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What is already known: 

 It is important to have a clear understanding of the level at which the dural sac ends and the 

distance from the sacral hiatus before attempting to perform a caudal block, or inserting a 

continuous caudal epidural catheter in a neonate or infant. 

 With differential growth of the vertebral column and spinal cord, it is thought that the dural sac 

migrates from its S3/S4 level in a newborn to the S1/S2 level by 1 year of age. 

 

What this article adds: 

 The distance between the sacral hiatus and the dural sac is short in newborns 

 The risk of inadvertent dural puncture in neonates, particularly if sharp intravenous needles 

are used, increases when the needle is advanced more than 5mm.   
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Abstract 

 

Background: Information regarding the position and relationship of vital structures within the caudal 

canal is important for anesthesiologists who perform a caudal block. This information can be acquired 

by anatomical dissection, with ultrasound technology, or radiological studies (CT scan, MRI).  

Aim: The aim of this study was to determine the position of the dural sac in neonates by measuring 

the distance of the termination of the dural sac from the apex of the sacral hiatus in neonatal 

cadavers.   

Methods: After careful dissection, the distance from the apex of the sacral hiatus to the dural sac was 

measured in a sample of neonatal cadavers.  

Results: In 39 neonatal cadavers, the mean distance from the apex of the sacral hiatus to the dural 

sac was 10.45mm. The range of this distance was between 4.94mm and 26.28mm. The mean 

distance for females was 9.64mm (range from 6.66 to 15.09); that for males was 10.90mm (range 

between 4.94 and 26.28). Linear regression with the log of this distance as the outcome variable gave 

an estimated 3.3% increase in the distance for each 1cm increase in the length of the neonate (95% 

CI for this proportion was 1.91 to 4.71).  

Conclusion: Anesthesiologists should be aware of the short distance between the sacral hiatus and 

the dural sac when performing caudal blocks, the shortest distance was 4.94mm. Armed with this 

knowledge caudal techniques should be modified to improve the safety and reduce the risk of 

complications, such as dural puncture.   
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Introduction 

 

Caudal block remains the most popular regional anesthesia technique in infants and children. 

Although relatively uncommon, unintended dural puncture can occur when performing a single-shot 

caudal block or when threading a caudal catheter for a continuous infusion within the caudal part of 

the vertebral canal – also known as the caudal canal (1-3).  The reported incidence is low – 

approximately 1:1000 - depending on the age group reported (4-8).    

 

Most anesthesiologists introduce a caudal needle or an intravenous cannula into the sacral hiatus at 

an angle; or change the angle and advance the needle once the sacrococcygeal membrane has been 

penetrated. These maneuvers potentially increase the risk of dural or vascular puncture. 

 

The level at which the dural sac ends and the distance from the sacral hiatus is useful information to 

have before attempting to perform a caudal block, or inserting a continuous caudal epidural catheter 

in a neonate or infant. Various methods have been used to determine the level of the dural sac. 

These include ultrasound imaging, magnetic resonance imaging (MRI), CT scan or anatomical 

dissections.  

 

With differential growth of the vertebral column and spinal cord, it is thought that the dural sac 

migrates from its S3/S4 level in a newborn to the S1/S2 level of the adult by 1 year of age (9).   

Adewale and co-workers studied the caudal (sacral extradural) space in 41 children, weighing 

between 8kg – 80kg, ages 10 months to 18 years, using MRI scans. They found that the distance 

from the apex of the sacral hiatus to the dural sac was shorter in males, measuring 27.9mm  8.0mm 

(mean  standard deviation) than in females, where the average distance was 33.2mm  11.5mm (3).  

 

Information regarding its distance in neonates is lacking. The distance that a needle can be safely 

inserted while performing a caudal block on neonates or young infants would be useful information for 

anesthesiologists in clinical practice.  The primary aim of this study was therefore to determine the 

position of the dural sac in neonates by measuring the distance of the termination of the dural sac 

from the apex of the sacral hiatus in a sample of formalin-fixed neonatal cadavers.  
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Materials & methods 

 

A sample of 39 neonatal cadavers, which included 25 males and 14 females, was used. The mean 

length was 0.42m ± 0.07m (mean ± standard deviation), mean weight was 1.61kg ± 0.86kg, and 

ranged between 1kg and 4kg (minimum and maximum values). 

 

All cadavers were obtained according to the South African National Health Act, number 61 of 2003 

and stored in the Department of Anatomy, University of Pretoria, South Africa for research and 

teaching purposes. Ethical clearance to perform this study (dissection of neonatal cadavers) was 

obtained from the Research Ethics Committee of the Faculty of Health Sciences, University of 

Pretoria. 

