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Preface

The epidural space around the spinal cord is one of the most explored and exploited 
spaces in human anatomy. The last two decades have seen an exponential increase 
in the use of the epidural space to administer medications to enhance anaesthesia 
and analgesia, opening a new horizon in the management of patients in clinical 
settings.

Epidural Administration - New Perspectives and Uses focuses on recent advances 
in the exploration and exploitation of this space. The first chapter of this unique 
book reviews the various ways of achieving epidural administration of agents into 
the epidural space. Chapter 2 describes the loss of resistance (LOR) technique, the 
preferred method for identifying the epidural space, and explains how a sudden 
change in resistance is detected with the passage of the epidural needle tip from the 
ligamentum flavum into the epidural space. The third chapter provides insight into 
this complex and comprehensive topic to demonstrate a predictable pattern that 
can provide a safe and accurate guide to clinical practice. Chapter 3 also highlights 
the many factors that have an impact on drug physiology and pharmacology in the 
epidural space, and discusses how epidural anaesthesia or the expected effect of 
another medication can be modified.

Chapter 4 covers basic anatomical considerations, general and obstetric physiology, 
epidural techniques and position, the use of ultrasound for epidural placement, 
pharmacological drugs used in epidurals, complementary and supplementary 
regional blocks with epidurals, other remedies when epidurals are not viable or fail, 
and local anesthesia systemic toxicity. Chapter 5 discusses lumbar disc degeneration 
as a common progressive, chronic disorder and a major cause of low back pain. The 
authors show that epidural platelet-rich plasma injections can cause a significant 
release of growth factors to improve the healing of wounds and the processes of 
tissue regeneration, and in the treatment of cellular involution that takes place with 
aging.

Adequate pain control in the intensive care unit (ICU) is essential and adds to 
optimal patient care with improved outcomes. However, epidural administration 
of opioids is rarely considered in patients in ICU experiencing significant pain. 
Chapter 6 describes how epidural administration of various analgesics can be used 
to manage the pain experienced by these critically ill patients. Chapter 7 highlights 
the importance of human, technical and economic resources as prerequisites for 
effective epidural services. It suggests ways of tackling the constraints experienced 
in low- and middle-income countries.

XII
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The chapters in this book are well-written by authors with in-depth knowledge of 
the topics. The book will be a good armamentarium for all anaesthetists in clinical 
practice.

Sotonye Fyneface-Ogan
Professor,

Obstetric Anaesthesia Unit,
University of Port Harcourt Teaching Hospital,

Port Harcourt, Nigeria
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Chapter 1

Perspective Chapter: Epidural 
Administration – Various Advances 
in Techniques
Sotonye Fyneface-Ogan and Fiekabo Ogan-Hart

Abstract

First described by Fidel Pages in 1921, epidural administration is a technique 
in which a medicine is injected into the epidural space has undergone various 
modifications and approaches in recent years. Epidural administration also involves 
the placement of a catheter into the epidural space, which may remain in place for 
the duration of the treatment. These advances have changed the face of clinical 
practice and improved the patient management. Modification to the approach of 
epidural administration has moved from the single-shot epidural administration to 
programmed injections. The use of these improved techniques has reduced com-
plications associated with epidural administration and improved care. The admin-
istration of medication into this space has been considered as safe and effective for 
providing pain relief during childbirth and surgery. A review of these modes of 
administration will highlight the importance of each of the techniques.

Keywords: epidural administration, techniques, epidural analgesia, epidural catheter, 
epidural space

1. Introduction

Epidural administration of medications has been used in many surgical and 
anesthetic managements of patients. It is currently mostly used for postoperative 
management in the regions of the body amenable to it [1]. It has a wide margin of 
safety in experienced hands. Beyond its use in postoperative pain management, 
it has been indicated in the administration of steroids, contrast agents and many 
others.

It is important to know that the positioning of the patients requiring epidural 
administration is determined by patient’s comfort, compliance and preference of the 
attending. Insertion of the needle is commonly performed in either sitting, or flexed 
lateral position, although the sitting position has higher rate of first pass insertion and 
shorter duration (skin puncture to correct needle placement time) [2].

This chapter will review the various methods epidural administration of agents 
into the epidural space can be achieved.
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2. Methods of identifying epidural space

Epidural administration of pharmacologically active agents would be impos-
sible without proper identification of the space. This is most frequent cause of 
failed epidural administration [3]. Patient positioning, the use of a midline or 
paramedian approach, and the method used for catheter fixation can all influence 
the success rate.

For epidural injection using the midline approach to be successful, the Tuohy 
needle would have to traverse the skin, subcutaneous fat, supraspinous ligament, 
interspinous ligament, ligamentum flavum, and then into the epidural space. The 
epidural space is a potential space, the loss of resistance on a plunger is indicative 
of the entrance to the epidural space. Localization of the space is one of the major 
key steps in epidural administration. Many ingenious devices have been designed to 
improve the success of the puncture procedure and are based on the principle of loss 
of resistance within the epidural space.

3. Epidural space identification methods

1. Ogan’s slingshot epidural syringe: This simple device uses a rubber sling mount-
ed on the plunger of the syringe which generates a head pressure on the plunger 
(Figure 1) [4].

With a mounted Tuohy needle advancing into the epidural space, the plunger 
collapses as the needle gets into the epidural space. This device which depends 
on loss of resistance to air gives about 95-97% accuracy in identifying the 
epidural space.

2. Epidural balloon: This is also a device which depends on the negative pressure 
exhibited by the denting of the ligamentum flavum during penetration of the 
Tuohy needle (Figure 2).

The balloon attached to plastic device collapses (or the air in the balloon is 
sucked in) as the needle enters into the epidural space.

3. Episure™ AutoDetect syringe: This is another epidural space localization device 
(Figure 3).

Figure 1. 
Slingshot® epidural syringe.
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This device works better when it is filled with normal saline and with an advancing 
mounted Tuohy needle into the space the plunger automatically loses resistance, 
which “provides an objective, visual confirmation that the epidural space has been 
identified.” Other devices used in the identifying the epidural space include the use 
of ultrasound guide [5], spring-loaded syringes, episure [6].

4. Epidrum©: This device depends on a low pressure loss of resistance to facilitate 
epidural space identification. The device is fixed between the syringe and needle 
and, filled with air to inflate its diaphragm. As the needle advances and gets into 
the epidural space, there will be a visible collapse of the diaphragm marking 
the endpoint of space identification. One great advantage of this device is that, 
it allows a slow advancement of the needle with both hands making a more 
accurate space identification possible (Figure 4).

When inflated and connected to the Tuohy needle, Epidrum allows higher pressure 
changes due to the location of the epidural space to be differentiated from those due 
to smaller changes in the path through the different tissues of the patient [7].

5. EpiFaith© syringe: EpiFaith is a relatively new device used in identifying the 
epidural space by loss of resistance technique. When the operator attaches the 
syringe to the Tuohy needle, the spring is held in place by the locking mechanism 
(where the yellow ring on the piston meets the blue plunger). The operator then 
pushes the syringe plunger forward to engage the spring. The operator can now 

Figure 2. 
Epidural balloon – Vygon© UK.

Figure 3. 
Episure™ syringe.
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advance the needle with two hands braced against the back. When the Tuohy 
needle tip enters the epidural space and there is a loss of resistance, the piston 
advances, and the yellow is visible. The piston moving forward, and the appear-
ance of the yellow color are indicators of a loss of resistance [8] (Figure 5).

It is a device that ensures the Touhy needles comes to an abrupt halt with the 
pressure change in the epidural space. EpiFaith is mechanically driven and 
reduces the risk of accidental dural puncture.

6. Acoustic puncture assist device: Failure in identifying the epidural space could 
be a great challenge to the attending Anesthetist. One way of correct identifica-
tion is the use of Acoustic puncture assist device [9]. This method is designed 
to detect and signal by tone, the loss of resistance encountered during epidural 
procedure. The device records the pressure changes during epidural puncture of 
the ligamentum flavum. When in use, it provides an objective, visible pressure 
readings which again help in identifying the epidural space.

7. Fiber Bragg sensors: The mechanism of action of this device is characterized by 
periodic modulation of the refraction index along the axis of the fiber core. An 
abrupt relaxation of the fiber is observed as it passes from a thin and very hard 
tissue (like the ligament flavum) to a soft region (epidural space) signaling the 
entrance into the epidural space. This form of epidural space identification is still 
being researched in humans [10].

8. Ultrasound scan: Using either the linear or curved probe, the ultrasound can 
be used to guide the needle in identifying the epidural space. It is well known 
to provide a real time reliable information about the surrounding tissues 
when traversing to enter the epidural space. It has been associated with a high 
success rate.

Figure 4. 
Epidrum©.

Figure 5. 
EpiFaith© syringe (drawing provided by flat medical Inc. (Taipei City, Taiwan)).
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While most of the methods described earlier depend on loss of resistance to air 
(which could introduce air to cause patchy blocks), Evron et al. demonstrated 
the relevance of loss of resistance to lidocaine which could best be described as 
loss of resistance to fluid [11]. The advantage of Evron et al. technique added 
more value in which dilutional factor with saline is circumvented rather syner-
gistic to other local anesthetics administered into the epidural space.

4. Methods of epidural administration

Various methods have been advanced in carrying out epidural administration 
in clinical practice. Each of these methods is unique in its own way. The purpose of 
epidural administration could be short term or long term; depending on the need  
of the patient or the purpose for which it is administered. Epidural administration of 
medications can be effected through:

a. Manual (bolus) injection

b. Delivered by a machine

• Volumetric epidural infusion

• Epidural syringe pump

There are ways in which the administration can be conducted:

i. Single bolus injection

ii. Intermittent bolus injection

iii. Continuous injection

4.1 Single shot epidural administration (SSEA)

Single shot epidural injections, involves injecting a single dose of a drug. It 
eliminates the risk associated with epidural infusion through an indwelling catheter, 
such as restricting mobility limited options for anticoagulant therapy, injections and 
also for steroid injections. It is frequently used in management of radiculopathies 
[12]. This technique does not require the retention of an epidural catheter. While 
single-shot epidural administration may be ideal in some settings, the incidence of 
complications has been argued to be the same with the use of continuous epidural 
with use of a catheter. However its application is well out of place in modern labor 
analgesia practice. It is quite difficult to accurately quantify and qualify the adequacy 
of sensory level of analgesia following a single-shot. The use of a single-shot is in favor 
of epidural administration of steroids for radicular pain and others [13].

4.2 Continuous epidural administration (CEA)

Continuous epidural administration can be carried out with the use of either a 
volumetric pump or syringe pump. Each of these devices works differently. While the 
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volumetric pump allows a calculated dose of medication in an infusion bag to flow 
through the epidural catheter at a predetermined rate, the syringe pump delivers a 
calculated dose of medication through a syringe and catheter at predetermined rate to 
the patient. Continuous epidural infusions offer a safety advantage over intermittent 
epidural injections because peak and trough levels of the analgesic agent are avoided.

Continuous epidural analgesia is commonly used for labor analgesia, postoperative 
pain control after thoracic, abdominal, lower extremity, and rarely, upper extrem-
ity surgeries. An infusion pump can be used to carry out epidural administration 
of medications. This device is commonly used in areas such as obstetrics to deliver 
medications (e.g., bupivacaine or other controlled substances) for maintenance of 
analgesia during labor.

4.2.1 Infusion or volumetric pump

This plays an important role in postoperative pain relief. It requires repeated injec-
tions or continuous infusion of local anesthetic solutions, using a volumetric pump, 
capable of delivering continuous and very specific amounts of fluid at either a slow 
or fast rate, with the presence of an indwelling catheter. The initial dose establishes 
the extent of analgesia and continuous infusion preserves it. It is associated with the 
risk of misplacing the catheter and infection [14]. However, a primary safety concern 
with epidural volumetric infusion pump is the risk of delivery through an incorrect 

Figure 6. 
A volumetric pump - Infusomat® P (B Braun).
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route of administration, which can happen when epidural infusions are mixed with 
intravenous infusions. Infusing medications intended for epidural delivery through 
intravenous sites or vice versa can be detrimental (Figure 6).

4.2.2 Syringe pump

The syringe pump can be used to deliver a calculated dose and rate of a medication 
into the epidural space through an epidural catheter (Figure 7).

The pump maintains a steady stream of flow of the medication administered 
without the patient’s input.

4.3 Combine spinal epidural administration (CSEA)

Epidural administration can be achieved through the use of a combined spinal 
epidural technique. The epidural component of this procedure is through the place-
ment of catheter into the epidural space [15]. The medications to be administered can 
be done through the use of an infusion (volumetric) or syringe pump.

4.4 Patient controlled epidural administration (PCEA)

The patient-controlled epidural analgesia (PCEA) technique has been recently 
set up as a preferred mode of epidural drug delivery and used widely. The develop-
ment of PCEA allows patients to superimpose a limited volume of bolus dosing on an 
already established continuous infusion (Figure 8).

It has been found that patients with PCEA require less local anesthetic than patients 
with continuous epidural administration, to achieve a similar quality of epidural anal-
gesia [16]. To forestall overdosing, the patient controlled pump is incorporated with a 
lockout mechanism which prevents repeated self-dosing within a given time interval.

4.5 Computer integrated patient-controlled epidural injection (CIPCEA)

Computer-integrated patient-controlled epidural analgesia (CIPCEA) is a novel epi-
dural delivery system programmed to analyze the pharmacologic agent use across the last 
hour and adjusts the background infusion rate according to an algorithm [17] (Figure 9).

Figure 7. 
P2000 syringe pump (IVAC®).
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This novel method of epidural drug injection automatically adjusts the injection 
rates based on the patients need for analgesia [18]. When compared with the conven-
tional patient controlled injection, there was more patient satisfaction and less local 
anesthesia use in the CIPCEI group [18].

4.6 Programmed intermittent bolus epidural injection (PIEBA)

Programmed intermittent epidural bolus (PIEB) is a new way of injecting local 
anesthetic agents into the epidural space through an epidural catheter at fixed time 
intervals [19].

This is an automated method of administering boluses of local anesthetic solution 
into the epidural space at fixed time intervals. It has been described as a method that 
works perfectly well with patient-controlled epidural administration (PCEA) [16].

Figure 9. 
Computer integrated patient controlled epidural pump ( first generation computer integrated infusion pump 
set-up using an IBM Thinkpad laptop (IBM, USA) connected to a modified syringe pump (IVAC P700, 
Alaris, UK).

Figure 8. 
Patient-controlled syringe pump SP-14S (aitecs©).
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The combination of methods prolongs the duration of analgesia, reduces motor block, 
lowers incidence of breakthrough pain, and reduces local anesthetic consumption 
compared to continuous epidural injection [20]. However, it remains unclear what is 
the optimal PIEBA dosing regimen.

5. Conclusion

Epidural administration is a valuable tool in clinical practice. It has been used 
in various management or treatment of pain such as postoperative, labor analgesia, 
steroid administration, injection of platelet-rich plasma concentrate and other needs 
in clinical medicine. More researches are still on in exploring other ways the epidural 
space can be beneficial in clinical practice.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Epidural: Loss of Resistance
Prashanth Jagadeesha Prabhu

Abstract

The epidural space is present above the dura also called as extradural space.
This space contains spinal nerve roots and other contents with Batson’s venous plexus.
The lumbar epidural space is more than atmospheric pressure. Hence, one of the
hypothesis for loss of resistance (LOR) during epidural is the loss of pressure exerted
by dense ligamentum flavum. There are many methods to find the loss of resistance
(LOR) technique. Two most common methods followed are loss of air technique and
loss of saline technique. The recent advances speak about epidural waveform analysis
for correct position of epidural catheter which is helpful in labor analgesia.

Keywords: epidural, loss of resistance, saline, air, methods, pressure

1. Introduction

The epidural needle (also known as extradural space or peridural space) pierces the
skin, subcutaneous tissue, supraspinous ligament, interspinous ligament, ligamentum
flavum, and finally epidural space (EDS). The failure rate of lumbar epidural is 27%
and thoracic epidural is 32% [1].

2. History of origin of loss of resistance to epidural space

In 1921, Sicard and Forestier described loss of resistance (LOR) using lipiodol.
Lipiodol is a chemical compound with 40% iodine with vegetable oil or poppy
seed oil [2].

In 1928, Heldt and Moloney attempted to check the epidural pressure with spinal
puncture needle with stopcock. They attached the manometer to the stopcock to
measure the pressure. A negative pressure of �1 to �18 mm of mercury was recorded
by the manometer once the needle was pushed deeper to the ligamentum flavum [3].

3. Different methods available for the loss of resistance

Various methods are described for epidural loss of resistance.

3.1 Classification based on type of sensation appreciated

Three categories of LOR have been described as:
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• tactile end point (loss of resistance),

• visual end point (negative pressure recognition), and

• auditory end point (acoustic fall in tonal pitch) [4].

The other classification of various methods to identify EDS (epidural space).

3.2 Based on level or position of needle and epidural space

Three categories are described:

• Needle before entering the epidural space or guiding the needle to EDS,

• Needle during entry into epidural space or identifying entry into the EDS, and

• Post needle entry into epidural space or confirming needle/catheter location in
the EDS [5].

Guiding the needle to EDS.

• Ultrasound-guided techniques

• Needle tracking methods

• Guidance positioning system for regional anesthesia (SonixGPS)

• Real-time 3D/4D ultrasonography

• Ultrasound imaging with pre-acquired three-dimensional images of spine

• Ultrasound through needle

• Needle through ultrasound

• Machine vision

• Acoustic radiation force impulse (ARFI) imaging

• Fluoroscopy

Identifying entry into epidural space (modifications of the loss of resistance
technique).

• Membrane in syringe technique

• Epidural balloon

• Epidrum
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• Episure Autodetect

• Auditory and visual display of pressure wave

• Bioimpedance

• Optical reflectance spectroscopy

• Optical coherence tomography (OCT)

Confirm catheter location in epidural space.

• Epidural stimulation test

• Electrocardiography (ECG)-guided system

• Epidurography

• Epidural pressure waveform analysis

• Near-infrared tracking system

• Ultrasound

3.3 The detection of epidural space can also be classified as two types: Subjective
and objective types

The subjective type can be subdivided into two types—human-based subjective
type and equipment-based subjective type.

The objective type can be subdivided into two types—equipment-based objective
type and ultrasound-based objective type.

3.3.1 Human-based subjective type epidural space detection

1.Loss of air

2.Loss of fluid

3.Saline with air bubble

4.Lidocaine

5.KSMM (the combined plunger pressure—manometer method)

6.BiP (Bidigital Pressure) test

7.Use of hanging drop

8.Cerebral spinal fluid (CSF) ceased to drip
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9.Sterile water injection

10.Loss of guidewire resistance (LOGR, epidural space finder)

11.Membrane in syringe technique

12.Epidural Queckenstedt test

13.Cold test

14.Hissing sound

15.Second needle method

3.3.2 Equipment-based subjective-type epidural space detection

1.Acoustic puncture assist device (APAD)

2.LOR syringe with fluoroscopy

3.EpiFaith syringe

4.Episure autodetect syringe

5.Epidrum

6.Epidural balloon

7.Electrocardiography (ECG)-guided system

8.Drip infusion method

3.3.3 Equipment-based objective-type epidural space detection

1.Epidural waveform analysis

2.CompuFlo

3.Epidural stimulation test

4.Epidurography

5.Near-infrared tracking system

6.Epiduroscope

3.3.4 Ultrasound-based objective-type epidural space detection

1.Ultrasonography.
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a. Preprocedural ultrasound scanning

b. Real-time ultrasound guidance

• Guidance positioning system for regional anesthesia (SonixGPS)

• Three- and four-dimensional real-time ultrasound

• Preprocedure 3D high-resolution images

• Machine vision

• Acoustic radiation force impulse (ARFI)

2.Doppler method.

4. Human-based subjective-type epidural space detection

4.1 Loss of air

It is the oldest and most common method followed for the loss of resistance
technique to detect the epidural space [6]. This technique is done by filling air into
syringe and connected to epidural needle to detect the loss of resistance.

Some complications are observed by the use of loss of resistance to air. They are
pneumocephalus, air embolism, insufficient analgesia, delayed onset, higher inci-
dence of dural puncture, nerve root compression, and subcutaneous emphysema [7].

4.2 Loss of fluid

Dogliotti described the loss of fluid technique in epidural space. He described that
while advancing the needle by exerting the pressure on the piston of the syringe. Once
this needle enters the epidural space, there is the sensation of needle slipping, simul-
taneous disappearance of resistance to injection, and the pressure felt on the piston of
the syringe will disappear. He with his team also described about polyethylene cathe-
ter insertion to epidural space [8].

4.3 Saline with air bubble

Odom devised this method by attaching the capillary glass tube with air bubble
and fluid. He modified the capillary method of saline with air bubble of 2 ml. He said
that the movement of this air bubble to the needle indicates epidural space, and the
movement of the air bubble away from the needle indicates subarachnoid space
(dural tap) [9].

The fluid LOR does not provide the same feel as air for appreciating the LOR.

4.4 Lidocaine

2–3 ml test dose of lignocaine 1–2% confirms the epidural space. If the lidocaine is
administered to subarachnoid space, there is be sudden onset of weakness in bilateral
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lower limbs, and it does not occur when it is administered into epidural space. This
property is used as test dose to confirm the epidural space.

4.5 KSMM (The combined plunger pressure-manometer method)

It is a satisfactory alternative for the loss of resistance technique [10].

4.6 BiP test (Bidigital pressure test)

It is a simple procedure where pressures of two fingers are used to feel the LOR for
epidural [11]. It is described that pressures of two fingers are adequate to feel the
epidural space.

4.7 Use of hanging drop

Alberto Gutierrez discovered the hanging drop technique in February 1933. He was
searching for epidural space with LOR technique with fluid. Due to stiff resistance, he
removed LOR syringe and noted a small drop of liquid hanging at the tip of the needle.
As he advanced the needle, the drop suddenly disappeared or moved inside the
epidural space due to negative pressure of the epidural space [12].

4.8 CSF (Cerebral spinal fluid) ceased to drip

A method described by Sebrechts describes to do a dural tap in the beginning by
inserting the needle into the subarachnoid space. Later, the needle is withdrawn until
CSF ceased to drip to locate the epidural space [6].

4.9 Sterile water injection

Lund used 5 cc syringe filled with distilled water for epidural space identification.
The distilled water causes burning pain if the patient is awake, and in asleep patient it
causes slight movement [13]. It is due to irritation caused by sterile water in epidural
space.

4.10 Loss of guidewire resistance (LOGR, epidural space finder)

The guidewire is used instead of air in the LOR technique. When the needle goes
through the ligamentum flavum, there was constant rotation of dials on both sides
leading to resistance of guidewire. Once the needle entered the epidural space, the
dial lost the resistance and the guidewire moved a few centimeters into the epidural
space [14].

4.11 Membrane in syringe technique

In this technique, a plastic membrane is placed in the middle of the syringe,
dividing it into two compartments. The distal compartment of syringe has nozzle and
is filled with saline. The proximal part of the syringe has plunger and is filled with air.
Once this enters, the epidural space wrinkling of the plastic membrane is seen which
can be appreciated by the loss of air. This technique also avoids injection of air into the
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epidural space. Even sometimes due to no appreciation of loss of resistance, the
epidural space is identified by visible wrinkling of the membrane [15].

4.12 Epidural Queckenstedt test

Compression of bilateral internal jugular veins lead to increased subarachnoid
pressures and increased epidural pressure which is used to confirm epidural puncture
in this test [16].

4.13 Cold test

The injection of local anesthetic into epidural space gives a cold sensation in the
back, and it is called as the cold test [17].

4.14 Hissing sound

In loss of resistance to air technique, once the needle enters the epidural space the
air rushes into the epidural space. This is detectable on a stethoscope attached to
epidural needle and audible as hissing sound [18].

4.15 Second needle method

After first needle LOR is obtained, the second needle LOR is obtained in the
adjacent intervertebral space. If both these needles are in epidural space, 5 ml of rapid
injection of normal saline from one needle will lead to fluid leakage from the other
needle called the second needle method [19].

Current scientific evidence:

• False-positive LORs can happen in 17% of the patients. Saline with air bubble loss
of resistance technique is preferred by most users.

• Studies are done to compare other syringes with epidural loss of resistance
syringe, and it has been found to be 66–81% similar [20]. Hence, it is always
better to use epidural loss of resistance syringe.

• Three different techniques were used for LOR assessment: incremental needle
advancement with intermittent LOR assessment, continuous needle
advancement with high-frequency intermittent LOR assessment, and continuous
needle advancement with continuous LOR assessment. Postdural puncture
headache is due to increased needle tip overshoot distance after LOR. Needle tip
overshoot is defined as the distance traveled by the needle tip beyond the point
where LOR can be first obtained. Of all the three techniques, incremental needle
advancement with intermittent LOR assessment resulted in deepest needle tip
overshoot [21]. The needle tip overshoot was less with continuous needle
advancement with continuous loss of resistance assessment.

• Any drug or air pushed through the epidural space has a risk to enter the
circulation and cause unwanted systemic effects. Hence, anesthesiologists should
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be always cautious of the quantity of air pushed in epidural space and its
placement [22].

Limitations and disadvantages of some popular techniques
There has been some explanation by MRI studies for false loss of resistance.

Supraspinous ligament and interspinous ligament in lumbar region are biconcave
axially. These gaps lead to deposition of anterior fat giving false loss of resistance [23].

The other causes of false-positive loss of resistance are as follows:

• Age-related cysts in interspinous ligaments seen in higher number of patients
above 60 years;

• Paravertebral muscles give a false LOR;

• Frequent midline gaps hamper the gap between ligamentum flavum and epidural
space;

• Intermuscular planes between the muscles.

