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INTRODUCTION 

Non depolarizing muscle relaxants (NDMR) form an important part of anaesthetic 

management in neurosurgical patients where immobility is one of the primary goals of 

intraoperative management. However various preoperative, intraoperative factors can 

affect the actions of NDMR due to alterations in pharmocokinetic and 

pharmacodynamic properties.  One of the factors which can affect the NDMR action 

is the preoperative use of anticonvulsant agents especially in the setting of 

neurosurgery cases. 

 Neurosurgical patients may be on various single or combinational therapy of 

antiepileptic agents.  Among the different agents, Phenytoin and Levetiracetum are 

the two agents commonly prescribed for neurosurgical patients due to their broad 

spectrum nature. Anticonvulsant medications such as Phenytoin affects the actions of 

non depolarizing agent such as Vecuronium. A higher dose requirement and shortened 

duration of action for these drugs is anticipated if the anticonvulsant therapy has been 

greater than 7 days in duration.
1
There are reported cases where, Phenytoin induced 

resistance to Vecuronium have led to intraoperative adverse airway events e.g. 

bronchospasm and desaturation. Eventually, these may lead to deferring of planned 

surgical approach and increase morbidity.
2 

Levetiracetam is a newer generation 

antiepileptic agent, which is becoming widely popular in neurosurgical practice 

because of its effectiveness in controlling seizure due to its broad spectrum of activity 

as well as favorable safety profile. Increasing number of neurosurgical patients 

presenting for surgery are found to be on chronic medication with Levetiraetam. 

However, the effects of the non depolarizing agents in patients on Levetiracetam has 

not been adequately studied.  
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 Commonly used muscle relaxants in neuroanaesthesiology practice are 

Vecuronium and Atracurium. The metabolism of various non depolarising muscle 

relaxants is different from each other. Vecuronium is an aminosteroid compound, in 

which the interonium distance is maintained by an androstane skeleton. It is an 

intermediate acting muscle relaxant with 30-40 percent hepatic metabolism. It is 

eliminated to the extent of 40-50 percent by kidney, and 50-60 percent by liver.
3  

Atracurium is a benzylisoquinolinium compound, in which the distance is 

maintained by linear diester-containing chains. It is also an intermediate acting muscle 

relaxant with Hofmann elimination and nonspecific ester hydrolysis to the extent of 

60-90 percent.
3 

 
Good evidence-based practice requires that, clinicians should always quantify 

the extent of neuromuscular block by an objective monitoring. The neuromuscular 

block should be adjusted to ensure optimal neurosurgical conditions, in which even 

slightest of movement can be disastrous. The conditions may be altered in patients on 

chronic anticonvulsant therapy. Hence it is important to understand the interactions of 

NDMR with anticonvulsant agents. 
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REVIEW OF LITERATURE 

It is important to understand the neuromuscular physiology and the actions of non-

depolarizing muscle relaxants (NDMR). This review gives an overview of the various 

aspects of the NDMR actions. 

 

Neuromuscular Physiology and Pharmacology 

The neuromuscular junction contains the distal nerve terminal, synaptic cleft, and 

muscle end plate and provides an array of receptors and substrates for drug action. 

Neuromuscular transmission is predominately dependent on acetylcholine as the 

natural transmitter. Acetylcholine (Ach), when released from the prejunctional nerve 

terminal, binds to typical acetylcholine receptors (AChRs) that are present post 

junctionally within the neuromuscular junction. The physiology of neuromuscular 

transmission could be analyzed and understood at the most simple level by using the 

classic model of nerve signaling to muscle through the AChR. 

 

Neuromuscular Transmission 

Neuromuscular transmission occurs by a fairly simple and straight forward 

mechanism. The nerve synthesizes acetylcholine and stores it in small, uniformly 

sized packages called vesicles. Stimulation of the nerve causes these vesicles to 

migrate to the surface of the nerve, rupture, and discharge acetylcholine into the cleft 

separating the nerve from muscle. AChRs in the end plate of the muscle respond by 

opening their channels for influx of sodium ions into the muscle to depolarize the 

muscle. The endplate potential created is continued along the muscle membrane by 

the opening of sodium channels present throughout the muscle membrane to initiate a 

contraction.
4
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Morphology 

The neuromuscular junction is specialized on both the nerve side and on the muscle 

side to transmit and receive chemical messages.
 

 
 

Figure 1. Showing the structure of the adult neuromuscular junction shows the three 

cells that constitute the synapse: the motor neuron (i.e., nerve terminal), muscle fiber, 

and Schwann cell. The motor nerve originates in the ventral horn of the spinal cord or 

brainstem. The nerve approaches its muscle fibers and divides into branches that 

attach itself to the surface of the muscle fiber. Each muscle receives only one synapse 

from a nerve fiber. The motor nerve, after losing its myelin, further subdivides into 

many presynaptic boutons to terminate on the surface of the muscle fiber. A synaptic 

cleft is made up of a primary and many secondary clefts. It separates the nerve from 

the muscle. The muscle surface has multiple corrugation, and a dense areas on each 

fold contain acetylcholine receptors (AChR). Sodium (Na+) channels are present 
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throughout the muscle membrane at the bottom of the clefts. The acetylcholinesterase 

and proteins contributing to the stability the neuromuscular junction, are present in the 

synaptic cleft. 

 

Neuromuscular Junction 

FORMATION OF NEUROTRANSMITTER AT MOTOR NERVE ENDINGS 

The axon of the motor nerve carries electrical signals from the spinal cord to muscles 

and has all of the biochemical apparatus needed to transform the electrical signal into 

a chemical one. All the ion channels, enzymes, other proteins, macromolecules, and 

membrane components needed by the nerve ending to synthesize, store, and release 

acetylcholine and other trophic factors are made in the cell body and transmitted to 

the nerve ending by axonal transport.
5,6 

NERVE ACTION POTENTIAL 

During a nerve action potential, sodium from outside flows across the membrane, and 

the resulting depolarizing voltage opens the calcium channels, which allows entry of 

calcium ions into the nerve and causes acetylcholine to be released. A nerve action 

potential is the normal activator that releases the transmitter acetylcholine. The 

number of quanta released by a stimulated nerve is greatly influenced by the 

concentration of ionized calcium in extracellular fluid. If calcium is not present, then 

depolarization of the nerve, even by electrical stimulation, will not produce the release 

of transmitter. Doubling the extracellular calcium results in a 16-fold 

increase in the quantal content of an end-plate potential.
7 
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SYNAPTIC VESICLES AND RECYCLING 

Two pools of vesicles seem to release acetylcholine, a readily releasable pool and a 

reserve pool, sometimes called VP2 and VP1, respectively.
8,9

 These vesicles are the 

ones that ordinarily release transmitter. Release occurs when calcium ions enter the 

nerve through the P channels lined up on the sides of the active zones by soluble      

N-ethylmaleimide–sensitive attachment protein receptor (SNARE) proteins. The 

SNARE proteins are involved in fusion, docking, and release 

of acetylcholine at the active zone. Calcium needs to move only a very short distance 

(i.e., a few atomic radii) to encounter a vesicle and activate the proteins in the vesicle 

wall involved in a process known as docking. The larger reserve (VP1) vesicles, from 

their position deep from the nerve ending and firmly tethered to the cytoskeleton by 

many proteins, including actin, synapsin (anactin-binding protein), synaptotagmin, 

and spectrin may be moved to the readily releasable store to replace worn-out vesicles 

or to participate in transmission when the nerve is called on to work especially hard 

(e.g., when it is stimulated at very high frequencies or for a very long time). Under 

such strenuous circumstances, calcium may penetrate more deeply than normal into 

the nerve or may enter through L channels to activate calcium-dependent enzymes 

that break the synapsin links holding the vesicles to the cytoskeleton, thereby 

allowing the vesicles to be moved to the release sites. 

PROCESS OF EXOCYTOSIS 

The readily releasable pool of synaptic vesicles constitutes the vesicles directly 

available for release. During an action potential and calcium influx, neurotransmitter 

is released. Studies have shed some light on the inner workings by which the vesicle 

releases its contents. The whole process is called exocytosis. 
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ACETYLCHOLINESTERASE 

The acetylcholine released from the nerve diffuses across the junctional cleft and 

reacts with specialized receptor proteins in the end plate to initiate muscle contraction. 

Transmitter molecules that do not immediately react with a receptor or those released 

after binding to the receptor are almost instantly destroyed by acetylcholinesterase in 

the junctional cleft. Acetylcholinesterase at the junction is the asymmetric protein 

made in the muscle under the end plate. The enzyme is secreted from the muscle but 

remains attached to it by thin stalks of collagen fastened to the basement membrane. 

Most of the molecules of acetylcholine released from the nerve initially pass between 

the enzymes to reach the post junctional receptors; however, as they are released from 

the receptors, they invariably encounter acetylcholinesterase and are destroyed. Under 

normal circumstances, a molecule of acetylcholine reacts with only one receptor 

before it is hydrolyzed. Acetylcholine is a potent messenger, but its actions are very 

short lived because it is destroyed in less than 1 millisecond after it is released. 

POSTJUNCTIONAL ACETYLCHOLINE RECEPTORS 

Three isoforms of postjunctional nicotinic AChRs exist: a junctional or mature 

receptor, an extrajunctional or immature (fetal) receptor, and the more recently 

described neuronal α7 receptor. AChRs are synthesized in muscle cells and are 

anchored to the end-plate membrane by a special 43-kd protein known as rapsyn. This 

cytoplasmic protein is associated with the AChR in a 1:1 ratio. 

SYNTHESIS AND STABILIZATION OF POSTJUNCTIONAL RECEPTORS 

Muscle tissue is formed from the mesoderm and initially appears as myoblasts. 

Myoblasts fuse to produce myotubes, which therefore have multiple nuclei. As the 

myotubes mature, the sarcomere, which is the contractile element of the muscle 
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consisting of actin and myosin, develops.
10

 Each receptor has five subunits.            

The mature receptor consists of α1-, β1-, δ-, and ε-subunits, and the fetal       

(immature, extrajunctional)  receptor consists of α1-, β1-, δ-, and γ-subunits; there are 

two subunits of α, and one each of the others. The neuronal α7 AChR 

consists of five α7-subunits. Just before and shortly after birth, the immature, γ-

subunit–containing AChRs are replaced by the mature, ε-subunit–containing 

receptors. 