 

The lumbar and sacral regions of the cadavers were carefully dissected to expose the laminae and 

spinous processes of the lumbar vertebrae and sacrum. Prior to dissecting the laminae, a pin was 

placed at the apex of the sacral hiatus and care was taken not to disturb this pin during the dissection. 

 

Using a scalpel, the laminae of the sacrum and the lumbar vertebrae were cut and the spinous 

processes were carefully removed, effectively exposing the dural sac within the vertebral canal (see 

Figure 1). A second pin was then placed at the point where the dural sac ended.  
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Figure 1: Content of the vertebral canal with the laminae and spinous processes removed in 

order to show the termination of the dural sac. The sacral cornua (SC) and apex of the sacral 

hiatus (white dot) are also visible. 

 

A scale of known dimension was placed on top of the dissected area (without covering any of the 

relevant structures). High quality digital photographs were then taken of the exposed dural sac and 

surrounding structures. 

 

The photographs were imported into UTHSCSA Image Tool V3.0 to analyze the photographs. 

Using the Calibrate Spatial Measurements function, the known scale (found on each photograph) was 

converted into a pixel format by Image Tool. This allowed for accurate measurements of the 

photographs by means of the Distance function, which converts the length of a straight line, drawn 

between two points on the photograph, into millimeters. The distance from the apex of the sacral 

hiatus to the termination of the dural sac was then measured and captured in a Microsoft Excel™ 

spreadsheet for statistical analysis. Descriptive statistics were used to describe the data obtained 

from the cadaveric sample; this included the means and standard deviations of all the measurements. 
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The ranges, medians and interquartile ranges were also measured, since the measurements were 

skewed to the right. The linear relationship between the loge of the distance between the apex of the 

sacral hiatus to the termination of the dural sac (dependent variable) and the length of the cadaver 

sample in cm (independent variable) was assessed using linear regression. For the interpretation of 

the coefficients obtained, these were transformed back using the formula: Percentage change in the 

distance from the apex of the sacral hiatus to the dural sac = 100(eb -1) where e is the exponential 

constant. 

 

Results 

 

The mean distance between the apex of the sacral hiatus and the termination of the dural sac was 

10.90mm in males (n = 25; SD = 4.58) and 9.64mm in females (n = 14; SD = 2.61). The ranges for the 

readings were 4.94 to 26.28 and 6.66 to 15.09 respectively. There was considerable overlap between 

the distances for the two sexes, and so the results of the two samples were combined for a total 

sample of 39. For the total sample the mean distance from the apex of the sacral hiatus to the 

termination of the dural sac was 10.45mm with a standard deviation of 3.99mm. The range for the 

combined group was the same as that for the males, namely from 4.94 to 26.2. 

 

Linear regression was carried out with the loge of the distance between the apex of the sacral hiatus 

and termination of the dural sac regressed on the length in cm, and sex. Weight was not included 

since weight and length had a Pearson’s correlation coefficient of 0.81 (p<0.001); it seemed more 

plausible that weight depended on length and not the other way around, and so weight was excluded 

in favor of length. 

 

The coefficient for sex was not statistically significant (p=0.333) and so sex was excluded from the 

regression model. The coefficient for the loge ASHDS and length was 0.033 (p<0.001). The R2 value 

was 0.39. This result gives the following percentage change in the measured distance for each 1cm 

increase in length: 3.30% increase (95% Confidence Interval: 1.91% to 4.71%) for each 1cm increase 

in length. 
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Discussion 

 

Complications are more likely to occur while performing caudal blocks in neonates and infants 

compared to any other age group (8). Location of the dural sac relative to apex of the sacral hiatus is 

therefore important since most anesthesiologists change the angle of insertion and advance the 

needle after penetration of the sacrococcygeal membrane when performing a caudal block. 

Historically this is a technique derived and modified from adult practice.  

 

Crighton and colleagues suggested that to increase the chances of successful caudal blockade with 

minimal risk of dural puncture, the most frequent termination level of the dural sac should be known. 

This is also applicable if the mean distance to the dural sac is known. They stated that by 

understanding the dimensions of the dural sac, the reliability as well as the safety of caudal 

procedures is increased (10). Even though their study examined the caudal space in 37 adults by 

means of MRI, the conclusions are valid and it stands to reason that it is of clinical importance that the 

distance to the dural sac be known before attempting a caudal block in neonates.  

 

The termination of the dural sac has been the subject of a number of studies using different 

techniques in the past. The majority is based on early cadaver studies in adults (11), conventional 

radiographic studies (12), or myelography (13). These studies showed a large variation in the level at 

which the dural sac terminates and range from L5/S1 to S4, with S2 being the most frequent.  

