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What do we know about this 
problem?
Studies conducted today have not 
included Latin American populations; 
however, due to the differences in body 
build, it is important to determine 
whether this correlation is maintained 
across different populations.

What is the contribution of this 
study?
New information about the role of 
ultrasound in determining the distance to 
the ligamentum flavum and recognizing 
the proximity of the dura is provided to 
help avoid accidental puncture of this 
structure in a Latin American population.

Abstract

OPEN

Introduction
The use of ultrasound in regional anesthesia has become a standard technique to improve nerve block 
accuracy and reduce associated complications. The literature reports a good correlation between the 
distance from the skin to the dura mater or the ligamentum flavum measured on ultrasound and the 
conventional technique of “loss of resistance”. Latin American populations have not been included in 
the studies conducted so far but, because of differences in physical build, it is important to determine 
whether this correlation is maintained in the various populations. This paper offers new information 
about the role of ultrasound in determining the distance to the ligamentum flavum and recognizing the 
proximity of the dura mater to avoid accidental puncture of this structure in Latin American populations.

Objective
To determine correlation and concordance in estimating the distance from the skin to the epidural 
space between the loss of resistance technique and ultrasound measurement.

Methodology
Observational study conducted in 52 pediatric patients who received general anesthesia plus epidural 
analgesia for acute perioperative pain management between July 2014 and November 2015 to assess 
correlation and concordance between loss of resistance and ultrasound measurement of distance to the 
epidural space.

Results
There is a correlation between distances measured using the two techniques, which appears to be 
higher as patient age increases. As for concordance, the study found that 0.43 cm should be added to the 
ultrasound measurement to achieve agreement with the distance obtained using the loss of resistance 
technique; however, the interval between the two measurements is 1.15 cm.
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Resumen

¿Qué sabemos acerca de este 
problema?
Los estudios realizados hasta ahora no 
han incluido población latinoamericana y 
debido a las diferencias en la contextura 
física es importante determinar si 
esta correlación se mantiene en varias 
poblaciones.

¿Qué aporta este estudio de nuevo?
Se aporta nueva información sobre la 
utilidad del ultrasonido para determinar la 
distancia al ligamento amarillo y advertir la 
cercanía de la duramadre con el fin de evitar 
la punción accidental de esta estructura en 
población latina.

Introducción
El uso del ultrasonido en la anestesia regional se ha convertido en una técnica estándar para mejorar la 
precisión de los bloqueos nerviosos y disminuir las complicaciones relacionadas con dicha anestesia. La 
literatura informa que hay una buena correlación entre la distancia entre la duramadre o el ligamento 
amarillo y la piel según el ultrasonido y la técnica convencional de “pérdida de resistencia”. Los estudios 
realizados hasta ahora no han incluido población latinoamericana y, debido a las diferencias en la contextura 
física, es importante determinar si esta correlación se mantiene en varias poblaciones. Con este trabajo se 
aporta nueva información sobre la utilidad del ultrasonido para determinar la distancia al ligamento amarillo 
y advertir la cercanía de la duramadre con el fin de evitar la punción accidental de esta estructura en población 
latina.

Objetivo
Determinar la correlación y concordancia en la estimación de la distancia de la piel al espacio epidural entre la 
técnica de pérdida de resistencia y la medición por ultrasonido.

Metodología 
Se llevó a cabo un estudio observacional en 52 pacientes pediátricos, que recibieron anestesia general más 
analgesia epidural para manejo del dolor agudo perioperatorio entre julio de 2014 y noviembre de 2015. Se 
evaluó la correlación y la concordancia de la distancia medida al espacio epidural entre la técnica de pérdida 
de resistencia y la distancia por ultrasonido.

Resultados
Existe una correlación entre la distancia obtenida mediante las dos técnicas de medición que parece aumentar 
a medida que aumenta la edad de los pacientes. En cuanto a la concordancia se encontró que a la medida 
tomada por ultrasonido se le debería sumar 0,43 cm para que concuerde con la distancia tomada por pérdida 
de resistencia; no obstante, el intervalo entre ambas medidas es de 1,15 cm.

Conclusiones
Encontramos una correlación entre la medida tomada desde la piel hasta el espacio epidural por ultrasonido 
y la tomada por la técnica tradicional de punción con aguja y pérdida de resistencia. Aunque la concordancia 
que hallamos no fue la esperada, y la medición del ultrasonido puede ser menor a la medición real encontrada 
con la aguja, es una buena guía para advertir la cercanía del espacio epidural.

