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Abstract 

Background: Anaesthetic adjuvants have the ability to significantly improve patient safety and satisfaction 

when administered with local anaesthetics. Technological progress necessitates the ongoing search for novel 

agents that may extend the duration and effectiveness of nerve blocks. In particular, opioids have shown promise 

as adjuvants in the subarachnoid and epidural areas, where they have been the subject of much research. In 

addition to prolonging the duration of analgesia after surgery, they also enhance the quality of analgesia 

administered during the procedure itself. Research has shown that dexmedetomidine is an effective nerve block 

adjuvant, surpassing clonidine. It lessens the need for more analgesics by extending the duration of sensory and 

motor blockage. Research has shown that epinephrine may prolong the effects of sensory nerve blockage and 

postpone the systemic absorption of local anaesthetics. This enhances patient safety by reducing the danger of 

anesthetic toxicity. The use of dexamethasone in neuraxial blocks has been shown to be effective in extending 

the duration of analgesia, whereas in peripheral nerve blocks it has been demonstrated to prolong nerve 

blockade. On the other hand, nerve blocks should not routinely utilize all adjuvants.  

Crucial phrases: Adjuvantsas well as opioids, midazolam, dexmedetomidine, dexamethasone, local 

anaesthetics, and epinephrine 
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1. Introduction:  

When performing spinal anesthesia, it is common 

practice to add adjuvants, which are 

pharmacological agents, to the local anaesthetics in 

order to increase the block's effectiveness and 

duration while decreasing its negative effects. 

Opioids, alpha-2 agonists, and other irregular 

agents are the three main groups into which these 

adjuvants fall. Adjuvants often consist of opioids 

like morphine or fentanyl. Their mechanism of 

action involves blocking the transmission of pain 

signals by attaching to particular receptors in the 

spinal cord. Because of this, the analgesic effects 

last longer without the motor blockage being 

noticeably amplified. [1]. Clonidine and 

dexmedetomidine are alpha-2 agonists that may be 

used as spinal adjuvants as well. These substances 

cause analgesia, drowsiness, and sympatholysis by 

binding to and activating spinal cord alpha-2 

receptors. Their use may result in a prolonged 

sensory and motor block, which has potential 

benefits in some therapeutic situations. [2]. 

Adjuvants such as neostigmine, ketamine, or 

magnesium sulfate may be used in spinal 

anesthesia to augment the effects of the principal 

anesthetic. Neostigmine increases acetylcholine 

levels and prolongs the effects of spinal anesthesia 

by inhibiting the enzyme acetylcholinesterase. In 

contrast, ketamine blocks the transmission of pain 

signals by blocking the NMDA receptor. When 

administered with spinal anesthesia, ketamine may 

increase the analgesic effects by blocking this 

receptor. The third. As an NMDA receptor 

antagonist and calcium channel blocker, 

magnesium sulfate is another adjuvant used in 

spinal anesthesia. Patients having surgery may have 

improved pain management thanks to this dual 

mode of action, which helps to extend the analgesic 

benefits of spinal anesthesia. [4]. It is crucial to 

thoroughly evaluate the usage of these adjuvants in 

each individual patient, while they may improve 

the effects of spinal anesthesia. Before choosing an 

adjuvant, it is important to consider the patient's 

medical history, any allergies they may have, and 

the possibility of medication interactions. The 

safety and effectiveness of the anesthesia method 

depend on vigilant monitoring for problems and 

adverse effects. [5]. All things considered, spinal 

anaesthesia adjuvants may aid in improved pain 

management both during and after surgery, which 

in turn improves patient outcomes. To maximize 

the advantages and minimize the hazards of spinal 

anesthesia, healthcare practitioners should carefully 

monitor the effects of each adjuvant and choose 

them according to each patient's particular 

requirements. [6] 

2. Aim of the study: 

A thorough evaluation and analysis of the 

previously examined local anesthetic adjuvants is 

the goal of this work. Finding strong proof that they 

are safe and effective in neuraxial applications is 

the main objective. In addition, the goal of this 

investigation is to find out about more recent and 

creative methods for local anesthetic adjuvants. Its 

goal is to illuminate new approaches that may 

improve the results of neuraxial treatments in this 

way. Furthermore, this study aims to highlight the 

current corpus of information in this area. Its goal 

is to serve as a guide for future studies on local 

anesthetic adjuvants by drawing attention to what is 

known and what is missing from the existing body 

of knowledge. In the end, we want to enhance 



36                                                                                                            Adjuvant Agents In Neuraxial Blockade 

Benha Journal of Applied Sciences, Vol. (9) Issue (11) (2024( 

patient outcomes and speed up development by 

focusing future research on the most promising 

areas. 

