
Introduction 

Similar to postoperative pain management in adults, the 
goals of postoperative analgesia in children are pain eradication, 
expedient recovery to daily activities, and prevention of progres-
sion of acute postsurgical pain to chronic pain or hyperalgesia. 
Acute postoperative pain is reported to progress to chronic pain 
in 10%–50% of adults [1] and 20% of children who undergo 

major surgery [2]. Therefore, acute postoperative pain should 
be treated aggressively. Traditionally, opioids have been used for 
postoperative pain relief in children; however, they are no longer 
recommended as the first-line analgesics owing to their side 
effects [3]. Currently, multimodal analgesia is increasingly pre-
ferred, where non-opioid analgesics are combined with a small 
dose of opioids or regional blocks [3,4].

Epidural blocks are commonly used for pediatric anesthesia 
and analgesia after abdominal, pelvic, or thoracic surgery. Epi-
dural block in children, due to the smaller body size, requires 
considerable experience and a high level of skill. The distance to 
the epidural space is short in infants and children, and changes 
in body habitus with increasing age are variable, making it dif-
ficult to predict the distance from the skin to the epidural space 
[5]. Furthermore, the connective tissue is soft, thereby limiting 
the tactile feedback of loss of resistance (LOR) in identifying the 
epidural space [5]. Besides, since regional block in children is 
usually performed under deep sedation or general anesthesia, 
subjective warning signs of neural injury during needle insertion 
cannot be detected. The application of US is particularly useful 
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for regional epidural block in infants and small children, since 
incomplete vertebral ossification facilitates the penetration of the 
US beam into the posterior vertebral column and makes identi-
fication of spinal structures easier. Even though the evidence of 
benefit for US-guided neuraxial blocks is insufficient relative to 
US-guided peripheral nerve blocks, US has clearly improved the 
success rate of first puncture and shorten the block performance 
time in neuraxial blocks [5,6].

In this review, I describe the past and present applications 
of epidural and caudal block, which are representative types of 
central neuraxial block, ultrasonographical anatomy and proce-
dures performed under US guidance. I hope that this review will 
be useful in understanding the special features of epidural and 
caudal block in children.

Past and Present 

Although epidural and caudal block are now frequently 
used in intraoperative and postoperative analgesia for pediatric 
surgery, they were initially limited to anesthesia for urological 
procedures in children. In 1933, Meredith Campbell [7], a urol-
ogist, first reported the use of caudal anesthesia for cystoscopies 
in children; Roderie Sievers first reported on lumbar epidural 
anesthesia for cystoscopy in 1936; it was revived later by Schnei-
der who reported over 6,500 infants who underwent urological 
procedures under lumbar epidural anesthesia in 1951 [8]. Based 
on a report by the Italian surgeon Achille Mario Dogliotti in 
1933 [9], Francis G Ruston, while serving in the Canadian Army 
Medical Corps, administered epidural anesthesia to soldiers at 
a military hospital overseas for the first time towards the end of 
World War II [10]. In the early 1950s, Ruston [10] performed 
single-shot epidural or caudal anesthesia under codeine seda-
tion in 77 neonates and infants undergoing abdominal or pelvic 
surgery for conditions such as pyloric stenosis. Ruston used a 
thoraco-lumbar epidural approach, inserting a 22 G short-bev-
eled blunt needle in the intervertebral spaces between T10–L1 
or L2–L4, depending on the type of surgery. For identifying the 
epidural space, Ruston [11] applied a hanging drop technique 
using a saline-filled syringe attached to the needle. In his next 
report, Ruston [12] described four different methods for iden-
tifying the epidural space, including: the LOR method, the fluid 
disappearing (hanging drop) method, detection of negative 
pressure using a manometer, and withdrawal of the needle after 
dural puncture. Of these, until now, the LOR method has been 
the most commonly used method. Ruston also described an an-
esthetic technique combining continuous epidural and general 
anesthesia, but this method was largely ignored at that time. 