5. Equipment-based subjective-type epidural space detection

These methods use equipments to detect the loss of resistance. It is not definitive
that the loss of resistance is in epidural space. It is therefore highly subjective in the
detection of epidural space.

5.1 Acoustic puncture assist device (APAD)

It documents pressure throughout the procedure of epidural. It provides real-time
auditory and visual displays of pressure waveforms. It simultaneously uses three
senses: hear (auditory signal), see (pressure and auditory graph on the screen), and
touch (LOR from the needle) [24].

5.2 LOR technique with fluoroscopy

It is done in the prone position. Once the needle reaches L5-T1 interlaminar
foramen, fluoroscopy of AP (anteroposterior) is done to confirm the placement.
When LOR is done, lateral view of the fluoroscopy is done [25]. The disadvantage of
this technique is patient needs to be put in prone position to undergo fluoroscopy.

5.3 EpiFaith syringe

The EpiFaith syringe has a spring-loaded plunger with the syringe. On the loss of
resistance, the syringe moves by itself thus showing the epidural space [26].

5.4 Episure autodetect syringe

It is a spring-loaded loss of resistance syringe with a coaxial compression spring
within a LOR syringe. This syringe gives constant pressure when it is being advanced.
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Hence, the operator can use both his hands in advancing the needle [12]. To
minimize the false loss of resistance, the episure syringe is attached to the needle once
its tip is in the interspinous ligament as this does not detect epidural space, but it
detects only the loss of resistance [27].

5.5 Epidrum

It contains a small drum with a diaphragm on one of its sides. The device is placed
between Tuohy needle and syringe for epidural placement. On penetration of epidural
space, there is sudden collapse of the diaphragm giving visual evidence confirming
the loss of resistance. It takes less attempts and shorter time in comparison with
standard LOR [28].

5.6 Epidural balloon

A small inflated balloon is attached to the hub of the epidural needle, while
the epidural needle is being inserted. On obtaining the epidural space, the
balloon collapses due to negative pressure [29]. A Y-shaped connector is attached to
the epidural needle where the one end is having the balloon and the other end is
attached to the syringe for charging the balloon. The balloon collapse on entering
the epidural space is faster than traditional LOR giving a visual evidence of loss of
resistance [30].

5.7 Electrocardiography (ECG)-guided system

In this system, the epidural tip is having or contains one of the ECG lead.
Another surface electrode is positioned at desired dermatomal level. Once this ECG
enabled epidural catheter reaches the desired segment, it matches with the reading of
the surface electrode [31]. It confirms the needle entry into respective dermatomal
level.

5.8 Drip infusion method

It combines method of LOR with drip infusion for confirmation of the epidural
space. It identifies the true epidural space by LOR and later with fluid dripping
present. In pseudo or false LOR, there is no fluid dripping [32].

Current scientific evidence:

• Less commonly used modern methods (epidrum, lidocaine, acoustic device, and
Macintosh balloon) are better compared to air, saline, and both with relation to
loss of resistance for the identification of epidural space [33].

• The risk of epidural vein cannulation is higher in sitting position (15.7%) in
comparison with lateral position (3.7%) of the parturients. This study shows the
correlation between posture and epidural catheter insertion [34]. Hence, in
parturients, insertion of epidural needle insertion with catheter in lateral position
is always preferred.

23

Epidural: Loss of Resistance
DOI: http://dx.doi.org/10.5772/intechopen.109947



Limitations and disadvantages of some popular techniques
The advantage of ECG-guided epidural catheter is that it can be used in the

presence of local anesthetic and neuromuscular blocking agents. This technique helps
to match the vertebral level of particular dermatome but does not confirm its location
in epidural space.

6. Equipment-based objective-type epidural space detection

These are the techniques or methods which take the help of equipments and
identify the epidural space accurately most of the times.

6.1 Epidural waveform analysis

In the epidural pressure waveform, there is a drop in pressure once the catheter
enters the epidural space. Epidural space pressure waveform and computed tomogra-
phy cathetergram are helpful in identifying the epidural space and location of epidural
catheters. It is obtained by transducing an epidural catheter. The pressure changes
observed on epidural waveform when the needle went through ligamentum flavum is
around 82 � 25 mmHg. This pressure dropped to 6.5 � 11.6 mmHg once the needle
entered the epidural space [35]. The quantity of saline required for epidural waveform
analysis is 5 ml.

The epidural pressure waveform analysis has reported 81% sensitivity,
100% specificity, 100% positive predictive value, and 17% negative predictive
value [36].

6.2 CompuFlo

The CompuFlo epidural instrument is a computer controlled drug delivery system
that can precisely measure the pressure of human tissues in real time at the tip of the
needle. It gives real time exit-pressure data at the needle tip. Both visual and audio
graphic of exit pressure is provided. With CompuFlo, the needle entry into the
ligamentum flavum increase pressure and audible tone. Once it enters the epidural
space there is a big drop in pressure and audiotone. A drop in pressure for more than
5 seconds confirms entry into epidural space [37, 38].

CompuFlo helps in identification of true loss of resistance by sudden and sustained
drop (more than 5 seconds) in pressure (greater than 50% of maximum pressure) and
pitch of audible tone with formation of low and stable plateau pressure. In case of false
LOR any one of the above is not achieved. If the pressure increases after drop in
pressure it is a false LOR [39].

6.3 Epidural stimulation test

It involves electrical stimulation of nerves passing through the epidural space.
Motor or sensory response to stimulation of 1–10 mA indicates epidural location of
catheter. Stimulation <1 mA happens when the catheter is in subarachnoid position,
subdural space, or close to nerve root [40].
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6.4 Epidurography

It is obtaining fluoroscopy of contrast dye administered through epidural catheter.
Typical epidural spread can be appreciated on fluoroscopic image. Equipment
required and radiation risks are the disadvantages of this technique [41].

6.5 Near-infrared tracking system

A fiberoptic wire is placed in an epidural catheter which emits infrared signal picked
up by infrared camera. This infrared tracking system helps in the identification of the
epidural space. In this technique, the signal is poor in obese patients, and when catheter
passes under the lamina making it is difficult to track the epidural space [42].

6.6 Epiduroscope

It is a fiberscope or a camera which is advanced through the 18-guage Tuohy
needle into the epidural space. The outer diameter of this scope is 0.8 mm [43]. This
epiduroscope gives the visualization of the epidural space.

Current scientific evidence
Attempts were made to check the epidural pressure. It was found that at T3–T5

level, the median epidural pressure was 1 mmHg (�1 to 4.5 mmHg). The epidural
pressure at T7–T10 level is 4 mmHg (2 to 7.8 mmHg). The subatmospheric epidural
pressure is higher at mid-thoracic area in comparison with lower thoracic area [44].
The lumbar epidural pressure is greater than atmospheric pressure when referenced to
zero at the dorsal spine level [45].

Limitations and disadvantages of some popular techniques
The CompuFlo can be used to localize the epidural space, but it does not decrease

the overall catheter failure rate or accidental dural puncture rate. It does not help in
the identification of midline or guide the trajectory of the epidural needle [46].

The epidural pressure waveform will not aid in the detection of subarachnoid,
intravascular, or subdural catheter misplacement [47]. Hence, it is not cent percent
effective in the confirmation of epidural space.

The disadvantages of epidural stimulation are that it becomes ineffective on the
administration of local anesthetic, neuromuscular blocking agents, and in preexisting
neuromuscular disease. It becomes ineffective in those conditions where the nervous
system is affected.

7. Ultrasound-based objective-type epidural space detection

7.1 Ultrasonography

Two methods are used.

7.1.1 Preprocedural ultrasound scanning

A handheld ultrasound device for epidural identification—A wireless ultrasound
device is used to limit the storage space for the ultrasound equipment. The software is
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programmed to calculate the depth of the epidural space. Horizontal and vertical lines
are drawn from the midpoint to the probe at each inter spinous space. Later, the
ultrasound device is kept aside. Using the marked lines, the epidural needle is inserted
to the depth achieved by the ultrasound earlier to get the epidural space. The success
of up to 87% has been achieved for the first pass of epidural needle to identify the
epidural space by the ultrasound method [48].

7.1.2 Real-time ultrasound guidance

Though it is real-time placement of epidural catheter, two operators are considered
necessary for real-time ultrasound guidance [49]. Some have reported that single
person technique is possible by in-plane method, and it requires a lot of expertise in
doing the same. There is also risk of ultrasound gel entering the epidural space [50].

Different types of ultrasound modalities are used to help localize the epidural
space.

i. Guidance positioning system for regional anesthesia (SonixGPS).

This uses an electromagnetic motion tracking system which helps in
determining the position of the needle. It is more useful in out-of-plane
approach [51].

ii. Three- and four-dimensional real-time ultrasound.

Three- and four-dimensional real-time ultrasound has shown to help in
regional anesthesia [52]. Certain difficulties are present in 3D/4D ultrasound
images. They are varying bony shadows and artifacts due to complex
anatomy of the spine. There are also problems with poor resolution, poor
needle visibility, and reduced frame rate. Hence, it requires a high skill to
perform the needle insertion into the epidural space.

iii. Preprocedure 3D high-resolution images.

The preprocedure three-dimensionsl high-resolution images are constructed
and later used in real-time 2D ultrasound image. This helps in the point of
insertion of needle, trajectory of the needle, and depth of epidural space,
making it more easier in getting the epidural space.

iv. Machine vision.

The machine vision is a form of artificial intelligence where computer is
helping to recognize images. It compares with previous stored data, and once
familiar structures are recognized, they are pointed out by ultrasound image
[53]. This artificial intelligence helps and gives clues to direct the epidural
needle in the right direction and right depth. It helps by correlating the
present ultrasound image with previous stored images.

v. Acoustic Radiation Force Impulse (ARFI).

In the acoustic radiation force impulse (ARFI), the images are derived from
differences in the mechanical properties of tissue rather than acoustic
properties. It is used to know the tissue structural and mechanical properties.
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In ARFI imaging plane, if imaging needles are out of required plane, the local
stiffening effect of the needle can be visualized within ARFI imaging plane,
thus helping in needle visualization [54].

7.2 Doppler method

The epidural needle is connected to a Doppler probe which is connected to a
speaker and a paper recorder. On entry to epidural space through loss of resistance,
“whoosh” sound is heard followed by spontaneous drop in Doppler flow tracing [55].
The appreciation of this sound helps in the identification of the epidural space.

Limitations and disadvantages of some popular techniques
The difficulty with real-time two-dimensional ultrasound is tracking of needle.

From entry to epidural space is visualization of needle, or needle tip is difficult. This
can be taken care with the help of needle tracking and navigation tools.

Needle visibility is a problem with ultrasound methods. Usually 2D B-mode ultra-
sound guidance is used for needle entry guidance to epidural space. The needle
visibility is difficult when insertion angle is too steep, difference between imaging
plane and needle plane and small needle gauge.

8. Future of epidural space detection

Raman spectroscopy has shown unique spectrum for all paravertebral and
neuraxial tissue layers in porcine tissues [56]. Further studies of Raman spectroscopy
is required on human subjects. If proved or invented, unique spectrum of Raman
spectroscopy can be used to identify the epidural space.

Color flow Doppler function is being used to visualize the flow in epidural space on
the injection of normal saline or air (1 ml over 1 second) [57]. Higher skills training is
required, and it might require a long learning curve for expertise.

CompuFlo or technology built on the same with real ultrasound guidance could be
the future instrument or technique of choice for difficult epidural.

Fiber Bragg grating (FBG) sensor for loss of resistance—This uses a novel soft
system (SS) based on one fiber Bragg grating sensor (FBG) which is present in a soft
polymeric matrix for LOR detection [58].

Ultrasound—Embedded needle is used for the identification of epidural space, and
placement of catheter in real time with axial resolution of 0.15 mm has been tried on
porcine models [59]. Further human trials are required to evaluate the effectiveness
on humans.

Bioimpedance—Different tissues have different electrical impedance. This prop-
erty helps to distinguish different types of tissues. Epidural space has higher fat
content compared to nearby structures. This property could be utilized by
bioimpedance in future to detect epidural space [60].

Optical spectroscopy—This method is tested on animal models. The needle is
customized with optical fibers integrated into the cannula. The optical spectra (visible
and near-infrared wavelength) are obtained at different depths. The estimates of
blood and lipid volume fractions are determined. The lipid fractions obtained from
epidural space were in the range of 1.9- to 20-fold higher than muscle, and epidural
vein has high blood volume fraction [61].
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Optical coherence tomography (OCT)—This is a type of B-mode ultrasonography
using light reflection. This technology uses the light reflected to determine the depth
of penetration to 2–7 mm to create the images of the tissue. This technology has helped
to avoid neural damage in animal studies [62].

Due to reduced opportunities and to mitigate medical errors, simulation training
for technical skills will help the trainees. To bridge the requirements and resources,
multiple simulators from different manufactures are available in the market.

9. Conclusion

It has been more than 100 years since the discovery of LOR in epidural space, and
we have not been able to find an ideal method to detect LOR space which has 100%
specificity and 100% sensitivity and is safe and user-friendly. Research for better
methods are still required to discover an ideal LOR instrument for the epidural space.
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Abstract

In the last few decades, epidural administration of various drugs has gained 
popularity and widespread clinical acceptance. Epidural administration of local 
anesthetics and opioids has been considered “state of the art” in acute pain manage-
ment (thoracic and major abdominal surgery, labor). Its advantage is that it yields 
profound, long-lasting, dose-dependent analgesia, leaving other sensory and motor 
functions intact. It facilitates early patient mobilization and ambulation and therefore 
reduces the risk of postoperative thromboembolism and respiratory complications. 
The increment in the elderly population caused an increase in musculoskeletal and 
spine diseases and thus, epidural steroid injections have become highly effective for 
chronic pain treatment. There are many factors that have an impact on drug physiol-
ogy and pharmacology in the epidural space and, therefore, can modify epidural 
anesthesia or the expected effect of another medication. This chapter provides insight 
into this complex and comprehensive topic to demonstrate a predictable pattern that 
can provide a safe and accurate guide to clinical practice.

Keywords: epidural space, pharmacology, opioids, local anesthetics, steroids

1. Introduction

Clinical indications for epidural anesthesia and analgesia have expanded over the 
years. Epidural analgesia is often used as a supplement to general anesthesia for surgi-
cal procedures in pediatric and adult patients [1, 2]. It is well tolerated in patients with 
age-related comorbidities, such as chronic obstructive pulmonary disease, hyperten-
sion, coronary artery disease, and renal insufficiency [3, 4]. Elderly patients may 
benefit from decreased postoperative confusion and delirium associated with regional 
anesthesia if intraoperative hypotension is avoided [5].

Epidural drug administration provides analgesia in intraoperative, postoperative, 
peripartum, and end-of-life settings. It can be used as the primary anesthetic for 
surgery from the mediastinum to the lower limbs. Additionally, epidural techniques 
are increasingly being used for diagnostic procedures, acute pain therapy, and the 
management of chronic pain [6]. Epidural anesthesia reduces surgical stress response, 
the risk of cancer recurrence, the incidence of perioperative thromboembolic events, 
and, possibly, the morbidity and mortality associated with major surgery [7–9].

Aforesaid is in the ideal setting. However, epidural drug administration and its 
clinical effect may face many obstacles compared with subarachnoid block, since 
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epidural space is “virtual” and somewhat different from spinal space. Injection of 
the drug in a large volume is made into the region where target nerves are entrenched 
behind barricades and where blood flow inflicts heavy losses on the advancing local 
anesthetic. Furthermore, the flow of fluids in the epidural space is modified by 
abdominal and thoracic pressures transmitted through the intervertebral lamina. All 
mentioned can affect and modify drug pharmacology and clinical effect.

One of the first articles written on epidural drug physiology and pharmacology 
was by legendary professor Bromage, who set the cornerstone of regional anesthesia 
[10]. Since then, the principle has remained the same. However, new drugs were 
reinstated, and many randomized studies have been undertaken for a better under-
standing of this complex subject.

This chapter provides insight into this complex and comprehensive topic in order 
to demonstrate a predictable pattern that can provide a safe and accurate guide to 
clinical practice.

2. “Back to basics”

2.1 Anatomy of epidural space

Before pharmacology issues are discussed, it is important to regard the site of 
administration and relevant anatomy in some detail. The vertebral column has 7 
cervical, 12 thoracic, 5 lumbar, 5 fused sacral, and most commonly, 4 fused coccygeal 
vertebrae. Vertebral anatomy varies according to each level. The atlas (C1) and the 
axis (C2) are highly atypical vertebrae, but from C3 downward the vertebrae have a 
recognizable anterior body, posterolateral pedicles, transverse processes, and pos-
terior laminae, which fuse to form the spinous processes. The spinal canal enclosed 
within these structures is known as the epidural space. Its central portion is occupied 
by the dural sac, which contains the anterior and posterior spinal nerve roots, also 
known as the caudal equina. Between the arachnoid and the pia mater, which is 
applied to the spinal cord, is cerebrospinal fluid (Figure 1) [11].

The epidural space surrounds the dura mater circumferentially and extends from 
the foramen magnum to the sacrococcygeal ligament. Posteriorly it is bound by the 
ligament flavum, laterally by the pedicles and the intervertebral foramina, and anteri-
orly by the posterior longitudinal ligament, respectively [1].

Each intervertebral foramen connects the epidural with the paravertebral space 
without any barrier. Even within the intervertebral foramen, the epidural space is 
perforated by a spinal nerve and its duplicated dura sheath. Furthermore, the epi-
dural space is in connection with the paravertebral space and attached anatomical 
structures. Thus, the epidural space is neither a distinct anatomical compartment 
nor a homogeneous compartment [12]. Disk herniation (the most common chronic 
disease of the spine) occurs primarily at weak points in this posterior longitudinal 
ligament in an area that comprises the anterior epidural space, as opposed to the more 
clinically relevant posterior epidural space [12].

The epidural space contains adipose tissue, blood vessels, nerve roots, lymphatics, 
and various haphazard fibrous connections to the ligament flavum, which can have 
an unpredictable effect on the course of an epidural catheter. The ligament flavum 
is not uniform from skull to sacrum, nor even within an intervertebral space. The 
ligament thickness, distance to the dura, and skin-to-dura distance vary with the area 
of the vertebral canal (1.5–3.0 mm in cervical, 3.0–5.0 mm in thoracic, 5.0–6.0 mm in 
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lumbar, and 2.0–6.0 mm in caudal level, respectively) [13]. The amount of adipose tis-
sue in the epidural space appears to affect the spread of local anesthetic, but it remains 
unclear whether epidural fat prolongs nerve block duration by serving as a reservoir 
or decreases the amount of available drug, thereby slowing onset or both. The reduc-
tion of adipose tissue with age is speculated to account in part for the higher levels and 
faster onset of epidural anesthesia in the elderly [14]. Also, those fat pads under the 
ligament flavum could further explain the inhomogeneous spread of a local anesthetic 
and the deviation of epidural catheters. They can influence catheter advancement and 
may facilitate catheter migration through the intervertebral foramen [15].

Epidural arterial supply arises from anterior and posterior spinal arterial arcades, 
arising from spinal arteries entering the space through every intervertebral foramen. 
Its venous drainage is via a plexus of valveless veins, which is in the anterior epidural 
space. The venous plexus receives blood shunted from thoracic and pelvic veins, which 
means that straining and coughing can transiently engorge them. Because the plexus is 
valveless, blood from any of the connected systems can flow into the epidural vessels. 
Therefore, in situations when caval flow is obstructed, as in late pregnancy, the spinal 
veins are distended and occupy an abnormal absorption of the spinal canal [11, 12].

Aforesaid, the epidural space is irregular and segmental. It is distensible and an 
injection of fluid tends to distort its dimensions. Rheumatoid arthritis and trauma 
may affect this relationship and the ability to recognize the relevant anatomy [16]. 
We think that a picture tells a thousand words (Figure 2). With this kind of spine 
pathology, the epidural administration will probably modify or alter the detection of 
epidural space, epidural catheter placement, and drug efficacy. Also, we can expect a 
high incidence of epidural insertion-related complications [11, 12, 15].

2.2 Physiologic effects of epidural blockade

The extent of these physiologic effects depends on the level of placement and 
the number of spinal segments blocked. In general, high thoracic epidural nerve 
blocks (i.e., above Th5) and extensive epidural nerve blocks are associated with more 
profound physiologic changes than nerve blocks with low sensory levels (i.e., below 
Th10). Spinal anesthesia and epidural anesthesia produce a similar degree of dif-
ferential sensory blockade. Epidural anesthesia produces a sympathetic block, which 

Figure 1. 
Anatomy of the spinal cord (cross-sectional view). Notice the close proximity of the posterior epidural space to the 
subarachnoid space.
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extends higher than the sensory block, with the lack of motor block, which is charac-
teristic of spinal anesthesia [17].

The nerve fibers vary in their response to LAs based on their diameter and state 
of myelination. The most susceptible are Aδ nociceptive fibers (which are respon-
sible for autonomic nervous system transmission) resulting in an epidural block in a 
concentration-dependent manner [18]. The meaning of the aforementioned is that 
this type of myelinated fiber requires larger LA concentrations because of the myelin 
sheath, also becomes blocked faster, and recovers faster. On the other hand, small 
unmyelinated C-fibers (postganglionic fibers in the autonomic nervous system and 
nerve fibers at the dorsal roots) that are in charge of transmission of visceral dull pain 
sensation need lower concentrations of LAs because they lack a protective myelin 
sheath and diffusion barrier, but with the longer necessary time to recover. Based 
on these findings, differential neural block and sensitivity to LAs are best presented 
in an epidural block where the main goal is to achieve appropriate anesthesia in a 
dermatomal distribution of the patient’s pain complaints [19]. We can say succinctly 
that in the epidural block, autonomic fibers (types C and B) are the fastest and easiest 
blocked nerve fibers, and usually reach higher dermatome levels (2–6 levels) than 
the sensory block. Myelinated, Aδ nociceptive fibers are the next fibers where the 
neuronal transmission stops; sensory functions include first temperature (cold), then 
the pain (pinprick), and finally, touch. The last ones blocked are the proprioception 
(A-beta, Aβ) and motor fibers (Aα) with a descending dermatomal level [18, 20].

During general anesthesia combined with epidural analgesia, the degree of seda-
tion and minimum alveolar concentration (MAC) sparing effect appear to correlate 
with the height and level of the sensory nerve block. Also, a thoracic block is associ-
ated with a greater sedative effect than the lumbar block and a higher concentration 
of LAs may contribute to a greater MAC-sparing effect. The addition of opioid 
adjuvants to the epidural LA solution does not appear to reduce volatile agent require-
ments any further, although it does contribute to better postoperative pain scores [21].

Cardiovascular and hemodynamic effects are primarily the result of a sympathetic 
nerve fiber blockade. They include venous and arterial vasodilation, reduced systemic 
vascular resistance, and changes in chronotropy and inotropy resulting in blood pres-
sure and cardiac output variations. The type and intensity of these changes are related 
to the level of nerve block, the total number of dermatomes blocked, as well as the 
type and dose of LA administered. In general, high thoracic nerve blocks can cause 
marked changes compared with lumbar blocks [22].

Figure 2. 
MRI of the lumbar spine (T2-weighted sagittal) shows mild to severe lumbar pathology (from left to right). 
Courtesy of Department of Radiology, Clinical Hospital Centre Rijeka.
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Epidural anesthesia may also affect lung function, depending on the level of 
block. Tidal volume remains unchanged, while vital capacity and forced expiratory 
volume in 1 s (FEV (1.0)) can be decreased during high thoracic epidural block [23]. 
However, thoracic epidural anesthesia has benefits in major abdominal and thoracic 
surgery since it enhances pain relief postoperatively and thus reduces postoperative 
pulmonary complications [24].

As for the gastrointestinal (GI) system, sympathectomy associated with an epidural 
block in the mid-to-low thoracic levels results in unopposed vagal tone, which mani-
fests clinically with increased peristalsis, relaxed sphincters, an increase in GI secre-
tions, and, likely, more rapid restoration of GI motility in the postoperative phase [25].

Because renal blood flow is maintained through autoregulation, epidural 
anesthesia has little effect on renal function in healthy individuals. Compensatory 
and feedback mechanisms (afferent arteriolar dilation and efferent arteriolar 
vasoconstriction) ensure constant renal blood flow over a broad range of pressures 
(50–150 mmHg) [26].

As far as thermoregulation is concerned, hypothermia is primarily due to periph-
eral vasodilation resulting in heat redistribution from the core to the periphery. In 
addition, reduced heat production (due to reduced metabolic activity) results in a 
negative heat balance [25].

Epidural anesthesia reduces the hypercoagulable state in the postoperative period 
and is associated with a decreased risk of deep vein thrombosis (DVT) and pulmo-
nary embolism. Likewise, it could effectively inhibit central sensitization and reduce 
the damage of intraoperative stress response to cognitive function [27].

2.3 Basic epidural pharmacology

When drugs are administered neuraxial, it is of crucial importance to understand 
the pharmacokinetics and pharmacodynamics of the agents employed in order to 
ensure adequate anesthesia/analgesia as well as safety. In general, neuraxial admin-
istered drugs need to reach their primary site of action to work [28]. Absorption to 
the main target site (i.e., the spinal cord and intrathecal dorsal nerve root as well as 
local and systemic (re-)distribution) determine the onset and duration of action of 
epidural and intrathecal drugs.

After injection of epidural drug(s), the drug solution coats the dural sack, spread-
ing up and down in a fairly random fashion. From the epidural space, drugs may go 
four ways (Figure 3):

1. Exit the intervertebral foramina to reach the paraspinous muscle space

2. Distribute into epidural fat. This defines the main influence on epidural drug  
behavior. The drug forms a reservoir and redistributes gradually, creating a lon-
ger effect. The speed of onset is also mainly related to lipid solubility (discussed 
later in the chapter).

