are expressed as numbers (%). *P ＜ 0.05 by Fisher’s exact test between Group 1 and 2. †Successful procedures were defined
as characteristic epidural contrast filling without intravascular and intrathecal injection. 

Table 3. Causes of Failure of the Caudal Epidural Injection in Both Groups

Group 1
(n = 25)

Group 2
(n = 24)

P value

Total number of failed cases 8 1
  Inappropriate dispersion of dye 2 1
  Intravascular contrast filling (%)     6 (24.0 %)† 0 (0 %)  0.022*
  Dural puncture 0 (0 %) 0 (0 %)

Values are expressed as numbers (%). *P < 0.05 by Fisher’s exact test between Group 1 and 2. †The frequency (percentage) is the
proportion of the intravascular event to the total number of participants in Group 1. 

groups in terms of patient demographics, duration of the 

patients’ symptoms, pain scores, or numbers of previous 

nerve block (Table 1). In the new method group (group 2), 

success rate of caudal injection was significantly higher 

than in the conventional method group (group 1) (P ＜ 

0.05; Table 2). 

The number and causes of failed cases are summar-

ized in Table 3. A total of 3 patients (two from Group 1 

and one from Group 2) presented an atypical contrast fill-

ing pattern rather than an epidural spreading pattern, and 

were therefore considered failed cases. The incidences of 

intravascular injections confirmed by fluoroscopy were 

24.0% (6 of 25) in Group 1, and there was no case of intra-

vascular injection in Group 2 (P ＜ 0.05; Table 3). Only 

1 of the 6 patients presenting intravascular uptake of con-

trast dye had shown positive blood aspiration previously, 

and the procedure was successfully completed in all 6 pa-

tients on the second attempt. No intrathecal injection was 

found in either of the two groups. 

DISCUSSION 

Caudal steroid injection has been performed increas-

ingly commonly, as it is easy to perform and relatively 

safe, presenting a lower risk of accidental dural puncture 

than other epidural techniques, such as interlaminar and 

transforaminal approaches [1]. Furthermore, caudal in-

jections with or without steroids have been proven effective 

for pain relief and improvement of patients’ functional sta-

tus by a few prior studies [7-11]. Although caudal injection 

has generally been accepted as a safe procedure, major 

complications have been reported during and after caudal 

injections [12-14]. One of the critical complications follow-

ing conventional caudal epidural injections is intravascular 

injection. According to other reported data, the incidence 

of accidental intravascular needle placement during a con-

ventional caudal injection ranges widely, between 11-42% 

[2-5]. Consistently, in this study, intravascular contrast 

fillings were observed in 6 of 25 patients (24.0%) in the 

conventional method group (Group 1). On the contrary, no 

intravascular injection was detected in the new caudal in-

jection group (Group 2), in which the needle only pene-

trated the sacrococcygeal ligament without being inserted 

into the sacral canal. The new method seems to present 

few risks of intravascular penetration caused by anatomi-

cal characteristics of the epidural venous plexus in the sa-

cral canal. The epidural venous plexus is gathered in the 

anterior part of the sacral canal and generally ends at the 

S4 level or lower [15,16]. Considering the kyphotic feature 

of the sacrum and sacral canal, in the conventional caudal 

technique, no matter how the angle of the needle insertion 

is lowered to nearly 0o, the needle may be destined to be 

located in the anteriorly vessel-rich zone of the sacral 

canal. Therefore, the key to safe caudal injection is not 
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to advance the needle into the sacral canal more than 

necessary. This concept was the starting-point for this 

study.

The sacral canal is an extension of the vertebral canal, 

which lodges 5 pairs of sacral nerves, and the dural sac 

is generally terminated at the 2nd sacral vertebra in adults. 