Epidural and caudal blocks were used only sporadically un-
til the late 1980s, when Ecoffey et al. [13] and Murat et al. [14] 
revived the technique of combining continuous lumbar and 

thoracic epidural anesthesia with general anesthesia during sur-
gery in infants and children. In 1988, Bosenberg et al. [15] in-
troduced continuous thoracic epidural anesthesia via the caudal 
route; this method still remains in use.

In infants and children, central neuraxial block is an import-
ant modality for acute postoperative analgesia in addition to 
combined anesthesia. The introduction of US has greatly im-
proved the performance of central neuraxial block. US guided 
neuraxial block in children was first performed by Chawathe et 
al. [16]. The authors performed ultrasonography of the spinal 
region within 24 hours after lumbar epidural catheterization in 
12 neonates and infants; they were able to visualize the catheter 
within the epidural space in 10 subjects less than 5 months of 
age. Subsequently, Rapp et al. [17] used US examination before 
the procedure to measure the distance from the skin to the liga-
mentum flavum in 23 infants and children. The authors referred 
to this measurement during needle insertion to identify the 
epidural space by LOR and were able to successfully advance 
the catheter under a paramedian US imaging. In a study of 180 
infants and children, Kil et al. [18] also measured the distance 
from the skin to the ligamentum flavum on US images prior to 
lumbar epidural puncture. They demonstrated that the mea-
sured distance is highly correlated with depth of needle insertion 
in the epidural space, similar to the results reported by Rapp 
et al. Willschke et al. [19] performed epidural puncture under 
real-time US guidance in 35 neonates, and used drug injection 
to verify location of the needle within the epidural space. How-
ever, even though they reported that catheter could be identified 
within the epidural space using surrogate markers, such as drug 
injection or tissue movement, these results will likely depend 
upon the quality of images generated by the US machine. These 
reports led to increased use of epidural block in neonates, in-
fants and children, and have especially improved the efficacy 
and overall outcomes of US-guided thoracic epidural block [20].

The universally used caudal block has a high success rate, 
even though it varies depending on the experience of the prac-
titioner. US is not an essential method for performing a caudal 
block. In a large-scale study (2015), using the pediatric regional 
anesthesia network (PRAN) database, Suresh et al. [21] reported 
that US was used only in 2.4% of 18,650 total cases of caudal 
block, and the frequency of US usage during this procedure de-
creased after 2010. However, anatomical variations of the sacral 
hiatus and sacral cornua, obesity, and excessive subcutaneous 
fat in the sacral region can make a landmark-based caudal ap-
proach difficult. Dalens and Hisnaoui [22] performed caudal 
block in 650 children and reported a high overall success rate 
(96%), however, there was a high rate of multiple puncture (25%). 
Veyckemans et al. [23] reported that identification of the sacral 
hiatus was difficult in 11.2% of 1,100 pediatric patients 7 years 
or younger. Among 18,650 cases analyzed by Suresh et al. [21], 
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a block failure rate of 1% was reported; however, the rate of re-
peated puncture was not investigated. Thus, the overall success 
rate of caudal block is very high, but repeated punctures may 
frequently occur. There are several possible causes of repeated 
punctures, including difficult hiatus identification, narrow cau-
dal space below hiatus, and presence of excessive fat in the sacral 
region. In two randomized controlled trials comparing US-guid-
ed caudal block with a conventional approach reported in 2013 
and 2018, the overall success rate of block was similar, however, 
US-guided block resulted in a significantly higher first puncture 
success rate, and a significantly lower rate of complications, 
including intravascular and subcutaneous injection [24,25]. 
Additionally, Ponde et al. [26] reported accurate advancement 
of the epidural catheter to the expected lumbar or thoracic level 
through the caudal hiatus under US guidance in neonates and 
infants. Therefore, for performing caudal block in children, it 
would be preferable to use US guidance when considering the 
risk-benefit and cost-effectiveness ratio. 