3. Diffuse into ligaments

4. Diffuse across the spinal meninges and into the cerebrospinal fluid (CSF) where 
the arachnoid is the main meningeal barrier to diffusion. Apart from that, a 
small minority of drugs will penetrate the systemic circulation and then appear 
in the CSF after diffusing out of the spinal cord.
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In the epidural space, diffusion has the main influence on drug absorption and is 
done according to Fickian principles. The main factors that influence the penetration 
of an epidurally administered drug into the cerebrospinal fluid (CSF) are as follows:

Dose, volume, and concentration: The dose of LAs necessary for epidural anes-
thesia or analgesia is a function of the concentration of the solution and the volume 
injected. The concentration of the drug affects the density of the nerve block; the 
higher the concentration, the more profound the motor and sensory nerve block. 
Volume and total LA dose are the variables that affect the degree of spread of the nerve 
block. A larger volume of the same concentration of LA will block a greater number of 
nerve segments. However, if the total dose of LA is unchanged, but the concentration is 
doubled, the volume can be halved to achieve a similar spread of LA. Clinical observa-
tions of the spread of epidural analgesia have shown that the extent of the segmental 
blockade is mainly determined by the mass of the drug injected (the product of volume 
and concentration) and not by volume alone. Another interesting finding regarding 
epidural space is that, beyond a certain point, further increase in anesthetic concen-
tration does not consistently reduce the time required for anesthesia to develop, nor 
produce an improvement in the rather merger quality of motor blockade [29]. These 
findings reveal an unexpectedly complex relationship between concentration and 
effect and support the suggestion that epidural blockade is not a simple matter of diffu-
sion from one space to another, but rather of several diffusion pathways (Figure 3).

Surface area is largely determined by the volume of the infused drug.
Protein binding determines the free fraction of the drug.
Lipid solubility is defined by the ionization constant (pKa value) of the drug and 

the pH of the solution.
General guidelines for the administration of epidural drugs state that 1–2 mL 

of medications should be applied per segment until the target dermatomal level is 
reached. In the group of patients of lower height, a reduction to 1 mL per segment is 
recommended [30]. The established term “time to two-segment regression” is defined 
as the time required for the regression of the sensory block at two dermatomal levels, 
and it varies depending on the type of applied LA in the epidural block. It requires the 
repeated application of one-half or one-third of the given initial dose [31].

Figure 3. 
The fate of an epidural injection; CSF—Cerebrospinal fluid [10].
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2.3.1 Epidural pharmacology of local anesthetics (LAs)

For local anesthetics (LAs), the most relevant properties are the ionization con-
stant (pKa value), lipophilicity, and the degree of protein binding. LAs are defined 
as water-soluble salts of lipid-soluble alkaloids. Their structure consists of three 
components: a lipophilic aromatic ring, an intermediate ester or amide chain, and a 
terminal hydrophilic amine group. All mentioned components contribute to distinct 
properties of the molecule [32]. The aromatic ring as a lipophilic structure improves 
the liposolubility of the molecule. This characteristic allows diffusion through the 
myelin sheath and also correlates with potency because a greater dose of LA can enter 
the neuronal fiber [32, 33].

The intermediary chain categorizes LAs into esters or amides with their  
characteristics (Table 1) [33].

While the potency of LAs is related to its lipid solubility (those with higher lipid 
solubility more easily permeate neuronal membranes), the speed of onset predomi-
nantly depends on the pKa (a lower pKa would effectuate a higher speed of onset), 
and the duration of action is significantly influenced by the degree of protein binding, 
more precisely on alpha-1-glycoprotein (increased protein binding is associated with 
a longer duration of action and lower bioavailability [18, 34]). The LA base is stable 
in a solution as a hydrochloride salt (a weak base). At the time of injection, LAs are 
in the ionized, quaternary, water-soluble state and not able to diffuse through the 
myelin sheath. So, the time of onset of anesthesia is directly related to the proportion 
of molecules that convert from quaternary to the tertiary, lipid-soluble, non-ionized 
structure when they are exposed to the physiologic pH of 7.4.

That is determined using the ionization constant (pKa) for the LAs, and it is 
presented and calculated using the Henderson-Hasselbach equation for weak  
bases [18, 32, 33]:

 −  = − 
 

log non ionized form pKa pH
ionized

 (1)

At normal and physiological pH of 7.4, 50% of LAs exist in a tertiary, lipid-soluble 
non-ionized form, and 50% are in the quaternary, a water-soluble ionized form; only 
50% of molecules can diffuse through both the epineurium and the neuronal mem-
brane. When the pKa of the LA is close to the physiological pH, the onset of action is 
the fastest due to the optimal ratio of non-ionized and ionized fractions. Acidosis in 
the surrounding tissue (such as infection) increases the ionized fraction of the LAs, 
making them water-soluble with no diffusion capacity through the myelin sheath. Once 
the molecule reaches the tertiary form in the axoplasm of the neuron, the amine gains a 
hydrogen ion and, now ionized and in a quaternary form again, it is responsible for the 
actual blockade of the VGSC. So, in conclusion, the equilibrium between quaternary and 
tertiary forms lies in the pH of the tissues and the pKa of the anesthetics [33]. An opti-
mal anesthetic uptake and activity require a relatively low pH at the site of action [35].

2.3.2 Epidural pharmacology of opioids

Concerning opioids, lipid solubility is the essential determining factor for 
pharmacological effects after neuraxial application. Generally speaking, opioids 
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are lipid-soluble weak bases that are highly bound to the proteins and are ionized at 
physiologic pH. The variations in protein binding affinity are the main reason for 
the different speeds of transfer across the cellular membrane [36, 37]. Hydrophilic 
opioids such as morphine have a slower onset and a longer duration of action, while 
lipophilic opioids such as fentanyl and sufentanil produce a rapid onset and shorter 
duration of action. Lipophilic opioids tend to accumulate in fat-rich tissues such 
as epidural fat and white matter of the spinal cord, resulting in smaller concentra-
tions in cerebrospinal fluid (CSF). They have less bioavailability, a large volume of 
distribution, and a larger initial volume in the central compartment compared with 
more hydrophilic molecules such as morphine [38–41]. Neuraxial lipophilic opioids 
have a more rapid distribution and clearance from the spinal cord and epidural 
space than hydrophilic opioids, resulting in a lower rate of respiratory depression 
and sedation [42, 43].

Elimination of epidurally administered opioids varies related to the molecular 
weight of the drugs and is dependent on the speed at which opioids spread in the 
rostral direction. Their mechanism of action is dose-dependent. In small doses, they 
show spinal effects, whereas in higher doses, they are responsible for supraspinal 
analgesia and can have pronounced systemic side effects [38–40].

It appears that the systemic absorption of drugs from the epidural space follows a 
two-compartment model. The rapid disappearance phase is believed to be related to 
uptake by rapidly equilibrating tissues (i.e., tissues that have high vascular perfusion). 
The slower phase of disappearance is mainly the function of the particular compound 
and the half-life of the drug. LAs appear in the venous blood within a few minutes 
of epidural injection and rises to a maximum in 10–30 minutes, depending upon the 
diffusion characteristics of the drug concerned [44]. Lipophilic drugs are also readily 
cleared into the plasma and can hence produce undesired side effects in the central 

Classification pKa Relative 
potency*

Onset Duration 
(min)

Maximum 
single dose 

(mg)

Epidural 
administration

ESTERS

Procaine 8.9 1 Slow 45–60 500 No

2-Chloroprocaine 8.7 2 Rapid 30–45 600 Yes

Tetracaine 8.5 8 Slow 60–180 100 (only 
topical)

No

AMIDES

Lidocaine 7.9 2 Rapid 60–120 300 Yes

Etidocaine 7.7 2 Slow 240–480 300 Yes

Prilocaine 7.9 2 Slow 60–120 400 Yes

Mepivacaine 7.6 2 Slow 90–180 300 Yes

Bupivacaine 8.1 8 Slow 240–480 175 Yes

Levobupivacaine 8.1 8 Slow 240–480 175 Yes

Ropivacaine 8.1 6 Slow 240–480 200 Yes
*Relative potency varies based on the route of administration.

Table 1. 
Classification of LAs with their main characteristics.
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nervous system. The degree of absorption depends on the dose and the presence or 
absence of vasoconstriction in the epidural solution. Very large doses may cause suf-
ficiently high blood levels to produce a toxic reaction [45].

2.3.3 Other factors that may affect epidural block onset

Height is very poorly correlated with epidural dose requirements except for 
extremely tall or short patients [30, 46].

Weight: There is little correlation between the spread of analgesia and the weight 
of the patient. However, in morbidly obese patients, there may be compression of the 
epidural space related to increased intra-abdominal pressure and, therefore, a higher 
nerve block may be attained with a given dose of LA [46].

Age: With advancing age, the LA dose required to attain a specific nerve block is 
reduced. Greater spread in the elderly may be related to the reduced size of the inter-
vertebral foramina, which theoretically limits the regress of LAs from the epidural 
space. Decreased epidural fat, which allows more of the drug to bathe the nerves, and 
changes in the compliance of the epidural space may lead to enhanced cranial spread 
and prolonged duration of the block [47]. This results in a possible need for up to 40% 
less volume of administrated epidural medications in elderly patients [48].

Pregnancy: Dose requirements at term are reduced by about one-third to one-
half. Two reasons may be responsible: First, the pregnant uterus causes a partial 
occlusion of the inferior vena cava at term, and the proportion of the venous returns 
from the legs, and pelvis is diverted into the internal vertebral plexus. This results in 
the enlargement of the extradural veins and the reduction of the remaining volume in 
the epidural space [49]. Second, pregnancy causes increased sensitivity to both LAs 
and general anesthetics. The possible mechanism is attributed to elevated levels of 
progesterone and endogenous endorphins, which leads to increased permeability of 
membranes and blood vessels [50].

Blood flow: The natural factors that impair blood flow in the epidural space such 
as age, arteriosclerosis, and diabetes increase the spread of analgesia, but they do 
not carry with them the tendency for a more profound block. Additionally, arterial 
hypertension may prolong blockade, but its effects on the quality of blockade have not 
been sufficiently investigated [51].

Epidural catheter positioning: Epidural block height is affected primarily by the 
level of injection. In the cervical region, drugs administered in the epidural space 
mostly spread caudally, while in the midthoracic region (level of Th2–Th6), the 
expansion is equally cranial and caudal. By administering the epidural drugs in the 
lower thoracic region (Th6-L1), the spread is only cranial. After a lumbar epidural, 
the spread is more cranial than caudal with a delay in the onset of anesthesia at the 
L5-S1 segments because of the larger size of these nerve roots. The position of the 
patient on the bed does not affect the spread of the medications in the epidural space, 
regardless of whether the patient is in a sitting or lateral position [30, 31, 48].

In summary, the onset of epidural blockade is relatively slow, due to the fact that 
administered drugs have to pass several diffusion barriers. The result depends upon 
interaction of many different factors discussed above. The epidural blockade is indeed 
a complex process, which takes place at many different sites, including spinal roots, 
nerve trunks, and the spinal cord itself. There are still many gaps in our knowledge 
of the fundamental process of epidural action, which requires further investigations, 
careful experimental design, and examination of direct and indirect evidence from 
clinical and laboratory sources due to the fact that many variables are not susceptible 
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to direct measurement. It is very difficult to meet all the specified criteria, and much 
of the proposed research did not acquire ethical committee approval. This is probably 
the reason why the majority of the literature on basic epidural pharmacology is of an 
older date.

3. Epidural administration of local anesthetics

Epidural anesthesia has gained great importance due to its safety, especially when 
using local (LAs) anesthetics in combination with opioids that have become com-
monplace for relief of pain. Synthetic opioids can, thereby, increase the effectiveness 
of anesthetics, leading to the main goal of epidural medication administration, which 
is the patient’s maximum pain relief [52].

3.1 Nerve anatomy and physiology

The main role of LAs is to inhibit action potential in nociceptive fibers and block 
the transmission of pain impulses. The abovementioned effect is achieved by sup-
pressing action potentials in excitable tissues by blocking voltage-gated sodium (Na+) 
channels (VGSC) [18].

Surgical incision creates trauma to the affected tissue, activating in that way 
nociceptors, leading to, in the literature, the so-called “inflammatory soup.” 
Nociceptors are the free endings of one form of myelinated A fibers called A-delta 
(Aδ) fibers that can be found in the skin, muscles, joints, bones, and viscera. Every 
stimulation of nociceptors (like surgical incision) results in depolarization with 
activation of Na + channels—a structure that is composed of a large pore-forming 
alpha (α) subunit associated with one or two beta (β) subunits. The α subunit has 
four domains (I–IV), each containing six segments (S1–S6). The segments S5 and 
S6 form the channel, such as the short loops of amino acids that link them. The 
voltage-sensitive region is S4 in each domain containing positively charged arginine 
or lysine amino acids. Looped domains III and IV are meritorious for gate inactiva-
tion (Figure 4) [18].

Normally, these channels can exist in three states: resting, open, and inactivated. 
During the rest, entry of Na + ions is denied, and the channel is in a non-conductive 
state. This makes a membrane potential of approximately −70 mV. Stimulation of the 
channel, the great influx of Na + ions occurs, and the S4 segments open by outward 
spiral rotation, initiating depolarization. Following the sudden change in membrane 
voltage, the Na + channel assumes an inactivated state. The Na + channel inactivation 
and efflux of potassium (K+) ions restore the electrochemical gradients and depolar-
ize the nerve back to its resting state [18, 53].

3.2 Selection of LAs

The epidural anesthesia is produced by the diffusion of LAs through the dura 
mater achieving their effects on nerve roots and in paravertebral space passing 
through the intervertebral foramina [32]. Commonly used LAs for an epidural 
block can be divided into short-, intermediate-, and long-acting (Table 1). The time 
required to achieve peak performance varies on the type, dose, and volume of LA, 
which is administered into the epidural space. The time to onset of epidural block 
after injection of LAs can usually be detected within 5–10 minutes [20, 32].
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The most common application of short-acting ester LA, 2-chloroprocaine is 
neuraxial anesthesia because of its short duration. The United States Food and Drug 
Administration (FDA) recently approved 2-chloroprocaine for providing neuraxial 
anesthesia for adults undergoing short-duration abdominal and lower extremity 
surgery. Throughout the world, 2-chloroprocaine is used off-label when the fast 
onset of epidural anesthesia is indicated, like in obstetric settings, for the need for 
an emergency cesarean section, but it is pregnancy category C. Its high pKa of 8.7 is 
an exception to the abovementioned rule of faster onset of LAs when they are closer 
to physiological pH. The 2-chloroprocaine has a very low risk for systemic toxicity 
because it is rapidly hydrolyzed by pseudocholinesterase, so it can be administrated in 
higher doses and have a faster onset, regardless of pKa [54].

Lidocaine is the intermediate-acting LA that is used commonly for surgical 
anesthesia via the epidural route. It is classified as an amide LA agent and also a 
class Ib antiarrhythmic agent on the Vaughan-Williams classification. Usually, it is 
combined with epinephrine, so the duration of action can be extended up to 60%. 
Lidocaine has a pKa of 7.7, meaning that approximately 25% of molecules will be 
able to diffuse through the myelin sheath, so it has a more rapid onset of action than 
other LAs with higher pKa (except 2-chloroprocaine). For the epidural block, it is 
usually used in a 1–2% concentration in a plain form or, more often, with a 1 per 
200,000 epinephrine [55].

Long-acting LAs used for epidural blocks are bupivacaine, levobupivacaine, and 
ropivacaine. Because of the long duration of action, for many years, bupivacaine 
has been used as the first LA of choice for an epidural block. Today, the doses of this 
amide LA used for an epidural block are associated with a higher risk for cardiac 
toxicity because of its interaction with cardiac Na + channels, such as central nervous 
system (CNS) toxicity with an unwanted postoperative motor blockade. Due to the 
aforementioned and the need for a smaller dose and volume, bupivacaine is the ideal 

Figure 4. 
Structure of voltage-gated sodium (Na+) channel (VGSC) with main subunits and segments. Legend: Blue—S1, 
S2, S3 segments, yellow—voltage-sensitive segment S4, red—S5,6 segments forming the channel.
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choice for spinal anesthesia [32, 56]. It has a higher pKa than other local anesthetics 
and consequently a slower onset of anesthesia. It can be prepared in three different 
concentrations: 0.25%, 0.5%, and 0.75%. A concentration of 0.5% is the most suit-
able for surgical anesthesia and epidural block. Accidentally injected intravenously, 
0.75% bupivacaine has been associated with refractory cardiac arrest, and it is no 
longer recommended for epidural block [48]. Levobupivacaine, the S (−)-enantio-
mer and racemic sibling of bupivacaine, has similar characteristics as bupivacaine 
but with less pronounced cardiotoxic effects. Equal doses of levobupivacaine and 
bupivacaine can provide similar onset and duration of anesthesia (up to 6–8 hours) 
but with fewer life-threatening side effects and a better safety profile with levobupi-
vacaine [57]. Likewise, levobupivacaine and ropivacaine also present a long-acting, 
amide LA that is enantiomerically pure (S-enantiomer) with properties and efficacy 
similar to bupivacaine. Because of its low lipid solubility, ropivacaine has a lower 
potency than bupivacaine but with a higher affinity for Aδ and C fibers than those 
controlling motor functions like Aβ, so it can easily produce the earlier mentioned 
differential block. Ropivacaine is less cardiotoxic than equal concentrations of race-
mic bupivacaine, and it has a significantly higher threshold for CNS toxicity [58, 59]. 
Ropivacaine offers an advantage concerning cardiotoxicity when applied and com-
pared with bupivacaine, but with a marginal advantage in a differential block and 
with a higher market price. The duration of anesthesia for all long-acting anesthetics 
is between 6 and 8 hours [48].

In conclusion, levobupivacaine is imposed as the safest and most suitable long-
acting LA for use in the epidural block.

3.3 Adverse effects of local anesthetics

Improper handling of LAs can lead to both systemic and local toxic effects [18].

3.3.1 Local anesthetic systemic toxicity (LAST)

This life-threatening event is most often the result of the intravascular application 
of LA (e.g., unintentional epidural vein cannulation during catheter placement) or 
in less common situations as a result of excessive concentration after LA absorption 
at the injection site. The extent of this effect depends on the dose of the LA, the 
site of application, and the fact whether a vasoconstrictor such as epinephrin was 
included in the solution. The most common consequences are visible in the CNS and 
cardiovascular system. High plasma concentrations of LAs lead to the blockade of 
cortical inhibitory pathways by interrupting neuronal depolarization. In the clinical 
picture, the abovementioned are manifested in the early phase as dizziness, tinnitus, 
perioral paresthesia and tingling, audio-visual disturbances, agitation, and confusion 
of patient. As concentrations get higher, generalized seizures appear with the further 
possibility of a state of consciousness disturbances, coma, and respiratory arrest. 
Simultaneously, in the cardiovascular system, rhythm disturbances are the most likely 
disorders as a consequence of a direct blockade of myocardial Na + channels leading 
to prolonged PR, QRS, and ST intervals. That can manifest as re-entry tachy- and 
bradyarrhythmias with hypotension, and eventually, cardiac arrest, which most often 
results in asystole [31, 60, 61].

When long-acting anesthetics are desired, it is better to use levobupivacaine or 
ropivacaine because of their higher threshold for CNS and cardiovascular complica-
tions, such as lower vasodilatory properties and slower systemic absorption. Maximal 
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single doses of each local anesthetic must be respected (Table 2). This condition must 
be treated timely, including airway maintenance, suppression of seizure activity, and 
hemodynamic support with preparation for possible cardiopulmonary resuscitation 
[61]. Lipid emulsion (20%) therapy should be started according to the American 
Society of Regional Anesthesia (ASRA) guidelines, as follows:

For a patient over 70 kilograms—a rapid 100 mL bolus of emulsion over 2–3 min-
utes followed by another 200–250 mL over 15–20 minutes [19].

For patients below 70 kilograms—an initial loading dose of 1.5 mL/kg over 
2–3 minutes, followed by a continuous infusion of 0.25 mL/kg/min for a minimum of 
10 minutes after restoring circulatory stability [19].

The recommended dosing limit is 12 mL/kg for repeated bolus doses [62].

3.3.2 Local tissue toxicity

All LAs possess nerve and muscle toxicity that can be, in a rare number of cases, 
clinically apparent. As the dose of LA gets higher, so as the duration of exposure, 
some local reactions such as nerve ischemia and nerve vulnerability are possible, and 
must be recognized promptly [48].

4. Epidural administration of opioids

One of the main priorities in current anesthesia practice is perioperative pain 
management, due to the fact that inadequately treated pain is associated with 
increased morbidity, mortality, protracted recovery, and delayed discharge from the 
hospital. The main group of medications used for the treatment of acute and chronic 
pain is opioids, which achieves their effect by binding to opioid receptors [36, 37, 63]. 
Opioids can be endogenous (i.e., enkephalins, endorphins, and endomorphins dyn-
orphins) and exogenous (morphine, heroin, meperidine, fentanyl, and many others). 
Endogenous opioids are peptides that are expressed in pain pathways and packaged in 

Epidural Intrathecal

Absorption into target 
site

Rate of diffusion into CSF is slower, and 
depends on Fick principles:
- Volume (surface area of available meninges)
- Concentration
- Lipophilicity (pH, pKa)
- Protein binding and free fraction
- CSF flow rate/turbulence

Rate of diffusion into target 
tissue is rapid:
High CSF concentration
Short diffusion distance 
(2–4 mm)

Local distribution Epidural spaces are irregular, segmental, and 
the injected material encircles the dural sack

Depends on basicity (density of 
inject ate relative to CSF)

Systemic distribution Two competent model: rapid early 
distribution (into epidural fat) and then 
slowly back out

Slow absorption; increased half 
life
The more lipophilic the drug, the 
faster it is cleared from the CSF

Metabolism and 
elimination

Normal mechanism prevails (liver and kidney). However, because of the 
hemodynamic effect of spinal (anesthetic) drugs, the perfusion of liver and kidneys 
may be decreased, which could delay clearance.

Table 2. 
Epidural vs. intrathecal drug administration [30].
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core vesicles and transported to axon terminals during which they are broken down 
into smaller, more specific peptides, which eventually bind to the opioid receptors 
[37]. Exogenous opioids are derived from the opium poppy plant, more specifically 
alkaloid morphine, which can be processed to produce heroin and other synthetic opi-
oids, and codeine and thebaine, which are used to produce drugs such as oxycodone, 
hydrocodone, and hydromorphone. The basic opioid molecule is morphine and most 
of the opioids that are used today in anesthesiology share its structural features and 
are made by complex alterations of the morphine molecule [36, 37, 63].

4.1 Opioid receptors

Opioid receptors, which are responsible for the main pharmacological effect of 
opioids, are a G-protein-coupled family of receptors. They have seven transmembrane 
portions; intra- and extracellular loops, extracellular N terminus, and intracellular C 
terminus. Opioid agonists bind to the receptor and activate the three subunits of the 
G-protein. The effects produced are mostly inhibitory, and they lead to the hyperpo-
larization of the cell and reduction of its excitability (Figure 5) [36, 37, 63, 64].

Four main types of opioid receptors have been identified—mu (μ), kappa (κ), 
delta (δ) opioid receptors (mu—MOR, kappa—KOR, and delta—DOR), and 
nociceptin (NOR) receptors. Other types of receptors that are proposed to exist are 
epsilon (ε) receptor, zeta (ζ) receptor, and a binding site called lambda (λ). Sigma (σ) 
receptors are not considered opioid receptors anymore but target sites for phencycli-
dine (PCP) and are responsible for psychomimetic effects, dysphoria, and depression 
(Table 3) [36, 37, 63, 64].

Opioid receptors are localized in and outside of the central nervous system 
(CNS). In the CNS, they are mainly located in the dorsal horn of the spinal cord and 
the cerebral cortex, thalamus, area postrema, the limbic system and the periaque-
ductal gray region, locus ceruleus, rostral ventral medulla, and peripheral afferent 
nerves. Outside of the CNS, they can be found in many other tissues such as the 

Figure 5. 
Structure of opioid receptor: Seven transmembrane portions, intra- and extracellular loops, extracellular N 
terminus, and intracellular C terminus. Opioid agonists bind to the receptor and activate three subunits of the 
G-protein. Production of cAMP decreases by inhibition of adenylyl cyclase, Ca2+ influx decreases by the closing of 
voltage-sensitive calcium channels, and K+ efflux increases.
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gastrointestinal or biliary, and some of the actions of the agonists of these receptors 
outside of the CNS account for the adverse effects of opioids [36, 37, 63, 64].

Opioids are classified by their actions on opioid receptors as agonists, mixed 
agonists-antagonists, partial agonists, and antagonists [36, 37, 63].

Opioid agonists in the spinal cord inhibit the release of substance P from sensory 
neurons of the dorsal horn, changing the transfer of painful stimuli to the brain. 
In the brain stem, they modulate nociceptive transfer in the dorsal horn through 
descending inhibitory pathways. They change the response to pain in the forebrain 
and also induce activity in reward structures in the brain. Therefore, opioids provide 
analgesia by attenuation of peripheral nociceptive stimuli and by changing our 
central response to it. Agonists of MOR receptors mostly treat pain sensations carried 
by unmyelinated C fibers. Other sensations such as touch and temperature are not 
affected. With larger doses administered, they also produce drowsiness and sleep, but 
they do not affect responsiveness and amnesia. Through cough centers in the medulla, 
they produce antitussic effects, but also can sometimes produce a paradoxical increase 
in coughing after usage as an intravenous induction agent [36, 37, 63–65].