BASIC ELECTROPHYSIOLOGY OF NEUROTRANSMISSION 

The results of the classic depolarizing action of acetylcholine on end-plate receptors is 

illustrated in the figure 2. 

 

Figure 2. depicting action of acetylcholine or curare neuromuscular blocker (NMB) 

on the end-plate receptors.  

A.  The closed and inactive ion channel without acetylcholine.  

B.  Although, one acetylcholine molecule is binding to one of two binding sites, 

 the central channel remains closed. 

C.  When two acetylcholine molecules simultaneously binds to the recognition 

 sites of both α-subunits, a conformation change occurs and opens the channel 

 and allows the cations to flow cross the membrane. Ca2++, Calcium ion; K+, 

 potassium ion; Na+, sodium ion. 
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Receptors that do not have two molecules of agonist (e.g., acetylcholine) bound 

remain closed. Both α-subunits must be simultaneously occupied by agonist; if only 

one of them is occupied, then the channel remains closed. This is the basis for 

preventing depolarization by antagonists. NDMRs act by binding to either or both α-

subunits and thus preventing acetylcholine from binding and opening the channel. 

This interaction between agonists and antagonists is competitive, and the outcome—

transmission or block—depends on the relative concentrations and binding 

characteristics of the drugs involved. 

CLASSIC ACTIONS OF NON DEPOLARIZING MUSCLE RELAXANTS 

Neurotransmission occurs when acetylcholine released by the nerve action potential 

binds to nicotinic AChRs. All NDMRs impair or block neurotransmission by 

competitively preventing the binding of acetylcholine to the muscle AChR. The final 

outcome- block or transmission, depends on the relative concentrations of the 

chemicals and their comparative affinities for the receptor.  

Figure 2 shows a system exposed to acetylcholine and the non depolarizing 

neuromuscular blocking compound, Tubocurarine. All other muscle relaxants (e.g., 

Pancuronium, Vecuronium) have similar actions as that of Tubocurarine. One 

receptor has attracted two acetylcholine molecules and has opened its channel, where 

current will flow to depolarize that segment of membrane. Another has attracted one 

Tubocurarine molecule; its channel will not open, and no current will flow, even if 

one acetylcholine molecule binds to the other site. The third receptor has 

acetylcholine on one α-subunit and nothing on the other. What will happen depends 

on which of the molecules binds. If acetylcholine binds, then the channel will open 

and the membrane will be depolarized; if Tubocurarine binds, then the channel will 
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remain closed and the membrane will not be depolarized. Normally, 

acetylcholinesterase destroys acetylcholine and removes it from competition for a 

receptor; therefore Tubocurarine has a better chance of inhibiting transmission. If, 

however, an inhibitor of acetylcholinesterase such as Neostigmine is added, then the 

cholinesterase can not destroy acetylcholine. The concentration of agonist in the cleft 

remains high, and this high concentration shifts the competition between 

acetylcholine and Tubocurarine in favor of the former, thereby improving the chance 

of two acetylcholine molecules binding to a receptor even though Tubocurarine is still 

in the environment. This mechanism causes the cholinesterase inhibitors to overcome 

the neuromuscular paralysis produced by NDMRs. The channel opens only when 

acetylcholine attaches to both recognition sites. A single molecule of antagonist, 

however, is adequate to prevent depolarization of that receptor. This modifies the 

competition by strongly biasing it in favor of the antagonist (relaxant). 

Mathematically, if the concentration of Tubocurarine is doubled, then the 

concentration of acetylcholine must be increased fourfold if acetylcholine is to remain 

competitive. Paralysis produced by high concentrations of muscle relaxants 

(antagonist) is more difficult to reverse with cholinesterase inhibitors than that 

produced by low concentrations. After large doses of NDMRs, cholinesterase 

inhibitors may be ineffective until the concentration of relaxant in the perijunctional 

area decreases to a lower level by the redistribution or elimination of 

the drug. 

 

 

 

 



11 
 

Pharmacology of Neuromuscular Blocking Drugs 

 In the adult, the nicotinic acetylcholine receptor at the postsynaptic (muscular) 

membrane is composed of α2βδε subunits. Non depolarizing muscle relaxants 

produce neuromuscular blockade by competing with acetylcholine for the 

postsynaptic α subunits. In 1942, Griffth and Johnson described d-Tubocurarine (dTc) 

as a safe drug to provide skeletal muscle relaxation during surgery.
11 

In 1967, Baird 

and Reid first reported on the clinical administration of the first synthetic 

aminosteroid, pancuronium.
12 

The development of the intermediate-acting NMBDs 

built on the compounds’ metabolism and resulted in the introduction of 

Vecuronium,
13

 an aminosteroid, and Atracurium,
14

 a benzylisoquinolinium, into 

clinical practice in the 1980s. Vecuronium was the first muscle relaxant to have an 

intermediate duration of action and minimal cardiovascular actions. As stated by 

Foldes and colleagues, ―the first use of muscle relaxants not only revolutionized the 

practice of anaesthesia but also started the modern era of surgery and made possible 

the explosive development of cardiothoracic, neurologic, and organ transplant 

surgery.‖
15

Administration of NMBDs intraoperatively to maintain neuromuscular 

block requires that the time course of block be monitored and the depth of anaesthesia 

be continuously assessed. 

PRINCIPLES OF ACTION OF NEUROMUSCULAR BLOCKERS AT THE 

NEUROMUSCULAR JUNCTION 

A brief description of the physiology of neuromuscular blockade is presented here. 

POSTJUNCTIONAL EFFECTS 

 In adult mammalian skeletal muscle, the nicotinic acetylcholine receptor 

(nAChR) is a pentameric complex of two α subunits in association with single β, δ, 
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and ε subunits. Each of the two α subunits has an acetylcholine-binding site. These 

sites are located in pockets within the receptor protein, approximately 3.0 nm above 

the surface membrane at the interfaces of the α H-ε and α L-δ subunits.
16  

Functionally, the ion channel of the acetylcholine receptor is closed in the resting 

state. Simultaneous binding of two acetylcholine molecules to the α subunits initiates 

conformational changes that open the channel. If one molecule of a non depolarizer 

NMBD (i.e., a competitive antagonist) is bound to a subunit at the AChR, two 

agonists cannot bind, and neuromuscular transmission is inhibited.
17

 

PREJUNCTIONAL EFFECTS 

Prejunctional receptors are involved in the modulation of acetylcholine release in the 

neuromuscular junction. Bowman suggested that the prejunctional nicotinic receptors 

are activated by acetylcholine and function in a positive feedback control system that 

serves to maintain availability of acetylcholine when demand for it is high  

(e.g.,during tetany).
18

 The action of non depolarizing NMBDs at this neuronal 

cholinergic receptor explains the typical fade phenomenon after any non depolarizing 

drugs. Hence, blockade of the prejunctional nicotinic receptors by non depolarizing 

NMBDs prevents acetylcholine from being made available fast enough to support 

tetanic or train-of-four (TOF) stimulation. 

NON DEPOLARIZING NEUROMUSCULAR BLOCKERS 

The widely used drugs Pancuronium, Vecuronium, Pipecuronium, Rocuronium, 

Rapacuronium, Atracurium, Doxacurium, Mivacurium, Cisatracurium, Gantacurium, 

and Gallamine are all synthetic compounds. 
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STRUCTURE-ACTIVITY RELATIONSHIPS 

Two extensively studied chemical series of synthetic non depolarizing NMBDs are 

the aminosteroids, in which the interonium distance is maintained by an androstane 

skeleton, and the benzylisoquinolinium series, in which the distance is maintained by 

linear diester-containing chains. 

Benzylisoquinolinium Compounds 

Atracurium is a bis-benzyltetrahydroisoquinolinium with isoquinolinium nitrogens 

connected by a diester containing hydrocarbon chain. The presence (in duplicate) of 

two-carbon separations between quaternary nitrogen and ester carbonyl renders it 

susceptible to the Hoffmann elimination reaction. The compound can also undergo 

ester hydrolysis. 

 

 
Figure 3 showing the chemical structures of Atracurium and Cisatracurium. The 

asterisk indicates the chiral centers; arrows show cleavage sites for Hofmann 

elimination. 

 

Steroidal Neuromuscular Blockers 

For the steroidal compounds to have neuromuscular blocking potential, it is likely that 

one of the compound’s two nitrogen atoms be quaternized. Vecuronium, in which the 

2-piperidine substituent is not methylated, is the N-demethylated derivative of 

Pancuronium. 
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Figure 4 showing the chemical structures of different steroidal neuromuscular 

blockers. 

General Dosage Guidelines 

Proper selection of the dose of non depolarizing NMBD is required to ensure that the 

desired effect is achieved without overdose of the relaxant. In addition to a general 

knowledge of the pharmacodynamics and pharmacokinetics of NMBDs and 

understanding of the guidelines for dosing, optimal practice requires that dosing be 

adjusted to account for variability in individual patients’ responses to NMBDs. This 

adjustment can not be made without using a monitor of neuromuscular blockade any 

time that an NMBD is administered to a patient. 

Initial and Maintenance Dosage 

 The initial dose of NMBD is determined by the reason it is being 

administered. The ED95 is the dose causing on average 95% suppression of 

neuromuscular response. The ED95 of Vecuronium is 0.05 mg/kg, and for Atracurium 

is 0.25 mg/kg.  Traditionally, doses used to facilitate tracheal intubation are twice the 

ED95. Moreover, clinical management of individual patients should be guided by 
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monitoring of the neuromuscular block, ideally with an objective neuromuscular 

monitoring technique, to allow safe intraoperative administration of the NMBD and 

its antagonism by Neostigmine or Sugammadex. Supplemental (maintenance) doses 

of NMBDs should be approximately one tenth (in case of long-acting NMBDs) to one 

fourth (in the case of intermediate- and short-acting NMBDs) the initial dose and 

should not be given until clear evidence of beginning recovery from the previous dose 

is present. 