Possible Benefits of Regional Block 

Recently, several animal studies have demonstrated that com-
monly used general anesthetics (benzodiazepine, barbiturates, 
ketamine, propofol, isoflurane, desflurane, and sevoflurane) 
cause several neurological changes in the developing brain and 
result in long-lasting behavioral and cognitive changes [27–29]. 
Conflicting results have been reported in humans, and the ev-
idence is only correlative [30,31]. However, in 2016 the United 
States Food and Drug Administration (FDA) warned that “re-
peated or lengthy use of general anesthetic and sedation drugs 
during surgeries or procedures in children younger than 3 years 
or in pregnant women during their third trimester may affect 
the development of children’s brains” [32]. In 2017, this state-
ment was updated as “exposure to these medicines for lengthy 
periods of time or over multiple surgeries or procedures may 
negatively affect brain development in children younger than 3 
years” [33]. Therefore, in small children, especially in neonates 
and infants, the duration of anesthesia should be kept as short as 
possible, and it is recommended to use methods that allow acute 
postoperative pain to be managed with a lower dose of anesthet-
ic by combination with regional anesthesia [29].

Safety issues 

Although caudal block can rarely result in dura puncture, it 
is generally safe and easy to perform. In a large-scale analysis by 
Suresh et al. [21], the authors concluded that caudal block is a 
safe procedure in children when an appropriate dosage of local 
anesthetics is used. With epidural block, there is always con-
cern about neurologic injuries. In particular, unlike in adults, in 

children, epidural block is almost always performed under deep 
sedation or general anesthesia. If awake, infants and children are 
likely to move during palpation, needle placement and even on 
feeling a cold US probe. This may increase the risk of nerve in-
jury during needle placement. In 2015, The Joint Committee of 
European Society of Regional Anesthesia and Pain Therapy and 
the American Society of Regional Anesthesia and Pain Medi-
cine suggested that high-level evidence for the safety of central 
neuraxial block in small children is still not available. However, 
they also concluded that, based on evidence category B2 (ob-
servational studies with associative statistics) and B3 (noncom-
parative observational studies with descriptive statistics), the 
performance of pediatric regional block under deep sedation or 
general anesthesia is acceptable in terms of safety and could be a 
standard of care [34]. Nevertheless, the possibility of neurologic 
injury due to epidural block does exist, and it is a grave compli-
cation that always requires caution. The use of US guidance for 
epidural block is expected to improve both block-related and 
procedure-related outcomes.

Lumbar/Thoracic Epidural Block

The vertebral column and the spinal cord of infants and chil-
dren show significant differences compared to adolescents and 
adults. At birth, the conus medullaris and the dural sac end (DSE) 
are located at the L4 and S3–S4 levels. Due to differences in 
growth rates between the spinal cord and the spinal canal, they 
reach the T12–L1 and S2 levels as observed in adults only by the 
end of the second year. The intercristal (Tuffier’s) line is located 
at the L3–L4 level in adults, but at the L4–L5 or L5–S1 level in 
children. The vertebrae are mostly cartilaginous at birth as they 
are not completely ossified; the laminae at the L1–L4 level fuse 
progressively during the first year of life, but ossifies after 5 years 
of age at the L5 level [35]. In children, the fascia and sheaths 
within the epidural space are loosely attached to the nerve 
trunk and muscles, and up to 6–8 years of age, the epidural fat 
is very fluid. This enables easy spread of local anesthetics, espe-
cially their distal spread. In addition, incomplete myelination 
of the nerve fibers enables good quality block even with a low 
concentration of local anesthetics. On the other hand, because 
drug leaks into the paravertebral space where spinal nerve roots 
reside, a relatively large volume of local anesthetics is required 
to obtain the same block level with epidural anesthesia in adults 
[36].