Palabras clave
Anestesia, regional; pediatría; técnica de pérdida de resistencia; ultrasonido; seguridad.

Conclusions
A correlation was found between the measurement taken from the skin to the epidural space using ultrasound 
and the measurement obtained with the traditional needle puncture and loss of resistance technique. Although 
concordance was not as expected and the distance measured with ultrasound may be smaller than the real 
measurement with the needle, ultrasound offers good guidance regarding proximity to the epidural space.

Keywords
Regional anesthesia; pediatrics; epidural space; ultrasonography; safety.

INTRODUCTION

Regional anesthesia offers several benefits 
that are well documented in the literature:  
lower intra-operative requirement of 
inhaled and intravenous anesthetics, 
postoperative analgesia, reduced 
stress response in children, and faster 
postoperative rehabilitation and recovery.    

However, a failure rate exists and there is a 
potential risk of complications associated 
with regional anesthesia, in particular when  
the techniques are performed blindly and by 
staff in training. The introduction of the use 
of ultrasound to guide regional techniques 
reduces the percentage of failures and the 
development of complications, something 
which is particularly evident in the pediatric 
population (1-3).

Ultrasound-guided techniques, introduced 
in 1994 by Kapral to guide regional 
anesthesia (4), have resulted in higher 
success rates as they help reduce the 
volume of the anesthetic injected and allow 
accurate identification of the distance 
from the skin to the anatomical site where 
the block is performed; this reduces the 
incidence of complications due to injuries 
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in neighboring structures such as vessels, 
nerves or membranes. Some studies have 
found that ultrasound localization of the 
epidural space in infants and children 
reduces the time to perform the block 
as well as the number of complications 
(5). Regional blocks play an important 
role in pediatric anesthesia as a means to 
provide analgesia and reduce the need for 
anesthetics, resulting in clear benefits for 
these patients (6-10).

The use of ultrasound has become 
the gold standard for improving block 
accuracy and reducing complications 
related to regional anesthesia (11,12). It has 
been used as an essential tool to guide the 
needle and measure distances in the neural 
axis (12-16), particularly in highly complex 
patients with bone malformations or 
physical conditions that hinder adequate 
identification of anatomical landmarks 
when performing landmark-guided 
neuroaxial blocks. Ultrasound provides 
accurate information about the distance 
from the skin to the ligamentum flavum 
in children, reducing the risk of accidental 
dural puncture (5).

Prior studies have examined the 
distance between the skin and the thoracic 
epidural space with the loss of resistance 
technique using 0.9% saline solution; they 
measured the distance from the tip of the 
needle localized in the epidural space (with 
the traditional loss of resistance technique) 
to the skin. This distance correlates with 
age and weight in pediatric patients; 
hence the equation in centimeters (cm) 
developed to calculate the approximate 
distance to the epidural space in children. 
Two equations using age or weight can be 
applied to estimate the distance between 
the skin and the epidural space; numbers 
in bold are constant in the equations. In 
the first equation, age is used as follows:

For age:
2.15 + (0.01 × months) = cm from the 
skin to the epidural space

For weight:
1.95 + (0.045 × kg) = cm from the skin to 
the epidural space

This showed a correlation with age and 
weight as parameters to guide thoracic 
epidural puncture in children (17).

Although new advances in the 
development and design of medical 
equipment and devices for children have 
improved the safety profile of regional 
anesthesia (18,19), experience and skills are 
of paramount importance if complications 
are to be avoided.

Tsui, Tran and other authors have 
found a good correlation between 
ultrasound-based measurements of 
the distance between the skin and the 
dura or ligamentu flavum, as compared 
to the conventional loss of resistance 
technique (20-22). However, there is no 
accurate agreement given discrepancies 
between the two determinations due to 
factors such as needle orientation, tissue 
deformation under pressure, operator 
experience with ultrasound, the amount 
of subcutaneous tissue, pressure on the 
transducer, among other things (5,23). For 
these reasons, discrepancy between the 
two measurements may range between 0.1 
and 6.1 mm in the pediatric population (5).