CLINICAL MANAGEMENT 

The main goal of neuromuscular blockade during induction of anaesthesia includes 

paralysis of the vocal cords and muscles of the jaw to facilitate endotracheal 

intubation. Relaxation of the respiratory muscles, particularly the diaphragm, allows 

controlled ventilation. During recovery from neuromuscular block, restoration of 

complete neuromuscular strength is essential to ensure adequate spontaneous 

ventilation with normal regulation of breathing during hypoxia and the patency of the 

musculature of the upper airway with maintained airway protection. Mencke and co-

workers demonstrated that adding Atracurium to a Propofol-Fentanyl induction 

regimen significantly improved the quality of intubating conditions and decreased the 

frequency of vocal cord lesions following intubation from 42% to 8%. The rate of 

postoperative hoarseness was also significantly decreased to 16% from 44%.
19 

Combes and associates confirmed that the use of NMBD for tracheal intubation 

decreased the incidence of adverse postoperative upper airway symptoms, resulted in 

better intubating conditions, and also reduced the rate of adverse hemodynamic 

effects caused by deeper levels of anaesthesia.
20 
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METABOLISM AND ELIMINATION 

 Vecuronium, the 2-desmethyl derivative of Pancuronium, is more lipid soluble 

than Pancuronium because of the absence of the quaternizing methyl group at the 2 

position. It undergoes two to three times more metabolism than does Pancuronium. 

Vecuronium is taken up into the liver by a carrier-mediated transport system, and it is 

then deacetylated at the 3 position by liver microsomes.
21

 Approximately 12% of 

Vecuronium clearance is through conversion to 3-desacetyl Vecuronium, and 30% to 

40% of the drug is cleared in the bile as the parent compound. Although the liver is 

the principal organ of elimination for Vecuronium, the drug also undergoes significant 

(up to 25%) renal excretion, and this combined organ elimination gives it a clearance 

rate of 3 to 6 mL/kg/minute.
22 

 Atracurium is metabolized through two pathways: Hoffmann elimination and 

nonspecific ester hydrolysis. Hoffmann elimination is a purely chemical process that 

results in loss of the positive charges by molecular fragmentation to laudanosine       

(a tertiary amine) and a monoquaternary acrylate, compounds that are thought to have 

no neuromuscular and little or no cardiovascular activity of clinical relevance.
23

 

 

ADVERSE EFFECTS OF NEUROMUSCULARBLOCKERS 

Histamine release 

Quaternary ammonium compounds(e.g., NMBDs) are generally weaker histamine-

releasing substances than are tertiary amines such as morphine. Nevertheless, when 

large doses of certain NMBDs are administered rapidly, erythema of the face, neck, 

and upper torso may develop, as well as a brief decrease in arterial pressure and a 

slight to moderate increase in heart rate. Bronchospasm in this setting is very rare. 

The side effect of histamine release is most often noted following administration of 

the benzylisoquinolinium class of muscle relaxants. The effect is usually of short 
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duration (1 to 5 minutes), is dose related, and is clinically insignificant in healthy 

patients. This side effect can be reduced considerably by using as lower injection rate. 

If a minor degree of histamine release such as described earlier occurs after an initial 

dose of an NMBD, subsequent doses will generally cause no response at all, as long 

as they are no larger than the original dose. This is clinical evidence of tachyphylaxis, 

an important characteristic of histamine release. A much more significant degree of 

histamine release occurs during anaphylactic or anaphylactoid reactions; these 

reactions are very rare. 

Bradycardia 

 Several case reports described the occurrence of severe bradycardia and even asystole 

after Vecuronium or Atracurium administration. All these caseswere also associated 

with opioid administration. Subsequent studies indicated that administration of 

Vecuronium or Atracurium alone does not cause bradycardia.
24 

Allergic reactions 

The frequency of life-threatening anaphylactic (immune-mediated) or anaphylactoid 

reactions occurring during anaesthesia has been estimated at 1 in 10,000 to 20,000 

anaesthetic  procedures, whereas it is estimated at 1 in 6500 administrations of 

NMBDs in some countries.
24

 The most common causes of anaphylaxis in patients 

who experienced allergic reactions were reported to be NMBDs (58.2%), latex 

(16.7%), and antibiotics (15.1%).
25 
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DRUG INTERACTIONS AND OTHER FACTORS AFFECTING RESPONSE TO 

NEUROMUSCULAR BLOCKERS 

Some of the more important drug interactions with NMBDs and their antagonists are 

discussed in the following sections. 

Interactions with Inhaled Anaesthetics 

 Inhaled anaesthetics also enhance the neuromuscular blocking effects of non 

depolarizing NMBDs. Inhaled  anaesthetics decrease the required dose of NMBDs, as 

well as prolong both the duration of action of the blocker and recovery from 

neuromuscular block, depending on the duration of anaesthesia, the specific inhaled 

anaesthetic, and the concentration (dose) given. 

 The greater clinical muscle-relaxing effect produced by less potent 

anaesthetics is mainly caused by their larger aqueous concentrations. Desflurane and 

Sevoflurane have low blood-gas and tissue-gas solubility, so equilibrium between the 

end-tidal concentration and the neuromuscular junction is reached more rapidly with 

these anaesthetics than with older inhaled anaesthetics.
26 

Temperature 

Hypothermia prolongs the duration of action of non depolarizing NMBDs. The 

mechanism or mechanisms underlying this prolongation may be pharmacodynamic or 

pharmacokinetic, or both.
27,28 

They include diminished renal and hepatic excretion, 

changing volumes of distribution, altered local diffusion receptor affinity, changes in 

pH at the neuromuscular junction, and the net effect of cooling on the various 

components of neuromuscular transmission. 
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Interactions with Antiepileptic Drugs 

 Patients receiving long-term anticonvulsant therapy demonstrated resistance to 

non depolarizing NMBDs, as evidenced by accelerated recovery from neuromuscular 

blockade and the need for increased doses to achieve complete neuromuscular 

blockade.
29 

 Vecuronium clearance is increased twofold in patients receiving long-term 

carbamazepine therapy.
30 

Other investigators, however, attribute this resistance to the 

increased binding (i.e., decreased free fraction) of the NMBDs to α1-acid 

glycoproteins or to up-regulation of neuromuscular acetylcholine receptors (or to both 

mechanisms). 

Neuromuscular Monitoring in the Perioperative Period
31 

 Neuromuscular monitoring devices were introduced into clinical practice in 

the 1970s. Qualitative neuromuscular monitors, or peripheral nerve stimulators, 

provide an electrical stimulus to a motor nerve and the response of corresponding 

muscle subjectively evaluated. A standard peripheral nerve stimulator provides 

several patterns of nerve stimulation, including train-of four (TOF), double-burst, 

tetanic, and post-tetanic count. Qualitative (and quantitative) monitors are needed to 

determine onset of neuromuscular blockade, maintain the required depth of muscle 

relaxation during the surgical procedure, and assess an appropriate dose of reversal 

agent. 

SINGLE-TWITCH STIMULATION 

 In the single-twitch mode of stimulation, single supramaximal electrical 

stimuli are applied to a peripheral motor nerve at frequencies ranging from 1.0 Hz 

(once every second) to 0.1 Hz (once every 10 seconds). The response to single-twitch 

stimulation depends on the frequency at which the individual stimuli are applied. If 
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the rate of delivery is increased to greater than 0.15 Hz,  the evoked response will 

gradually decrease and stabilize at a lower level. As a result, a frequency of 0.1 Hz is 

generally used. Because 1-Hz stimulation shortens the time necessary to determine 

supramaximal stimulation, this frequency is sometimes used during induction of 

anaesthesia; however, the apparent time of onset and length of neuromuscular block 

depend on the pattern and duration of stimulation. Therefore, results obtained with 1-

Hz single-twitch stimulation cannot be compared with results obtained using, for 

example, 0.1-Hz single-twitch stimulation or TOF stimulation.
32 

 

Figure 5.  Schematic Diagram showing the pattern of electrical stimulation and 

associated muscle responses to single-twitch stimulation (at frequencies of 0.1 to1.0 

Hz) after injection of non depolarizing  (Non-dep.) muscle relaxant                   

(marked as arrow). 
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TRAIN-OF-FOUR STIMULATION 

Train-of-four nerve stimulation pattern, as introduced by Ali and associates during the 

early 1970s, consists of four supramaximal stimuli given every 0.5 seconds (2 Hz).
33 

Each stimulus in the train causes the muscle to contract, and the ―fade‖ in the train of 

responses provides the basis for evaluation; that is, dividing the amplitude of the 

fourth response by the amplitude of the first response provides the TOF ratio. The 

advantages of TOF stimulation are most apparent during a non depolarizing 

neuromuscular block because the degree of block can be read directly from the TOF 

response even though a preoperative value is lacking. In addition, TOF stimulation 

has some advantages over double-burst stimulation and tetanic stimulation; it is less 

painful and, unlike tetanic stimulation, does not generally influence subsequent 

monitoring of the degree of neuromuscular block. 

 

 

 

 

 

 

 

 

Figure 6. Schematic Diagram showing the pattern of electrical stimulation and 

associated evoked muscle responses to train-of-four (TOF) nerve stimulation before 

and after injection of a non depolarizing muscle relaxant (as depicted by arrow). 
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TETANIC STIMULATION 

Tetanic stimulation consists of high-frequency delivery of electrical stimuli (e.g., 30, 

50, or 100 Hz). The most commonly used pattern in clinical practice is 50-Hz 

stimulation given for 5 seconds. In normal neuromuscular transmission the muscle 

response to 50-Hz tetanic stimulation for 5 seconds is sustained.  

 

Figure 7 Schematic Diagram  showing the pattern of stimulation and evoked muscle 

responses to tetanic (50 Hz) nerve stimulation for 5 seconds and posttetanic twitch 

stimulation (1.0 Hz; depicted by arrows). The stimulation was applied before the 

injection of non depolarizing muscle relaxant and during moderate block (non-dep.). 
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DOUBLE-BURST STIMULATION 

 DBS consists of two short bursts of 50-Hz tetanic stimulation separated by 750 

m-sec, with a 0.2-msec duration of each square wave impulse in the burst. Although 

the number of impulses in each burst can vary, DBS with three impulses in each of 

the two tetanic bursts (DBS3,3) is most commonly used. When measured 

mechanically, the TOF ratio correlates closely with the DBS3,3 ratio. DBS was 

developed with the specific aim of improving manual (tactile) detection of residual 

block under clinical conditions, or during recovery and immediately after surgery; 

tactile evaluation of the response to DBS3,3 is superior to tactile evaluation of the 

response to TOF stimulation. However, DBS3,3 cannot replace objective monitoring. 