3. Review of literature: 

Anatomy of discomfort 
Pain According to the International Association for 

the Study of Pain, a painful sensation is an 

unpleasant emotional and sensory event that is 

either stated in connection to or related with actual 

or possible harm to tissues. Nociception is the 

transmission of potentially damaging signals from 

the periphery to the CNS in the form of action 

potentials. The feeling of an unpleasant sensory and 

emotional experience—pain—is caused by the 

brain's processing of these nociceptive signals. [7].  

Nociception 

A nociceptor is an unbound, unmyelinated nerve 

terminal that can fire an action potential in reaction 

to a number of stimuli produced by damaged cells. 

These include, but are not limited to, the following: 

the release of potassium from damaged cells, 

histamine from mast cells close to the injured area, 

an increase in bradykinin due to inflammation, the 

synthesis of leukotrienes and prostaglandins in 

response to damaged cells, and serotonin released 

by platelets in response to vascular injury. [8] 

Routes of Pain 

• Spinothalamic A first-order neuron (C or 

Aδ fiber) in the dorsal horn of the spinal cord sends 

the action potential of a nociceptor to either the 

gelatinosa substantia (Laminae II axial) or the 

nucleus proprius (Laminae III, IV and V axial) in 

the spinal cord. Then, a second neuron is 

synaptically connected to the first neuron using 

substance P as a neurotransmitter. Prior to climbing 

the spinal cord in the spinothalamic tract, the 

second-order interneuron undergoes decussion in 

the anterior commissure. Here in the thalamus are 

the synapses that connect neurons of different 

orders. The somatosensory cortex receives 

nociceptive action potentials sent by the third-order 

neuron. [9] 

• The trigeminal nerve is a sensory nerve 

that travels from the brain to the face. The action 

potentials from the face are carried to the 

trigeminal nucleus by a first-order neuron in this 

route. This neuron may be a C or Aδ fiber. While 

the trigeminal nerve carries the vast majority of 

facial sensory information, the facial, 

glossopharyngeal, and vagus nerves carry a small 

number of sensory afferent neurons from the 

oropharynx and ear. Similar to the dorsal horn of 

the spinal cord, the trigeminal nucleus is home to 

second-order neurons that sensory afferent fibers 

from all connected cranial nerves attach to. It is 

thought that substance P functions as the 

neurotransmitter at this particular synapse. The 

number ten. A massive structure that stretches from 

the medulla to the midbrain is the trigeminal 

nucleus, which is another name for the Gasserian 

ganglion. Each of the three sections receives a 

unique sensory experience. Pain and temperature 

signals are received by the spinal trigeminal 

nucleus, touch and proprioception information by 

the main trigeminal nucleus, and proprioceptive 

information by the mesencephalic trigeminal 

nucleus from the jaw. The second-order neurons in 

the trigeminal route, much as in the spinothalamic 

pathway, quickly switch sides and go up the 

brainstem to the thalamus. connect with neurons of 

the third order electrically. The somatosensory 

cortex receives action potentials from these third-

order neurons. the eleventh 

Nociceptive pain 

Problems with the somatosensory nerve system 

may lead to neuropathic pain. Some problems with 

the central nervous system (CNS) or the peripheral 

nervous system (PNS) might cause this kind of 

discomfort. Diabetes, herpes zoster, and cancer are 

a few examples of diseases and illnesses that may 

harm the peripheral nervous system (PNS). 

However, diseases such as MS or spinal cord 

injuries may lead to central neuropathic pain. 