The traditional formula proposed by 
Bernard Dalens - in which the epidural space 
in children is determined by converting 
weight in kilograms into millimeters from 
the skin to the epidural space - appears to 
have a correlate with the patient’s weight, 
size, age and body mass index (BMI); 
however, these assessments have not been 
replicated in Latin American patients, 
whose physical build is very different from 
that of caucasian patients in whom these 
types of studies were conducted (24). We 
decided to conduct a study with the aim of 
determining correlation and concordance 
between two techniques for measuring 
the distance to the epidural space in our 
pediatric population: an ultrasound-based 
measurement and a measurement based 
on the traditional loss of resistance.  The 
hypothesis was that there is no good 
concordance between the distance to the 
epidural space measured by ultrasound 
and the distance measured using of the 
conventional loss of resistance technique.

METHOD

An observational study was conducted 
in 52 pediatric patients between 1 and 18 
years  of age taken to surgical procedures 
requiring general anesthesia plus epidural 
analgesia for the management of acute 
perioperative pain, between July 2014 and 
November 2015. Convenience sampling 
was used and all pediatric patients that 
met the inclusion criteria consecutively 
during the study period were selected.  
Sample size calculation was not made. 
The relationship between two techniques 
for measuring the distance to the epidural 
space was assessed: loss of resistance versus 
ultrasound guidance. Apart from proving  
morphological differences between 
age groups, the aim was to determine 
concordance in the distance to the epidural 
space between the two techniques; for this 
reason, an analysis broken down by age was 
not conducted and results were expressed 
in terms of the global  population.

The following were the selection 
criteria to determine patient inclusion 
in the study: age between 1 and 18 years; 
American Society of Anesthesiologists 
(ASA) classification 1, 2; elective surgery; 
informed consent for regional anesthesia 
technique and authorization to participate 
in the study; absence of contraindications 
for epidural regional block; absence 
of anatomic deformity preventing the 
performance of a epidural regional block 
(scoliosis or prior spine surgery); ability 
to stand in order to measure height and 
weight before going into the operating 
room.

The following were the exclusion 
criteria: refusal to accept a epidural regional 
technique by the legal guardian, considering 
that the patients were underage; any 
contraindication for the performance of a 
epidural block; inability to measure height 
or weight; ASA classification of 3 or more; 
previous inclusion in the study (patients 
could participate in the study only once).

In all patients, general anesthesia 
induction was done with inhaled 
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sevoflurane or intravenous remifentanil 
plus propofol (if a venous access was in 
place); the airway was secured and the 
patient was placed in lateral recumbency 
to identify the L2-L3 space (longitudinal 
axis) and to measure the distance between 
the skin and the posterior complex using 
ultrasound along the short axis (Sonosite 
M-turbo, L25x transducer, 13-6 MHz). 
Distance was recorded in centimeters 
(Figure 1). Measurement of the distance to 
the epidural space by ultrasound was done 
in 100% of cases by two anesthetists with 
experience doing ultrasound in children.

After chlorhexidine antisepsis in the 
puncture site, a 10-cm 18G Touhy needle 
was used through a median approach to 
make a perpendicular puncture of the skin 
at the level of L2-L3 and was advanced 
until achieving loss of resistance with air; 
after the space was identified, the needle 
was marked with a sterile marker, and 
a metering tape was used to measure 
the distance, which was recorded in 
centimeters.

STATISTICAL METHODS

Univariate descriptive statistics are used for 
the study variables. Quantitative variables 
are  expressed in quartiles, means and 
standard deviations, while qualitative 
variables are used for absolute and relative 
frequencies.

The method proposed by Bland 
and Altman in 1986 is used to assess 
concordance between measurements of 
the skin-epidural space distance (SED) 
and ultrasound distance (UD). A brief 
introduction of this method is found in 
Kwiecien et al. (25).

G i v e n  e x p e c t e d  c o n c o r d a n c e 
differences among age groups, the Bland-
Altman analysis was carried out in four 
groups defined by quartiles of the sample 
distribution by age. Additionally, the 
Kruskal-Wallis non-parametric test was 
used to assess potential differences in the 
SED and UD variables in the different age 
groups.

This is considered a risk-free study in 
accordance with Resolution 8430 of 1993 
of the Colombian Ministry of Health, 
considering that it is a prospective 
observational research in which no 
interventions were made. Confidentiality 
and veracity of the data were guaranteed.

RESULTS

The analysis included 52 pediatric patients 
taken to surgical procedures that required 
general anesthesia plus epidural analgesia 
for the management of acute perioperative 
pain, between July 2014 and November 
2015. The sample included patients 
between 1 and 18 years of age, 31 females 
and 21 males, with a mean age of  8.34 years.