On the other hand, when objective monitoring is not possible, residual neuromuscular 

block corresponding to a TOF less than 0.6 or lower can be detected using this 

method.
34

 

 

Figure 8. Schematic Diagram showing the pattern of electrical stimulation and 

evoked muscle responses to train-of-four (TOF) nerve stimulation and double-burst 

nerve stimulation before injection of non depolarizing muscle relaxants (control) and 

during recovery. The TOF ratio is the height of the fourth response to TOF divided by 

the height of the first response. The DBS3,3 ratio is the height of the second response 

to DBS3,3 divided by the amplitude of the first response. 
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BASIC PRINCIPLES OF NEUROMUSCULAR MONITORING 

 Two types of neuromuscular monitors have been developed for use in the 

perioperative period. Qualitative monitors (or peripheral nerve stimulators) are 

devices that deliver a stimulus to a peripheral nerve, and the subsequent muscular 

response is visually or tactilely observed. In contrast, quantitative monitors 

objectively measure the strength of muscle contraction and display the results on a 

screen (0-1.0 or 0%-100%). Following electrical stimulation of a muscle, the strength 

of contraction is determined by the number of muscle fibers activated. Maximal 

contraction occurs when the electrical stimulation is sufficient to cause all muscle 

fibers to contract. In most patients, this threshold is approximately 40 to 50 mA for 

the ulnar nerve. To account for factors that can alter skin resistance, a current 10%-

20% above this threshold should be applied (termed the supramaximal current). 

Quantitative monitors, such as the TOF-Watch-SX (Organon, Dublin, Ireland), can 

determine the supramaximal current using the calibration mode (typically 50–60 mA). 

The 2 most common sites for neuromuscular monitoring are the ulnar nerve/adductor 

pollicis muscle and the facial nerve/orbicularis oculi or corrugator supercilii muscle. 

QUANTITATIVE NEUROMUSCULAR MONITORING 

The Neuromuscular Transmission Module (M-NMT,GE Healthcare) is available as a 

monitor that can be used with the anaesthesia machine. 

Kinemyography 

Kinemyography (KMG) was developed as a 1 of 2 quantitative monitors available 

with the neuromuscular transmission module (M-NMT) for the GE NMT 

Mechanosensor  (General Electric, USA) anaesthesia machine. The module includes 

an integrated piezoelectric motion sensor that quantifies neuromuscular function by 
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measuring the electrical signal generated by the deformation of the sensor strip that is 

placed on the thumb (plastic device positioned between the index finger and the 

thumb). KMG is based on the piezoelectric effect; bending of the sensor with thumb 

contraction generates an electrical signal. This signal is processed and analyzed to 

display TOF ratios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 9: showing GE NMT Mechanosensor and GE monitor. 

FIGURE A: showing GE NMT Mechanosensor attached to the patient. 

FIGURE B: showing TOF count 4 and TOF ratio 98 percent on GE MONITOR. 

FIGURE C: showing TOF count 0 on GE MONITOR. 

  

FIG. A 

 

FIG. B 

 

FIG. C 
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HYPOTHESIS 

 

 We hypothesize that the neuromuscular blocking action (peak effect, duration 

and recovery times) of intermediate acting non depolarizing muscle relaxants 

(Atracurium and Vecuronium) will be similar in patients who are on chronic 

Levetiracetam compared to chronic Phenytoin therapy in patients presenting for 

neurosurgical procedure. 
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AIMS AND OBJECTIVES 

The primary objective of the study was: 

1) To compare the duration of action of maintenance doses of Vecuronium and 

Atracurium in patients on chronic Phenytoin versus Levetiracetam therapy (T-

average). 

The secondary objectives of the study were: 

1) To compare the peak onset of neuromuscular block after intubating bolus dose of 

Vecuronium versus Atracurium in patients on chronic Phenytoin or Levetiracetam 

therapy (Tb-T0). 

2) To compare the duration for recovery of first twitch of TOF after intubating dose of 

Vecuronium  versus Atracurium in patients on chronic Phenytoin or Levetiracetam 

therapy (Tb-T1). 

3) To compare the time duration to achieve adequate reversal of neuromuscular block 

after reversal agent (Neostigmine) in patients on chronic Phenytoin or Levetiracetam 

therapy (Tr-TR0.9). 
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MATERIALS AND METHODS 
 

Design:  

 

Prospective, randomized, controlled, double blind clinical trial. 

 

Setting:  

 

Sree Chitra Thirunal Institute for Medical Sciences and Technology (Tertiary referral 

centre, University level hospital) 

Approval from Technical Advisory Committee: Approval obtained 

Approval from Institutional Ethics Committee: Approval obtained 

Patients were screened initially from the elective neurosurgical procedure operation 

list on the type and duration of antiepileptic drugs they are on in the preoperative 

period. Patients were recruited for the study following the initial screening and who 

satisfied the following inclusion and exclusion criteria; 

Inclusion criteria 

 ASA grade 1 or 2 undergoing supratentorial neurosurgery under general 

anaesthesia. 

 Age 18-60 years, of either sex, who have the ability to give informed consent. 

 On chronic (>7 days) Phenytoin or Levetiracetam therapy. 

 Patients willing to participate in the study. 

 GCS 14-15 

 

Exclusion criteria 

 ASA grade 3-4 

 GCS <14 

 Neurosurgical procedures other than supratentorial surgeries. 

 Anticipated difficult intubation 

 Known Allergy to Vecuronium or Atracurium 
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 Combination of anticonvulsant agents 

 Anticonvulsants other than Phenytoin or Levetiracetam. 

 Pre-existing neuromuscular disease. 

 Prolonged administration of neuromuscular blocker 

 Any other drug known to affect neuromuscular function 

 Peripheral neuropathies 

 Prolonged immobility 

 Following major burns upto 2 years 

 Liver disease 

 Kidney disease 

 Cardiac disease 

 Pregnancy 

 Pre-existing or intraoperative acid-base disorder 

 Electrolyte imbalances such as hyper/hypokalemia, hyper/hypocalcemia, 

hyper/hypomagnesemia, hyper/hyponatremia 

 Endocrinopathies  

 Patient positioning other than supine position 

 Patient refusal 

Informed written consent was obtained from consenting patients who satisfied the 

inclusion and exclusion criteria. 
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Study protocol: 

Anaesthetic technique:  

 When a consenting patient meeting inclusion criteria was posted for surgery, 

he/she was randomised to a group using computer generated random number table. 

The patient was blinded regarding the muscle relaxant he/she was receiving. The 

attending anaesthesiologist was also blinded regarding the muscle relaxant 

administered. The investigator was also not knowing which muscle relaxant, 

Vecuronium (NEOVEC,NEON PHARMA) or Atracurium (ARTACIL, NEON 

PHARMA) was being given to the patient, as it was prepared by anaesthesia assistant 

in similar concentration of 2 mg/ml or 10 mg/ml respectively in a 5 ml syringe 

according to body weight of the patient at the dose of twice the ED95. It was labeled 

as  LOADING MUSCLE RELAXANT  instead of actual drug name. Another 10 mL 

syringe labeled as  MAINTENANCE MUSCLE RELAXANT  was also prepared 

such that each mL contained the subsequent maintenance doses of the study muscle 

relaxant at the dose of half of ED95 per kilogram body weight. 

 Nil per oral orders were 6 hours for solid foods, 2 hours for clear fluids as per 

ASA preoperative fasting guidelines. Premedication consisted of the routine dose of 

anticonvulsant drugs 60 minutes prior to scheduled surgery. WHO surgical safety 

check list was verified as per the hospital protocol before wheeling the patient to the 

operation theater. 

 In the operation theatre, standard anaesthesia monitors were attached consisted 

of electrocardiography, non-invasive blood pressure (NIBP) and pulse oximetry. A 

wide bore 18G intravenous line was taken under local infiltration with 2% lignocaine. 

Intravenous fluid was started with Lactated Ringer’s solution at 3 ml/kg/hr. All the 
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patients were pre-oxygenated for three minutes. The following was the anaesthesia 

protocol followed. 

Anaesthestic induction in all patients was standardised and consisted of Inj Fentanyl 2 

micgm/kg, inj Propofol 1.5–3 mg/kg titrated to loss of verbal response. Once the loss 

of verbal response was achieved, neuromuscular monitoring was initiated with Train 

of Four (TOF) response using kinemyography (GE NMT Mechanosensor, General 

Electric, USA). The neuromuscular monitor was based on kinemyography and it was 

placed between the thumb and index finger in the arm opposite to the placement of 

NIBP cuff. The presence and equality of four response was confirmed in the initial 

response using TOF monitor with 50 mA current strength at frequency of 2 Hz. The 

initial bolus dose of the muscle relaxant based on body weight (Atracurium 0.5 

mg/Kg or Vecuronium 0.1 mg/Kg) diluted in 5 ml prepared and labeled as LOADING 

MUSCLE RELAXANT in a separate syringe was administered according to body 

weight of the patient. The investigator was blinded to the name of the muscle relaxant 

being given. The NMT monitor stimulated at an interval of every 20 seconds and the 

TOF count was monitored. Once TOF count reached zero, time of achieving TOF 

count zero was recorded as T0 (TTOF count zero). Endotracheal intubation was performed 

with appropriate sized cuffed orotracheal PVC (polyvinylchloride) tube with direct 

laryngoscopy.  A 7.0 mm internal diameter endotracheal tube was used in women and 

8.0 mm internal diameter for men. The cuff was inflated with air and cuff pressure 

was monitored and maintained at 20-25 mmHg. Additional intraoperative monitoring 

consisted of end tidal carbon-di-oxide (EtCO2), end tidal anaesthetic gas 

concentration, monitoring of respiratory and ventilatory variables like respiratory rate, 

tidal volume, airway pressures (peak and mean), nasopharyngeal temperature. 
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 Anaesthesia was maintained with 1 MAC of Sevoflurane and 50% oxygen in 

air mixture and Fentanyl 1µg/kg/hr infusion was administered for analgesia. 