4.2 Adverse effects and metabolism of opioids

One of the most frequent and significant adverse effects of opioids is depression 
of ventilation. Opioids alter the ventilatory response to carbon dioxide in arterial 
blood, and they depress the hypoxic drive to breathing and diminish the ventilation 
drive in the patient. This effect is greater in patients who receive high dosages of 
opioids, are older, use other central nervous system depressants, and have renal or 
hepatic insufficiency [36, 37, 63–66].

Opioid receptor Prototype agonist Location Effects

Mu (μ) receptors 
(MOR)

Morphine Central nervous system
Cerebral cortex
Amygdala 
Periaqueductal gray
Basal ganglia

Supraspinal analgesia
Euphoria
Sedation
↓Respiration
↓Gastrointestinal 
movements
Physical addiction
Miosis
Pruritus
Anorexia
Vasodilatation

Kappa (κ) receptors 
(KOR)

Ketocyclazocine Diencephalic areas
Limbic areas
Spinal cord Brain stem

Spinal analgesia
Sedation
Dysphoria
Dependence
Dyspnea
↓Respiration

Delta (δ) receptors 
(DOR)

Delta-alanine-delta-leucine-
enkephalin

Brain Analgesia
↓Gastrointestinal 
movements

Nociceptin receptors 
(NOR)

Nociceptin/orphanin Central nervous system Analgesia
Hyperalgesia

Table 3. 
Types of opioid receptors [36, 37, 63–65].
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Also, opioids produce vasodilatation by decreasing the central vasomotor tone in 
the brainstem and by directly acting on the blood vessels. They affect both preload 
and afterload. In older, hypertensive patients or patients with congestive heart failure, 
opioids can lead to significant hypotension [36, 37, 63, 64].

One of the most often associated adverse effects of opioid administration is nausea 
and vomiting, by stimulating the trigger zone in the area postrema in the fourth 
ventricle of the brain and pruritus, by weakening inhibition of itching by neurons 
of the dorsal horn in the medulla. These effects are the result of the rostral spread of 
opioids, meaning that more hydrophilic opioids tend to have these adverse effects 
when administered epidurally [36, 37, 41, 63–65].

Opioids affect the gastrointestinal system in a way that they cause tonic contrac-
tions of smooth muscles and decrease peristaltic, which can lead to the postopera-
tive development of ileus. They can also lead to urinary retention by decrease in 
bladder detrusor tone and increase in urinary sphincter tone. This can be more 
pronounced in male patients when opioids are given epidurally or inthrathecally 
[36, 37, 41, 63–66].

The use of opioids in obstetric patients may affect neonates. It may inhibit or 
enhance the progress of labor. Also, possible is neonatal morbidity because of vascu-
lar reabsorption of drugs and possible transfer to the placenta and the fetus, which 
can lead to respiratory depression in neonates, neurological depression, and other 
side effects [66].

Opioids can produce alterations in body temperature, most likely by interacting 
with opioid receptors in the spinal cord and possibly by migration of the drug into the 
hypothalamus. Administration of epidural sufentanil decreases shivering and may 
induce hypothermia [66].

Opioids may also lead to different types of cardiac dysrhythmias and may lead to 
damage to the spinal cord (motor and sensory dysfunction), most likely due to the 
effect of opioid preservatives or additives, which leads to vasoconstriction and spinal 
cord ischemia [66].

All of these side effects are mediated via opioid receptors, and their treatment are 
opioid receptor antagonists such as naloxone. Administration of a pure antagonist 
may lead to the end of analgetic effects, and if this effect should be maintained, an 
opioid agonist/antagonist can be administered. Antiemetics are useful in treating 
nausea and vomiting, such as transdermal scopolamine patches in those receiving 
epidural morphine or droperidol in the epidural infusion [66, 67].

4.3 Types of opioids and elected representatives

By their origin, opioids are classified as follows:

1. Naturally occurring opioids:

a. benzylisoquinolines (papaverine)

b. phenanthrenes (morphine, codeine, oxycodone, hydrocodone)

2. Semi-synthetics: morphine derivatives with simple or complex changes

3. Synthetic opioids:
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a. morphinan derivatives (i.e., levorphanol)

b. diphenyl or methadone derivatives (i.e., methadone)

c. benzomorphans (i.e., pentazocine, phenazocine)

d. phenylpiperidine derivatives (meperidine, fentanyl, sufentanil, remifentanil, 
alfentanil)

Tramadol is an atypical opioid, a partial agonist that also has central GABA, 
serotonergic, and catecholamine activity [36, 37, 63, 64].

4.3.1 Morphine

Morphine is considered a prototype opioid substance against which all others are 
evaluated (Figure 6). It consists of a benzene ring with two hydroxyl groups (a phe-
nolic at the third position and an alcohol at the sixth position and the nitrogen atom). 
Both of these can be converted to ethers or esters. Many of the opioids that are used 
today in anesthesiology share their structural features, and also many of the semi-
synthetic ones are created by modifications of morphine molecule [36, 37, 43–45].

It has a very slow onset time, is almost completely ionized at physiologic pH, has 
very low lipid solubility and high protein binding, and is rapidly conjugated with gluc-
uronic acid. Therefore, it has a prolonged latency to peak effect, and it slowly penetrates 
the CNS. The non-alkalized form of morphine crosses the blood-brain barrier much 
easily. When given intrathecally or epidurally, it also has a slower onset and longer 
duration of action compared with more lipophilic opioids [36, 37, 43–45, 63, 64].

Its slow onset can lead to the stacking of doses in patients with severe pain. Since 
morphine is a high histamine releaser, it can cause hypotension, bronchospasm, and 
direct respiratory depression. Decreased sympathetic nervous system tone can lead to 
other already described side effects such as nausea, vomiting, pruritus, constipation, 
and miosis [36, 37, 43–45, 63, 64].

4.3.2 Methadone

Methadone is considered the best treatment option for opioid addicts since it has 
long-acting pharmacokinetics and a very rare development of withdrawal syndrome. 
It also acts as an NMDA receptor antagonist resulting in attenuated opioid tolerance 
and can be used in the treatment of severe neuropathic and opioid-resistant pain 
due to serotonin and norepinephrine reuptake inhibition. It has high lipid solubility 
(analgesic action 4–8 hours) and a very long elimination phase with a long half-life 
(up to 150 hours). It is considered to be a good analgesic alternative for patients with 
morphine allergies since it is unrelated to standard opioids in structure. It can be used 
epidurally with relatively fewer side effects than morphine. However, its use is still 
considered off-label [36, 37, 43, 45, 63, 64, 68, 69].

4.3.3 Fentanyl

Fentanyl can be administered in multiple ways; intravenously, through the skin, 
mucous membranes, lungs, and nasally, and also intrathecally and epidurally. It is 
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the oldest synthetic piperidine agonist and much more potent than morphine (80 
times). It is highly lipophilic and binds strongly to proteins in the plasma (around 
80%). The first-pass effect is mostly mediated by the lungs. It is primarily a MOR 
opioid agonist, and through this effect, it increases the pain threshold. Its duration 
of action is related to redistribution in highly vascular structures. It is metabolized 
in the liver and excreted via the kidneys, and it can be detected in urine 48 hours 
after administration [36, 37, 45, 63, 64, 70].

4.3.4 Alfentanil

Alfentanil has a short terminal half-life after an intravenous bolus injection 
because it has a high diffusibility fraction and quickly reaches peak effect concentra-
tions. It is lipophilic and has one-fourth or one-tenth the potency of fentanyl. A very 
high proportion of the drug is uncharged at physiologic pH. The effects of alfentanil 
are mediated through mu-opioid receptors, but cause more significant respiratory 
depression than fentanyl [36, 37, 45, 63, 64].

4.3.5 Sufentanil

Sufentanil is the most potent opioid used in modern anesthesia (5–10 times more 
potent than fentanyl). It has a smaller volume of distribution and a terminal half-life 
between fentanyl and alfentanil. Like other fentanyl analogues, it is lipophilic. It has 
minimal cardiovascular side effects, preserving cardiac output and oxygen balance 
of the myocardium. It causes much harsher respiratory depression and rigidity of 
muscles compared with fentanyl [36, 37, 45, 63, 64, 70, 71].

4.3.6 Remifentanil

Remifentanil is the shortest acting synthetic opioid available because it is very 
quickly hydrolyzed by tissue and plasma esterases. It has a short latency to peak effect 
and has a rapid effect. It is twice more potent as fentanyl and 100–200 times more 
potent than morphine. It does not accumulate in the tissues, and its duration of action 
does not increase with the duration of administration [36, 37, 45, 63, 64, 70].

Figure 6. 
Structure of the morphine molecule: A benzene ring with two hydroxyl groups (a phenolic at the third position 
and an alcohol at the sixth position and the nitrogen atom).
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4.3.7 Hydromorphone

Hydromorphone has been used epidurally in thoracic, abdominal, and pelvic sur-
gery, post-Cesarean section, and post-laminectomy syndrome. It is a lipophilic agent 
that has a faster onset of analgesia than morphine and a longer duration of action than 
fentanyl. Also, it has fewer side effects than morphine [44, 72].

4.3.8 Oxycodone

Oxycodone has high bioavailability, faster analgesia onset, and less histamine 
release than morphine, but a much shorter duration of action. It has liposolubility 
similar to morphine. Some studies show that epidural administration of oxycodone 
has better analgetic outcomes than oxycodone given intravenously. However, its 
epidural administration has not been approved by the FDA [42, 45, 73, 74].

4.3.9 Naloxone

Naloxone is an opioid antagonist that binds to opioid receptors competitively, and 
it can reverse all effects of opioids if there is ongoing opioid therapy. Mostly, it is used 
to reverse opioid-induced ventilator depression. It is rapidly metabolized in the liver, 
has a high clearance, and mostly has a significantly shorter action than that opioid 
whose effect it has to reverse [36, 37, 63, 64].

4.3.10 Nalbuphine, buprenorphine, pentazocine, and butorphanol

Nalbuphine, buprenorphine, pentazocine, and butorphanol are partial agonist-
antagonists that bind to opioid receptors. Buprenorphine is a kappa receptor 
antagonist and mu receptor agonist, while others listed are kappa receptor partial 
agonists and competitive mu antagonists. They are efficient in relieving mild and 
moderate pain and have less effect on ventilatory depression in patients (Table 4) 
[36, 37, 63, 64].

When different opioids are selected, one has to keep in mind how quickly the 
desired effect should be achieved, how long it must continue for, should the desired 
effect be quickly modified, and is there a need to completely avoid the adverse effects. 
Also, the route of administration is very important to achieve a steady state and 
achieve the desired effects.

5. Epidural steroid injection (ESI)

Corticosteroids are very attractive as drugs for many musculoskeletal diseases 
because of their potent anti-inflammatory effect. Epidural steroid injection (ESI) is 
widely used to treat various back pain conditions such as herniated intervertebral disc 
and spinal stenosis [75].

Initially, it was thought that the radicular pain was due to a compression of the 
nerve secondary to degenerative disc disease. However, recent studies show that 
inflammation plays a major role in the evolution of radiculopathy [76]. Clinically, 
a large herniation of an intervertebral disc associated with significant neural com-
pression may be asymptomatic, whereas severe radicular pain may exist without 
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detectable root compression. Also, the size or shape of herniation and its eventual 
change do not correlate with clinical presentation or course [77]. The leak of the 
nucleus pulpous of the disc causes the release of several neuropeptides such as 
substance P, vasoactive intestinal peptide, calcitonin gene-related peptide and 
also nitric oxide, tumor necrosis factor α, metalloproteinases, and the production 
of hyperalgesic prostaglandins, thromboxanes, and leukotrienes. These cytokines 
activate immune cells and cause the attraction of lymphocytes, macrophages, and 
fibroblasts, leading to ischemia and inflammation. These biological components 
sensitize free nerve endings and adjacent nerve roots or dorsal root ganglions, 
producing back pain [78].

Corticosteroids belong to the class of steroid hormones produced by the cortex of 
the adrenal gland and are involved in several physiological regulatory mechanisms. 
They achieve the effect by the abolition of the rate-limiting step by the enzyme phos-
pholipase A2 (PLA2) to liberate arachidonic acid from cell membranes. Arachidonic 
acid then leads to the upregulation of the cyclooxygenase and lipoxygenase enzymes, 
achieving the physiological effect by reducing intraneural edema, venous conges-
tion, ischemia, and pain through the production of hyperalgesic prostaglandins, 

Opioid type pKa Unionized 
at 7,4 pH 

(%)

Plasma 
protein 
bound 

(%)

Octanol/
water 

partition 
coefficient

Receptor 
affinity

FDA 
approved 

for epidural

Morphine 8,0 23 20–40 1,4 μ +++
κ +
δ

Yes

Methadone 9,2 1 85–90 117 μ +++
κ
δ

No

Fentanyl 8,4 9 84 813 μ +++
κ
δ

No

Alfentanil 6,5 90 92 145 μ +++
κ
δ

NA

Sufentanil 8,0 20 93 1778 μ +++
κ +
δ +

Yes

Remifentanil 7,1 68 80 17,9 μ +++
κ
δ

NA

Hydromorphone 8,2 20 1,3 μ +++
κ
δ

No

Oxycodone 8,5 45 0,7 μ ++
κ
δ

NA

Table 4. 
Opioid physicochemical and pharmacokinetic properties. The octanol/water partition coefficient is a measure 
between the lipophilicity and hydrophilicity of a substance (value >1 = substance more soluble in fat-like solvents; 
< 1 = more soluble in water [36, 42–47].
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thromboxanes, and leukotrienes [78]. They are classified into glucocorticoids and 
mineralocorticoids. Glucocorticoids participate in the metabolism of carbohydrates, 
fats, and proteins with their anti-inflammatory action as is mentioned above. In 
epidural injection, glucocorticoids are routinely used and treated as epidural steroids. 
Current evidence suggests that more soluble glucocorticoids have a shorter duration 
of systemic effect than less soluble glucocorticoids [79]. On the other hand, mineralo-
corticoids play a role in the regulation of water and electrolytes in the body. In Table 5, 
physiochemical properties of corticosteroids are displayed.

Patients suffering from back pain with a radicular component due to herniated 
nucleus pulposus benefit the most from epidural steroid injection (ESI). The con-
traindications for ESI include local infection, systemic infection, allergy to injectate, 
and potentially bleeding disorders or anticoagulation. Contraindications for steroid 
injections can also expand to certain medical conditions, such as poorly controlled 
diabetes, hypertension, or congestive heart failure [80].

ESI utilizes the principle of delivering steroids directly to the source of the prob-
lem to create higher local concentrations. There are three most common routes for 
epidural steroid administration: the caudal route, the interlaminar approach, and the 
transforaminal approach [81]. Each of these routes has benefits, risks, and concerns 
regarding the efficacy of ESI. The caudal and interlaminar approach can lead to wide 
fluctuations in results due to an inability to deliver medication to the target area, and 
the drug spread can be affected by the presence or absence of epidural ligaments and 
scarring (post-surgical). In transforaminal injections, flow is set toward the anterior 
and lateral epidural space, while in the caudal and interlaminar route, flow is predom-
inantly into the posterior epidural space and, therefore, away from probable sites of 
inflammation. Post-surgical patients cause problems due to loss of normal anatomy, 
landmarks, scarring, and poor flow within the space. Therefore, fluoroscopic-guided 
procedures enhance safety and improve the accuracy of placing the steroid at or 
nearer the site of the pathology [82].

Common ESI complications include hypothalamic-pituitary-adrenal (HPA) axis 
suppression, adrenal insufficiency, iatrogenic Cushing’s syndrome, hyperglycemia, 
osteoporosis, and immunological or infectious diseases. The type of corticosteroid 
also affects the severity of complications. It is reported that HPA axis suppression 
was more likely with longer-acting insoluble corticosteroid formulations such as 
methylprednisolone or triamcinolone than betamethasone and dexamethasone [79]. 
The HPA axis suppression is observed in all patients who receive ESI and serves as 
an indicator of an ESI limitation. The recovery curve of HPA function after ESI is 
similar to that of the elimination of epidurally injected steroids and represents a 
dose-response relationship, which provides important information about the minimal 
dosage of epidural steroids [83]. However, the incidence of complications related to 
epidural steroids is not high, and most of them are not serious.

Risks associated with the needle placement or with injectate include infection 
(more common in immunocompromised patients and can include epidural abscess 
and meningitis) and bleeding (epidural hematoma occurs in ∼0.02% of procedures). 
Several cases of spinal cord ischemia after ESI have been reported since they were 
first described [84]. The current hypothesis is that this is due to a particulate steroid 
suspension being injected into a small artery, which then causes the development of 
an anterior spinal artery syndrome.

The corticosteroids for ESI are divided into particulate (triamcinolone and 
methylprednisolone) and non-particulate (dexamethasone and betamethasone) 
formulations. There have been no serious complications attributed to the use of 
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non-particulate steroids (dexamethasone). There is evidence that only dexametha-
sone and methylprednisolone have particles consistently smaller than a red blood 
cell (7.5–7.8 μm) but that methylprednisolone tended to aggregate and pack densely 
with a possible propensity to cause emboli and block a small arteriole, whereas 
dexamethasone did not (Table 5). It is also important to note that dexamethasone is 
a water-soluble preparation, whereas methylprednisolone is a suspension. Therefore, 
dexamethasone is generally considered safer as it is water-soluble and does not aggre-
gate and pack densely and, for practical purposes, is considered non-particulate in the 
field of chronic pain management [85]. Recent literature documents that there is no 
significant difference in pain relief at any point between non-particulate and particu-
late steroids. There are recommendations that non-particulate steroid preparations 
should be considered as first-line agents when performing ESI [86, 87]. However, 
further studies are necessary to compare corticosteroid preparations.

Unfortunately, there is no definitive consensus regarding the optimal interval 
and dosage of ESI. Also, little information concerning recommendations or practice 
guidelines is available to date. Significant differences were observed in the selection 
and dose of steroids as well as in the ESI interval. It is mostly attributed to physician 
preference, who should be aware of the possibility of repeated ESI [88]. We should 
bear in mind that repeated ESIs within 3 months provide cumulative effects [89]. 
An appropriate interval between ESIs should be decided based on the average dura-
tion of HPA axis suppression after ESI without affecting the physiological restora-
tion. Multiple ESIs using particulate steroids require a sufficient interval of about 
3–4 weeks due to a long-lasting HPA axis suppression, while non-particulate steroids 
require shorter periods. The World Institute of Pain (WIP) Benelux working group 
recommended that the number of ESIs should be adjusted according to the clinical 
response, suggesting that a 2-week interval for additional ESI may be appropriate 
for proper evaluation and minimization of endocrine side effects, and the lowest 
effective dose should be used for ESI (40 mg for methylprednisolone, 10 to 20 mg for 
triamcinolone, and 10 mg for dexamethasone) [90].

In the future, determining the optimal steroid dose, duration, and interval for 
ESIs is essential to develop a treatment protocol with minimal complications without 
compromising the treatment’s effectiveness.

6. Adjuvants for epidural administration

In the last few decades, several non-anesthetic applications for epidural proce-
dures have emerged. Epidural catheter infusion techniques of analgesics are being 
used increasingly for pain control at the end of life in both children and adults, 
including those with cancer-related pain [91]. In addition to opioids, which are 
commonly added to epidurally administered local anesthetics, a large number of 
other pharmacologic agents have been used. Most of these are administered as 
adjuvants, such as clonidine and dexmedetomidine, while ketamine and neostigmine 
are still under investigation and are not part of routine clinical practice. Others can 
be administered as the sole drug, such as antineoplastic drugs (i.e., methotrexate 
for primary CNS lymphoma) or antibiotics (for ventriculitis or post-neurosurgical 
infections) [92].

A broad understanding of the pharmacology of those agents is essential for the 
clinician to utilize them safely and efficiently. Furthermore, it is important to realize 
that many of those drugs have not been approved for epidural use and are hence used 
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off-label, even when clinically established [93]. Table 2 reveals the list of Food and 
Drug Administration (FDA)-approved neuraxial drugs.

6.1 Alpha-adrenergic receptor agonists

Alpha-adrenergic receptor agonists are added to neuraxial drugs for several 
reasons: reducing local anesthetic clearance and distribution from the epidural and 
spinal space, an intrinsic analgesic effect, and a local anesthetic-sparing property 
[94]. In this way, complications and side effects associated with the use of epi-
dural local anesthetics and/or opioids can potentially be reduced. Clonidine and 
dexmedetomidine are the two most important representatives that can cause dose-
dependent side effects (sedation, hypotension, and bradycardia) [95]. Therefore, it is 
important to make a clear risk-benefit assessment before administering any of these 
drugs neuraxially.

6.1.1 Clonidine

Clonidine exerts a direct analgesic effect by binding to α2-adrenoceptors in the 
spinal cord, leading to presynaptic inhibition of Aδ and C-fiber transmitter release. 
Neuraxial administration of clonidine has a dose-sparing effect on local anesthetics 
and local anesthetics combined with an opioid, which could reduce the incidence of 
adverse events [96]. It can produce local vasoconstriction, decreasing the vascular 
clearance of the local anesthetic around neural structures. It is also a highly lipophilic 
substance and therefore exerts systemic absorption, with redistribution to more 
peripheral sites of action [97]. Therefore, adequate hemodynamic monitoring is 
necessary when administering clonidine to patients.

6.1.2 Dexmedetomidine

Dexmedetomidine is a selective central α2-adrenergic agonist with sedative 
properties and works similar to clonidine. When administered as a neuraxial 
adjuvant, it reduces the required local anesthetic dose and prolongs and potentiates 
postoperative analgesia [98]. Although the FDA has not approved dexmedeto-
midine as an adjuvant in neuraxial blocks, it is widely used and is still in use in 
anesthesia practice as an adjuvant in regional anesthesia for both epidural and 
intrathecal modalities. In several studies, 1–2 μg/kg of dexmedetomidine along 
with bupivacaine for caudal epidural block led to prolonged analgesia without 
significant side effects [99, 100]. Also, dexmedetomidine during labor epidural 
analgesia demonstrated good maternal satisfaction without deleterious effects on 
uteroplacental circulation and newborns’ outcomes [101]. Nevertheless, there is 
still insufficient safety data to support the use of neuraxial dexmedetomidine in 
the clinical setting.

6.1.3 Adrenaline (epinephrine)

Adrenaline (epinephrine) is used both epidurally and intrathecally to enhance the 
duration and intensity of neuraxial drugs. It causes vasoconstriction of blood vessels, 
which reduces neuraxial clearance [94]. Low intrathecal doses (less than 100 μg) led 
to prolonged sensory and motor block duration but were associated with a greater 
incidence of hypotension or PONV [102]. Also, neuraxial adrenaline can potentially 
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exacerbate local anesthetic-induced neurotoxic damage in patients whose spinal cord 
circulation is compromised (such as can occur with diabetes mellitus or arterioscle-
rosis) [103]. Based on a systematic review, the beneficial effects of adding epidural 
epinephrine to a local anesthetic remain uncertain [104].

6.2 Miscellaneous adjuvants commonly used via epidural route

6.2.1 Ketamine

Ketamine is a selective, non-competitive N-methyl-D-aspartate (NMDA) receptor 
antagonist, with analgesic and anti-hyperalgesic effects. The side effects of ketamine 
include psychological and mild sympathomimetic effects. There is still no conclusive 
evidence that epidural ketamine is superior to intravenous administration [105, 106]. 
Although a systematic review showed a statistically significant, but probably clini-
cally irrelevant, minimal reduction in pain scores when epidural ketamine was used in 
conjunction with opioids [107].

6.2.2 Magnesium

Magnesium is an NMDA receptor antagonist and regulates the influx of calcium 
into cells, both resulting in an analgesic effect. Due to the fact that magnesium does 
not cross the blood-brain barrier easily, it is also used neuraxially [108]. Systematic 
reviews have shown that epidural administration of magnesium prolongs the time 
to the first analgesic rescue medication, provides a minimal difference in early pain 
scores at rest after intrathecal use, and provides a 30% reduction in cumulative 
morphine use in the first 24 h after surgery [108, 109]. In animal studies, neuraxial 
magnesium has a neurotoxic potential [110], but to date, no optimal epidural mag-
nesium doses in humans have been established. This should raise caution when one is 
considering administrating magnesium neuraxial.

6.2.3 Midazolam

Midazolam is a benzodiazepine and is an indirect agonist of gamma-aminobutyric 
acid (GABA) receptors in the spinal cord. It causes neural inhibition by facilitating 
the influx of chloride into cells. Epidural administration of midazolam as an adjuvant 
to local anesthetic in a postoperative continuous infusion increases analgesic and 
sedative effects and also reduces nausea and vomiting [111, 112]. However, mid-
azolam appears to exacerbate the neurotoxic properties of local anesthetics [113], and 
therefore, it is questionable if midazolam is appropriate and safe for administration 
via the neuraxial route.

