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ABSTRACT 

Title: Adequacy of reversal of neuromuscular blockade with or without train-of-four 

monitoring: a randomized prospective observational study. 

Background and Aims: Adequate reversal of neuromuscular blockade [NMB] is 

essential when using muscle relaxants to avoid residual paralysis postoperatively.  

Reversal can be achieved using clinical parameters or alternatively by Train-of-four 

[TOF] monitoring. We evaluated adequacy of successful NMB reversal by clinical 

parameters compared to using TOF monitoring. Also, we noted the incidence and 

complications associated with residual paralysis between the two groups. 

Methodology: It was hospital based randomized prospective observational study, 

consisting of 120 subjects divided into two groups, aged 18–60 years of either sex with 

ASA physical status 1 & 2 undergoing elective surgery under general anesthesia 

requiring intubation. Extubation was achieved in Group C using clinical parameters and 

in Group T using TOF monitoring. T-test was used to compare the difference between 

the groups. Chi-square test was done for contingency data. p-value less than or equal to 

0.05(p≤0.05) indicates statistical significance. 

Results: 5 patients in Group C had residual paralysis whereas none in Group T. Reversal-

extubation time(minutes) in Group C [5.9± 2.2, 5.4 (2-15.2)] Group T [6.6± 1.9, 6.24 

(3.3-12.2)] (p=0.07), TOF value at the time of extubation in Group C [72.1 ± 11.6, 72 

(41-91)], Group T [72.75 ± 2.74, 72 (70-79)] (P=0.69). TOF value after 10 minutes of 

extubation in Group C [92.5 ± 7.1, 94(66-100)] Group T [95.6 ± 2.7, 96 (90-100)] 

(p=0.006).  
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Conclusion: TOF monitoring is better compared to clinical parameters-based reversal 

strategy in reducing the incidence of residual paralysis and resulting complications 

whenever neuromuscular blocking agents [NMBAs] are used. Hence it is desirable to use 

neuromuscular monitoring with the use of NMBAs. 

Key words: neuromuscular blockade, residual paralysis, TOF monitoring 
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1.INTRODUCTION 

Neuromuscular blockade [NMB] is used more commonly to facilitate endotracheal 

intubation, to produce surgical relaxation in an anesthetized patient during surgery and to 

assist mechanical ventilation in an anesthetized patient or critically ill patient who have 

poor lung compliance. 

Adequate reversal of NMB at the end of surgery is an essential requirement of balanced 

anesthesia technique when using non depolarizing muscle relaxants for muscle 

relaxation. Use of neuromuscular monitoring is the gold standard of measuring adequate 

reversal of NMB. 

NMB monitoring has been shown to decrease the incidence of residual neuromuscular 

block [RNMB] and to reduce the incidence of postoperative airway and respiratory 

complications. 

RNMB is most commonly observed in the Post-Anesthetic Care Unit [PACU] when 

neuromuscular blocking agents (NMBA) are used intra-operatively. About 38-64% of 

patients who received intermediate acting NMBAs showed incomplete recovery of NMB 

in the early postoperative period which is defined as a Train-of-Four Ratio [TOFR] less 

than 0.9.1  

RNMB could be due to insufficient dosage of reversal agent, assuming the 

anesthesiologist’s underestimation of the NMB depth. As Todd et. al described, the low 

NMB monitoring rates could be related to a poor understanding of the pharmacology of 

nondepolarizing NMBAs.2 
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NMB monitoring can be assessed using both qualitative and quantitative/ objective 

methods. Qualitative monitoring includes subjective assessment and clinical tests.  

Tracheal extubation done using clinical tests i.e., following commands, 5seconds [sec] 

head lift, adequate minute ventilation (respiratory rate [RR] X tidal volume [TV]) and 

absence of fade with subjective Train-of-Four [TOF] assessment was considered 

insensitive in detecting clinically significant levels of RNMB i.e., TOFR between 0.4 - 

0.9.3 

Although pharmacological reversal based on clinical signs was superior to spontaneous 

recovery, it did not prevent postoperative RNMB irrespective of the reversal agent.4     

The only method available to reliably detect the presence or absence of incomplete NMB 

is quantitative neuromuscular monitoring. However, these monitors are not used 

frequently by anesthesiologists in the perioperative period due to restraints of 

infrastructure facilities and lack of clinical guidelines.5        

The current standard for adequate recovery from NMB is the return of TOFR ≥ 0.9 

measured at the adductor pollicis muscle.6 

TOFR <0.7 - 0.9 results in postoperative residual paralysis which is characterized by 

upper airway obstruction requiring an intervention (jaw thrust, oral or nasal airway), fall 

in oxygen saturation i.e., hypoxemia despite application of high-flow oxygen via 

facemask. Signs of respiratory distress RR >20cpm, use of accessory muscles of 

respiration, tracheal tug, pharyngeal muscle weakness leading to difficulty in swallowing, 

difficulty in breathing and difficulty in speaking leading to reintubation in the PACU. 
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Clinical evidence or suspicion of pulmonary aspiration after tracheal extubation is also 

reported as observed by gastric contents observed in the oropharynx and hypoxemia.1,7,8,9 