Neuromuscular monitoring with TOF count was continued every minute. The onset of 

first twitch in TOF was considered recovery from neuromuscular blockade. Top up 

doses of respective muscle relaxant, prepared and labeled as MAINTENANCE 

MUSCLE RELAXANT, in the beginning of surgery was administered subsequently 

to maintain a TOF count of zero. The time to recovery was measured as T1, T2, and 

so on.  For Vecuronium group i.e. PV (Phenytoin-Vecuronium) and LV 

(Levetiracetam- Vecuronium), inj Vecuronium 0.02 mg/kg (half of ED95) as 

supplemental bolus doses was given to maintain a TOF count of 0. For Atracurium 

groups i.e. PA (Phenytoin-Atracurium) and LA (Levetiracetam-Atracurium), 

Atracuronium 0.1 mg/kg (half of ED95) as supplemental bolus doses was given to 

maintain a TOF count of 0.  

 Normothermia was maintained in all the patients. At the completion of 

surgery, Sevoflurane was discontinued. All the patients received intravenous 

paracetamol 10 mg/kg intraoperatively for postoperative analgesia. Ondansetron 0.1 

mg/kg intravenously was given to prevent postoperative nausea and vomiting. 

Neuromuscular block was reversed with Neostigmine 0.05 mg/kg and Glycopyrrolate 

0.01 mg/kg at TOF count of 4, and time recorded (Tr). Extubation was performed at 

an oxygen concentration of 100% after ensuring a Train of Four ratio ≥ 90%, and time 

recorded (Te). 

 After surgery, the patients were discharged to the neurosurgical ICU. All 

patients then received supplemental oxygen and vital parameters including heart rate, 

blood pressure, respiratory rate, temperature and peripheral oxygen saturation (SpO2) 

were monitored. 
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 The data collected include demographic data like age, weight, height, gender, 

ASA physical status, duration of preoperative antiepileptic therapy, intraoperative 

variables like duration of anaesthesia, duration of surgery, blood loss and opioid 

(Fentanyl) required. Neuromuscular monitoring parameters like peak onset (T0; TOF 

count zero) of neuromuscular block after intubating bolus (Tb) dose of muscle 

relaxant (Tb-T0), the duration for recovery of first twitch of TOF (T1) after intubating 

bolus (Tb) dose of muscle relaxant (Tb-T1), the average duration of action of 

maintenance doses of muscle relaxant (T-average), the time duration to achieve 

adequate reversal of neuromuscular block (TR0.9; TOF ratio>0.9) after reversal agent 

(Tr-TR0.9) was also recorded.  
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STATISTICS 

A) Sample size calculation 

To achieve a power of study of 90% and for a p-value of 0.05 and to attain a 

difference in mean of 5 minutes between Phenytoin-Vecuronium (PV) and Phenytoin-

Atracurium  (PA) groups and assuming equal variance (SD = 3 minutes) sample size 

had been calculated to be 9 patients in each group. We have recruited 10 patients of 

either sex in each group taking drop-out rate to be 10%.
1 

B) Statistical analysis of the study 

The data was collected and entered in MS excel sheet. The completed data was 

analysed using Stata IC software 2017 (StataCorp USA). Demograhic data was 

analysed using descriptive statistics, mean ± Standard Deviation. The duration of the 

action of the muscle relaxant was expressed in mean ± SD. The one way analysis of 

variance (ANOVA) test was used to compare means of different study groups. 

―Posthoc analysis‖ with Bonferroni test was applied to compare the significant 

variations between groups. A p value of < 0.05 was considered to be significant 

between the groups. 
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RESULTS AND OBSERVATIONS 

 We prospectively evaluated the effect of preoperative chronic Phenytoin 

versus Levetiracetam on neuromuscular block following Vecuronium or Atracurium. 

A total of 40 neurosurgical patients were recruited and randomized into four groups 

i.e. Phenytoin-Vecuronium (PV), Phenytoin-Atracurium (PA), Levetiracetam-

Vecuronium (LV) and Levetiracetam-Atracurium (LA) for undergoing neurosurgical 

procedure between December 2017 to June 2018. The study was completed in all the 

patients.  

Parameters evaluated were 

 Time duration to achieve TOF count zero after intubating dose of Vecuronium 

versus Atracurium (Tb-T0). 

 Time duration for recovery of first twitch of TOF after intubating dose of 

Vecuronium versus Atracurium (Tb-T1). 

 The average time duration of effect of subsequent maintenance doses of 

Vecuronium versus Atracurium to maintain TOF count zero (T-average). 

 Time duration after reversal agent (Neostigmine) to achieve adequate reversal 

of neuromuscular block i.e. TOF ratio 0.9 (Tr-TR0.9). 
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Demographic and perioperative data 

The demographic and tumor characteristics are summarized in table 1. 

 

TABLE 1 shows the demographic data of the patient groups and tumor 

characteristics of neurosurgical procedures were 

PARAMETER 

Group PV 

(n=10) 

Group PA 

(n=10) 

Group LV 

(n=10) 

Group LA 

(n=10) 

p-

value 

AGE (years) mean±SD 44.1±12.7 45.7±7.7 44.9±8.1 47.9±7.0 0.812 

WEIGHT (kg)mean ±SD 69 ± 14.7 66 ± 12.9 65 ± 11.6 62 ± 13.1 0.689 

GENDER 

(MALE:FEMALE) 

7:3 6:4 6:4 6:4 1.000 

ASA status (I:II) 5:5 7:3 6:4 6:4 0.969 

GLIOMA (numbers) 6 6 5 7  

MENINGIOMA (numbers) 4 2 5 2  

METASTASIS (numbers) 0 1 0 1  

CAVERNOMA (numbers) 0 1 0 0  

 

In group PV four patients underwent meningioma excision and rest glioma excision. 

In group PA one each patient underwent excision of metastasis and cavernoma, two 

underwent meningioma excision and rest underwent glioma excision. In group LV 

five patients underwent meningioma excision and rest glioma excision. . In group LA 

one patient underwent excision of metastasis, two underwent meningioma excision 

and rest underwent glioma excision. 
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The age (mean ±SD) of group PV, PA, LV and LA was 44.1±12.7,45.7±7.7,44.9±8.1 

and 47.9±7.0 years respectively. 

The weight (mean ±SD) of group PV, PA, LV and LA was 69 ± 14.7, 66 ± 12.9, 65 ± 

11.6, 62 ± 13.1 kg respectively. 

The gender (male:female) of group PV, PA, LV and LA was 7:3, 6:4, 6:4 and 6:4 

respectively. 

The ASA status (I:II) of group PV, PA, LV and LA was 5:5, 7:3, 6:4 and 6:4 

respectively. 

The age, weight, gender and ASA status were comparable between the groups 

and was not found be statistically significant. 

 

TABLE 2. Showing perioperative data of the different groups. 

PARAMETER 

Group PV 

(n=10) 

Group PA 

(n=10) 

Group LV 

(n=10) 

Group LA 

(n=10) 

p-value 

Duration of antiepileptic 

(days) mean±SD 

85±38 111±41 88±34 88±33 0.567 

Duration of anaesthesia 

(hours) mean ± SD 

6.1±0.7 5.6±0.6 6.2±0.9 6.1±1.0 0.327 

Duration of surgery 

(hours)mean ± SD 

5.5±0.5 4.9±0.4 5.6±0.7 5.4±0.9 0.219 

Blood loss (ml) mean± 

SD 

550 ± 100 600 ± 150 500 ±  150 600 ± 100 0.758 

Total opioid (Fentanyl) 

required mean ± SD 

600 ± 100 650 ± 75 550 ± 50 500 ± 50 0.843 
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The duration of chronic preoperative antiepileptic drugs (mean±SD) in group PV, PA, 

LV and LA was found to be 85±38, 111±41, 88±34 and 88±33 days respectively; and 

was statistically not significant (p=0.567). 

The duration of anaesthesia (mean±SD) in group PV, PA, LV and LA was found to be 

6.1±0.7, 5.6±0.6, 6.2±0.9 and 6.1±1.0 hours respectively; and was statistically not 

significant (p=0.327). 

The duration of surgery (mean±SD) in group PV, PA, LV and LA was found to be 

5.5±0.5, 4.9±0.4, 5.6±0.7 and 5.4±0.9 hours respectively; and was statistically not 

significant (p=0.327). 

The blood loss (mean±SD) in group PV, PA, LV and LA was found to be 550 ± 100, 

600 ± 150, 500 ± 150 and 600 ± 100 respectively; and was statistically not significant 

(p=0.758). 

Total opioid (fentanyl) required (mean±SD) in group PV, PA, LV and LA was found 

to be 600 ± 100, 650 ± 75, 550 ± 50 and 500 ± 50 mic gm respectively; and was 

statistically not significant (p=0.843). 

The duration of chronic preoperative antiepileptic and duration of anaesthesia 

and surgery, blood loss and opioid (fentanyl) required, were comparable and 

similar in all the four groups. 
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Neuromuscular blockade monitoring parameters 

Neuromuscular blockade monitoring parameters are summarized in table 3. 

TABLE 3: Neuromuscular blockade monitoring parameters among different 

groups. 

 

PARAMETER Group PV 

(n=10) 

Group PA 

(n=10) 

Group LV 

(n=10) 

Group LA 

(n=10) 

Tb-T0 (minutes) mean ±SD 3.4±0.5 3.4±0.5 3.5±0.5 3.3±0.4 

Tb-T1 (minutes)mean ±SD 29.6±3.1 39±3.3 38.9±2.7 40±3.2 

T-average (minutes)mean ±SD 15.2±0.9 19.5±1.9 20.2±1.3 20.2±1.4 

Tr-TR0.9 (minutes) mean±SD 5.2±1.1 8.6±1.0 8.3±1.1 8.8±0.9 

 

Time duration to achieve TOF count zero after intubating dose of Vecuronium or 

Atracurium (Tb-T0) for group PV, PA, LV and LA (mean ±SD) were 3.4±0.5, 

3.4±0.5, 3.5±0.5 and 3.3±0.4 minutes respectively. 

Time duration for recovery of first twitch of TOF after intubating dose of Vecuronium 

or Atracurium (Tb-T1) for group PV, PA, LV and LA (mean ±SD) were 29.6±3.1, 

39±3.3, 38.9±2.7 and 40±3.2 minutes respectively. 