Neuropathy pain, in contrast to nociceptive pain, 

which is usually dull and agonizing, may 

sometimes appear as sudden, intense pain that feels 

like a burning or electric shock. A patient may also 

feel paresthesias, allodynia, or other unusual 

feelings. [12]. There are a number of potential 

causes of neuropathic pain. Case in point: diabetic 

neuropathy, when ischemia leads to demyelination 

of a myelinated nerve fiber. The axon is exposed 

and ectopic action potentials are generated as a 

result. A person may feel a sharp or searing pain as 

a result of these irregular electrical impulses. It is 

believed that transected nerve axons attempt to 

regenerate with the help of of the nerve growth 

factor secreted by the Schwann cells that provide 

support. On the other hand, axon renewal may be 

chaotic, leading to changes in threshold potentials 

or the spontaneous production of action potentials 

by newly sprouted nerve terminals. [13] 

Anatomy 

The Vertebral column 

The The spinal column displays four curves: the 

convex thoracic and sacral kyphoses, the concave 

posterior cervical and lumbar lordoses, and the 

convex posterior sacral kyphoses. Its principal roles 

are to support the body's weight, to shield the spinal 

cord, to act as a pivot point for the head, and to 

allow for mobility. Out of the 33 vertebrae that 

make up the spinal column, 24 are actual vertebrae 

(7 cervical, 12 thoracic, 5 lumbar) and 9 are false 

vertebrae (5 sacral, 4 coccygeal). cited as [14]. The 

development of the vertebral arch by means of the 

union of pedicles and laminae is an attribute of a 

genuine (thoracic) vertebra. The spinal cord, 

meninges, epidural space, and nerve roots are 

nestled inside the vertebral canal, which is formed 

by the sequential foramina of the vertebrae. The 
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dorsal root ganglion and spinal nerve exit the body 

via the intervertebral foramen, which is created 

when the two ends of the vertebrae meet. [15]. For 

all cervical vertebrae save C7, the transverse 

process has a foramen that houses the sympathetic 

plexuses, venous and vertebral arteries. C1, 

includes a lateral bulk, an anterior and posterior 

arch, and is formally called the atlas. To enable 

head nodding, it connects to the occipital condyles 

via its superior articular facets. It also allows for 

head rotation via its articulation with C2's dens at 

its facet in the anterior arch and its inferior articular 

facets with C2's superior articular facets. [16]. 

Above C2's body extends the dens, often called the 

odontoid peg. The head may be rotated thanks to its 

articulation with C1. The dens remain in the 

foramen of C1 thanks to the cruciate and alar 

ligaments. In particular, the transverse atlas 

ligament—the horizontal part of the cruciate 

ligament—is vital in limiting excessive posterior 

displacement. [16]. In order to link with the 

appropriate rib head and the rib below, the vertebral 

bodies of the thoracic vertebrae have costal facets. 

As an example, the sixth and seventh ribs articulate 

with the T6 vertebra. Extra features that allow for 

articulation with the neck of the corresponding rib 

are transverse costal facets on the transverse 

processes of vertebrae T1–10. In form, the vertebral 

bodies resemble a heart. It has lengthy spinous 

processes, the center ones of which point 

downward. For that reason, the very end of the The 

spinous process is positioned such that it lies flat on 

the ground, with the spinal column lying 

underneath it. [17]. Numerous shared features are 

shared by the lumbar vertebrae. To begin with, their 

huge kidney-shaped bodies provide excellent spinal 

support and stability. The back portions of the 

vertebrae, called laminae, are also rather rigid. 

Lumbar vertebrae are also unique from other parts 

of the spine in that they do not have costal facets. 

Along with that, the transverse processes of these 

vertebrae are somewhat diminutive. Last but not 

least, the fifth lumbar vertebra, or L5, has a wedge-

shaped body. The lumbosacral angle, which usually 

falls between the 130 to 160 degree range, is 

formed when its posterior aspect is bigger than its 

anterior aspect. [17]. The sacrum is a multi-

articulated structure that develops from the union of 

five sacral vertebrae. It connects to the L5 vertebra 

superiorly. Sacroiliac joints are its lateral points of 

contact with the ilium. It connects to the coccyx 

inferiorly. You can identify the sacrum by its many 

characteristics. The sacral canal, an internal 

extension of the spinal canal, is one such structure. 