6.2.4 Neostigmine

Neostigmine, a quaternary ammonium salt, is an indirectly acting parasympatho-
mimetic. Inhibition of cholinesterase prolongs and enhances the effect of acetylcho-
line on muscarinic and nicotinic receptors. Adding neostigmine to epidural morphine 
increases the time for administration of the first analgesic rescue medication, but total 
opioid consumption does not change [114, 115]. Neuraxial neostigmine has multiple 
side effects, including hypotension, sedation, and especially nausea and vomiting, but 
it does not appear to cause neurotoxicity [115].
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FDA approval Epidural Intrathecal

Local anesthetics Lidocaine Yes Yes

Bupivacaine Yes Yes

Levobupivacaine Yes No

Ropivacaine Yes No

Mepivacaine Yes No

Chloroprocaine Yes Yes

Tetracaine No No

Opioids Morphine Yes Yes

Sufentanil Yes Yes

Fentanyl No Yes

Hydromorphone No No

Buprenorphine No No

Diamorphine No No

Tramadol No No

Methadone No No

Meperidine No No

Levorphanol No No

Butorphanol No No

Oxymorphone No No

Pentazocine No No

Calcium channel antagonists Ziconotide No Yes

Gabapentin No No

Verapamil No No

GABA agonists Baclofen No Yes

Muscimol No No

Midazolam No No

Cyclooxygenase inhibitors Ketorolac No No

Aspirin No No

Perecoxib No No

Lornoxicam No No

Cholinergic agonists Neostigmine No No

Adenosine agonists Adenosine No No

Dopamine antagonists Droperidol No No

Corticosteroids Methylprednisolone No No

Hydrocortisone No No

Triamcinolone No No

Betamethasone No No

Dexamethasone No No
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The use of adjuvants with LAs has been practiced for many years and remains the 
subject of much interest. Many anesthesiologists advocate their use since their nomi-
nation with LAs allows the reduction in doses of both classes of drugs, thus lessening 
the likelihood of side effects attributed to each. Although the evidence for significant 
benefit is limited (i.e., clonidine or adrenaline), other adjuvants have been found to be 
effective but at the expense of frequent side effects (i.e., neostigmine). At this point, 
only the role of NMDA receptor antagonists seems favorable, and further studies are 
awaited. Furthermore, many of those drugs have not been approved for neuraxial use 
and are hence used off-label, partially due to the lack of large clinical trials. Therefore, 
it is important to make a clear risk-benefit assessment before epidural administration 
of any of these drugs (Table 6).

7. Future perspectives

In addition to the currently approved drugs for neuraxial administration, a whole 
range of new drugs has been approved for other indications or routes of administra-
tion, but are still used off-label for spinal or epidural injections.

As for local anesthetics are concerned, some of the old agents have been reinforced, 
such as 2-chloroprocaine [116] and prilocaine [117]. Both of them are used for short-
duration spinal anesthesia and have a promising place in day-case surgery. However, 
both of them are still not approved for epidural administration (Table 1). Also, novel 
long-lasting LAs have been developed. Tonicaine (n-β-phenylethyl lidocaine) 
[118] and n-butyl-tetracaine [119], derivatives of lidocaine and tetracaine, produce 
prolonged sensory blockade, which lasts longer than motor blockade, and the onset 
of action is significantly slower than with the original agent. Another LA that has 
shown promise as a long-acting agent is n-butyl amino-benzoate (BAB) [120, 121]. 
A single epidural or peripheral nerve block using BAB has provided pain relief for up 

FDA approval Epidural Intrathecal

NMDA receptor antagonists Ketamine No No

Esketamine No No

Somatostatin agonists Octreotide No No

Adrenergic agonists Clonidine Yes No

Dexmedetomidine No No

Adrenaline (epinephrine) No No

Epinephrine co-administered 
with bupivacaine

Yes No

Epinephrine co-administered 
with lidocaine

Yes No

Phenylephrine No No

Adjuvants Magnesium sulfate No No

Sodium bicarbonate No No

Dextran No No

Table 6. 
FDA US Food and Drug Administration, GABA gamma-aminobutyric acid, NMDA N-methyl-D-aspartate [91].
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to 14 weeks, and it has been used successfully in the management of excruciating pain 
associated with advanced malignancy. It provides good and long-lasting analgesia 
combined with a low incidence of motor blockade. Future studies are required to 
establish the safety of these LAs.

A variety of animal toxins such as tetrodotoxin (a naturally occurring toxin of 
the puffer fish fugu), ProTx-II peptide (from the venom of the tarantula), or omega-
conotoxin (from the venom of piscivorous marine snails) specifically block voltage-
sensitive calcium channels in a way similar to LAs [122, 123], but their clinical use is 
still limited due to considerable systemic toxicity.

Some previously established drugs have been found to have LAs effects: 
Sameridine and pethidine are compounds with LA and opioid actions, which have 
been used successfully as intrathecal agents in human studies. The duration of a sen-
sory blockade is similar to that of lidocaine, but analgesia is more prolonged and with-
out side effects such as respiratory depression [124, 125]. Tricyclic antidepressants 
(such as amitriptyline) share several properties, both physical and pharmacological, 
with LAs. They share a common mechanism of action with both blocking neuronal 
sodium channels in a use-dependent manner, although tricyclic antidepressants also 
affect numerous other neurotransmitters including serotonin, glutamate, adenosine, 
and acetylcholine [126].

Additionally, advances in delivery systems have been made. The liposomal 
delivery system has been developed in an attempt to prolong the duration of action 
of administered LAs without the need for adjuvant drugs, nerve sheath catheters or 
pumps. Liposomes are microscopic lipid vesicles (0.02–40 μm) that act as a reservoir 
of drugs. They prevent redistribution from the site of injection to other tissues, 
due to the fact that a very small fraction of the drug is bioavailable and therefore, 
decreases the risk of systemic toxicity. Work in animal models and in humans has 
shown that the release of liposomal-encapsulated LAs and morphine occurs more 
slowly than with standard preparations of either drug, resulting in a prolonged 
analgesic effect without an increase in the time to onset of analgesia [127, 128]. 
Improved pain scores and decreased opioid consumption have been demonstrated 
for up to 48 h after lower abdominal surgery, hip arthroplasty, and Cesarean section 
[129–131]. The safety of liposomal preparations is yet to be fully established. There 
are concerns regarding the potential neurotoxicity of the liposomes and a risk for 
liposomal breakdown, resulting in the rapid release of large amounts of free drugs 
[132]. Hopefully, in the future, these delivery systems should provide the clinician 
with both an extended range and a choice in the degree of prolongation of the action 
of each agent.

8. Conclusion

Epidural anesthesia and analgesia often present as a supplement to general 
anesthesia for surgical procedures in pediatric and adult patients. Medications 
administrated in epidural space provide analgesia in intraoperative, postoperative, 
peripartum, and end-of-life settings with a special benefit in a group of elderly 
patients and those with different comorbidities. Special caution is required during 
the procedure since the epidural space is “virtual” with anatomical relationships and 
possible spine pathology that makes the epidural space irregular and segmental, and 
can affect the spread of the medications and their final drug efficacy. The main goal 
of the epidural blockade is to produce a quality sensory block with the lack of motor 
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block. However, autonomic fibers are more susceptible to blockade and reach 2–6 
dermatomal levels higher than the sensory block, resulting in cardiovascular and 
hemodynamic changes that affect almost all organ systems, respectively.

Drugs administrated in the epidural space pass their way to the site of action 
by diffusion into the CSF through the spinal meninges and are influenced by dose, 
volume, and concentration of the drug, surface area, protein binding, and lipid solu-
bility, respectively. LAs in a combination with opioids are the most common epidural 
administrated drugs. LAs inhibit action potential in nociceptive fibers and block the 
transmission of pain impulses by blocking VGSC. By duration of action, they are 
classified into the short-, intermediate-, and long-acting groups. On the other hand, 
opioids are lipid-soluble weak bases that are highly bound to the proteins and are 
ionized at physiologic pH. They bind to four main types of opioid receptors mainly 
located in the dorsal horn of the spinal cord, each having their prototype agonist 
producing the clinical effect. Special caution must be set on their adverse effects with 
an emphasis on the life-threatening event called local anesthetic systemic toxicity 
(LAST) and opioid-related depression of the ventilation, that must be treated timely.

New treatment techniques for patients suffering from back pain syndrome 
include epidural steroid injection (ESI) with corticosteroid administration into the 
epidural space having an anti-inflammatory effect. Corticosteroids can have a sever-
ity of complications. Therefore, a 2-week interval for additional ESI is suggested. 
Dexamethasone is considered generally safer than methylprednisolone, but further 
studies are necessary. In addition to the mentioned drugs, many other drugs can help 
in achieving a successful epidural block, such as adjuvants. However, many of them 
have not been approved for epidural use and hence are used off-label, even when 
clinically established. Additionally, new LAs, animal toxins, and liposomal delivery 
systems have been developed in an attempt to provide clinically effective epidural 
block.

Since epidural blockade is a complex process, which takes place at many dif-
ferent sites, further investigations are required to fill the gaps in our knowledge of 
the fundamental process of epidural action. The majority of variables involved in 
epidural drug efficacy are not susceptible to direct measurement. Therefore, careful 
experimental design and examination of direct and indirect evidence from clinical 
and laboratory sources are needed for better clarification.
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Abstract

Neuraxial techniques are commonplace in labor analgesia. Techniques for labor 
analgesia range from intrathecal and epidural anesthesia to peripheral nerve blocks, 
nitrous oxide, intravenous infusions, and acupuncture. The epidural approach is 
the most popular as it allows for local anesthetics to diffuse into the intrathecal 
space along with repeated or continuous doses of medication for labor and primary 
anesthetic for surgeries. The epidural technique affects differing spinal nerves (i.e., 
pain, autonomic, sensory, and motor) with varied effects depending on the concen-
tration and volume of LA used. Adverse effects do exist following these techniques 
with hypotension being a major concern. A multitude of anesthetic agents can be 
given in the epidural; opioids are the most frequently used local anesthetic adju-
vants. Alpha 2 adrenoreceptor agonists are also used as local anesthetic adjuvants. 
Although not performed routinely, peripheral nerve blocks play a complementary 
and supplementary role in epidural analgesia and anesthesia. There are absolute and 
relative contraindications to epidural anesthesia. Alternatives to neuraxial anesthe-
sia that can be offered include infusion of ultrashort acting opioids, nitrous oxide, 
opioid agonist-antagonists, ketamine, TENS, and acupuncture. Local Anesthetic 
Systemic Toxicity may be more prevalent in the pregnant.

Keywords: neuraxial anesthesia, combined spinal epidural, intrathecal injection, local 
anesthetics, dural puncture technique, Accuro ultrasound, programmed intermittent 
epidural boluses, local anesthetic adjuvants, peripheral nerve blocks, LAST

1. Introduction

Spinal anesthesia is a neuraxial anesthesia technique in which local anesthetic 
(LA) is placed directly in the intrathecal (i.e., subarachnoid) space and blocks 
transmission of pain by the spinal nerves. The subarachnoid space houses sterile 
cerebrospinal fluid (CSF), the clear fluid that bathes the brain and spinal cord. 
Spinal anesthesia is only performed in the lumbar area, specifically the mid to 
low lumbar levels to avoid damage to the spinal cord and to prevent intrathecally 
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injected medications from having any activity in the upper thoracic and cervical 
regions.

Epidural anesthesia is also a neuraxial technique. However, the LA is placed ‘epi’ or 
outside the intrathecal space. The LA (for the most part) then diffuses to the intrathe-
cal space. This allows for potentially repeated doses via a catheter. It also can be placed 
in other regions (i.e., thoracic and cervical) of the neuraxis as well. The epidural 
thus has a larger breadth of applicability and can provide pain relief to a multitude 
of patients including those in labor, those for pain management, and those having a 
variety of surgeries.

New and exciting developments include ultrasound guidance to help with 
proper and more rapid placement of epidurals, newer equipment and devices 
to deliver medication in an improved manner, and recommended adjuvants to 
enhance the quality and the duration of the epidural. In addition to these develop-
ments, this chapter will explore adjunctive therapies such as regional blocks and 
acupuncture.

2. Outline

This chapter will cover basic anatomic considerations, basic general and obstetric 
physiology, basic epidural techniques and position, ultrasound use for epidural place-
ment, pharmacological drugs used in epidurals, complimentary and supplementary 
regional blocks with epidurals, other remedies when epidurals are not viable or fail, 
and local anesthesia systemic toxicity (LAST).

3. Anatomy

From innermost to outermost layers, going toward the skin posteriorly, the spinal 
cord is surrounded by pia, arachnoid, and dura mater (see Figure 1) [1]. The epidural 
space is next, but it is only a potential fat-filled space that is formed between the dura 
mater of the spinal cord and the ligamentum flavum of the posterior vertebral column 
(see Figure 2). The posterior vertebral column is made up of bone (vertebrae) and the 
intervertebral space that has the ligamentum flavum, the interspinous ligament, and, 
finally, the supraspinous ligament. The vertebral pedicles and intervertebral foram-
ina form the lateral limits of the epidural space. Longitudinally, the epidural space 
extends from the foramen magnum to the sacral hiatus. The vertebral column consists 
of 7 cervical, 12 thoracic, and 5 lumbar vertebrae and the corresponding interverte-
bral spaces and the sacrum and coccyx.

In adults, the spinal cord terminates at the level of the 1st and 2nd lumbar 
(L1–L2) vertebrae (see Figure 3) and is tethered to the coccyx. The spinal cord 
originates at L3, but after 1 year of age, the spinal cord moves upward (still 
tethered to the coccyx), creating a dural sac with CSF ending at the 2nd sacral 
vertebrae (S2) with many spinal nerves called the cauda equina. For safety, the 
epidural is placed below the L1–L2 vertebral interspace and above the sacrum that 
has no interspaces. The top of the iliac crest conveniently correlates with the L4–
L5 interspace, and the L3–L4 or L4–L5 are the most common levels for insertion 
of the epidural. Problems with insertion include patients having scoliosis, osteo-
phytes, calcifications, and diminished disc space because of vertebral fractures, to 
name a few.
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Figure 1. 
Spinal needle punctures dura mater for injection.

Figure 2. 
Cross section view of vertebral body.
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4. Physiology

The epidural technique involves numbing different spinal nerves (i.e., pain, 
autonomic, sensory, and motor) with varied effects depending on the concentration 
and volume of LA used. Regardless of which nerves are blocked, there is a physiologic 
consequence to blocking these nerves. In particular, hypotension is the major poten-
tial problem due to blocking the sensitive sympathetic fibers and causing vasodilation 
[2, 3]. This hypotension, if severe enough, may lead to decreased organ perfusion and 
in the extreme organ dysfunction.

Another problem is the level of spread of LA. If the spread is too high (i.e., 
rostral), the intercostal muscles may be blocked, leading to an uncomfortable feel-
ing of not being able to take a deep breath. If the spread is too low (i.e., caudal), the 
urinary muscles may be blocked leading to difficulty in urinating. Thus, targeting 
the right level is important. This is especially so in the parturient population.

Parturients in labor are the largest group of patients receiving an epidural. 
Knowing the stages of labor gives more insight into the level of epidural analgesia 
required. The first stage of labor includes cervical dilation and uterine contractions. 
The neural signaling via the sympathetic chain will enter the spinal cord at T10 –L1 

Figure 3. 
Side view of lumbosacral spine.
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(Figure 4), causing visceral pain to the parturient. If the epidural is placed at the 
L3–L4 or L4–L5 interspace, a bolus of 10–15 ml of LA would be necessary to affect the 
appropriate level.

In the second stage of labor, the fetal head descends, and the pain becomes more 
somatic in nature, with vaginal and perineal stretching as the pain is transmitted 
through the pudendal nerves at S2–S4 (see Figure 4). If the epidural is placed at the 
L3–L4 or L4–L5 interspace, a bolus of 20–25 ml of LA would be necessary to affect the 
appropriate level.

Figure 4. 
Sensory innervation from lumbosacral plexus.
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5. Epidural techniques and position

As stated in the introduction, the epidural is used because a catheter can be placed 
in the epidural space, allowing redosing. There are at least two alternatives to the 
classic epidural. One involves the placement of an epidural catheter combined with a 
spinal block and is called a combined spinal epidural (CSE). The intrathecal dose is 
administered before the catheter is placed. In the other, an epidural catheter is again 
placed after a spinal puncture, but no actual intrathecal dose is given, and this is 
called a dural puncture technique (DPT).

The classic epidural involves the placement of a catheter in the epidural space, a 
bolus dose of medication, and continuous medication infused into the epidural space 
through a pump. The bolus dose may take a bit of time to work as it has to diffuse into 
the intrathecal space.

The CSE offers a quicker onset of pain relief with the continued advantage of anal-
gesia from the epidural infusion. In addition, confirming the CSF through the spinal 
needle allows the provider to feel confident that he or she is in the correct spot when 
placing the epidural. This confirms that the loss of resistance is not false (discussed 
later). While there is a small chance of post dural puncture headache (PDPH) with 
the dural puncture, the use of a very small gauge needle for the spinal puncture will 
decrease the chance to almost negligible. The quicker onset of the CSE may lead to 
unwanted hypotension, though. This hypotension can be mitigated by adding fluids 
and the use of vasopressors like phenylephrine and ephedrine.

The DPT is a compromise between the classic epidural and the CSE and is quicker 
than the classic epidural but has less hypotension than the CSE.

Most practitioners find it easier to place the epidural in the sitting position. The 
patient’s midline can be easily determined in the sitting position. There are five layers 
that a practitioner must pass through from a midline position in order to get to the 
epidural space (see Figure 1). These layers are the skin, the subcutaneous fat, the 
supraspinous ligament, the interspinous ligament, and the ligamentum flavum. While 
sitting, spinal flexion and neutral rotation should be achieved to establish a straight 
path for needle insertion in the intervertebral space between the spinous processes. 
It is helpful to first feel the landmarks, which include the top of the iliac crests cor-
relating to the L4–L5 interspace. Additionally, it helps to feel the spinous processes 
and trace them down from cervical to thoracic to lumbar to identify if the patient has 
any scoliosis or curvature, which may make the procedure more difficult. Once the 
interspace is identified, one can place a mark at the chosen location. It is important to 
clean the back well in a sterile fashion. Chlorhexidine has been found to be superior 
to betadine in recent studies and is recommended unless the patient has an allergy 
to chlorhexidine. Typically, chlorhexidine should be allowed to dry for at least three 
minutes. Next, the epidural kit should be set up while allowing the chlorhexidine 
to dry. The procedure starts with injecting LA liberally with a 3/8 inch 25-gauge 
needle in the skin and subcutaneous space to numb the area. A longer (i.e., 1 ½ inch) 
25-gauge finder needle may be used to determine the location of the interspace past 
the subcutaneous tissue. The epidural needle, usually a 17-gauge blunt Tuohy needle 
with obturator in place, is advanced in the same plane as the finder needle and is 
seated in the interspinous ligament. The obturator is removed, and a glass saline-filled 
syringe is attached to the Tuohy needle, and the resistance of the ligament is felt, 
preventing any saline from being injected. The Tuohy needle–glass syringe assembly 
is advanced very slowly, feeling for resistance every 1–2 mm. When the ligamentum 
flavum is reached, there may be, but often not, a subtle change in resistance. After 
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passing the ligamentum flavum, there is a sudden loss of resistance, and the saline can 
be easily injected.

After the loss of resistance is confirmed, the glass syringe is removed carefully, 
and an epidural catheter is threaded into the epidural space through the Tuohy needle. 
The epidural catheter is placed 4–6 cm beyond the Tuohy needle into the epidural 
space. After catheter placement, the Tuohy needle is removed with careful attention 
as to not remove the newly placed catheter.

There may be problems placing the epidural catheter. A false loss of resistance may 
be obtained if the resistance of the ligament is not very obvious because of patient char-
acteristics and so on. The patient may have an altered or difficult anatomy preventing 
the midline approach. When a midline approach is difficult, a paramedian approach can 
be tried. In the paramedian approach, the needle should be inserted 1–2 cm lateral to 
the inferior tip of the posterior spinous process, corresponding to the vertebra above the 
desired interspace. The needle is then advanced horizontally until the lamina is reached 
and then redirected medially and cephalad to enter the epidural space [4].

While an intrathecal puncture with a very small gauge needle will usually not 
cause a PDPH, an intrathecal puncture with the large 17-gauge bore Tuohy needle will 
almost certainly cause a PDPH, which may result in exaggerated complications. An 
ultrasound device may be helpful in preventing this occurrence.

6. Use of ultrasound

The ultrasound is a helpful tool, as one can have direct vision while placing 
the epidural, or at least visualize the midline when it is not visible secondary to 
calcifications, spina bifida, or instrumentation. In cases of obese patients or patients 
with scoliosis, the ultrasound can be particularly useful.

Using the ultrasound, a practitioner may see the midline and the depth at which 
the loss of resistance should occur. This lessens the risks of false loss of resistance and 
incorrect placement in the obese patients and fewer unwanted dural punctures with 
the Tuohy needle and less chance of headache in the ultrathin patients. The ultra-
sound is a radiation-free technique and therefore may be safely used in the obstetric 
patients. In addition, Rivanna produces the Accuro, which is a handheld, portable 
ultrasound. The Accuro uses 3D as well as 2D technology to line up the intralaminar 
and the epidural space. The device allows for the depth of the epidural space to be 
noted, allowing easier epidural placement.

7. Medications

A multitude of anesthetic agents can be given in the epidural to provide analgesia 
or anesthesia for procedures or surgeries. LAs work by inhibiting conduction of nerve 
impulses, by binding to a subunit of the voltage-gated sodium channels and impairing 
nerve impulses. When the sodium ions are prevented from entering the cell, the nerve 
conduction is inhibited.

LAs are classified as either amides or esters [5]. Amides are more stable in solu-
tions, whereas esters are less stable. The amino esters are hydrolyzed by pseudo-
cholinesterase in plasma, while amides undergo enzymatic degradation by the liver 
and are excreted in the urine. Common amide Las include lidocaine, bupivacaine, 
and ropivacaine. Common ester anesthetics include procaine, chloropropane, and 
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tetracaine. Esters generally cause a greater degree of allergic reactions, due to the 
metabolites of amino esters, like para-aminobenzoic acid, which can cause an immu-
nological response.

LAs block different nerves depending on the concentration of the LAs and the 
size (i.e., sensitivity) of the nerve. The smallest nerves that are the most sensitive 
are the pain, temperature, and autonomic nerves. The medium nerves that are less 
sensitive are the sensory nerves. The large nerves that are fairly resistant are the motor 
nerves, and the largest and most resistant are the positional nerves. Epidural analgesia 
for labor usually requires a more dilute LA solution, while epidural anesthesia for 
cesarean section requires a more concentrated LA solution.

Lidocaine is the archetypical LA. At a concentration of 0.5%, a bolus of 
lidocaine will block transmission to the pain, temperature, and autonomic fibers. 
At a concentration of 1.0%, a bolus of lidocaine will block sensory fibers. At a 
concentration of 2.0%, a bolus of lidocaine will block motor fibers. However, there 
is an overlap, and at 0.5%, the bolus may affect some sensory fibers, and at 1%, the 
bolus may affect some motor fibers. An infusion of LA requires a lesser concentration 
for the same effect on the nerves and may be given continuously. An infusion of 0.25, 
0.5, and 1% lidocaine will block the smaller, medium, and large nerves, respectively.

Lidocaine is of medium onset and lasts a medium duration of time. Bupivacaine is 
of slower onset but lasts much longer, while chloroprocaine is of fast onset but lasts 
a short time. 0.125, 0.25, and 0.5% bupivacaine boluses and 1, 2, and 3% chloropro-
caine boluses correspond to lidocaine boluses. A 0.0625, 0.125, and 0.25% bupiva-
caine infusion and a 0.5, 1, and 2% chloroprocaine infusion correspond to a lidocaine 
infusion. Ropivacaine and levobupivacaine are the only commercially available 
single-enantiomer local anesthetics, these were initially developed as less cardiotoxic 
alternatives to bupivacaine [6].

The concentration and volume of LAs determine LAST (discussed later). A lesser 
concentration and hence safer mixture of LAs may be used if other drugs (namely, 
adjuvants) are added to the mix. Some adjuvants (i.e., bicarbonate) decrease the 
onset time; some adjuvants (i.e., epinephrine) prolong the duration of block; some 
adjuvants (i.e., opioids) enhance the analgesia.

By adding these adjuvants, it is possible to give such a dilute mixture of LAs that 
will allow the patient to ambulate and be pain-free with few side effects. This is 
known as a ‘walking’ epidural. There are many combinations of these mixtures. One 
such combination is ropivacaine 0.025% with fentanyl 3 mcg/ml and epinephrine 
0.5 mcg/ml [7].

Also, not all infusions are the same. Rather than using the traditional continuous 
infusion techniques for labor, the new programmed intermittent epidural boluses 
(PIEBs) are thought to provide better analgesia and lower anesthesia requirements 
overall. The PIEB allows for the patient to get a spray of epidural medications, cover-
ing more dermatomes and adding to analgesic satisfaction and less motor block. 
Unlike the traditional continuous epidural infusions that deposit medication in the 
same location, the PIEB allows the epidural infusion to be spread over a greater area 
[8]. PIEB labor analgesia has a higher threshold for motor blockade because the intra-
neural concentration is reduced as local anesthetic diffuses out of the nerve between 
boluses.

Properties: Local anesthetics that have an increased lipid solubility are associated 
with enhanced diffusion through neuronal coverings and lower milligram dosage and 
hence higher potency. In contrast, those local anesthetics which are lipid-insoluble are 
more highly protein bound in the blood and have a longer duration [9]. The baricity 
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of a local anesthesia is used to determine where the local anesthetic will spread in the 
intrathecal space. Dissociation constant determines the portion of the drug that stays 
in the lipid soluble tertiary molecular state (lower PKa) and hastens onset.