The average time duration of effect of subsequent maintenance doses of Vecuronium 

or Atracurium to maintain TOF count zero (T-average) for group PV, PA, LV and LA 

(mean ±SD) were 15.2±0.9, 19.5±1.9, 20.2±1.3 and 20.2±1.4 minutes respectively.  

Time duration after reversal agent (Neostigmine) to achieve adequate reversal of 

neuromuscular block i.e. TOF ratio 0.9 (Tr-TR0.9) for group PV, PA, LV and LA 

(mean ±SD) were 5.2±1.1, 8.6±1.0, 8.3±1.1 and 8.8±0.9 minutes respectively. 
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We have compared the differences in the duration of neuromuscular block caused by 

Vecuronium in the patients who were on chronic Phenytoin versus Levetiracetam 

therapy, separately.  

Similarly, we have compared the differences in the duration of neuromuscular block 

caused by Atracurium in the patients who were on chronic Phenytoin versus 

Levetiracetam therapy separately to identify the differences between the two 

antiepileptic drugs on the NDMR agents. 

 

Comparison of Group PV versus Group LV 

TABLE 4 shows the comparison of neuromuscular monitoring 

parameters between group PV and LV 

PARAMETER Group PV (n=10) Group LV (n=10) p-value 

Tb-T0 (minutes) ±SD 3.4±0.5 3.5±0.5 0.857 

Tb-T1 (minutes) ±SD 29.6±3.1 38.9±2.7 <0.001* 

T-average (minutes) ±SD 15.2±0.9 20.2±1.3 <0.001* 

Tr-TR0.9 (minutes) ±SD 5.2±1.1 8.3±1.1 <0.001* 

 

The one way analysis of variance (ANOVA) was used to compare means of 

different groups. ―Posthoc analysis‖ with Bonferroni test was applied to compare the 

significant variations between groups; * denotes significant difference. 

Time duration from bolus dose of Vecuronium to achieve TOF count zero (Tb-T0) for 

group PV and group LV (mean ±SD) was 3.4±0.5 and 3.5±0.5 minutes in 

respectively; and found to have no statistically significant difference between the 

group PV and group LV (p=0.857). 
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Time duration for recovery of first twitch of TOF after intubating dose of Vecuronium 

(Tb-T1) for group PV and group LV (mean ±SD) were 29.6±3.1 and 38.9±2.7 

minutes respectively; and found to be significantly lesser in group PV as compared to 

group LV (p<0.001*). 

The average time duration of effect of subsequent maintenance doses of Vecuronium 

to maintain TOF count zero (T-average) for group PV and group LV (mean ±SD) 

were 15.2±0.9 and 20.2±1.3 minutes respectively; and found to be significantly lesser 

in group PV as compared to group LV (p<0.001*). 

The time duration after reversal agent (Neostigmine) to achieve adequate reversal of 

neuromuscular block i.e. TOF ratio 0.9 (Tr-TR0.9) for group PV and group LV (mean 

±SD) were 5.2±1.1 and 8.3±1.1 minutes respectively; and found to be significantly 

lesser in group PV as compared to group LV (p<0.001*). 

 

FIGURE 10: Comparative parameters between group PV and LV. 

 

Tb-T0 (p=0.857) Tb-T1 (p<0.001) T-average (p<0.001) Tr-TR0.9 (p<0.001)
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LV 3.5 38.9 20.2 8.3

3.4

29.6

15.2

5.2
3.5

38.9

20.2

8.3

0

5

10

15

20

25

30

35

40

45

TI
M

E 
IN

 M
IN

U
TE

S

GROUPS

Group PV versus LV

PV LV



42 
 

Group PA versus LA 

TABLE 5: Comparative parameters between group PA and LA. 

PARAMETER Group PA (n=10) Group LA (n=10) p-value 

Tb-T0 (minutes) ±SD 3.4±0.5 3.3±0.4 0.857 

Tb-T1 (minutes) ±SD 39±3.3 40±3.2 1.000 

T-average (minutes) ±SD 19.5±1.9 20.2±1.4 1.000 

Tr-TR0.9 (minutes) ±SD 8.6±1.0 8.8±0.9 1.000 

 

The one way analysis of variance (ANOVA) was used to compare means of 

different groups. ―Posthoc analysis‖ with Bonferroni test was applied to compare the 

significant variations between groups. 

Time duration from bolus dose of Atracurium to achieve TOF count zero (Tb-T0) for 

group PA and group LA (mean ±SD) was 3.4±0.5 and 3.3±0.4 minutes in 

respectively; and found to have no statistically significant difference between the 

group PA and group LA (p=0.857). 

Time duration for recovery of first twitch of TOF after intubating dose of Atracurium 

(Tb-T1) for group PA and group LA (mean ±SD) were 39±3.3and 40±3.2 minutes 

respectively; and found to have no statistically significant difference between the 

group PA and group LA (p=1.000). 

The average time duration of effect of subsequent maintenance doses of Atracurium 

to maintain TOF count zero (T-average) for group PA and group LA (mean ±SD) 

were 19.5±1.9and 20.2±1.4 minutes respectively; and found to have no statistically 

significant difference between the group PA and group LA (p=1.000). 

The time duration after reversal agent (Neostigmine) to achieve adequate reversal of 

neuromuscular block i.e. TOF ratio 0.9 (Tr-TR0.9) for group PA and group LA (mean 
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±SD) were 8.6±1.0 and 8.8±0.9 minutes respectively; and found to have no 

statistically significant difference between the group PA and group LA (p=1.000). 

 

FIGURE 11: Comparative parameters between group PA and LA 
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COMPLICATIONS 

  

We did not encounter any case of postoperative residual neuromuscular blockade 

leading to hypoxia, hypercarbia or pulmonary aspiration after extubation. There was 

no incidence of bucking, coughing or adverse airway event during intubation. There 

was no undesired intraoperative patient movement either. There was no episode of 

allergic reaction to Vecuronium or Atracurium. There was no episode of Atracurium 

related histamine release, bronchospasm, rash or hypotension. There was no episode 

of seizure in any patient, including the patients who were given Atracurium. 
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DISCUSSION 
 

The present study was aimed to compare the effects of preoperative chronic therapy 

of Phenytoin versus Levetiracetam on the neuromuscular blockade (onset, duration 

and recovery) of the two commonly used intermediate acting NDMRs namely, 

Vecuronium and Atracurium.  

 In our study, we have found that neither the chronic therapy with Phenytoin or 

Levetiracetam has shown any significant difference in the time from initial bolus dose 

(2 X ED95) to maximum blockade (Tb-T0). The initial action of bolus dose NDMR 

depends on the volume of distribution.
35 

Since the effects (interactions) of 

antiepileptic drugs on the NDMR is thought to be enzymatic, it is obvious that the 

antiepileptic drugs in our study have not influenced the onset to maximum NM block 

in our patients. 

 We found that the duration of blockade in patients receiving Vecuronium was 

reduced only in patients on chronic Phenytoin therapy, but not in Levetiracetam 

group. However the duration of  blockade was similar with Atracurium in patients 

who were on chronic Phenytoin or Levetiracetam. 

 The recovery following reversal of NM block using Neostigmine was 

significantly faster with Vecuronium on chronic Phenytoin therapy compared to 

Leveteracetam. Similar effect was not seen in patients who received Atracurium. 

 Both, Vecuronium and Atracurium are intermediate acting muscle relaxants 

with duration of action ranging between 20-50 minutes.
36 

 The normal mean duration from intubating dose to maximum block and 

duration of action of Vecuronium in patients not exposed to any antiepileptic is 3.8 ± 

0.5 and 35 ± 5 minutes respectively
1
. In our study we found that the duration from 
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intubating dose to maximum block and duration of action of Vecuronium in patients 

on chronic preoperative phenytoin was 3.4±0.5 and 29.6±3.1 minutes respectively. 

There was a resistance to Vecuronium, in form of decreased duration of action in 

patients on chronic Phenytoin therapy. Similar effect was not seen with Atracurium, 

despite both being non depolarizing muscle ralaxants. One of the explanations for this 

difference in effect could be due to difference in their metabolism. Vecuronium is an 

aminosteroid neuromuscular blocker, as compared to Atracurium being 

benzylisoquinolium compound. Vecuronium undergoes hepatic elimination variably 

upto 60 percent and rest undergoes renal elimination. Whereas, Atracurium undergoes 

Hofmann elimination variably upto 30 percent, remaining getting ester hydrolysed. 

The cytochrome P450 (CYP isoenzymes) are major hepatic enzyme systems that 

mediate biotransformation of drugs. Phenytoin is a known inducer of CYP2C, 

CYP3A and uridine diphosphate glucuronosyl transferase The enzyme induction 

becomes apparent after one week of initiation of it. As studied by Pirttiaho and 

colleagues, the patients on long-term antiepileptic (Phenytoin, Carbamazepine and 

Phenobarbitone) therapy had slightly larger liver and greater total hepatic blood flow 

as compared to healthy control population.
37

 

 Pharmacokinetics and pharmacodynamics of both Vecuronium and 

Atracurium is also affected by temperature. Caldwell et al showed that, there is a 

decreased clearance and rate of effect site equilibration with hypothermia.
28

 The 

duration of action of Atracurium is also increased with hypothermia. 

Mild hypothermia alters Propofol pharmacokinetics and increases the duration of 

action of Atracurium.
38,39  

In our study, we monitored and ensured normothermia in all 

the patients. Hence, it is unlikely that, hypothermia could have caused the difference 

in duration of action of the muscle relaxant in any of the study group. 

https://www.ncbi.nlm.nih.gov/pubmed/7726398
https://www.ncbi.nlm.nih.gov/pubmed/7726398


47 
 

 Resistance to NDMRs during long-term antiepileptic therapy is via multiple 

mechanisms operating alone or in combination. These include, but not limited to 

induction of hepatic microsomal enzymatic metabolism, increased protein binding of 

the non depolarizing muscle relaxants and upregulation of acetylcholine receptors.    