In small children, the L4–L5 interspace is most commonly 
selected for epidural catheterization. However, in a fluoroscopy 
study in children, Kim et al. [37] discovered that the lower the 
level of the epidural catheter insertion, the higher the failure 
rate to reach the target level. From one year of age onwards, the 
frequency of the catheter reaching the expected level decreases, 
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and doubling back or coiling of the catheter is not uncommon 
[37,38]. This is thought to be related to the development of the 
lumbosacral curvature due to body habitus after that age, related 
to standing and walking, which interferes with catheter advance-
ment [36,38]. Therefore, in order to place the epidural catheter 
tip at the level that can provide effective analgesia for a given 
surgery type or incision level, it is preferable to use the approach 
at a site close to the level of the incision and to advance the epi-
dural catheter by only 2–3 cm [5]. Table 1 show the spinal seg-
ments to use as analgesic targets for different surgical sites and 
epidural drug infusion rates for postoperative analgesia. When 
combining epidural and general anesthesia, a bolus of 0.5–1.0 

ml/kg of 0.25% bupivacaine or 0.3% ropivacaine is recommend-
ed to establish the block [39]. Sympathetic blockade is well tol-
erated in children with very little change in blood pressure and 
heart rate [14,39].

Sonoanatomy and procedure

The posterior vertebral column is cartilaginous in infants 
and small children, which enables easy penetration of the US 
beam offering good quality images of the spinal structures. The 
child is placed in a lateral position with the hips fully flexed po-
sition. A high-frequency probe of 7–13 MHz is used to the scan 
from the sacral to thoracic level, and to confirm the point of the 
termination of the conus medullaris and the dural sac (Fig. 1). 
In Fig. 2A, the posteriorly located, deep, circular, intensely hy-
perechoic dura mater encloses an anechoic (black) space filled 
with cerebrospinal fluid; the hyperechoic ligamentum flavum 
is visible dorsally. In Fig. 2B, the conus medullaris, nerve roots, 
and the cauda equina fibers can be observed. These neuraxial 
structures are readily visible before 3 months of age, after which 

Table 1. Epidural Puncture Levels for Catheterization and Drug In-
fusion Rate for Postoperative Analgesia

Surgical sites Visceral 
segments

Puncture 
level Infusion rate 

  Genital and anal areas L2–S5 L4–L5 
  Testicle or ovaries T10–S5 T11–T12 0.2 ml/kg/h
  Urinary bladder T12–L1 T12–L1
  Large intestine T11–T12 T10–L1
  Kidneys and uterus T10–L2 T12–L1
  Adrenals T8–L1 T10–L1 
  Large intestine T11–T12 T10–L1 0.3 ml/kg/h
  Small intestine T9–T10 T10–T11
  Stomach T6–T10 T10–T11
  Liver and gallbladder T6–T10 T10–T11
  Esophagus T5–T6 T6–T7
  Lungs T2–T4 T4–T5 0.2 ml/kg/h
  Heart T1–T5 T5–T6 

Bolus 0.05 ml/kg, lock-out 15 minutes. The most common agent used 
is a combination of 0.125% bupivacaine or 0.15% ropivacaine with 
fentanyl 2 μg/ml. For abdominal surgery, hydromorphone or morphine, 
which are more hydrophilic, is recommended because a more cephalad 
spread is desirable. For thoracic surgery, a more lipophilic opioid is 
useful to limit the spread. If the catheter tip fails to reach the expected 
level, hydrophilic opioids are desirable. At age < 3 months, the drug 
dosage should be halved.

L1 L2 L3 L4 L5 S1 S2

*

CM
CE

FT DS end Caudal space

Fig. 1. Ultrasound image from L1 to sacrum. CE: cauda equina, CM: conus medullaris, FT: filum terminale, DS: dural sac. *Ligamentum flavum, †dura 
mater, ‡sacrococcygeal ligament.

SP

CM
L2 L3

A B

Fig. 2. Ultrasound images at the L2–L3 level in a 6-months-old child. 
Solid black arrows; ligamentum flavum, dashed arrows; dura mater. SP: 
spinous process. (A) Triangular epidural space is seen in left transverse 
plane image. (B) Conus medullaris (CM) at the upper level of L2, spinal 
nerve roots, and cauda equina fibers are seen in right longitudinal plane 
image.
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the visibility gradually decreases [5,40,41]. At the cervicotho-
racic and upper lumbar levels, where ossification occurs at an 
earlier stage, visualization is even more difficult, but the dura 
matter is easier to differentiate. Hence, it is preferable to acquire 
an acoustic window in the longitudinal paramedian plane at this 
level.