Descriptive statistics for the 
quantitative variables are shown in Table 
1, and descriptive statistics for age groups 
broken down by quartiles and gender are 
shown in 

Table 3 shows descriptive statistics 
for the UD and SED variables for each age 

group.  Significant differences are observed.
Age has an effect on the correlation between 
the UD and SED variables; as shown in Figure 
2 and Table 3, UD and SED increase with age. 

This study found low concordance 
between the two measurements. For the 
entire population analyzed, 0.43 cm must 
be added to the ultrasound measurement in 
order to reach concordance with the distance 
measured by loss of resistance. However, it 
was found that the approximation error for 
the interval between the two measurements 
is 1.15 cm. The demographic characteristics 
are described in Complementary content 1. 

Table 4 shows the Bland-Altman 
agreement analysis for each age group and 
biases between the two measurements; the 
Bland-Altman plots for each age group are 
shown in Figure 3.

As shown, the highest degree of 
concordance is found in the age group from 
11 to 16 years. For this group, 95% of the 
measurements have maximum discrepancies 
of 1.13 units. It is worth noting that bias for the 
other age groups is greater, but with narrower 
limits, as shown in Figure 2.

 source: Authors.

Short axis placement of the transducer.

Long axis placement of the transducer.

Ultrasound view of the spinal cord on 
transverse axis.

Ultrasound view of vertebrae and spinal cord 
on the long axis. Lig: posterior complex. 

figure 1. Short (transverse) and long (longitudinal) axis ultrasound  measurement of the 
epidural space from the skin .
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their effectiveness in the management 
of acute postoperative pain. Almost all 
neuroaxial anesthesia procedures in 
children are performed under general 
anesthesia, thus increasing the success of 
the block without compromising patient 
safety (2). However, there is always a 
risk of complications due to multiple 
causes associated mainly with the level of 
experience, the equipment and the type of 
patient. Although their incidence is low (4.3 
in every 100,000 cases), complications of 
neuroaxial techniques may be serious, as is 
the case with transient neurological injury 
(in most cases)  or the very rare permanent 
neurological injury (26). For this reason, 
ultrasound has been considered a useful 
guide to identify anatomical structures, 
recognize sacral foramina, identify the 
intervertebral space, and arrive at an 
approximate measurement of the distance 
to the dura from the skin in each individual 
patient. Ultrasound guidance has been 
used in both epidural and caudal blocks 
in children. Studies have shown good 
correlation for ultrasound measurements 
with preserved good reference to guide 
blocks even as they change with age (27).

This study —the first to be conducted 
in a pediatric population in Colombia— did 
not find the expected concordance between 
two measurement techniques, one with 
ultrasound from the skin to the dura mater 
on a transverse axis and the second with 
the Touhy needle to the point of loss of 
resistance in the same intervertebral space 
and performed by the same operator, 
despite a correlation between the two. As 
expected, given the technical difficulty 
both of ultrasound as well as of puncture 
in younger children, as age increases there 
is a higher concordance between both 
measurement techniques.

This analysis shows an overall 
discrepancy of approximately 0.5 cm less 
in the distance measured by ultrasound 
as compared to the resistance technique, 
with a variability of  ± 1.15 cm; this would 
be explained, among other factors, by 
the greater pressure applied on the skin 
with the transducer, leading perhaps to 

Variable Q1 Q2 Q3 Mean DS

Age 6 8 11 8.3462 3.8137

UD 1.605 2.18 3.195 2.4996 1.0823

SED 2.1 2.85 3.725 2.9212 0.8965

Variable Categories n %

Gender Female 31 59.62

Age

(0.6) 20 38.46

(6.8) 9 17.31

(8.11) 11 21.15

(11.16) 12 23.08

table 1. Descriptive statistics for quantitative variables.

table 2. Gender distribution.

Q1, Q2 and Q3: quartiles, SD: standard deviation, SED:  skin-epidural space distance, UD: 
ultrasound distance.
 source: Authors.

source: Authors.