Situated inside the sacral canal are the meninges, 

veins, and epidural adipose tissue. One may find 

the cauda equina and filum terminale inside the 

meninges. The dorsal and ventral spinal nerves may 

emerge via four pairs of sacral foramina. Sections 

1- 4. The median crest, made up of the united 

spinous processes of S1-4, is one of the palpable 

structures found posteriorly in the sacrum 

[18].Additionally, it lacks the spinous process and 

laminae of S5, which causes the sacral hiatus. The 

sacrococcygeal membrane, a closure of the sacral 

canal, covers the sacral hiatus and is around 1–3 

mm thick. Finally, the sacral cornua—the inferior 

articular processes of S5—are present. The 

sacrococcygeal membrane, located at the sacral 

hiatus, provides access to the sacral canal and, by 

extension, the caudal epidural area. Two methods 

exist for pinpointing the sacral hiatus. It is situated 

at the top of an equilateral triangle, with the 

posterior superior iliac spines forming the base. 

Another possible placement is within the triangle 

created by S4 and the sacral cornua, which is the 

base of the median crest. Four little vertebrae called 

coccygeal spines fuse to form the coccyx, which is 

a joint that ligaments and muscles in the glutes and 

pelvis connect to. cited as [18].  

The Spinal cord 

The A projection of the medulla oblongata, the 

spinal cord begins its journey via the foramen 

magnum. The spinal cord, which grows at a slower 

pace than the vertebrae, eventually reaches a length 

of 42–45 cm, terminating at the lower border of L3 

in newborns and opposite the L1/2 intervertebral 

disc in adults. The exact location of the spinal 

cord's endpoint varies from person to person, 

although in adults it may be anywhere from the T12 

vertebral bodies to L3. Due to the difference in 

their relative rates of development, the sacral and 

lumbar nerve roots must lengthen in order to reach 

the intervertebral foramina, which together create 

the cauda equina. For example, the C8 nerve roots 

leave the spinal cord close to the C7 vertebral body, 

but the L5 nerve roots leave the spinal cord close to 

the T12 vertebral body, follow the cauda equina, 

and finally emerge at the L5/S1 intervertebral 

foramina. The filum terminale connects the cord's 

last point, the conus medullaris, to the coccyx.[19]. 

Cross Section 

The The spinal cord has a flattened anterior-

posterior appearance and a cross-section that is 

about round. The parts that make it up include the 

central canal, which is dilated in the conus 

medullaris area, contains cerebrospinal fluid (CSF), 

and is connected with the fourth ventricle of the 

brain. It is bordered with ciliated ependymal cells. 

Neuronal cell bodies, glial cells, and capillaries 

make up grey matter, which forms an H-shaped 

structure with a transverse commissure and two 

columns—called horns in transverse section—the 

bigger of which is the anterior column. The 

substantia gelatinosa, or Rexed lamina II, is located 

at the very terminus of the posterior column. 

Corresponding to innervation of the limbs, the 

cervical and lumbar areas show an increase in grey 

matter size. areas. There is a lateral grey column, 

sometimes called an intermediolateral column, that 
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contains the cell bodies of preganglionic neurons in 

the sympathetic nervous system. It is located 

between T1 and L2/3. [19]. The longitudinally 

organized myelinated axon tracts make up white 

matter. Because fewer afferent and efferent fibers 

enter and exit the spinal cord as one advances 

inferiorly, the quantity of white matter diminishes. 

[19]. 