After selecting a puncture site according to the type of sur-
gery, the distance from the skin to the ligamentum flavum is 
measured to serve as a reference during needle insertion. In 
the transverse view, the depth of the epidural space may be 
underestimated due to the compression of the soft tissue in the 
intervertebral space by the probe; hence, measurement in the 
longitudinal or paramedian view is preferable [42]. Following 
sterile preparation, the assistant positions the US probe supe-
rior to the puncture site in the paramedian plane to enable the 
dura mater and ligamentum flavum to be visualized, enabling 
free use of both hands by the operator. In infants and children, 
similar to adults, the epidural space has a triangular shape (Fig. 
2A). Hence, the needle insertion must be through a midline 
approach, to enter the widest epidural space. The epidural space 
in infants is very narrow, usually less than 2 mm wide [5,43], 
whereas the bevel length of commonly used pediatric epidural 
needles is 1.5–2 mm. Consequently, in infants and small chil-
dren, the needle should be angulated in a cephalad direction 
to locate the needle tip within the epidural space [43]. When 
the needle tip is seen to pass through the ligamentum flavum 
and enter the epidural space on the US images, its position is 
confirmed by LOR. Air or saline could be used for LOR, de-
pending on the operator preference. Complications including 
nerve root compression, pneumocephalus, incomplete analge-
sia, and venous air embolism have been reported with the air-
LOR technique, while the saline-LOR technique could present 
problems including dilution of the local anesthetic solutions due 
to excess saline, and difficulty in identifying accidental dural 
puncture [34]. Nevertheless, the saline-LOR technique is pre-
ferred [34]. After the LOR test, when a small volume of saline 
or local anesthetic is injected, ventral displacement of the dura 
mater and widening of the epidural space can be observed on 
US images (Fig. 3A). When the epidural catheter is inserted, it 
is recommended to push the needle hub about 30–40° toward 
the skin in a caudad direction, to decrease the angle between the 
needle tip and the dura mater in a cephalad direction within the 
epidural space. This maneuver helps with catheter insertion and 
advancement [43]. In neonates and young infants, the catheter 
can be visualized by US imaging after placement in the epidural 
space by observation in multiple planes (Fig. 3B). When detec-
tion is difficult, saline or drug injection can be used to verify the 
displacement of the dura mater, movement of the surrounding 
tissue, or spread of the local anesthetic solution. At the thoracic 
level, the epidural space is narrower than that in the lumbar re-

gion, and US visualization is impaired; however, the dura mater 
can be easily detected. 

At the thoracic level, up to the age of 9 months, the needle 
can be inserted almost perpendicular to the skin. As the spinal 
curvature develops with age, the needle needs to be inserted 
with a more cephalad orientation, similar to the midline ap-
proach in adults [36]. In older children, the angle between the 
spinous process and vertebral arch is sharper; hence, a longitu-
dinal paramedian plane approach, which uses a low-frequency 
convex probe, is more useful compared to a high-frequency lin-
ear probe. 

In children, especially infants, damage to the ossification 
nuclei can cause impairment of normal bone growth and ossi-
fication; hence, care should be taken to prevent boney contact 
during needle insertion, and the use of sharp needles should be 
avoided [36].

Caudal Block

The technique of caudal block is relatively easy to familiarize. 
It is generally used for intraoperative or postoperative analgesia 
in infraumbilical surgery, including some types of surgery in-
volving the lower extremities, in children under 7 years of age. 
For older children, thickening of the sacrococcygeal ligament 
makes it difficult to identify the sacral hiatus, and hence, the 
block is often not performed at the hiatus [36]. The sacral ver-
tebral plate is less ossified at birth, and the sacral vertebrae are 
connected by cartilage; the plate undergoes progressive ossifica-
tion and union and becomes a single structure after puberty [35]. 