Opioids are the most frequently used local anesthetic adjuvants, and their use in 
neuraxial blocks has evolved over the last 50 years. The dose, site of injection, lipo-
philicity, and the acid-base milieu of the site of drug deposition determine the extent 
of efficacy of the block. They can be given intrathecally or epidurally. Typically, the 
epidural dose is 5–10 times the intrathecal dose as the epidurally placed drug must 
diffuse to the intrathecal space to work. The opioids used as adjuvants have differing 
properties. Morphine must be prepared as a preservative-free solution. The hydro-
philic nature of neuraxial morphine results in cephalad spread, thereby increasing 
the area and duration of analgesia. However, the adverse effect of its use in neuraxial 
blocks includes respiratory depression (early and late), nausea, vomiting, pruritus, 
and urinary retention. Fentanyl has been shown to have a lesser prolongation of block 
compared with neuraxial morphine with a more favorable adverse effect profile. 
The addition of epinephrine to the fentanyl results in a slightly further prolongation 
with still better adverse-effect profile, especially less nausea. The use of epinephrine 
1:1000 or 1:10000 along with lidocaine and fentanyl in spinal anesthesia in women 
candidates for C-section produced no statistically significant difference in the hemo-
dynamic, post-operative nausea and vomiting and post-operative paralysis and pain 
relief [10, 11].

Epinephrine is a potent vasoconstrictor that decreases absorption into the 
vasculature. This results in an increase of duration of block and an increase in the 
systemic safety profile. It by itself may also add some analgesia.

Adding epinephrine to an LA with or without opioids allows for a more dilute LA 
solution, and in the extreme, the dilute concentration of an LA together with a dilute 
concentration of opioid allows a parturient to have pain relief (especially during the 
first stage of labor) with virtually no effect on the motor nerves. A ‘walking’ epidural 
can be sometimes be achieved with a solution of 0.0625% bupivacaine 2 mcg/ml of 
fentanyl and 5 mcg/ml of epinephrine.

Alpha 2 adrenoreceptor agonists (Clonidine, Dexmedetomidine) are also used as 
local anesthetic adjuvants. They act on postjunctional alpha-2 adrenoreceptor in the 
dorsal horn of spinal cord.

Neuraxially, they have a local effect on the blockage of sympathetic outflow, while 
peripherally, they prolong the duration of analgesia by hyperpolarization of cation 
channels [12]. Epidural clonidine in doses of 25–50 mcg/h has been found to have 
fewer side effects. Intrathecal administration of clonidine has evolved in terms of dos-
ing from the initial phases of higher doses (i.e., 150 mcg) to routine use of lesser doses 
(i.e., 15–40 mcg) in present-day practice to avoid its cardiovascular adverse effects.

Dexmedetomidine is a 7-times more selective alpha-2 receptor agonist in com-
parison to clonidine and has a similar mechanism of blocking hyperpolarization 
activated cation channels. Intrathecal (5–10 mcg) and epidural dexmedetomidine 
(1 mcg/kg) as an adjuvant to isobaric bupivacaine or in combination with the com-
monly used LA has been investigated for its analgesic efficacy in various patient 
subsets. Its use has been associated with prolonged duration of block and improved 
postoperative analgesia without any associated hypotension or other adverse events, 
especially when used at doses less than 5 mcg. However, it is often associated with a 
higher incidence of bradycardia. Comparative evaluation of dexmedetomidine and 
clonidine has revealed the superiority of dexmedetomidine when used as an adjuvant 
for epidural or intrathecal administration.



Epidural Administration - New Perspectives and Uses

86

Dexamethasone is a potent steroidal anti-inflammatory agent and can be used as 
an adjuvant. There is evidence to suggest that dexamethasone has analgesic properties 
in addition to increasing the duration of LA action.

8. Peripheral nerve blocks

Although not performed routinely, peripheral nerve blocks (PNBs) play a 
complementary and supplementary role in epidural analgesia and anesthesia.

The lumbar paravertebral block (PVB) is placed outside the dura mater by the para-
spinal space and is used when a standard epidural is not or cannot be used. The typical 
dermatomal spread for a single-level block with an injected volume of 5 mL is four derma-
tomal levels. A bilateral PVB at the T12–L1 level is used for a cesarean section. In addition, 
visceral pain can be treated with a paravertebral sympathetic block (PSB) that prevents 
pain from uterine innervation via the preganglionic and postganglionic sympathetic fibers 
of the superior and inferior hypogastric plexus (branches of the hypogastric nerve).

The major advantage of paravertebral nerve blocks is that analgesia can be pro-
vided in patients for whom neuraxial analgesia could be complicated, such as neur-
axial anatomical abnormalities or spine surgery with instrumentation. The duration 
of analgesia with typical agents is 9–12 h.

The transversus abdominis plane (TAP) block is a field block of the thoracolumbar 
nerves that run in the fascial plane between the internal oblique muscle and the trans-
versus abdominis muscles (Figure 5), the anterior primary rami course between the 
internal oblique and the transversus abdominis muscles, and, subsequently, branch 
into the lateral and anterior cutaneous nerves at approximately the midaxillary line. 
It is used to complement a neuraxial block. The major disadvantage is that it does 
not provide visceral analgesia. This omission explains why many studies have failed 

Figure 5. 
Illustration of transversus abdominis plane (TAP) block.
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to show the superiority of TAP or give mixed results when compared with standard 
multimodal analgesia.

The quadratus lumborum block (QLB) is also a field block of the thoracolumbar 
nerves but is placed more laterally (Figure 6). Its posterior spread into the paraver-
tebral space can potentially affect the sympathetic chain, conferring some visceral as 
well as somatic analgesia. The QLB seems to have a greater dermatomal spread than 
the TAP block.

The disadvantage of the block is that it is more difficult than a TAP block, and it 
has greater systemic absorption through the highly vascularized muscle bed, poten-
tially causing local systemic anesthetic toxicity.

An erector spinae plane block (ESPB) involves truncal deposition of LA in the 
plane anterior to the erector spinae muscles and superficial to the transverse processes 
of thoracic or lumbar vertebrae, resulting in considerable spread in both cephalo-
caudad and medial-lateral directions. This is a complementary block for neuraxial 
anesthesia after cesarean section.

The disadvantage of this block is that it is difficult to place.
A paracervical block is a supplementary block for the first stage of labor when a 

neuraxial block is inadequate. It can be placed by the obstetric team especially if a 
neuraxial block team is unavailable (Figure 7).

The disadvantage of the paracervical block is that it has a high incidence of fetal 
bradycardia, and it does not help with the second stage of labor.

A pudendal nerve block is a supplementary block for the second stage of labor 
when a neuraxial block is inadequate. It too can be placed by the obstetric team 
especially if a neuraxial block team is unavailable.

The disadvantage of the pudendal block is that it alone does not provide reliable 
analgesia for the second stage of labor as both the cervical and pudendal nerves must 
be blocked. However, the block is useful for episiotomy and repair (Figure 8).

Figure 6. 
Quadratus lumborum block.
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Liposomal bupivacaine may also be used for the peripheral nerve blocks. 
Liposomal bupivacaine is a prolonged-release (up to 72 h) formulation of bupivacaine 
approved by the US Federal Drug Administration for postoperative analgesia by 
single-dose infiltration. It is expensive to use, and not many centers approve its use 
(Figure 9).

Figure 8. 
Illustration of pudendal nerve block.

Figure 7. 
Illustration of paracervical block.
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9. When you need something besides an epidural

There are both absolute and relative contraindications to epidural anesthesia. 
The absolute contraindications include patient refusal, localized sepsis in the 
area where the neuraxial anesthesia is to be performed, an allergy to the medica-
tions used [13, 14], and severe coagulopathy such as disseminated intravascular 
coagulation.

Thrombocytopenia has previously been considered a contraindication for 
neuraxial anesthesia; however, recently, the consensus regarding platelets has been 
changing. Rather than looking at an absolute number, the overall platelet trend can 
help to determine if a patient is a good candidate for neuraxial anesthesia. In 2016, the 
ASA practice guidelines for obstetric anesthesia stated that it is unnecessary to have 
a routine platelet count for a healthy parturient [9]. Coagulation profile is also not 
recommended unless the parturient has a history of coagulopathy, preeclampsia, or 
HELLP syndrome. While there is no minimum platelet count, 70,000 platelet count 
has been an acceptable number [15, 16].

Relative contraindications include generalized fever or infection, spina bifida, 
multiple sclerosis, anticoagulation, central nervous system disorders and preload 

Figure 9. 
Different block levels for labor analgesia.
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dependent states (i.e., aortic stenosis), previous back surgery or instrumentation, 
placement in anesthetized adults, and needle placement through a tattoo [17].

An ultrashort acting opioid such as remifentanil may be used. Remifentanil is 
rapidly metabolized by serum and tissue cholinesterases and consequently has an 
acceptable level of maternal side effects with minimal or no fetal side effects.

Nitrous oxide (N2O) may also be used especially in countries where neuraxial 
analgesia is unavailable. Remifentanil may offer better pain relief than nitrous oxide 
with fewer side effects. However, N2O can still be used.

N2O is a nonflammable, tasteless, and odorless gas. N2O is always delivered with 
oxygen in a 50:50 mixture. It can be used for the first and second stages of labor as well 
as during postdelivery procedures such as laceration repair, manual removal of the 
placenta, and uterine curettage. It may also facilitate the initiation of epidural analgesia. 
N2O is self-administered and has a rapid onset of 30 to 50 seconds. N2O administration 
is intermittent and delivered via face mask. The patient’s inhalation triggers the opening 
of a negative pressure demand valve and is timed by the patient to coincide with uterine 
contractions. Anecdotal reports have noted the patient report of greatest relief when the 
woman begins inhalation approximately 30 seconds prior to the start of her contrac-
tion. This pattern of inhalation allows for peak serum levels of N2O to coincide with the 
peak of the uterine contraction. Offset is rapid, with elimination of the N2O by exhala-
tion occurring within a few minutes of discontinuation. It is important that the N2O 
be administered by the patient herself using a handheld face mask; no straps or other 
devices should be used to secure the mask to the patient’s face that could lead to exces-
sive drowsiness. Learning the correct technique by practicing with the first few contrac-
tions is important in order to maximize results. Patient satisfaction and success with 
therapy can be enhanced by thorough teaching with a focus on the timing of breathing. 
Pain relief is less effective than with neuraxial analgesia utilizing local anesthetics.

Environmental pollution can occur with the use of N2O, and a scavenger system is 
required. Increased access to N2O services in hospitals and birth centers has long been 
advocated by the midwifery profession. A position statement on Nitrous Oxide for 
Labor Analgesia issued by the American College of Nurse-Midwives in 2009 advocates 
for the availability of N2O to all laboring women and recommends that all certified 
nurse-midwives and certified midwives be trained “to administer and oversee safe 
use of N2O analgesia during labor” [18]. The American Society of Anesthesiology and 
the American Congress of Obstetricians and Gynecologists do not currently have any 
position statements regarding N2O use for labor analgesia.

Inability to obtain CSF, sometimes referred to as a ‘dry tap’, is one of the causes of 
failure of the intrathecal portion of a CSE or DPT. A failed lumbar puncture is usually 
because of poor positioning of the patient or incorrect needle insertion, both factors 
being within the control of the anesthetist. Abnormalities of the spine (kyphosis, 
scoliosis, calcification of ligaments, and consequences of osteoporosis), obesity, and 
patient anxiety make both positioning the patient and needle insertion more difficult. 
The appearance of clear fluid at the needle hub is usually the final confirmation 
that the subarachnoid space has been entered. Intrathecal spread is governed by the 
interplay between solution, physical characteristics, gravity, and the configuration 
of the vertebral canal. Anatomical abnormalities can lead to problems with spread. 
The curves of the vertebral column are integral to solution spread, and any obvious 
abnormality, kyphosis, or scoliosis may interfere with the process. The epidural 
should hopefully still work, but analgesia may be delayed.

Systemic medications may also be used if the epidural is inconvenient or has failed. 
Opioid agonist-antagonists, such as butorphanol and nalbuphine, have also been used 
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for obstetric analgesia when an epidural is inconvenient or has failed. These analgesic 
drugs may have a lower incidence of nausea and vomiting [19]. Butorphanol is prob-
ably the most popular of the mixed agonist-antagonists. A disadvantage is a high inci-
dence of maternal sedation. The recommended dose is 1–2 mg by IV or IM injection.

Nalbuphine 10 mg IV or IM is an alternative to butorphanol.
Ketamine is another analgesic drug that is often used specifically if the epidural 

is ‘patchy’ or incomplete. In low doses (0.2–0.4 mg/kg), ketamine provides analgesia 
without causing neonatal depression. However, ketamine has sedative and amnestic 
properties that may be troublesome for the parturient.

Alternate techniques such as TENS and acupuncture in labor have been tried, 
but the results are at best mixed. One controlled study comparing acupuncture to no 
treatment for labor pain concluded that acupuncture was not effective, but a non-
controlled study (i.e., without a comparator) on a larger population concluded that 
acupuncture was effective [20]. Acupuncture has been shown to be helpful in alleviat-
ing anxiety even in laboring patients.

10. Local Anesthetic Systemic Toxicity (LAST)

For obstetric patients, LAST may be more prevalent than the nonpregnant popula-
tion secondary to decreased protein binding, increased tissue blood flow, and vascular 
engorgement. Data suggest that up to 20 out of 10,000 peripheral nerve blocks and 4 
out of 10,000 epidural blocks result in systemic local anesthetic toxicity [21].

The systemic toxicity initially manifests as central nervous system toxicity. The 
patient may feel lightheaded, dizzy, have ringing in the ears, and trouble focusing. As 
the systemic toxicity progresses, excitatory symptoms such as shivering, tremors, mus-
cle twitching, and even seizures appear, resulting from an initial blockade of inhibitory 
pathways by the local anesthetic drugs [17]. As the toxicity progresses further, cardiac 
manifestations appear. This may result in severe hypotension, atrioventricular conduc-
tion delay, idioventricular rhythms, and, eventually, cardiovascular collapse [7].

Local anesthetic toxicity is difficult to treat, and lipid containing solutions to absorb 
the local anesthetic are used. In particular, Intralipid, a 20% fat emulsion, is used.

Also, the seizure threshold can be raised by giving a small dose of benzodiazepine 
such as midazolam, if CNS toxicity is suspected.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Perspectives of Cell-Based Therapy 
for Degenerative Diseases of the 
Spine: The Reason for Choosing the 
Epidural Space
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Abstract

Intervertebral disc degeneration (IDD) is a chronic disease that causes significant 
disability and dependence and exerts a high cost on society. Concerning IDD, it is 
the most common cause of back pain, involving any segment of the spine. It is one 
of the most frequent reasons for consultation in the general population, second 
only to headache, affecting 80–85 % of people throughout life. Current therapeutic 
strategies focused on IDD are primarily conservative, including physical therapy 
and antiinflammatory medication. Surgical techniques intend to stabilize the spine 
and/or decompress the spinal or foraminal canal, searching for relieve of symptoms; 
however, do not address the cause of the degeneration and even accelerate the degen-
eration of adjacent segments. Understanding of the biology of platelet-rich plasma 
(PRP) and other growth factors conducted usto use of PRP as a promising biological 
therapeutic strategy for enhance the regenerative process, searching the healing of the 
intervertebral disc. With current few in vitro studies, and fewer clinical studies link-
ing the bases of regenerative medicine (RM) in the management of degenerative disc 
disease, our pioneering research was to state the bases, fundamentals, results, and the 
new trends around the RM techniques focused on the pathology of the spinal canal, 
taking the advantages that offer the epidural route.

Keywords: epidural space, intervertebral disc degeneration, intervertebral disc 
regeneration, platelet-rich plasma, tissue engineering

1. Introduction

Low back pain (LBP) has become a major public health issue for people under 
45 years. This global problem has an estimated prevalence of about 7.5% in the global 
population (WHO, 2017). LBP is a costly and challenging condition to manage. LBP 
has become one of the main reasons for limiting of physical activities and is spread-
ing in epidemic proportions [1, 2]. With these concerns in mind, it is important to 
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highlight that lumbar disc degeneration is the most common cause of low back pain. 
Intervertebral disc disease (IDD) is a progressive, chronic disorder and number one 
cause of LBP.

Understanding of the IDD pathophysiology and its clinical course will allow us 
to focus on a rational treatment for the patient, when possible. Current treatments 
for IDD proposed in most ́consensus protocols ́ do not correspond, unfortunately, to 
the pathophysiological process involved in the IDD, as these treatments are mainly 
focused on relieving pain (palliative pain medicine) [3]. Recent studies addressing the 
treatment of LBP, as opposed to current protocols, focus their management strategy 
based on the genesis that triggers pain. These pioneering studies [4–6] show that 
epidural PRP injections can improve significantly in the pain score (VAS-scale) and 
function (MACNAB-score) in patients with IDD diagnosis.

The aim of this chapter is to overview our pioneering research, the bases, funda-
mentals, and results. Also, this research includes the near future around the regen-
erative medicine (RM) techniques associated to the medullary canal. This research 
document also aims to highlight the new trends what the Regenerative Medicine 
focuses on the pathology of the spinal canal.

2. Historical overview

2.1 The evolution from general anesthesia to spinal techniques

… at past, surgeries were horrible …

The beginning of Anesthesia dates to ancient civilization, seeking to alter the 
consciousness to prevent pain during surgery. Deliriant herbs as the sleeping sponge 
(Hippocrates), opium, belladonna, scopolamine, cannabis were the herbal remedies 
as anesthetics (Figure 1). At the XVI century appeared ether (Paracelsus) through 
the distillation of alcohol and sulfuric acid. Already in 1796 Davy discovered nitrous 
oxide (N2O) opening the doors to the future of anesthesia [7].

The knowledge of the chemical agents that altered the consciousness, and later the 
control of mechanical ventilation, through pulmonary insufflation, allowed the use 
of other drugs, no longer focused to pain control, but to facilitate the conditions of 
surgery. Appeared then the use of muscle relaxants and other drugs that allowed the 
control of the hemodynamic conditions of the patient. It came up the concept safety 
during surgery, the beginning of monitoring.

Figure 1. 
Preventing pain during surgery: From the use of opium poppy and other herbal remedies (early civilization) to 
the first public demonstration on October 16, 1846, at Massachusetts General Hospital (modern anesthesia). The 
history of anesthesia.
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It was only from the end of the XIX century, with the development of needles and 
syringes, that allowed the introduction and safe use of regional anesthesia techniques 
epidural and spinal- with doctors F. Pagés and M. Dogliotti [8]. In the year 1899 and 
then at the year 1901 appeared the first publications on the use of spinal anesthe-
sia and epidural anesthesia, respectively. Spinal techniques marked then a global 
milestone concept in the practice of anesthesia, at surgical activities but also in the 
developing of the Pain Units.

2.2 Overview about spinal anesthesia

Associated to the improving of the spinal technique (methods of performing, 
access route, dose, and the quality of the anesthetic substances) over time, the spinal 
pathway gained a prominent place, not only in the surgical field, but in other medical 
areas such as traumatology, rheumatology, pediatrics, internal medicine and oncol-
ogy (Figure 2). Also, with the improvements of the spinal techniques, they reached 
the gold standard procedure in the Pain Units, as they allowed a continuous analgesia 
when necessary.

With the development of spinal techniques, injecting drugs into the epidural space 
is one of the most used interventions by anesthesiologists: local anesthetics, opioids, 
steroids, ‘muscle relaxant’(baclofen), benzodiazepines (midazolam), clonidine, 
adenosine, ketamine, ziconotide, etc. Also, a specific mention to “hematic patch” in 
the management of post-dural puncture headache. In this way, the epidural space can 
be used, not only to provide anesthesia, but also to provide analgesia and to treating a 
variety of acute and chronic settings. In this context, the anesthesiologist should have 
a solid knowledge of the administered drugs within the epidural space.

Here we must add, then, another ‘new drugs’ to use into the epidural space: the 
biological therapies, the cell-based therapy.

3. Pathology of the medullary canal

Diseases engaged to the medullary canal, involved therefore to the epidural space, 
can be summarized as follows [9]:

1. Infection

2. Non-infectious medullary inflammation

3. Vertebromedullary trauma

Figure 2. 
Epidural technique: Towards the improvement of needles and the refinement of local anesthetic.
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4. Discovertebral degenerative processes

5. Inflammation of tumoral origin.

6. Postoperative spine

7. Congenital or acquired vascular pathology

It is not the aim of this chapter to deepen the study of the pathology of the medul-
lary canal, but it is important to illustrate the changes that are linked to the degen-
erative processes of the discovertebral segment (number 4) in order to focus and 
understand what the vanguardist Regenerative Medicine therapy offers in the pro-
cesses of the discovertebral impairment. In this regard, our goal is then to highlight 
the benefits of using the epidural space when we inject growth factors into the spinal 
segment. (Correa et al).

4. Degenerative disease of the spine

The spine is an articulated and highly resistant system, extending from the head to 
the pelvis. It plays a major role in protecting your body and supporting its movements. 
In between each vertebra of your spine lies an intervertebral disc. These discs allow 
the spine to generate movement and have flexibility. In addition, these discs serve as 
shock absorbers, protecting your vertebrae during everyday activities.

Spinal discs consist of a strong fibrous cartilage (the annulus fibrosus) which 
encloses a gel-like inner layer (the nucleus pulposus). As we age, these discs can 
weaken and become injured because of our personal habits, activities, diseases, and 
genetics. Degenerative disc disease is a painful degenerated disc. Degenerative disc 
disease is then an umbrella term that point out the pain that could extend from the 
neck to the lower back, associated with disc damage (Figure 3).

In the 1970s, Kirkaldy-Willis first described the “degenerative cascade” of the 
degenerative disc disease (DDD) (Figure 4) [10]. From an initial dysfunction of the 
disc, the fissure of the annulus fibrosus losing the capacity of containing the nucleus 
pulposus (first stage), to comprising the mobile segment, disc and facet joint degen-
eration leads to dynamic spinal instability (second stage), the patient finally develops 
a multifactorial stenosis, which may or may not be associated to instability (third 
stage) (Figure 3).

Figure 3. 
DDD: The evolution of the disc damage.
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In this regard, the pathogenesis of the intervertebral disc disease process (IDD) 
involves a complex interplay of inflammatory, immunological, and pressure-related 
processes [11].

In anatomical terms, intervertebral discs are the largest avascular structure of 
the body.

Intervertebral disc, the flat, rubbery piece, that separate the bones of the back-
bones, have a very poor regenerative capacity [12]. Disc cells depend on the blood 
supply at the margins of the discs for their nutrients. The nucleus and inner anulus 
of the disc are supplied by capillaries that arise in the vertebral bodies, penetrate the 
subchondral bone, and terminate at the bone-disc junction. Despite being highly 
implicated in disc degeneration, the end plate has hardly been quoted into regenera-
tive strategies [13, 14].

Current therapeutic approaches should therefore be focused on combating the disc’s 
poor nutritional supply, diffused from the blood vessels of the vertebral body through 
the cartilaginous end plate. However, the current treatments for IDD, proposed in most 
ćonsensus protocols ́ do not correspond to the pathophysiological process involved in the 
IDD, as these treatments are mainly focused on relieving pain (palliative pain medicine). 
Surgical techniques (including fusion, laminectomy, and discectomy), aim to stabilize 
the spine and/or decompress the spinal or the foraminal canal thus alleviating symp-
toms, but these techniques are not addressed to regarding the cause of the degeneration, 
and sometimes even accelerate the degeneration of the adjacent segments.

So, it is only through the understanding of the spine pathophysiology and its 
clinical course that will allow us to provide a rational treatment for patients.

At present, treatment options for degenerative disc disease remain suboptimal, 
and development and outcomes of novel treatment options currently must be 
 considered unpredictable.

Figure 4. 
Kirkaldy-Willis spine: The “degenerative cascade”.
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5. Understanding platelet-rich plasma (PRP)

The biology of platelet-rich plasma and its effect in the process of healing is a 
promising biological therapeutic strategy for enhance the regenerative process and 
healing of the damaged tissue (Figure 5).

The regenerative potential of PRP is based on the release of growth factors that 
occurs with platelet rupture. The first clinical report of PRP used as tissue regenera-
tive therapy was published in 1998 by an oral surgeon who incorporates PRP into 
spongy bone grafting to reconstruct large mandibular defects [15]. Since then, PRP 
has been widely used in oral and maxillofacial surgery to improve osseointegra-
tion of dental implants and accelerate the healing process [16, 17]. More recently 
it has been used to treat injuries to the musculoskeletal system. Thus, at present, 
the use of PRP as a tissue regeneration therapy is well accepted for its modulating 
and stimulating properties of cell proliferation of mesenchymal origin (fibroblasts, 
osteoblasts, endothelial cells, epithelial cells, adipoblasts, myocytes and chondro-
cytes, mainly).

Platelet Rich Plasma (PRP) is then, the novel therapeutic tool of autologous 
nature that is strongly emerging in recent years with a successful therapeutic use. 
Different PRP studies have showed a beneficial effect on the target cells, which allows 
to propose its use the treatment of several pathological processes: the healing of 
wounds, the processes of tissue regeneration, or in the treatment of cellular involu-
tion that takes place with aging [18]. Clinically, PRP has been shown to decrease pain 
and increase function in chronic elbow tendinosis patients. PRP has also been used 
in plantar fasciitis, spinal fusion, and in total knee arthroplasty with varying degrees 
of success. PRP accelerated wound healing of human skin punch wounds in a recent 
prospective, controlled study.

In conclusion, the rationale behind the use of PRP is the deliver a high concen-
trations of growth factors and cytokines which can improve the healing process.

Figure 5. 
Platelet-rich plasma: Growth factors and pro- and anti-inflammatory properties.
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5.1 Tissue and cicatrization engineering around PRP

5.1.1 Regeneration: the healing process

Plasma rich in growth factors (PRGF) is a recent cell-based technique being 
evaluated for promoting tissue healing, as PRGF has shown in vitro and in vivo the 
potential to stimulate matrix metabolism [19–24]. Upon activation, these platelets 
release a variety of cell signaling molecules such as platelet-derived growth factor 
(PDGF), insulin-like growth factor (IGF-1), transforming grow factor (TGF-β1), 
vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF) and 
basic fibroblastic growth factor (FGF). Other mediators, nerve growth factor (NGF), 
brain-derived neurotrophic factor (BDNF), and other neurotropic factors such as 
fibrin, fibronectin, and vitronectin, are also activated [24–26]. All these plasma 
biological mediators govern tissue repair although their mechanisms of action in the 
healing process are still poorly understood.