40  
As confirmed by Wright and colleagues, a chronic Phenytoin therapy induced 

reduction in effect and enhanced metabolism of Vecuronium. 41 Ornstein et al 

compared the effect of chronic preoperative Phenytoin therapy on effects of 

Vecuronium versus Atracurium, with the patients not on any antiepileptic medication. 

They had similar finding with our study, that the time to achieve peak neuromuscular 

blockade was same in all the patients. The recovery from block was unaffected with 

Atracurium when compared to control group of patients not taking any antiepileptic.
1
 

Whereas, it was significantly faster with Vecuronium in patients on Phenytoin. 

 In a study by Soriano and coworkers, they evaluated the pharmacokinetic data 

and time course of action of Vecuronium in three groups of patients i.e. (i) Phenytoin 

recipients; (ii) Carbamazepine recipients; and (iii) healthy controls. In patients 

receiving either Phenytoin or Carbamazepine for prolonged periods, the elimination 

kinetics tended to get enhanced. The elimination half-life of Vecuronium was 

decreased and clearance was increased in patients taking Phenytoin or 

Carbamazepine.
42 

 Most of the older antiepileptic drugs in clinical use have been shown to 

increase serum alpha-1-acid glycoprotein (AAG) levels. Hans and colleagues 

demonstrated an increased AAG levels in patients receiving long term Phenytoin, 

Carbamazepine or Phenobarbital. However, they reported that there was not a 

significant relationship between AAG levels and duration of and recovery from 

Vecuronium mediated neuromuscular block.
43 
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 This observation suggests that an increased AAG levels does not appear to 

clinically mediate the increased requirements for Vecuronium in patients receiving 

chronic antiepileptic medication. Again the protein-bound fraction of most NDMRs is 

less than twenty percent. So, the role of protein binding may be clinically insignificant 

to their neuromuscular blocking properties. 

 As already stated, a minimum of seven days of exposure to Phenytoin is 

required to induce the above said hepatic enzymes. Again, the enzyme induction is 

independent of plasma level of Phenytoin i.e. it may also occur to similar extent even 

with sub-therapeutic plasma drug level.
44 

Resistance to NDMRs in patients receiving 

long-term antiepileptic therapy is most probably due to increased hepatic metabolism. 

A previous study by Kim et al, has suggested an altered drug-receptor kinetics as an 

additional cause of the resistance to NDMRs.
45

  Although, the contribution of altered 

receptor pharmacodynamics to the resistance to NDMRs could not be absolutely 

confirmed in humans. 

 Levetiracetam is an upcoming broad spectrum antiepileptic in both 

neurological and neurosurgical practice. There is a paucity of literature on the impact 

of chronic Levetiracetam theapy on action of neuromuscular blockers. Hence we 

undertook this project to study and compare its effect on action of different 

neuromuscular blockers, with the vintage antiepileptic, Phenytoin. And, our findings 

suggest that it does not affect duration and recovery of neuromuscular blockade with 

either Vecuronium or Atracurium. 
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SUMMARY OF THE RESULTS 

 The peak onset of action after intubation dose of both Vecuronium and 

Atracurium was similar in patients on chronic preoperative Phenytoin or 

Levetiracetam. 

 The time duration for recovery of first twitch of TOF after intubating dose as 

well as subsequent maintenance doses of Vecuronium was significantly 

reduced in patients on chronic preoperative Phenytoin therapy. 

 The time duration for recovery of first twitch of TOF after intubating dose as 

well as subsequent maintenance doses of Atracurium was unaffected in 

patients on chronic preoperative Phenytoin therapy. 

 The time duration for recovery of first twitch after intubating dose as well as 

subsequent maintenance doses of both Vecuronium and Atracurium was 

unaffected in patients on chronic preoperative Levetiracetam therapy. 

 The time duration for complete recovery of neuromuscular block (TOF ratio > 

0.9) by Vecuronium, after administration of reversal agent (Neostigmine), was 

significantly reduced in patients on chronic preoperative Phenytoin therapy. 

 The time duration for complete recovery of neuromuscular block (TOF ratio > 

0.9) by Atracurium after administration of reversal agent (Neostigmine), was 

unaffected in patients on chronic preoperative Phenytoin therapy. 

 The time duration for complete recovery of neuromuscular block (TOF ratio > 

0.9) by either Vecuronium or Atracurium after administration of reversal agent 

(Neostigmine), was unaffected in patients on chronic preoperative 

Levetiracetam therapy. 
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LIMITATIONS OF OUR STUDY 

1. We have used inhalational anaesthetic agents (Sevoflurane) for maintenance of 

anaesthesia in our patient. Inhalational agents have neuromuscular blockading 

properties and would have affected the duration of action of muscle relaxants. 

However, since we have used the similar concentration in all the groups, we presume 

that our anaesthetic technique would have equally affected the study parameters in all 

the groups. 

2.We did not check serum levels of antiepileptic drugs. Though, it has been recently 

proved by Veena et al that, the effect of Phenytoin on action of neuromuscular 

blockers remains same, irrespective of the serum concentration.
44

 There is no such 

literature available on serum level of Levetiracetam. 

3. We have not tested the pharmacokinetics and pharmacodynamics as well as the 

metabolism of the NMDR which could have provided more knowledge on the subject.  

4. We have included adult (18-60 years) ASA physical status 1 and 2 patients. We 

have not studies the effects of these drugs on ASA grade 3,4 patients and children, in 

whom pharmacokinetics and pharmacodynamics of muscle relaxants and 

antiepileptics could be different. 
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CONCLUSIONS 

 

 The findings of our study concludes that Levetiracetam, a novel antiepileptic, 

is neutral in its effect on action of both Vecuronium as well as Atracurium, 

including effect of intubating dose, maintenance dose, and recovery from 

neuromuscular blockade. 

 The bolus intubating dose to peak effect of both Vecuronium (an aminosteroid 

compound) and Atracurium (an benzylisoquinolinium compound) is not 

affected by either Phenytoin or Levetiracetam, taken chronically in 

preoperative period. 

 Phenytoin reduces the recovery time after intubating dose, maintenance dose 

of Vecuronium. Whereas, the effect on Atracurium is unaffected by it. 

 Phenytoin also reduces the recovery time from neuromuscular blockade by 

Vecuronium, after administration of reversal agent (Neostigmine). Whereas, 

the effect on Atracurium is unaffected by it. 

Hence we conclude that, a more frequent dosing is necessary for Vecuronium during 

intraoperative period in patients on preoperative chronic Phenytoin therapy. This 

increased dosing frequency is not required for Atracurium. 

Levetiracetam, when given chronically in preoperative period, does not necessitate a 

greater frequent dosing of either Vecuronium or Atracurium. 

Further studies are needed to study the effect of chronic preoperative Phenytoin or 

Levetiracetam on neuromuscular blockade properties of Vecuronium and Atracurium 

in children and sicker ASA physical status 3-4 patients.   
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Consent Forms 

 

PATIENT INFORMATION FORM 

Title of the study:―Effect of preoperative chronic Phenytoin versus 

Levetiracetam therapy on neuromuscular block with either Atracurium or 

Vecuronium during neurosurgery‖ 

Name of the Investigators: Dr. Saurabh Sharma, Dr. Manikandan S. V. 

 

You are being requested to participate in this study to see effect of chronic 

Phenytoin and Levetiracetam on neuromuscular block following Atracurium or 

Vecuronium. Neurosurgeon give this antiepileptic medicine (Phenytoin or 

leveteracetam) medicine for control of fits in perioperative period. Neurosurgical 

procedures are being done under general anaesthesia. The skeletal muscle relaxants 

(Atracurium or Vecuronium) are given for maintaining immobility during surgery. 

The above mentioned antiepileptic drugs may interact with muscle relaxants. We will 

monitor and see the effect of chronic Phenytoin and Levetiracetam on neuromuscular 

block following Atracurium or Vecuronium during operation. All the above 

mentioned drugs are approved worldwide, in India and in our institute for control of 

fits (Phenytoin and Levetiracetam) and intraoperative muscle relaxation (Atracurium 

or Vecuronium).  These drugs are reasonably safe and routinely used during 

intraoperative period. 

 

Who will be included in this study? 

We are planning to include 40 patients from our hospital and randomly allocated in 

four groups (10 patients in each group). Patients planned for neurosurgical 

procedures, who are already on Phenytoin or Levetiracetam for more than seven days, 

will be included in this study. Patients who are more than 18 years of age, without any 

co-morbid illness or well controlled co morbid illness (diabetes, hypertension etc.) 

will be included. We will not include patients having pre-existing neuromuscular 

disease, peripheral neuropathies, following burns, liver disease, endocrine 

dusfunction, electrolyte disturbances,  kidney disease, cardiovascular disease. We will 

also not include pregnant ladies. 



  
 

If you take part what will you have to do? 

After you have consented to be part of the study, you will be given either of 

the drugs (Vecuronium or atracuronium) for muscle relaxation during intraoperative 

period. We will be using a device called peripheral nerve stimulator to access the 

degree and duration of action of the study drug. The monitoring procedure is totally 

non-invasive and painless. This monitor is routinely used as standard of care in our 

centre. Your neuromuscular transmission will be monitored intraoperatively along 

with other standard monitors.   We will see if administering either of this drug will 

affect the effect of muscle relaxant needed for the surgery. The other anaesthetic 

procedures needed for your surgery will be carried out as per the usual existing 

protocols.  

Does the muscle relaxant have any side effects? 

The muscle relaxants used intraoperatively may cause postoperative muscle weakness 

if not  reversed adequately at the end of surgery. Hence neuromuscular monitor is 

used to titrate the dose of drug required to avoid this problem and is practised in our 

center. 

Can you withdraw from this study after it starts? 

Your participation in this study is entirely voluntary and you are also free to decide to 

withdraw permission to participate in this study. If you do so, this will not affect your 

usual treatment at this hospital in any way. 

What will happen if you develop any study related injury? 

The muscle relaxants are indispensible during neurosurgical procedures under general 

anaesthesia. We do not expect any major side effects happen to you. But if you do 

develop any side effects due to the drug, we will immediately discontinue the drug 

and will treat the side effects at no cost to you. We are unable to provide any 

monetary compensation, however. 

Will you have to pay for the study drug? 

The study drug will be provided by the hospital as part of package under anaesthesia 

charges. All the monitors used are part of standard care of anaesthesia management 

during neurosurgery. No extra charging will be done for using these drugs and 

monitors. No additional procedures or blood tests will be conducted routinely for this 

study. 