Vascular supply 

There are three primary parts of the arterial blood 

flow that goes to the spinal cord. Anterior spinal 

arteries first come together in the foramen magnum 

to produce the anterior spinal artery. The anterior 

two-thirds of the spinal cord get blood supply from 

this artery as it passes down the anterior median 

fissure. Second, the posterior inferior cerebellar 

arteries are the proximal arteries of the posterior 

spinal cord. The back 1/3 of the cord is supplied by 

these arteries as they descend along their 

posterolateral aspect. Another source of additional 

blood flow to the three spinal arteries is the deep 

cervical, intercostal, and lumbar radicular arteries, 

which originate locally. [20]. The artery of 

Adamkiewicz, the biggest of these radicular 

arteries, originates in the inferior blood supply to 

the lower two-thirds of the spinal cord may be 

significantly impacted by the thoracic/upper lumbar 

area, which is mostly on the left side in 65% of 

people. Because the anterior and posterior spinal 

arteries do not link, the perfusion to the cord, 

particularly between T3-5 and T12-L1, may be 

compromised in hypotension, surgical obstruction, 

or vasoconstriction, or any other situation where 

blood flow is diminished. [21]. The vertebral 

venous plexus, situated in the epidural space, 

receives its drainage from the three anterior and 

three posterior spinal veins. The vertebral, azygous, 

or lateral sacral veins—named for the spinal levels 

at which they originate—drain into the dural 

venous sinuses thereafter. [21].blood supply to the 

lower two-thirds of the spinal cord may be 

significantly impacted by the thoracic/upper lumbar 

area, which is mostly on the left side in 65% of 

people. Because the anterior and posterior spinal 

arteries do not link, the perfusion to the cord, 

particularly between T3-5 and T12-L1, may be 

compromised in hypotension, surgical obstruction, 

or vasoconstriction, or any other situation where 

blood flow is diminished. [21]. The vertebral 

venous plexus, situated in the epidural space, 

receives its drainage from the three anterior and 

three posterior spinal veins. The vertebral, azygous, 

or lateral sacral veins—named for the spinal levels 

at which they begin; thereafter, they should empty 

into the venous sinuses of the dura mater [21]. 

Clinical pharmacology— 

The axoplasm is the core of a nerve fiber, and the 

phospholipid membrane includes important 

proteins, including ion channels, among others. The 

neural membrane contains the enzyme Na+/K+ 

ATPase, which is responsible for maintaining the 

Resting Membrane Potential. This enzyme 

continuously maintains a Na+ concentration 

gradient (higher outside) and a K+ concentration 

gradient (higher interior) that are both thirty-fold 

and ten-fold, respectively. It is common for K+ to 

exit the cell in response to a concentration gradient 

because the membrane is selectively permeable. A 

resting membrane potential of -80 mV (negative 

inside) results from the presence of intracellular 

anionic proteins, which counterbalance this ionic 

flow. An important factor in establishing the resting 

membrane potential is the ratio of intracellular to 

extracellular K+. Since the membrane is mostly 

impermeable to Na+ in its resting state, the 

concentration of Na+ has little effect on the resting 

membrane potential, which becomes more negative 

due to hypokalemia. [5]. A shift in the phospholipid 

membrane's permeability to Na+ ions causes the 

action potential, which has a short time of only a 

few hundred milliseconds.  

Table 1: Neuraxial Blocks 
[2]

. 

Neuraxial Blocks 

Technique Distribution Complications Incidence & Notes 

Surgery Location Level 

Spinal Upper 

Abdominal  

T4 Meningitis 3.7-7.2 in 100,000 

Intestinal T6 

Gynaecological T6 Post-dural Puncture  0.37-2.7% Use of 

Headache larger needle & cutting 

point vs. pencil-point needle ↑ risk. 

Urological  T6 

Vaginal  T10 

Hip T10 Varies 

Prostate T10 High Spinal Block 0.025% 

Thigh L1 Cardiovascular 

collapse 

0.32% 

Lower Leg 

Amputation 

L1 Neurologic Injury Peripheral nerve injury & Cauda 

Equina Syndrome 

Foot & Ankle L2 Spinal Haematoma 0.00063% 

Perineral & Anal S2-S5 Cauda Equina 

Syndrome 

1 in 550,000 
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Epidural  

Thoracic 

 

 

Catheter 

Placement: 

Vertebral 

space 

corresponding 

to middle of 

surgical 

incision 

 

Meningitis 

 

5 in 450,000 

Post-dural Puncture Headache Varies 

Abdominal 

Subdural Puncture 

 

0.82% may result 

in 

high spinal 

Labour Pain L2-L4 Spinal Cord/Nerve 

Injury 

0.03-0.1% 

Caesarean 

Delivery 

L2-L4 Cauda Equina 

Syndrome 

1 in 170,000 

Hip L2-L4 Epidural Abscess 0.2-83 in 100,000 

Epidural 

Haematoma 

26 in 450,000 

Lower Extremity L2-L4 Minor Back Pain 20-30% 

Neuraxial Blockade Adjuvant Agents: 

Adjuvants Some drugs may increase the potency or 

efficacy of other drugs when taken at the same 

time. To prolong or improve the effectiveness of 

pain relief while reducing the side effects of large 

dosages of a single local anesthetic, neurofibrillant 

adjuvants are used. Neuroaxial adjuvants are used 

for a variety of purposes, including reducing dose, 

aiding in the start of nerve blockage, improving the 

quality of the blockage, and prolonging its length. 