5.1.2 The anti-inflammatory effect with PRGF

Evidence suggests that biomolecules conveyed by PRGFs are instrumental agents 
that modulate early inflammation [27], also involved in the macrophage polarization, 
angiogenesis, and fibrogenesis, the stem cell-like myelinating SC activation, and finally, 
they have an active rol in the resolution of inflammation. Considering this benefit 
(anti-inflammatory effect) on the spinal axis intrathecal administration of transforming 
growth factor β1 (TGF-β1), a potent anti-inflammatory cytokine, has demonstrated to 
alleviate nerve injury- induced neuropathic pain in rats, attenuating nerve injury-induced 
neuropathic pain [28]. TGF-β1 acted as a powerful neuromodulator and rapidly (within 
minutes) suppressed chronic constriction injury–evoked spinal synaptic plasticity and 
dorsal root ganglion neuronal hyperexcitability, alleviating early- and late- phase neuro-
pathic pain symptoms, such as allodynia and hyperalgesia, for several weeks in murine 
models. These previous studies -in murine models-, allowed us to raise the hypothesis 
that PRP could help us to relieve neuropathic pain that is associated with DDD [29].

5.1.3 The neuroprotective effect of PRGF

Several growth factors present in plasma including the nerve growth factor 
(NGF), brain derivate neurotrophic factor (BDNF), PDGF, VEGF, IGF-1, transform-
ing growth factor beta (TGFB) alone or in combination have been shown to exert an 
antiapoptotic and neuroprotective effect on mesenchymal stem cells (MSCs), neu-
rons, the Schwann cells (SCs), and human neural stem cells [25, 30].

6. Epidural PRP

The clinical evidence for PRGF treatment of discogenic low back pain in humans 
was reported in 2011 [31]. Since then, many research papers, in vitro and in vivo studies, 
have confirmed the efficacy of PRGF in IDD management. However, early in vivo stud-
ies used intradiscal injection of PRGF. These early documents concluded that intradiscal 
injection of autologous PRGF in patients with low back pain is safe and free of adverse 
events [29–33]. However, the intradiscal injection of PRGF technique is a more laborious 
proceeding and probably limits the effects. The first document injecting PRP into the 
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epidural space was our paper [4]. Knowing the biology of platelet-rich plasma and its 
restorative effect on cartilages (in general) and its repairing effect on the vertebral disc 
(in particular) allowed us to propose the use of PRP into the epidural space.

6.1 Why PDGF into the epidural space?

The choice of the epidural space needs a good knowledge of its anatomy and its 
content, as well as the pharmacodynamics of the medication we are using.

The first published study using the epidural space while injecting PRGF was our 
paper [4]. Our first line of work was only a clinical trial, assessing the pain relief 
response and assessing the degree of functional recovery of the patient. Our reason 
for changing the intradiscal injection technique, preferring the epidural space was 
that, compared to intradiscal injection, growth factors by epidural route would fulfill 
an effective outcome by acting not only on the discs, but also over the facet joints and 
the ligamentum flavum, and, because of its anti-inflammatory activity. That further 
study had allowed us to confirm that this technique -epidural PRP- help with relieving 
the neuropathic pain (NP) associated to IDD [29].

6.2 Axial structure: the “poly-articular component”

We have considered the axial region as a “multi-articular component”, where the 
epidural space would be an ideal place to inject PRP (Figure 6). The epidural space 
will allow us to reach the intervertebral disc, but also the facet joint, and even more, 
we can get the benefit of PRP in the foraminal region. Thus, the epidural space per-
mits a pharmacological manipulation of various segments of this region, considering 
its inter-cellular signaling pathway.

6.3 Plasma rich in growth factors: the chemical signaling

Inter-cellular signaling is the communication between cells. The main difference 
between the different categories of signaling is the distance that the signal travels 

Figure 6. 
Anatomy of the axial region.
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through the organism to reach the target cell. In chemical signaling, a cell may target 
itself (autocrine signaling), a cell connected by gap junctions, a nearby cell (paracrine 
signaling), or a distant cell (endocrine signaling).

Multiple studies have demonstrated a beneficial effect of many of these growth 
factors, e.g., platelet-derived growth factors (PDGFs), fibroblast growth factors 
(FGFs), and granulocyte-macrophage colony stimulating factor (GM-CSF) on the 
healing process, accelerating wound closure with increased reepithelialization, cell 
infiltration, granulation formation, and angiogenesis. In all stages of the repair, a 
wide variety of different growth factors and cytokines are involved. The release of 
these various growth factors, cytokines, and low-molecular-weight compounds from 
degranulating platelets, are the mediators for the healing process. Fibroblasts, osteo-
blasts, endothelial cells, leukocytes, monocytes, and macrophages are cells involved 
in the produce of growth factors.

Growth factors and cytokines work as paracrine signals, that means they act 
locally, between cells that are close together [34].

With these two concepts in mind (the axial structure and the way to act of the 
PRP) we considered that growth factors by epidural route would fulfill our expecting 
outcome.

Using PRGF in patients with IDD was considered, few years ago, merely as 
another “off the shelf” alternative. Recent studies, and our clinical results, now we 
have a different opinion: PRGFs should be the “flagship” within in the multimodal 
therapeutic scheme for IDD. Accumulated evidence, in both preclinical and clinical 
settings, indicates that PRGF and fibrin scaffold have an important therapeutic role in 
patients with IDD: (1) its potential to enhancing cartilage regeneration, (2) reducing 
the catabolic factors that lead to cartilage degradation, (3) its neuroinflammatory 
therapeutic modulation, (4) its neuroprotective effect. With these effects in mind, we 
achieve the sensory and motor functional recovery. However, only a few cell-based 
clinical trials targeting IDD repair or regeneration have been published, and most of 
them use axial PRP through intradiscal injection. Also, none of them have the long-
term necessary MRI study in the clinical follow-up. In our understanding, we decide 
to use the biological therapy by the epidural approaching in the management of IDD. 
Injecting PRP into the epidural space means cytokines (inflammation control) and 
high concentrations of growth factors (tissue repair and regeneration). Epidural PRP 
allows us to suggest this is the first-line technique in the healing process of IDD.

PRP is a rich source of growth factors that promote tissue regeneration. Also, 
PRP suppress cytokine release, limiting inflammation, improving thereby, the 
healing process. So, Epidural PRP allows us to suggest this is the first-line tech-
nique in managing IDD.

6.4 Our designed study with PRP within the epidural space

The preliminary study, a clinical trial in which PRGF was injected into the epidural 
space for promoting IDD regeneration, started since 2014, and published in 2016 [4]. 
That preliminary trial included 70 patients, and they were injected with one epidural 
PRGF dose. That pilot trial focused on clinical perspectives (pain relief and assess-
ment of patient satisfaction through VAS score and Macnab criteria).

Then, a new and larger study [5] reached 250 patients who received two doses of 
epidural PRP and who were assessed with magnetic resonance imaging (MRI) one 
year after PRP treatment to find disc or facet join changes if they occurred. That was 
probably the most extensive follow-up document that links PRGF used in injection 
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into the epidural space as a method of intervertebral disc regeneration in cases of disc 
disease, and the only one with MRI evaluation before PRGF treatment, and then one 
year posterior to the PRGF therapy.

Even considering that it was a field of research, still in early development, our 
novel alternative treatment with promising clinical results for intervertebral disc 
disorders was far distant from the poor results usually achieved with previous consen-
sus protocols, those based on palliative pain medications, but not focused on treating 
the underlying disease.

6.5 Design of the second study

Prospective observational, nonrandomized, single-center clinical study carried 
out between January 2015 and June 2017. We have included 250 patients, who were 
between 18 years to 70 years of age, with neck or back pain with or without radicular 
pain, and with a diagnosis of a spinal disc herniation confirmed with MRI imaging. 
After receiving institutional approval and informed consent signed by all patients, 
they were approached for enrollment. In the majority of patients, the etiopathogen-
esis of the axial or radicular pain was due to multifactorial origin: disc disease, facet 
joint arthrosis, hypertrophy of the ligamentum flavum, and in many cases associated 
to central canal narrowing or foraminal stenosis.

6.6 Results of the preliminary study

Epidural PRGF injections for IDD showed clinically significant improvements in 
pain (VAS-scale) and function (MACNAB-score) (Table 1) throughout two years of 
follow-up.

Mean VAS-scale improved in 85% of patients, from 9 to 3, and the mean 
MACNAB-score was considered GOOD at six months and EXCELLENT at the end 
of one year after the epidural PRGF injections. The need for opioid rescue decreased 
from 96% to none at the end of one year follow-up (Table 2). However, 15% of the 
patients did not improve the pain score; but no patient showed a worsening of the 
symptoms. Positive changes in MRI images one year following the second epidural 
dose have been documented in few patients, but this aspect needs further research.

With these results, our pilot study showed a definitive role of PRP injection via the 
epidural space for chronic prolapsed intervertebral disc patients.

1. Excellent: No pain. No restriction of mobility. Return to normal work and level of activity.

2. Good: Relief of current symptoms. Occasional back or leg pain of sufficient severity to interfere with the 
patient’s ability to do his normal work or his capacity to enjoy himself in his leisure hours. Able to return to 
modified work.

3. Fair: Improved functional capacity but handicapped by intermittent pain of sufficient severity to curtail or 
modify work or leisure activities. Still handicapped and/or unemployed.

4. Poor: No improvement or insufficient improvement to enable increasing activities. Continued objective 
symptoms of root involvement. Probable further operative intervention needed, irrespective of length of 
postoperative follow-up.

Table 1. 
Modified Macnab criteria.
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7. Conclusions

1. Consensuses, in general, need to be updated periodically [35].

2. Pain Units are having great changes. Palliative management of pain has specific 
indications, but far from the goal of managing osteoarticular degenerative 
diseases. Mere palliative management of pain in osteoarticular degenerative 
disease is then, the second line option. Introducing the development of 
Regenerative Medicine (RM), regenerative therapies (mesenchymal stem 
cells and many growth factors from stem cells) which allow to promote and 
improve the healing process, may become a new current therapeutic method 
for healing in the future, and of course, a wide reception and a wide cover in 
pain units.

3. Low back pain (LBP) is a major public health issue. A thorough understanding of 
the pathophysiology and clinical manifestations is necessary to focusing a solid 
treatment.

4. In the management of the intervertebral disc disease (IDD), there are three 
headings: (1) Relief of pain by conservative management (physiotherapy, oral 
analgesia and supplements, alternative medicine); (2) Restorative treatment 
of the intervertebral disc (growth factor therapy, molecular or cell therapy) 
according to the principles of tissue engineering, (3) Surgery (decompression 
or total disc replacement, or rigid fusion surgery when necessary). With this in 
mind, the approach to IDD requires a multimodal technique in its management. 
Unfortunately, most conservative therapies and spinal surgeries are only aimed 
to relieve the symptoms, but do not address the cause of the degeneration. 
Even more, surgery techniques could accelerate the degeneration of adjacent 
segments.

5. Tissue regeneration strategies such as tissue engineering, growth factor 
administration, and stem cell-based therapies, have undergone significant 
development over the past two decades. Regenerative medicine, from tissue 
engineering to cell therapy, offers valuable treatment options, but sadly, they are 
rarely considered in daily clinical settings.

6. Growth factors have been enjoying more popularity in the field of regeneration 
of IDD and many have been proved to be effective in reversing the degenerative 
trend of the intervertebral disc. In this point, the epidural space is, in our 
opinion, the best option to perform this technique, as using this route -the 

Outcome assessment VAS scale MACNAB score Opioid rescue

Previous to PRGF injection 9/10 POOR 96% of patients

Two months after two doses of PRGF 4/10 FAIR 20% of patients

Six months after two doses of PRGF 3/10 GOOD none

One year after two doses of PRGF 2/10 EXCELLENT none

Table 2. 
Outcome of patients after epidural PRGF injections.



Epidural Administration - New Perspectives and Uses

108

Author details

José Correa1*, Henry Cortés2, Lucia Correa3 and Rita López1

1 Hospital Santiago Apóstol, Miranda de Ebro, Spain

2 Pain Management-Palliative Care, Medical Cannabis Global Health Initiative 
Specialist, Spain

3 IQS, Universitat Ramon Llull, Barcelona, Spain

*Address all correspondence to: josep24909@hotmail.com

epidural space- will allow an effective activity on the disc, but also over the facet 
joints, and on the ligamentum flavum. Its antineuroinflammatory activity would 
relieve the associated neuropathic pain.

7. Finally, in IDD, the regenerative medicine option, such as the use of 
mesenchymal stem cells or platelet-rich plasma, has shown preclinical and 
clinical positive results. However, additional more powered high-quality 
studies are needed to really appreciate the long-term safety and efficacy of this 
technique approaches in the IDD process.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 6

Epidural Analgesia for Pain 
Management in the Intensive  
Care Unit
Kingsley U. Tobi

Abstract

The pain of patients admitted into the ICU remains poorly reported and managed. It 
has been reported that about half of patients admitted to both medical and surgical ICU 
experienced significant pain during their stay in the unit. Most of these patients tend to 
develop psycho-traumatic experiences both while in the unit and after discharge. This 
chapter thus highlights the drawback of poor pain management of critically ill patients 
and the role of epidural analgesia in contributing to better pain control in the ICU.

Keywords: epidural analgesia, pain, critically ill, ICU, pain management

1. Introduction

Pain, as defined by the International Association for the study of pain, is an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage or described in terms of such damage [1]. It is common among 
patients in the intensive care unit (ICU). Previously, a prospective study reported 
that about half of patients admitted to both medical and surgical ICU experienced 
significant pain during their stay in the unit [2]. Although most ICU patients cannot 
self-report pain, its presence often leads to deleterious consequences during and 
after discharge from the unit. Adequate pain control in the ICU is essential and adds 
to optimal patient care with improved outcomes.

The pain of patients admitted into the ICU remains poorly reported and managed. 
Most of these patients as a result tend to develop psycho-traumatic experiences both 
while in the unit and after discharge. This chapter thus highlights the drawback of 
poor pain management of critically ill patients and the role of epidural analgesia in 
contributing to better pain control in the ICU.

2. Aetiology of pain in ICU

The aetiology of pain among ICU patients ranges from injuries sustained prior 
to admission, postoperative pain, pain due to patient’s pathology and pain during 
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routine nursing procedures such as turning, wound dressing and suctioning. A 
significant increase in pain intensity during patient turning in the ICU compared to 
when they were lying down at rest has also been documented [3].

3. Impact of pain on ICU patients

Poor or inadequate pain relief in the intensive care unit has a multi-systemic 
impact on the critically ill patient. Suboptimal pain management in the ICU can 
lead to anxiety, delirium and sleep deprivation. Anxiety leads to agitation, patient-
ventilator asynchrony and difficulty in weaning from the ventilator [4]. Inadequate 
pain relief can lead to improper sleep, and lack of adequate sleep can increase pain 
response in ICU patients.

Furthermore, inadequate analgesia in the ICU is associated with increased oxygen 
consumption and sympathetic responses with increased poor outcomes. In mechani-
cally ventilated patients, pain may lead to retained pulmonary secretions, resulting in 
secondary bacteria colonisation and the development of ventilator-associated pneu-
monia (VAP) [5]. Ventilator-associated pneumonia complicates ICU management, 
with an increased risk of morbidity and mortality.

In addition, poor pain control in the ICU can often lead to post-traumatic stress 
disorder (PTSD). Granja and colleagues found that about two out of ten ICU patients 
experience severe pain six months after being discharged from the unit [4]. This can 
lead to chronic pain with its attendant psychosocial and economic burden on the 
patients, family members and the health care system.

The stress response following, for example, surgical intervention causes an 
increase in stress hormones in the circulation. This can result in arteriolar vasocon-
striction, impair tissue perfusion, and reduce tissue-oxygen partial pressure [6]. The 
consequences include poor wound healing and surgical wound infection [7], resulting 
in poor patient outcomes in the ICU.

4. Pain assessment in the ICU

Most patients admitted to the ICU cannot correctly communicate the intensity 
of their pain. This may be due to a reduced level of consciousness and the different 
interventions provided, such as airway and ventilatory support [8]. Since the inability 
to report pain does not exclude its presence [9], the need to properly assess pain 
intensity among ICU patients cannot be overemphasised.

Due to patients’ inability to communicate their pain, behavioural and physical 
responses have been used to assess pain in the ICU. The two commonly employed 
behavioural pain assessment tools used in sedated and ventilated patients are the 
Behavioural Pain Scale (BPS) and Critical-Care Pain Observation Tool (CPOT) 
[10]. The BPS is a clinical observational score depending upon the patient’s facial 
expressions, upper limb posturing, and tolerance of the controlled mechanical 
ventilation. The score ranges from 3 to 12, and a score of >6 requires pain 
management [10].

See Table 1 below:
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The Critical-care Pain Observation Tool is a pain assessment tool with four clinical 
components, facial expressions, body movements and muscle tension and compliance 
with invasive mechanical ventilation. The score ranges from 2 to 8, and a score of 
more than 2 requires pain management intervention. See Table 2:

Relaxed 1

Facial expressions Partially tightened 2

Fully tight 3

Grimacing 4

No movements 1

Partially bent 2

Upper limbs Fully bent with fingers flexion 3

Permanently retracted 4

Tolerating movements 1

Compliance with mechanical 
ventilation

Coughing but tolerating ventilation most of 
the time

2

Fighting with ventilator 3

Unable to control the ventilation 4

Table 1. 
Behavioural pain scale (BPS).

Sub-scale Description Score

Relaxed, neutral 0

Facial expression Tense 1

Grimacing 2

Absence of movements 0

Body movements Protection 1

Restlessness 1

Relaxed 0

Muscle tension Tense, rigid 1

Very tense or rigid 2

Tolerating ventilator or movement 0

Compliance with ventilation Coughing but tolerating 1

Fighting ventilator 2

Talking in normal tone or no sound 0

Vocalisation (extubated patients) Sighing, moaning 1

Crying out, sobbing 2

Table 2. 
Critical-care pain observation tool (CPOT).
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In our setting, the Behavioural Pain Scale (BPS) is easier to use and, when com-
bined with other clinical observations, helps to determine the adequacy of analgesia 
in our patients.

5. Pain management in the ICU

One of the methods of achieving pain control in the ICU is via epidural analgesia. 
Epidural analgesia/anaesthesia is a form of neuraxial block where local anaesthetic 
agents and other adjuvants, such as opioids, are deposited into the epidural space. 
This may be done as a single-shot technique or with a catheter or continuous infusion. 
It offers a wide range of applications and may be performed at the cervical, thoracic, 
lumbar and sacral levels.

In a survey conducted in England, 89% of ICUs use epidurals for pain relief [11]. 
There are, however, some concerns about “the safety of placing epidural catheters in 
sedated patients, and confirmation of a good catheter position can be difficult in the 
critically ill patient if sensory level testing is not reliable” [12]. Apart from the safety 
concerns raised with epidural analgesia in the ICU, placing an epidural catheter in 
critically ill patients is sometimes difficult. This may be due to difficulty with properly 
positioning patients for the procedure, presence of contraindications such as sepsis 
and coagulopathy, common in ICU patients and the haemodynamic complications 
following the procedure. With the availability of trained personnel and improved 
monitoring, epidural analgesia can be safely done for appropriate patients in the ICU.

6. Anatomy of the epidural space

The epidural space is a potential space between the dural sheath and the spinal 
canal. It is continuous within the vertebral column and extends from the foramen 
magnum to the sacrococcygeal membrane of the sacral canal [13]. The foramen 
magnum occupies the superior boundary, and the sacral hiatus occupies the inferior 
boundary. The posterior longitudinal ligament and ligamentum flavum form the 
anterior and posterior boundaries, respectively. The vertebral laminae, pedicles and 
intervertebral foramen form the lateral boundary.

Some of the contents of the epidural space include semi-liquid fats (extra-dural 
fats), lymphatics, arteries and large thin-walled veins. The capacity of the epidural 
space is far greater than the capacity of the subarachnoid space. It requires 1.5–2.0 mls 
of LA to block a spinal segment via the epidural route against 0.3 mls via the sub-
arachnoid space.

The veins within the epidural space constitute a close network which runs verti-
cally. They form four (4) main trunks, namely: two (2) on either side of the posterior 
longitudinal ligament and two (2) posteriorly in front of the vertebral arches. The 
epidural veins anastomose freely with extra-dural veins, the azygous veins and the 
intracranial veins. The veins are called valveless venous plexus of Bateson.

The epidural space has a negative pressure transmitted intra-pleural pressure via 
the thoracic paravertebral space. This negative pressure may also be due to the rela-
tive overgrowth of the vertebral canal compared with the dural sac. Artefactual or 
transient negative pressure results from the needle’s anterior dimpling of the dural. It 
can also arise from the anterior indentation of the ligamentum flavum by the epidural 
needle. In addition, back flexion causes stretching of the dural sac and pushes CSF out.
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7. Indications for epidural Analgesia in the ICU

Indications for epidural Analgesia in the ICU include [12]:

• Blunt trauma with or without rib fractures

• Surgical such as thoracic, abdominal, orthopaedic, cardiac and vascular surgeries

• Non-surgical indications such as intractable angina pectoris and acute pancreatitis

8. Contraindications for epidural Analgesia

These could be absolute or relative. Absolute contraindications include:

• Patient refusal

• Infection at the proposed catheter insertion site

• Sepsis

• Hypovolemia (shock)

• Allergy to local anaesthetic agents and opioids.

Relative contraindications include:

• Coagulopathy

• Increased intracranial pressure

• Neurological disorder

• Spine deformity

9. Technique for epidural Analgesia

Three methods can be used to administer epidural analgesia in the ICU: single-
injection and intermittent boluses, continuous infusion via an indwelling catheter 
or patient-controlled epidural analgesia (PCEA). Continuous infusion via an 
indwelling catheter is often preferred in the ICU because it offers a constant plasma 
level of administered analgesics, thus providing better and more efficacious pain 
relief [13].

The following are steps to performing an epidural in the ICU.
Patient selections: Most surgical patients admitted to the intensive care units 

postoperatively in which epidural anaesthesia was provided would have an epidural 
catheter in situ. Others who do not already have one are selected based on a careful 
assessment of patient status, risks, benefits, indications and contraindications of 
epidural analgesia.
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Patient consent: After careful patient selection, informed consent should be 
obtained from the patient if awake or from the relative before proceeding with the 
technique. Informed consent should involve a careful explanation of the procedure 
and the risks and benefits of the procedure. Consent may be in the form of written 
or verbal.

Positioning: epidural analgesia can be done with the patient sitting or lateral 
decubitus. However, in the ICU, the commoner position for an epidural is the lateral 
decubitus position due to the peculiarities of ICU patients. With the patient in the 
appropriate position, an epidural needle, typically a Tuohy needle, is inserted into the 
appropriate intervertebral space to the epidural space aseptically. Correct placement 
is confirmed with a loss of resistance or hanging drop technique.

Placement of catheter: Following confirmation of the correct needle placement 
in the epidural space, an epidural catheter may be threaded into the epidural space 
through the Touhy or spinal needle for a continuous top-up. The epidural catheter 
is advanced 2–3 cm into the epidural space [14], after which the needle is carefully 
removed. A slide-lock adapter may be attached to the end of the catheter to allow 
the attachment of an injection port or infusion tubing. A filter can also be attached 
to the infusion tubing to ensure sterility. The placement of an epidural catheter is 
determined by the dermatome innervating the area of pain to be treated. On the 
other, an epidural catheter can be placed directly at the site of injury or at the site of 
surgical incision.

Prevention of intrathecal or vascular injection: Two techniques are used to prevent 
the intrathecal and/or vascular placement of an epidural catheter, namely, aspira-
tion and the use of a test dose. For the aspiration method, a syringe filled with two 
millilitres of preservative-free sterile normal saline is attached to the end of the 
catheter and gently aspirated for 30 seconds. A bloody tap implies that the cath-
eter is in an epidural vein. In addition, an increase in heart rate or blood pressure 
following a test dose of a local anaesthetic with 1:200,000 adrenaline indicates 
that the tip of the catheter may be in an epidural vein. More than one millilitre of 
clear fluid which is positive for cerebrospinal fluid shows that the catheter is in 
the subarachnoid space. Following a satisfactory placement, a transparent sterile 
dressing is applied over the catheter site, while the other length is secured with a 
plaster [15].

10. Drugs which are injected into the epidural space

Local anaesthetic agents are the most commonly used medications for epidural 
analgesia in the ICU. The commonest LA for epidural analgesia is plain bupivacaine, 
an amide which is approximately 95% protein bound and is metabolised primarily in 
the liver via conjugation with glucuronic acid [16]. It comes in three different con-
centrations: 0.25%, 0.5%, and 0.75%. Bupivacaine for use in the ICU for analgesia is 
the plain formulation (plain Marcaine), and it is usually administered via an epidural 
catheter either as intermittent boluses or as a continuous infusion. A dose of 10–15 mg 
may be administered bolus after a test dose as described above. The drug may be 
repeated PRN at 3–5 mg.

While administering epidural bupivacaine, monitoring for the motor block using 
the Modified Bromage scale [17] and watching out for local anaesthetic toxicity is 
necessary.

The scale is as follows:
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No block or partial block is desirable for ICU patients on epidural bupivacaine for 
pain relief.