  
 

What happens after the study is over? 

This study will be conducted till during intraoperative period. After which you will be 

nursed in neurosurgical ICU and you will be managed as per our institute standard 

protocol. 

Will your personal details be kept confidential? 

The results of this study will be published in a medical journal but you will not be 

identified by name in any publication or presentation of results. However, your 

medical notes may be reviewed by people associated with the study, without your 

additional permission, should you decide to participate in this study. 

 

 If at any time you experience any problems, or if you have any further 

questions, please ask,  

 

Dr. Saurabh Shrama (principle investigator), ssharma@sctimst.ac.in or 

mobile0:8281805880  

 

Or, 

 

Student independent contact person: Institution Ethics Committee member 

secretary: 

 

mala@sctimst.ac.in0471-2524234 

 

 

 

 

 

 

 

 

 

 

 



  
 

CONSENT FORM 

 

Title of the study: ―Effect of preoperative chronic Phenytoin versus 

Levetiracetam therapy on neuromuscular block with either Atracurium or 

Vecuronium during neurosurgery‖ 

Participant’s name:                                    Age (in years): 

I_________________________, son/daughter/husband/wife/------------------------------

of  _________________________________________ declare that   (Please tick 

boxes) 

• I have read the above information provided to me regarding 

the study:[ ] 

• I have clarified any doubts that I had. [ ] 

• I also understand that my participation in this study is entirely voluntary 

and that I am free to withdraw permission to continue to participate at 

any time without affecting my usual treatment or my legal rights [ ] 

• I also understand that I will not  have any choice or knowledge of whether I 

will get Vecuronium or atracuronium. [ ] 

• I understand that the study staff and institutional ethics committee 

members will not need my permission to look at my health records even if I 

withdraw from the trial. I agree to this access [ ] 

• I understand that my identity will not be revealed in any information 

released to third parties or published [ ] 

• I voluntarily agree to take part in this study [ ] 

• I have been provided with the contact numbers of the principle investigator, in 

case I want to know more about the study and participants rights [ ].  

• I received a copy of this signed consent form [ ] 

 

Name:          Signature: 

    

Name of witness:  

Date:          Signature: 

Relation to participant: 



  
 

Person Obtaining Consent 

 

I attest that the requirements for informed consent for the medical research 

project described in this form have been satisfied. I have discussed the research 

project with the participant and explained to him or her in nontechnical terms all of 

the information contained in this informed consent form, including any risks and 

adverse reactions that may reasonably be expected to occur. I further certify that I 

encouraged the participant to ask questions and that all questions asked were 

answered. 

 

 

Name : 

Signature :        

 

       

      Date : 

      Place : SCTIMST, Thiruvananthapuram 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

PATIENT PROFORMA 

S.No:_____   Date:_______________  Age:___yrs  Sex: M/F    Wt:______kgs Ht:______cms  

Diagnosis:__________________________________________________________________ 

Surgery:______________________________________________________ ASA status:   I/II   

Any Co-morbid condition:______________________________________________________  

Duration of anaesthesia __________hours            Duration of surgery __________hours 

Duration of phenytoin________________days/Levetiracetam______________________days 

Blood loss ______________mL            Opioid (fentanyl) used ______________mic gm 

Time of first bolus of muscle relaxant (to)  Duration between doses 

Time of achieving TOF count zero (tTOF count zero)   

Time of first supplemental bolus (t1)   

Time of second supplemental bolus (t2)   

Time of third supplemental bolus (t3)   

Time of fourth supplemental bolus (t4)   

Time of fifth supplemental bolus (t5)   

Time of sixth supplemental bolus (t6)   

Time of seventh supplemental bolus (t7)   

Time of eighth supplemental bolus (t8)   

Time of ninth supplemental bolus (t9)   

Time of tenth supplemental bolus (t10)   

Time of eleventh supplemental bolus (t11)   

Time of twelveth supplemental bolus (t12)   

Time of thirteenth supplemental bolus (t13)   

Time of  fourteenth supplemental bolus (t14)   

Time of fifteenth supplemental bolus (t15)   

Time of sixteenth supplemental bolus (t16)   

Time of seventeenth supplemental bolus (t17)   

Time of eighteenth supplemental bolus (t18)   

Time of ninteenth supplemental bolus (t19)   

Time of twenteeth supplemental bolus (t20)   

Time of twenty first supplemental bolus (t21)   

Time of  twenty second supplemental bolus (t22)   

Time of twenty third supplemental bolus (t23)   



  
 

 

SIGNS OF CLINICAL RECOVERY 

CLINICAL SIGN PRESENT ABSENT 

Sustained head lift for 5 seconds   

Sustained leg lift for 5 seconds   

Sustained handgrip for 5 seconds   

Sustained ―tongue depressor test‖   

Maximum inspiratory pressure 40 to 50 cm H2O or 

greater 

  

 

GROUP: PV_____/PA_____/LV_____/LA_____ 

COMMENTS 

___________________________________________________________________________

___________________________________________________________________________

____________________ 

 

 

 

 

 

 

 

 

 

 

 

Time of twenty fourth supplemental bolus (t24)   

Time of twenty fifth supplemental bolus (t25)   

Time of twenty sixth supplemental bolus (t26)   

   

   

Time of reversal agents (tr)   

Time of  Train of Four ratio ≥ 90% (te)   



  
 

KEY TO MASTER CHART 

 

GROUP  :  1-PV, 2-PA, 3-LV, 4-LA 

ASA   : ASA physical status 

DUR-AEP  : Duration of preoperative antiepileptic (days) 

GENDER  : 1-Male, 2-Female 

DUR-ANE  :  Duration of Anaesthesia (hours) 

Tb-T0   :  The duration for peak onset (T0; TOF count zero) of 

    neuromuscular block after intubating bolus (Tb) dose of 

    muscle relaxant. (minutes) 

Tb-T1   :  The duration for recovery of first twitch of TOF (T1) 

    after intubating bolus (Tb) dose of muscle relaxant.  

    (minutes) 

T-average  :  The average duration of action of maintenance doses of 

    muscle relaxant. (minutes) 

Tr-TR0.9  : The time duration to achieve adequate reversal of  

    neuromuscular block (TR0.9; TOF ratio>0.9) after  

    reversal agent i.e. Neostigmine (Tr). (minutes) 



MASTER CHART

SL NO GROUP DIAGNOSIS SURGICAL PROCEEDURE ASA DUR-AEP AGE GENDER WEIGHT  (KG) HEIGHT (CMs) DUR-ANE Tb-T0 Tb-T1 T-average Tr-TR0.9
1 1 INTRAVENTRICULAR MENINGIOMA CRANIOTOMY & DECOMPRESSION 2 180 52 1 80 180 6 3 32 14 7

2 1 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 30 47 1 70 169 5.5 4 35 15 5

3 1 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 90 18 2 56 160 7.5 4 31 15 5

4 1 BASIFRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 2 100 58 2 58 149 6.5 4 31 15 6

5 1 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 87 39 1 71 165 6 3 30 15 5

6 1 PARIETAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 90 47 1 68 165 6.5 3 25 15 5

7 1 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 75 33 1 80 176 5.5 3 30 14 7

8 1 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 80 55 1 60 172 6 3 32 17 4

9 1 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 2 68 54 1 80 176 5 4 26 15 5

10 1 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 71 49 1 67 165 6 3 31 15 4

11 2 TEMPORO-PARIETAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 240 55 2 50 154 5 3 42 20 9

12 2 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 30 38 1 76 174 5.5 3 39 21 9

13 2 FRONTAL METASTASIS CRANIOTOMY & DECOMPRESSION 2 100 51 1 67 161 6 4 38 20 8

14 2 FRONTAL CAVERNOMA CRANIOTOMY & DECOMPRESSION 1 200 38 2 56 155 5.5 3 40 19 8

15 2 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 115 52 1 56 161 6 4 41 22 10

16 2 FRONTAL CAVERNOMA CRANIOTOMY & DECOMPRESSION 1 37 42 1 76 174 5 3 42 20 9

17 2 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 74 52 2 56 157 5.5 3 39 19 7

18 2 PARASAGITTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 95 47 2 61 160 5 4 40 18 7

19 2 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 60 50 1 81 178 7 4 38 21 9

20 2 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 87 32 1 80 176 5 3 42 20 10

21 3 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 124 47 1 74 170 6.5 4 37 22 10

22 3 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 50 49 1 67 165 5.5 3 41 19 8

23 3 TEMPORO-PARIETAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 150 40 1 75 173 6 4 35 21 7

24 3 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 60 43 1 64 161 5 4 37 20 9

25 3 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 100 36 2 60 161 8 3 38 20 7

26 3 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 90 40 2 48 159 5.5 3 42 18 10

27 3 PARASAGITTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 2 75 58 2 59 157 7 3 36 21 8

28 3 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 120 32 2 63 160 5.5 3 39 19 7

29 3 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 2 49 52 1 71 168 6 4 43 20 9

30 3 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 65 52 1 68 165 6.5 4 41 22 8

31 4 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 90 37 2 56 155 5.5 3 35 21 9

32 4 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 45 53 1 67 164 7 4 39 19 10

33 4 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 120 55 1 71 168 7.5 3 43 21 9

34 4 PARIETAL METASTAIS CRANIOTOMY & DECOMPRESSION 1 100 43 2 52 157 5.5 3 40 19 9

35 4 FRONTAL  GLIOMA CRANIOTOMY & DECOMPRESSION 1 40 54 1 80 177 6 4 38 19 8

36 4 TEMPORO-PARIETAL GLIOMA CRANIOTOMY & DECOMPRESSION 1 100 49 1 74 170 8 3 42 18 10

37 4 FRONTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 55 42 2 58 154 5 3 36 21 9

38 4 FRONTAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 75 51 1 67 163 7.5 4 45 20 7

39 4 TEMPORAL GLIOMA CRANIOTOMY & DECOMPRESSION 2 115 56 2 61 158 6.5 3 41 23 9

40 4 PARASAGITTAL MENINGIOMA CRANIOTOMY & DECOMPRESSION 1 140 39 1 72 169 5.5 3 43 21 8
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