Variable Age Q1 Q2 Q3 Mean SD p-value

UD

(0.6) 1.338 1.525 1.817 1.577 0.341

<0.0001
(6.8) 1.925 2.16 2.438 2.21 0.501

(8.11) 2.45 3.11 3.435 2.916 0.744

(11.16) 3.16 3.69 4.78 3.848 0.833

SED

(0.6) 1.8 2 2.6 2.16 0.426

<0.0001
(6.8) 2.1 2.6 3 2.689 0.562

(8.11) 3.05 3.6 3.95 3.482 0.718

(11.16) 3.7 3.85 3.975 3.85 0.601

tabla 3. Descriptive statistics for the ultrasound distance and skin-epidural space distance 
variables for each age group.

p value corresponds to the Kruskal-Wallis non-parametric test. SD: Standard deviation, 
SED: skin-epidural space distance, UD: ultrasound distance. 
source: Authors.

DISCUSSION

Pediatric regional anesthesia has gained 
popularity among  anesthetists. Ultrasound 
use has helped increase the percentage 
of successful blocks to nearly 100%, and 
safety in the clinical practice of regional 

anesthesia has improved because of a much 
lower incidence of complications.
However, some blocks are still performed 
based on anatomic landmarks without 
ultrasound guidance. Such is the case of 
caudal and epidural blocks, frequently 
used in pediatric anesthesia because of 
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Measurement Value Age

Bias -0.583

(0.6)
95% CI bias

-0.816

-0.35

95% LA
-1.5587

0.3927

Bias -0.5525

(6.8)
95% CI bias

-0.9944

-0.1106

95% LA
-1.5885

0.4835

Bias -0.5655

(8.11)
95% CI bias

-0.9019

-0.229

95% LA
-1.547

0.4161

Bias -0.0017

(11.16)
95% CI bias

-0.435

-0.435

95% LA
-1.3384

1.3351

table 4. Bias description between the 
ultrasound distance and skin-epidural space 
distance measurements for each age group.

figure 2. Scatter diagram for the 
ultrasound distance and skin-epidural 
space distance variables. Lines represent 
the linear regression model for each group.

figure 3. Bland-Altman plots for each age group.

source: Authors.

CI: Confidence interval, LA: Limits of agreement.
source: Authors. source: Authors.

 The solid black line marks 0 or absence of bias. The central dotted line represents bias and 
the outer dotted lines represent the limits of agreement.

This study contributes important 
elements to the field of regional 
anesthesia in pediatric patients. Fist, 
it confirms the correlation reported by 
other authors (26,27) in a group of Latin 
American children, whose demographic 
characteristics are very different from those 
of the populations studied in other parts of 
the world; and second, the results suggest 
that measuring distance with ultrasound in 

children over 10 years of age is more useful, 
a hypothesis that must be corroborated 
with larger populations; and finally, it 
reveals a knowledge gap regarding regional 
anesthesia techniques with sufficient 
safety margin in  children under 5 years 
of age in whom estimating the space 
under ultrasound as well as the puncture 
and application of regional techniques is 
hindered by morphology.

The heterogeneity of the pediatric 
patients included in the study within 
the age range of 1-18 years is considered 
a limitation of this study. The study was 
conducted in a relatively small number of 
patients, resulting in few observations in 
each age group. Moreover, variability in 
ultrasound measurements is considered 
to be operator-dependent and in this 
study, measurement of the space was done 
by two anesthetists with experience in 
pediatrics; concordance of measurements 
performed by other types of operators 
with less experience in pediatric patients - 
something which is common in Colombia 
and Latin America - was not examined.

underestimations of the distance. Despite 
the absence of perfect concordance 
between the two measurements, 
ultrasound distance could be considered as 
a guide to prompt the operator to exercise 
care  when nearing that distance and to 
advance the needle more carefully from 
that point on. This could prevent accidental 
dural puncture and offer the operator 
greater confidence regarding the direction 
in which the epidural space is located.
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CONCLUSIONS

There is a correlation between the 
ultrasound measurement from the skin 
to the epidural space and the measured 
distance using the loss of resistance 
technique. Although the concordance 
found was not as expected and ultrasound 
measurement appears to be systematically 
smaller than the distance found with the 
needle at loss of resistance, ultrasound 
distance measurement could be used as a 
guide to warn about the proximity of the 
epidural space and prompt the operator to 
exercise caution when making the puncture. 
According to the observations, ultrasound 
measurement is a useful technique which 
improves the safety of regional anesthesia 
and increases block success, particularly in 
children over 10 years of age.

Although it is a costly technique and, 
unfortunately, not available in all settings 
where regional anesthesia is used, we 
believe it is useful for neuroaxial blocks in 
patients with anatomical deformities or in 
whom anatomical landmarks are difficult 
to identify.
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