In contrast, posterior fusion at the S4 and S5 levels remains 
incomplete, and this region is covered by the sacrococcygeal 
ligament, formed by a tight connection between the ligamentum 
flavum and other sacral ligaments. The sacral hiatus assumes a 
triangular shape limited bilaterally by the sacral cornua, which 

LF Catheter DM
CM

L2
L3

A B

Fig. 3. Ultrasound images during bolus injection of saline through 
the epidural needle and following catheter insertion. (A) The black 
arrow indicates the ligamentum flavums and white arrow indicates the 
displaced dura mater with drug injection through epidural catheter. (B) 
The epidural catheter is seen. CM: conus medullaris, DM: dura mater, 
LF: ligamentum flavum.
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are the inferior articular processes of S5, and the lower end of 
the dorsal sacrum [35]. This is the entrance to the sacral ca-
nal, and a needle can be inserted into the sacral epidural canal 
through the hiatus. The extent of protrusion of the sacral cornua 
varies between individuals, and they can be asymmetrical or 
blunt; in adults, the hiatus can even be obliterated by a complete 
fusion of the lamina [35,36].

Sonoanatomy and procedure

The child is placed in a lateral position with the hips, maxi-
mally flexed. The lumbosacral area is observed for the presence 
of any cutaneous stigmata, such as dimples. Recently, US exam-
ination of the vertebrae has been commonly used when stigmata 
are detected in the gluteal area immediately after birth; however, 
depending on the circumstances of birth, these signs could often 
be missed. Among children who undergo surgery for urogenital 
anomalies, those with minor stigmata, and occasionally with no 
stigmata, often have occult spinal dysraphisms, such as a teth-
ered spinal cord with lipoma [44]. Hence, a detailed observation 
is required. The US probe is placed transversely over the coccyx 
and scanning is performed in the cephalad direction. If the bilat-

eral cornua reveal a “frog-eye sign” and the hyperechoic “hump” 
(sacrococcygeal ligament) appears, the anechoic space between 
the “hump” and hyperechoic dorsum of the pelvic surface of the 
sacrum is the sacral hiatus (Fig. 4A). 

In the longitudinal plane, the thick linear sacrococcygeal 
ligament appears hyperechoic covering the space from inferior 
S3 to the distal end of the sacrum, and an anechoic caudal space 

* *

Dural sac end

Sacral base

A B

Fig. 4. Ultrasound images during caudal block in a 6-months-old child. 
(A) The “frog eye sign” of bilateral sacral cornua (asterisks) and “hump” 
of the sacrococcygeal ligament (white arrow) are seen in the transverse 
plane. (B) The anechoic caudal space is seen between the hyperechoic 
sacrococcygeal ligament (white arrow) and the dorsum of the pelvic 
surface of the sacrum in the longitudinal plane. 

1 2 3

1 2 3

Fig. 5. Ultrasound images in the trans-
verse planes that match the probe posi-
tions in the longitudinal plane. Level 1 
shows the widest part of the sacral canal 
below the sacrococcygeal ligament.
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can be observed (Fig. 4B). Moving in a cephalad, the dural sac 
end, cauda equina fibers, filum terminale, and conus medullaris 
can be seen (Fig. 1). After sterile preparation, the probe is placed 
close to the apex of the triangular area formed bilaterally by the 
sacral cornua and the tip of the dorsal sacrum. This ensures a 
wider distance between the sacrococcygeal ligament and the 
base of the sacrum, and therefore, helps select a location where 
the caudal space is the widest (Fig. 5). In this transverse view, 
the needle tip is placed at the point of insertion, and the probe 
is shifted to the longitudinal plane. If the angle is adjusted with 
real-time imaging as the needle is advanced, it can be easily in-
serted into the caudal space (Fig. 6). Once the needle has been 
advanced into the caudal space, the local anesthetic solution 
may be injected and mass movement of the drug observed. The 
needle placement and success rate of caudal block are highly 
dependent on operator skill, and real-time US-guidance does 

not clearly improve the overall success rate compared to conven-
tional methods. However, as described above, US-guided caudal 
block increases the success rate of insertion at the first attempt 
and can reduce complications including vascular puncture and 
subcutaneous bulging [23,24]. 