However, a cadaveric anatomical study of 49 Indian male 

adults reported terminations of the dura at the 3rd sacral 

vertebra level in about 8%, suggesting a potential risk of 

accidental dural puncture during caudal injections [17]. In 

another study analyzing lumbar magnetic resonance im-

ages, 22 (0.8%) of 2669 Korean patients had a dural sac 

and spinal canal that ended at or below S3 [18]. Meanwhile, 

inadvertent dural puncture can occur from misidentification 

of the sacral hiatus in patients with defects of the dorsal 

wall of the sacral canal. Aggarwal et al. [19] reported vari-

ous types of sacral canal defects such as fusion failure of 

the sacral lamina and partial agenesis in 7.89% of 114 adult 

cadavers. Hence, pain physicians who perform the conven-

tional caudal injection technique should be aware of the 

potential risk of dural puncture in some patients. 

In our study, the needle insertion procedures were 

performed under ultrasound guidance, and the needles 

were successfully inserted through the sacral hiatus at the 

first attempt in all patients. In fact, the failure rate of the 

traditional caudal injection technique, preformed blindly, 

has been reported to reach up to 25% despite the various 

supporting methods available, such as the “Whoosh test” 

and nerve stimulation method [20-22]. The main causes 

of failure can include: 1) failure to identify the sacral hiatus 

due to uncertain surface anatomy or anatomical variation, 

2) difficulty of inserting the needle through a too narrow 

sacral hiatus, and 3) impossiblity of advancing the needle 

into a sacral canal with a small AP diameter. Ultrasound 

use has great potential to improve the success rate of 

caudal injections, as it facilitates accurate needle place-

ment by enabling identification of the location and mor-

phology of the sacral hiatus, which is the hypoechoic space 

between the hyperechoic dorsal sacrococcygeal ligament 

and the bony wall of the sacrum, and making it possible 

to adjust the optimal angle of the needle insertion for un-

obstructed advancement. Ultrasound use has proved ef-

fective in guiding successful caudal epidural needle place-

ment by a number of studies [23,24]. 

The authors of this study believed that fluoroscopic 

confirmation should be considered to improve the patients’ 

outcomes and to reduce the risks of unexpected complica-

tions during conventional caudal injections, as ultrasound 

cannot evidence inadvertent intravascular injection and 

dural puncture, which are hidden by the bony sacral canal. 

In our institution, the routine method involves needle in-

sertion through the sacral hiatus initiated under ultra-

sound, followed by final confirmation with contrast-dyed 

fluoroscopy. Our results demonstrate that the new caudal 

injection method is a reliable alternative that may not re-

quire fluoroscopic confirmation leading to unwelcome radi-

ation exposure, as it presents low risks of intravascular in-

jection or dural puncture. Moreover, this new caudal in-

jection method requiring ultrasound only can be safely ap-

plied to patients as a bedside treatment tool. 

In our study, a successful caudal block was defined as 

epidural and nerve root filling without intravascular and in-

trathecal injection during the procedure. Three of the pa-

tients, who were considered to present epidural spread 

failure, showed an atypical contrasted pattern rather than 

epidural filling (Fig. 2). The atypical patterns might have 

come from the various extents of the epidural pathologies 

including epidural adhesion and fibrosis. However, this 

could not be investigated clearly as not all patients had re-

ceived radiologic evaluations before the procedure, al-

though epidural pathologies cannot be fully evaluated with 

radiology. It is a limitation of this study that the placement 

of contrast at the pathologic nerve-root interface or in-

flamed lumbosacral root might also have to be evaluated 

for therapeutically-meaningful caudal epidural injections. 

In addition, the short and long-term therapeutic effects 

from the procedure were not investigated in this study.

In conclusion, the new method of caudal epidural in-

jection, which consists in performing the injection right af-

ter penetrating the sacrococcygeal ligament, is a reliable 

alternative, with a higher success rate and lower risk of 

accidental intravascular injection than the conventional 

technique. Further-than-necessary advancement of the 

needle into the sacral canal should be avoided for safety 

reasons. 
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