Signs of local anaesthetic toxicity (LAST) may not be easily detectable in the 
sedated patient in the ICU, and thus, a high index of suspicion is required. Despite 
this, “the incidence of LAST in sedated patients is not higher than in others” [18].

Signs of LAST include:

• Light-headedness

• Agitation

• Tremor

• Tingling sensation around the mouth

• Convulsion

• Slurred speech

• Coma

• Cardiac arrest.

Early recognition and prompt intervention are advocated in order to prevent 
unfavourable outcomes.

Opioids are the main medications used for Analgesia in ICU patients due to their 
potency and a concomitant mild sedative and anxiolytic effects. It can be adminis-
tered by multiple routes. The commonly used opioids include fentanyl, remifentanil, 
and morphine. Morphine is usually administered as a 2–5 mg bolus or at 1–20 mg/h 
via continuous infusion. Epidural administration of 5 mg of morphine sulphate can 
provide adequate postoperative [19] analgesia for up to 24 hours. Lower doses are 
however, recommended in patients with hepatic or renal insufficiency which is com-
mon among ICU patients.

One of the most common side effects of epidural morphine is respiratory 
depression, with an overall risk of less than 1%. This is nonetheless, similar to that 
of opioids administered via the parenteral route [20, 21]. Others are miosis, consti-
pation, urinary retention, pruritus, hypotension, nausea and vomiting. The sedative 
effect of morphine is beneficial in patients in whom sedation is indicated, such as 
mechanically ventilated patients and those in whom invasive procedures need to be 
performed.

Score Criteria

1 Complete block (unable to move feet or knees)

2 Almost complete block (able to move feet only)

3 Partial block (just able to move knees)

4 Detectable weakness of hip flexion while supine (full flexion of knees)

5 No detectable weakness of hip flexion while supine

6 Able to perform partial knee bend
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Other analgesic adjuvants may be administered via the epidural route to improve 
pain relief in critically ill patients in the ICU. These include α2-agonists, such as 
clonidine and dexmedetomidine. In addition to providing analgesia, dexmedetomi-
dine infusion has been shown to reduce the prevalence and duration of confusion 
and delirium [22]. The side-effect profile of both α2-agonists includes bradycardia, 
cardiac asystole and hypotension. Although rare, it can cause rebound hypertension 
and can cause withdrawal syndrome [22].

11. Conclusion

Pain relief is an integral part of the management of critically ill patients in the 
intensive care unit. Epidural analgesia is a helpful component of a multimodal anal-
gesia approach to patients in the ICU. Careful patient selection, availability of trained 
personnel and increased patient monitoring will ensure the safe delivery of epidural 
analgesia in the ICU.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 7

Perspective Chapter: Epidural 
Anaesthesia Service Delivery 
in Anaesthesia Workforce 
Constrained Regions
Chimaobi Tim Nnaji

Abstract

Epidural anaesthesia is often under-utilized in our environment. This could be 
linked to scarcity of specialist anaesthesia providers in anaesthesia workforce  
constrained regions. To have an effective and safe surgical and obstetric intervention, 
there is need to have specialist anaesthesia providers that proffer effective leadership 
in anaesthesia services and delivery of emergency and essential patient care, to help 
combat the extremely high avoidable anaesthesia-related morbidities and mortali-
ties. Epidural anaesthesia can offer both intraoperative and postoperative analgesia, 
with the potential to reduce morbidity and mortality. It’s use in labour analgesia has 
been found to be very effective, with good obstetric outcome. Nevertheless, epidural 
anaesthesia requires the availability of human, technical and economic resources. 
But, despite the fact that healthcare is given a strategic priority in the life of people, 
delivery of safe surgical and non-surgical services is linked to anaesthesia workforce 
capacity and its impact in the society.

Keywords: epidural anaesthesia, analgesia, specialist anaesthetist, anaesthesia 
workforce, safety

1. Introduction

Epidural anaesthesia and analgesia services is a technique for perioperative 
and procedural pain management with multiple applications that may be used as a 
primary surgical anaesthetic, resource for postoperative pain management, chronic 
pain relief or labour and obstetric delivery analgesia [1]. It is safe and relatively 
easy to perform by trained personnel. Nevertheless, it requires adequate training 
and high level of skill acquisition. Epidural anaesthesia and analgesia services takes 
into consideration the anatomy of the patient’s spine, procedural indications and 
contraindications, in the view of the interprofessional teams’ role in providing and 
improving care for patients who undergo surgery or require pain management. 
Irrespective of the benefit of potentially providing excellent analgesia, its use reduces 
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the exposure of patient to other anaesthetics and analgesics, decreasing side effects 
[2]. Nevertheless, the importance of collaboration and communication amongst the 
health care team involved in the care of patients who receive epidural anaesthesia or 
analgesia service is important in improving outcomes. Epidural anaesthesia or analge-
sia can be administered as a single shot, intermittent/programmed bolus or a continu-
ous infusion for long-term pain relief. Many beneficial aspects of epidural analgesia or 
anaesthesia have been reported, including better suppression of surgical and labour 
stress, positive effect on postoperative nitrogen balance, more stable cardiovascular 
haemodynamic, reduced blood loss, better peripheral vascular circulation, better 
labour analgesia and postoperative pain control [2].

Epidural anaesthesia and analgesia services is one of the unique facets of anaesthe-
sia service delivery, which forms an important part of medical services in any country 
and undeniably strengthens the healthcare systems. Nevertheless, irrespective of the 
strategic priority given to healthcare in the life of the global population, the delivery 
of safe surgical and non-surgical services is linked to anaesthesia workforce capacity 
and its impact in the society. The epidural analgesia and anaesthesia services in any 
region of the world are particularly susceptible to the level of socio-economic devel-
opment of such region, and like any other anaesthesia service delivery, the practice 
faces numerous challenges exclusively related to high number of pathologies, shortage 
of materials and drugs, infrastructure and human resources [3]. In many developing 
countries, especially sub-Saharan Africa, there is a critical shortage of healthcare 
workers and very limited resources. The health systems are stretched by diseases such 
as HIV/AIDS, tuberculosis, diarrhoea diseases and malaria and the loss of trained 
staff to the developed world and insecurities. Furthermore, economic effects of long-
term conflict continue to rampage most of the developing countries.

Epidural anaesthesia and analgesia service are particularly vulnerable to develop-
ment pressures and the quality of epidural anaesthesia and analgesia services is highly 
correlated with perioperative mortality and morbidity of the patients [4]. Hence, 
the presence of adequate infrastructure, skilled anaesthesia providers and the use of 
effective sanitation are paramount to improving the epidural anaesthesia and analge-
sia service, which will have a pro-founding positive effect on acute and chronic pain 
management services, obstetric services and perioperative outcome.

2. Shortage of physician anaesthesia specialist

Effective and safe pain care, surgical and obstetric intervention requires the 
presence of specialist anaesthesia providers that proffer quality leadership in epidural 
anaesthesia and analgesia services during elective, emergency and essential patient 
care, to help combat the extremely high avoidable anaesthesia-related morbidities 
and mortalities. This remains elusive in developing countries because of shortage of 
anaesthesia specialist among other healthcare workers [5, 6]. The number of surgical 
conditions contributing to the global burden of disease and the potential impact of 
such on basic surgical services continue to rise. It is estimated that 11% of the world’s 
disability-adjusted life years are from conditions that are very likely to require sur-
gery. Increasing evidence is beginning to emerge that maternal and infant survival 
is proportionately correlated to the number of health workers including physician 
anaesthetist providing obstetric care [5, 6]. Physician anaesthetists are scarce in many 
resource limited countries and they are not available at most referral health facilities 
and non-existent in remote and rural areas [3].
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The number of Physician anaesthetists serving the looming population in the 
developing and resource limited countries has continued to decline irrespective of the 
soaring population, due to lack of political will, poor wages, conflicts and insecurities 
and migration to developed countries with better wage packages and incentives [3]. 
Mavalankar and coworkers [7], reported that in Afghanistan with population of 32 
million persons, there are only 9 physician anaesthetists and only 8 in Bhutan with 
population less than 700,000. Another study observed that only 13 physician anaes-
thetist are available in Uganda to serve a surging population of 27 million persons [3]. 
Different studies conducted in Zimbabwe [8] and Nigeria [9, 10] identified that there 
are no specialist anaesthetists in public or provincial hospitals that serve as the refer-
ral centres in Zimbabwe and Nigeria respectively. World Health Organization (WHO) 
has encouraged member states to ensure that anaesthesia is properly prioritized 
within the health system and that support, follow-up, reporting, and bench-marking 
take place [11].

A report from the World Federation of Societies of Anaesthesiologist (WFSA) 
shows that there was a total of 436,596 physician anaesthesia provider in the 153 coun-
tries serving a population of more than 7 billion persons. This represents a workforce 
density of 6.09 per 100,000 population. The study also showed that 355,381 (81.4%) 
were specialist anaesthetists, 71,990 trainee specialist anaesthetists (16.5%), and 9225 
(2.1%) non-specialist physician providers [12]. However, this figure is mainly domi-
nated by developed country statistics. Most countries in Africa like Nigeria, Angola, 
Burkina Faso, Ethiopia, Zimbabwe and Niger has a workforce of <1 per 100,000 
physician anaesthesia providers [12]. Indicating that resource limited and developing 
countries are still unable to meet the WFSA recommendation of at least 5 physician 
anaesthesia providers per 100,000 population, in other to ensure an effective leader-
ship in anaesthesia services and delivery of emergency and essential patient care.

The scarcity of specialist anaesthesia physician can have a negative impact on the 
implementation of epidural anaesthesia and analgesia service in terms of the safety of 
perioperative, obstetric and pain patients, as well as the quality of healthcare services 
that will be delivered to the patients. The specialist anaesthesia physician in resource 
limited countries are over-worked irrespective of their limited number. For example, 
in Nigeria the physician anaesthetists in the public hospitals are involved in periop-
erative patient care, patient’s resuscitation, critical care medicine, transportation of 
critically ill patients, acute and chronic pain management, sedation services, as well 
as healthcare system management, advocacy, simulation and medical education and 
research [13]. Furthermore, the private hospitals also depend on the services of this 
constrained specialist anaesthetists to sustain safe and quality healthcare services 
in their institutions. Thus, making them prone to burnouts and unable to sustain 
epidural anaesthesia and analgesia services.

3. Obstetrics epidural analgesia service challenges

Epidural analgesia is widely regarded as the gold standard for pain relief during 
labour. It involves the titration of low-dose and low-concentration local anaesthetics, 
to produce safe and reliable analgesia during labour and delivery. A properly moni-
tored labour epidural service has a low incidence of side effects or serious complica-
tions to the parturient or foetus [14, 15]. However, in order for this service to be safe 
and efficacious, epidural labour analgesia need to be accessible 24 hours, every day. 
But the evaluation of this service in resource limited countries of the world shows 
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that it is reluctantly or grossly low, or even not available in most health institutions 
that serves as referral healthcare facilities [16–18]. Furthermore, literature search on 
the utilization rate of epidural analgesia in labour in resource limited countries shows 
dearth of data in this region of the world, and it is associated with limited anaesthesia 
workforce, time constraint, limited anaesthesia materials and equipment, lack of 
advocacy and awareness of such service (see Table 1).

When Jacobs-Martin et al. [16] evaluated the utilization of epidural analgesia 
services in labour in South Africa women, they observed that the rate was abysmally 
low, with the incidence of 2.2%, compared with the rate of 23.4% and 90% in devel-
oped countries like United Kingdom and United State of America, respectively [24, 25]. 
They accrued the low rate of epidural analgesia in labour to limited number of available 
skilled anaesthesia personnel, time constraint, knowledgeable support staff, materials 
and equipment. Another study conducted by Okojie et al. [16] and Imaregiaye et al. 
[18] in Nigeria showed that the awareness of this service is grossly low, although with 
high level of acceptability among the educated and those with previous birth experi-
ence. Nevertheless, access to this service was very low, because of unavailability of 
24 hours service as a result of low staff strength. In this region of the world, the ratio of 
physician anaesthesia provider is 0.58 per 100,000 population, instead of the recom-
mended 5 per 100,000 population by WFSA [12]. This could be a determining factor to 
the lack of advocacy and effective epidural analgesia services in labour, as the limited 
available specialist anaesthetists are overwhelmed with perioperative and critical care 
services even at the referral health institutions.

Epidural analgesia is a technical procedure, performed under aseptic technique, 
where medications like local anaesthetics with or without an additive is injected 
into the epidural space with the intention of providing analgesia to a specific region 
of sensory dermatomes [26]. This is followed by subsequent intermittent or pro-
grammed top ups, until the mother delivers her baby in a pain free and safe scenario. 
The availability epidural analgesia service helps to conveys a level of safety to woman 
in labour and the foetus. Epidural analgesia service has traditionally been viewed 
as expensive, resource-intensive, time consuming and requiring highly specialized 
training for the doctors and support staff in resource limited clime. Thus, making it 
underutilized in this environment.

To deliver an effective and safe epidural analgesia service in labour, personnel, 
as well as some minimum equipment, materials and medications are required. This 
includes the availability of physician anaesthetist, obstetrician, trained nursing staff 
skilled with handling of epidural services and other support staff. There is also need 
for the availability of supplemental oxygen source, suction machine, related equip-
ment, self-inflating bag and mask device that is able to provide positive pressure 
ventilation, airway materials like oropharyngeal airway, nasopharyngeal airway, 
endotracheal tubes for resuscitation, patient monitors with the capability for non-
invasive blood pressure, electrocardiographic, pulse oximetry and capnographic 
monitoring. Furthermore, there is need to have intravenous catheters, crystalloids, 
infusion sets, syringes, needles, emergency drugs like vasopressors (ephedrine, 
phenylephrine, epinephrine), atropine, and intralipids, and defibrillators or crash 
cart [27].

The minimum equipment and medications required for obstetric epidural analge-
sia services are often not available in most health institutions in developing countries, 
making it difficult for the limited number of anaesthesia physicians to function and 
provide effective safe labour epidural analgesia services. The environment is associ-
ated with poor operation theatre infrastructure and unavailability of equipment, 
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Author Objective Country Findings Conclusion

Fyneface-Ogan  
et al. [15]

To ascertain the outcome 
of labour and the views 
of multiparous Nigerian 
women in labour under 
epidural analgesia or 
parenteral opioids/
sedatives.

Nigeria Epidural analgesia 
in labour offers 80% 
satisfaction and 8% 
inadequate analgesia in 
women in labour.

Epidural labour 
analgesia is 
acceptable to 
women in our 
setting, with 
high level of 
satisfaction with 
the experience of 
labour.

Jacobs-Martin  
et al. [16]

To establish the incidence 
of epidural analgesia in 
women in labour in a 
tertiary referral centre in 
the Western Cape

South 
Africa

Incidence of labour 
epidural analgesia 
was 2.2%, with 
complication rate of 
32.3%.

Only 2.2% of 
women in labour 
received epidural 
analgesia, most 
likely because of 
time constraints 
on the limited 
available 
personnel.

Okojie et al. [17] To assess the knowledge 
and perception of 
pregnant women 
regarding epidural 
analgesia for labour

Nigeria About 79.5% of 
pregnant women are 
not aware of epidural 
analgesia service in 
labour.

There is poor 
awareness and 
acceptance of 
epidural analgesia 
in labour in this 
environment.

Imarengiaye et al. 
[18]

To determine the clinical 
correlates of the demand 
and utilization of labour 
analgesia resources by 
Nigerian women in labour

Nigeria About 37.5% patients 
were aware that the 
pain of labour can 
be relieved but only 
26.0% had prenatal 
information on labour 
analgesia. A total of 
38.9%) did receive 
analgesia during 
labour.

There is poor 
utilization of 
labour analgesia 
services.

Leonard et al. [19] To describe the labour 
epidural analgesia 
experience in a health 
institution in South 
Africa.

South 
Africa

Epidural analgesia 
in labour had an 
utilization rate of 1.6% 
and complication rate 
of 22.6%.

There is low 
incidence of 
labour epidural 
analgesia.

Ezeonu et al. [20] To determine the 
awareness and utilization 
of epidural analgesia 
in labour in pregnant 
women Teaching 
Hospital.

Nigeria About 43.3% of the 
patients were aware of 
epidural analgesia in 
labour, but only 7.5% 
had used it, with 95% 
satisfaction rate.

The knowledge 
and practice of 
epidural analgesia 
among parturients 
are low.

Nabukenya  
et al. [21]

To determine the 
knowledge, attitudes and 
use of labour analgesia 
among women attending 
the antenatal clinic.

Uganda Only 7% of the 
participants had 
knowledge of labour 
analgesia, with only 
20.9% of the fraction 
being aware of epidural 
analgesia in labour. 
Total of 79.2% of such 
women had their child 
birth in a national 
referral hospital.

There is a wide 
gap between the 
desire for labour 
analgesia and its 
availability.
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lifesaving drugs and anaesthetic agents [3, 28]. Furthermore, the physicians face 
problems of unreliable electricity, unavailability of compressed oxygen and other 
gases, sophisticated machines and modern drugs [3, 28]. Safe provision of labour 
epidural analgesia service necessitates the ability to manage any potential complica-
tions or emergencies that may arise. There should be resuscitative equipment and 
drugs in the event of bradycardia, hypotension, high or total spinal anaesthesia, local 
anaesthetic toxicity or cardiopulmonary arrest, but these are either not available or in 
limited supplies.

Author Objective Country Findings Conclusion

Waldum et al. [22] To assess disparities in 
the provision of epidural 
analgesia in planned 
vaginal birth according to 
maternal region of birth.

Sub-
Saharan 
Africa

Primiparous women 
had epidural analgesia 
utilization rate of 
33.8%, while the 
multiparous women 
had the rate of 9% 
for vaginal delivery 
respectively.

There are some 
disparities in 
the provision of 
epidural analgesia 
based on maternal 
birthplace.

Waldum et al. [22] To assess disparities in 
the provision of epidural 
analgesia in planned 
vaginal birth according to 
maternal region of birth.

North 
Africa/
Middle 
East

Primiparous women 
had epidural analgesia 
utilization rate of 
39.4%, while the 
multiparous women 
had the rate of 13.7% 
for vaginal delivery 
respectively.

There are some 
disparities in 
the provision of 
epidural analgesia 
based on maternal 
birthplace.

Waldum et al. [22] To assess disparities in 
the provision of epidural 
analgesia in planned 
vaginal birth according to 
maternal region of birth.

East 
Asia/
Pacific

Primiparous women 
had epidural analgesia 
utilization rate of 
31.0%, while the 
multiparous women 
had the rate of 11.2% 
for vaginal delivery 
respectively.

There are some 
disparities in 
the provision of 
epidural analgesia 
based on maternal 
birthplace.

Waldum et al. [22] To assess disparities in 
the provision of epidural 
analgesia in planned 
vaginal birth according to 
maternal region of birth.

South 
Asia

Primiparous women 
had epidural analgesia 
utilization rate of 
38.1%, while the 
multiparous women 
had the rate of 14.8% 
for vaginal delivery 
respectively.

There are some 
disparities in 
the provision of 
epidural analgesia 
based on maternal 
birthplace.

Ojiakor et al. [23] To determine the rate 
of demand, indications, 
post-dural puncture 
headache rate and factors 
affecting demand for 
epidural analgesia among 
women in labour.

Nigeria The demand for labour 
epidural in the study 
centre was low with a 
demand rate of 2.6%

The demand for 
labour epidural 
analgesia in the 
study was low and 
there is a need 
for an enhanced 
awareness 
programs on 
obstetrics epidural 
analgesia.

Table 1. 
Global epidural anaesthesia and analgesia indices and characteristics.
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The development of an epidural analgesia service should encompass patients’ 
safety as part of its working protocols. Although the barriers to safe and effective 
administration of labour analgesia service like inadequate practitioner training, staff 
reserves, and unavailability of the proper technologies and medicines continue to 
rampage low resource countries, the desire for such services appears to exist, with 
evidence that when it is offered, some women chose to accept the service [16, 24].

4. Epidural anaesthesia service for surgeries and safety challenges

Epidural anaesthesia involves the injection of high volume and dose of local 
anaesthetic agent into the epidural space to achieve a reversible loss of sensation 
adequate to allow surgical procedures. It is usually administered for surgeries in the 
lower abdomen, perineum and lower extremities. Studies have shown that thoracic 
epidural anaesthesia can be used to perform major upper abdominal and thoracic 
surgeries, including cardiac and major thoracic vascular surgeries [29, 30]. Although 
epidural anaesthesia onset of action is slow, and sometimes associated with patchy 
sensory blocks, when properly performed, it can offer good anaesthesia and outlast 
the duration of prolonged surgeries. Nevertheless, the epidural anaesthetic effect on 
reducing intraoperative and postoperative morbidity and mortality varies with the 
type of surgery performed. Epidural anaesthesia can be performed as a sole anaes-
thetic or in combination with spinal or general anaesthesia. Its duration of anaesthesia 
is prolonged with the use of epidural catheters that allows for top ups or continuous 
injections of local anaesthetic and mixture with additive or local anaesthetic alone, to 
improve the overall surgical outcome. When used for abdominal aortic surgery, it can 
shorten the intubation time and intensive care stay [15, 31].

Epidural anaesthesia service requires the availability of human, technical and 
economic resources. In the present clime of patient safety, people in developing coun-
tries continue to suffer due to lack of trained physician anaesthetists, as well as lack of 
adequate health system infrastructure and equipment, prioritization of anaesthesia 
and surgical care as part of national health plans. The crisis in human resources for 
anaesthesia care in many developing countries is contributed by the low standing 
of the profession, especially in sub-Saharan Africa, and the resulting problems with 
recruitment and retention of practitioners at all levels. Hence, making it difficult for 
majority of the population in resource limited areas to access safe anaesthesia services 
both in cities and in the rural and underprivileged areas of the region. Safe surgical 
and non-surgical services is a reflection of adequate anaesthesia workforce capacity. 
Hence, improvements in the safety and quality of anaesthesia is urgently needed, but 
the challenge is the deficiency in the number of trained physician anaesthetist [32, 33].

Epidural anaesthesia is often under-utilized in our environment. This could be linked 
to scarcity of specialist anaesthesia providers in anaesthesia workforce constrained regions. 
To provide guidance and assistance in maintaining and improving the quality and safety 
of epidural anaesthesia service, specialist physician anaesthesia providers are required. 
The shortage of specialist anaesthesia physician creates a major hindrance and vacuum for 
epidural anaesthesia services in the resource limited areas of the world. In some countries, 
the gap is filled by non-physician anaesthetists, who provides any form of anaesthesia 
for surgical procedures. Most times they work alone without any support from specialist 
physician anaesthetists, and they handle cases beyond their training, with the number 
of morbidity and mortality relating to inappropriate care rising [34, 35]. Pignaton and 
colleagues reported that the quality of anaesthesia services delivered is highly correlated 
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with perioperative morbidity and mortality [34]. A study showed that the overall risk of 
maternal death when non-physician anaesthetists provided care was 9.8 per 1000 com-
pared to 5.2 per 1000 in physician anaesthesia provider care [35].

A meta-analytical study on anaesthesia related maternal mortality in low-income 
and middle-income countries, shows that in women undergoing an obstetric proce-
dure, the risk of death attributed to anaesthesia was 1·2 per 1000 women, with the 
highest rates of 1·5 per 1000 in sub-Saharan Africa women. Anaesthesia was reported 
as the main cause of death in 2.8% of all direct and indirect maternal deaths, with the 
highest rates in Middle East and North Africa (6.2%), and the lowest in east Asia and 
Pacific (1.5%). When neuraxial anaesthesia like epidural anaesthesia were compared 
with the administration of general anaesthesia, the odds of maternal death tripled, 
with mortality rates of 5.9 per 1000 in general anaesthesia and 1.2 per 1000 for neur-
axial anaesthesia. General anaesthesia also doubled the odds of perinatal death com-
pared with neuraxial block [35]. Availability of specialist anaesthesia physician in the 
resource limited regions will be effective in ensuring leadership in epidural anaesthesia 
services, delivery of obstetric emergencies and essential patient care. Epidural anaes-
thesia service use in obstetrics has been found to be very effective, with good obstetric 
outcome. Epidural anaesthesia service can provide safe and efficient anaesthesia for 
unplanned or emergent Caesarean delivery by increasing the dose and concentration of 
the local anaesthetics and/or the adjuvant used for labour analgesia [15, 27].

To ensure safety of lives and improve perioperative care, modern anaesthesia prac-
tice has become increasingly dependent on complex equipment and expensive drugs, 
but this is only obtainable in high income countries. The resource limited regions and 
countries depend on basic equipment and essential drugs, however, in most places 
even the basic anaesthesia equipment and essential drugs are not available. Hence, 
limiting the practice of epidural anaesthesia.

5. Conclusion

Epidural anaesthesia and analgesia service is required for safe surgical and non-surgi-
cal ministration. It provides both intraoperative and postoperative analgesia and reduces 
perioperative morbidity and mortality. A properly monitored labour epidural service has 
a low incidence of side effects or serious complications to the parturient or foetus. But 
this service is often under-utilized in the workforce constrained developing and resource 
limited countries due to scarcity of specialist anaesthesia providers, as well as unavailabil-
ity of infrastructural, technical and economic resources. Hence, to achieve an effective and 
sustainable epidural anaesthesia and analgesia service, there is need to increase and ensure 
the presence of adequate infrastructure, materials and resources and skilled anaesthesia 
providers. Resolution of the human resource crisis for anaesthesia care in many developing 
and limited resource countries will require the commitment of the government and high 
level of political will, to facilitate the recruitment and retention of specialist physician 
anaesthesia practitioners and their support staff at all levels of the healthcare system.
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