During caudal block, short beveled, a relatively blunt needle 
should be used. Sharp needle can easily injure or even cut across 
the sacral base, causing damage to the pelvic or retroperitoneal 
organs [36].

The dose of local anesthetics is determined based on the type 
of infraumbilical surgery. Most commonly, the Armitage formu-
la (0.2% bupivacaine, 0.20%–0.25% levobupivacaine or ropiva-
caine; perineal surgery 0.5 ml/kg, inguinal hernioplasty 1 ml/kg, 
and orchiopexy 1.25 ml/kg) is used for dose calculation [45].

A B C

Fig. 6. The probe positions and ultra-
sound images during caudal block in 
an 8-months-old child. (A) The level 
close to the apex of the sacral hiatus was 
selected on the transverse view and the 
needle was placed at the puncture site. 
(B) Then, the probe was changed to the 
longitudinal plane and the needle was 
inserted into the caudal space under 
ultrasound guidance. (C) The injected 
solution can be seen within the caudal 
space (white arrow).

PSIS

S2

*

A B

Fig. 7. Ultrasound images of the caudal 
area. Solid arrow indicates the needle 
direction to the space from the S2–S3 
intervertebral level (A) and the dashed 
arrow shows the needle direction 
through the sacral hiatus (B). Black 
arrows indicate the point of needle 
insertions (insets). PSIS: posterior 
superior iliac spine. *Dural sac end.
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An alternative technique of caudal block (trans-sacral 
approach)

Although experienced practitioners can perform caudal 
block through the sacral hiatus with relative ease, occasionally, it 
is difficult identify the hiatus, which can lead to multiple punc-
tures or failure of needle insertion. In these cases, a trans-sacral 
approach may be used as an alternative method. Dalens and 
Chrysostome [46] also attempted inserting the epidural catheter 
at S1–S2 in children, but in 1987, Busoni and Sarti [47] suggest-
ed that a trans-sacral approach at the S2–S3 level was a useful al-
ternative technique to the hiatal approach. The S2–S3 interspace 
can be easily palpated slightly inferior to the line connecting the 
posterior superior iliac spines on both sides. At this site, similar 
to lumbar epidural puncture, the needle is inserted perpendic-
ularly (Fig. 7). The sacral hiatus is the distal part of the caudal 
space, and the depth of the space at this site was found to be 
3–3.5 mm in US studies [48,49], while it was twice as deep at the 
S2–S3 level [49]. In Fig. 5, the depth of the caudal space can be 
compared at each level of approach. The major concern in the 
trans-sacral approach is the position of the DSE. It is generally 
accepted that, in early childhood, the DSE is commonly located 
at the S2 level, but this level has usually been an approximate 
estimation with vertebral bodies in the neutral position. Koo 
et al. [50] discovered cephalad shift of the DSE relative to the 
vertebral bodies when infants and small children were placed 
with their hips fully flexed for a caudal block (middle of S2 in 
the neutral vs. the upper border of S2 in the flexed position, P < 
0.001), similar to the findings of an US study by Shin et al. [49]. 
In the lateral view of the vertebral columns, the spinous process-
es point downwards compared to the vertebral bodies. As the 
trans-sacral approach uses the spinous process as a landmark, 
this will increase the safety margin during puncture. Evaluating 

the DSE by US before puncture will allow for a safer approach. 
Caudal block using the trans-sacral approach is not particu-

larly popular, but the success rate has been reported to be very 
high (Table 2). In particular, in children aged over 3 years of age, 
this is a more reliable technique when hiatal identification is 
difficult [36]. The drug dosage used during block is the same as 
with the hiatal approach [49].

Conclusion 

Recently, regional block using US has become more common 
in children. Evidence for the advantages of neuraxial block un-
der US guidance in infants and children has been accumulating 
slower than that for US-guided peripheral nerve block, but 
US guidance clearly improves safe performance of neuraxial 
block. Outcome-based prospective and randomized controlled 
studies are required to prove the benefits of preprocedural US 
evaluation and US-guided block to establish the usefulness of 
this technique. In addition, continual education and training are 
required to improve the performance of these procedures using 
US guidance.
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