A variety of drugs, including opioids, are used as 

neuraxial adjuvants. several substances that 

constrict blood vessels, such as sodium bicarbonate 

(NaHCO3), cholinergic agonists, NMDA 

antagonists, and GABA receptor agonists. the third 

 

Table 2: An overview of the most popular neuraxial adjuvants. 
[58]

. 

Name of drug Routes and dosages Adverse effects Mechanism of action 

Morphine Intrathecal: 100-200 μg 

Epidural: 1-5 mg 

Pruritus 

Nausea vomiting 

 

Bind opioid receptors 

Synergistic with local 

anaesthetic. Fentanyl Intrathecal: 10-25 μg 

Epidural: 2-4 μg/mL 

Sufentanil Intrathecal: 1.5-5 μg 

Epidural: 0.75-1.0 μg/mL 

Nalbuphine Intrathecal: 0.4-0.6 mg 

Epidural: 0.2 mg/ml 

Hydromorphone Intrathecal: 100 μg 

Epidural: 500-600 μg 

Better adverse effect 

profile than Morphine 

 Buprenorphine Intrathecal: 75-150 μg 

Epidural: 150-300 μg 

Tramadol Intrathecal: 10-50 mg 

Epidural: 1-2 mg/kg 

Nausea and vomiting Weak opioid agonist actions 

Sodium/potassium channel 

blocking actions 

Blockade of norepinephrine 

and serotonin uptake. 

Clonidine Intrathecal: 15-40 μg 

Epidural: 25-50 μg 

Sedation 

Bradycardia 

Activation of post junctional 

alpha-2 receptors in dorsal 

horn of spinal cord.  Dexmeditomidine Intrathecal: 5-10 μg 

Epidural: 1 μg/kg 

Adverse effects show 

association with dose 

Sedation  

Bradycardia 

Hypertension 

Dexamethasone Intrathecal: 8 mg 

Epidural: 4-8 mg 

minimal Local action on nerve fibers. 

Midazolam Intrathecal: 1-2.5 mg 

Epidural: 50 μg/kg diluted 

in 10 mL of saline 

Respiratory depression GABAergic and opioid 

receptor mechanisms. 

Neostigmine Intrathecal: 5-10 μg to 50-

150 μg 

Epidural: 1, 2 and 4 μg 

Neuraxial use associated 

with bradycardia, 

restlessness 

Enhancement of endogenous 

acetylcholine at nerve 

terminal. 

Ketamine Epidural: 0.5-1.0mg/kg. Neuraxial use associated NMDA receptor antagonists 
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with nausea, vomiting and 

hallucinations 

shown to have local anesthetic 

properties. 

Magnesium Intrathecal: 25-100 mg 

Epidural: 50-100 mg 

Headache 

Cardiovascular 

disturbances 

Nausea vomiting 

NMDA receptor antagonism 

Voltage gated calcium channel 

blockade. 

Epinephrine Epidural: 1 ml of 1:10000 

concentration 

Arrhythmias 

Increase blood 

pressure 

Ischaemia 

Reduce systemic 

uptake 

Direct action on α1- 

and α2-receptors. 

4. Conclusion 

The The area of anesthesia is dynamic, with new 

technology appearing all the time that might 

enhance patient safety and happiness. Adjuvants 

containing alpha-2 receptor agonists, particularly 

dexmedetomidine, are gaining popularity, while 

opioids are still often used in conjunction with local 

anaesthetics in clinical settings. There is evidence 

that these adjuvants may improve the efficacy of 

local anaesthetics without significantly increasing 

their side effects.  
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