 

Although the exact vertebral level of the termination of the dural sac could not be determined in this 

study, the results show that the dural sac terminates approximately 10.5mm from the apex of the 

sacral hiatus. This is important information for anesthesiologists performing caudal blocks, particular 

those who advance the needle into the caudal space after initial penetration of the sacrococcygeal 

membrane. These results also suggest that the needle should not be advanced more than 4mm in 

neonates to avoid dural puncture. Better still there is no need to change the angle after penetration of 

the sacrococcygeal membrane – the “no turn technique” – as described by Ivani (14).  
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Ultrasound imaging is increasingly being used in modern anesthesia and is a useful modality for 

performing caudal blocks in young children (15, 16) as well as in adults (17). However, calcification of 

the posterior vertebral bodies in children older than approximately 15 months reduces the acoustic 

window and makes visualization of the spinal cord and dural sac in older children and adults difficult.  

 

Since the sacrum and vertebrae are not yet fully ossified in neonates and young infants (18) the 

termination of the dural sac can be easily visualized (19). In this age group, ultrasound can be used to 

confirm the location of the needle tip or catheter within the caudal space in relation to the surrounding 

content, i.e., the dural sac and the cauda equina (16, 19). The findings in this study are similar to 

those of Willschke et al. (19) and confirms that the use of ultrasound is reliable when determining the 

position of the conus medullaris and dura sac in this age group 

 

Lee and co-workers studied the caudal canal and dural sac on MRI scans of 141 pediatric patients 

(mean age: 20 months) and found that the distance from the apex of the sacral hiatus to the 

termination of the dural sac was between 12mm and 54mm. This sample was older and larger than 

our sample. Yet despite this difference, Lee et al. came to the conclusion that even through the dural 

sac was never found less than 10mm from the apex of the sacral hiatus, one should never insert a 

caudal needle more than 2mm to 4mm once the saccrococcygeal ligament has been pierced (20). 

This recommendation is further corroborated by the results of our study where the closest distance 

between the apex of the sacral hiatus and the dural sac was 4.94mm in a male neonate weighing a 

mere 0.8kg. It is also important to keep in mind the location of the dural sac changes with the position 

of the patient and is highest in the flexed knee chest position (21). 

 

Despite the clear benefits of ultrasound guidance, a sound knowledge of the sonar anatomy displayed 

on the monitor remains crucial in order to perform a successful ultrasound guided block. 

Unfortunately, ultrasound is not universally available, particularly in low and middle-income countries 

(22). 

 

There are limitations to this study. Identification of the exact vertebral level of the dural sac in these 

cadavers was challenging. Embryologically, during stage 23, i.e. 53 – 58 days post fertilization, the 
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cartilaginous parts of the sacral vertebrae have fused. The individual pedicles and laminae are very 

small and might be detected in vertebrae S3 – S5. The ossification of the sacral vertebrae only occurs 

after week 16 over a time period of 2 to 3 weeks, by which time the second sacral vertebra will be 

ossified (23). This embryological development of the sacrum resulted in our inability to accurately 

identify the separate sacral vertebrae in these neonatal cadavers. Furthermore, measurements were 

made on embalmed neonatal cadavers, which could alter the underlying anatomy and potentially 

cause shrinkage or anatomical distortions. These distortions are negligible as the anatomy seen in a 

cadaveric sample is similar to living studies (24). The cadavers used in this study were preterm or full-

term neonates who had died from perinatal complications. Most of the cadavers were of very low or 

low birth weight neonates with an average weight of 1.61kg. The anatomy of infants is closer to the 

anatomy of neonates than to that of an adult sample and we suggest that extrapolating data obtained 

from neonates is more appropriate for infants and young children than those gathered from adult 

studies (25). 

 

Conclusion 

Anesthesiologists should be aware of the short distance between the sacral hiatus and the dural sac 

when performing caudal blocks. Based on the results of this study, the technique of changing the 

angle and advancing the caudal needle further into the caudal space is brought into question (20). 

Anesthesiologists who advance the caudal needle more than 5mm in neonates are at increased risk 

of causing an inadvertent dural puncture, particularly if sharp intravenous needles are used.   

 

In the event of a dural puncture, the needle or the caudal catheter must be withdrawn to avoid the risk 

of a total spinal anesthetic if the full dose were to be injected (9). Options at this point are to convert to 

spinal anesthetic by injecting a considerably smaller dose without withdrawing the needle or to 

attempt the caudal block by inserting the needle at a point more caudad. 
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