Since the device for quantitative neuromuscular monitoring is not widely available or 

feasible at all times and at all places, adequacy of reversal of NMB can be achieved by 

using clinical parameters as an alternative to TOF monitoring.9 In the end we would like 

to compare if reversal of NMB using clinical parameters is as good as TOF monitoring or 

equal to TOF monitoring or is considered inferior to TOF monitoring. 
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2.AIMS AND OBJECTIVES 

Primary Outcome: 

To evaluate the adequacy of reversal of NMB with or without TOF monitoring. 

 

Secondary Outcome: 

1. To evaluate the incidence of residual paralysis. 

2. To evaluate the complications associated with residual paralysis. 
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3.REVIEW OF LITERATURE 

PART-A 

1.ANATOMY OF NEURO-MUSCULAR JUNCTION 

 The neuromuscular junction (NMJ) consists of a presynaptic nerve terminal, the synaptic 

cleft and post- synaptic nicotinic receptors present on the muscle membrane. 

PRESYNAPTIC NERVE TERMINAL: - 

This consists of the terminal part of the motor neuron which originates in the ventral horn 

of the spinal cord. As the nerve approaches the muscle it divides into branches that 

innervate many individual muscle fibers and they together form a functional group 

known as a motor unit. As the nerve terminal reaches the muscle fiber, it loses its myelin 

sheath and further divides into many presynaptic boutons to terminate on the surface of 

the muscle fiber. The nerve terminal is covered by Schwann cells. 10 

                                 

Figure 1: Structure of the adult neuromuscular junction. 
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The nerve terminal contains:10 

 1.Acetylcholine receptors (AchR) present on the surface of the nerve membrane which 

are nicotinic receptors identified as neuronal AchR (nAchR). 

 2.Synaptic vesicles containing neurotransmitters which are present towards the 

junctional receptors, microtubules and mitochondria located towards the opposite side. 

 3.Special channels like voltage-gated calcium channels, few voltage-gated and calcium 

activated potassium channels. 

17 nicotinic subunits have been cloned in vertebrates. The muscle has α1, β1, δ, γ and ε 

subunits and the neuronal α 2-10 and β 2-4 subunits. The nAchR includes both 

homomeric and heteromeric receptors with the α 7-9 subunits forming the homomeric 

nAchR. The heteromeric receptors are formed by combination of α 2-6 and β 2-4, where 

most of these receptors are formed by a single α and a single β unit with a stoichiometry 

of 3β and 2α. In the NMJ, the α3 and β2 subtypes are found at the presynaptic nerve and 

α7 is found postsynaptically at the muscle membrane during development and 

denervation.10 
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Figure 2: Types of neuronal acetylcholine receptors. 

Acetylcholine [Ach] is a neurotransmitter that is released into the synaptic cleft during 

nerve action potential. It is formed by choline and acetyl-Coenzyme A [CoA], the 

reaction is catalyzed by the enzyme choline acetyltransferase in the distal axoplasm of 

the motor neurons. Choline is transported from extracellular fluid to the cytoplasm by 

active transport and partly from the breakdown of Ach. at the NMJ. Acetyl CoA is 

synthesized from pyruvate in the mitochondria of the distal axon. Choline 

acetyltransferase is produced in the cell body of the neuron and then transported distally 

by axoplasmic flow. After synthesis Ach. is stored in cytoplasm which is then transported 

into synaptic vesicles. There are approximately 10,000 Ach. molecules per vesicle.10 
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Figure 3: Structure showing working of a chemical synapse, the motor nerve ending and 

some of the apparatus for synthesis of transmitter. 

The vesicles containing Ach. are clustered alongside small, thickened, electron-dense 

patches of membrane called as active zones or release sites. There are two pools of 

vesicles, a readily releasable pool and a reserve pool.11,12 Majority of synaptic vesicles 

are present in the readily releasable pool also called the VP2. These are tethered to the 

cytoskeleton in a filamentous network made up of actin,11,13 synapsin which is an actin 

binding protein, synaptotagmin and spectrin. They are smaller in size and are present 

alongside the active zones. These vesicles are the ones that release neurotransmitters 

during depolarization. Vesicles in the reserve pool, also called the VP1, are large and are 

present deep within the nerve endings. These vesicles of the reserve pool can move and 

replace the worn-out vesicles of the readily releasable pool. They can also be moved in 

situations demanding extra work like repetitive high frequency stimulation.10  
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Synaptic vesicle is formed by synaptophysin which is a glycoprotein component of the 

vesicle membrane, synaptotagmin which acts as a calcium sensor of vesicle, the soluble 

N-ethyl-Maleimide-sensitive attachment protein [SNARE]  proteins that includes 

synaptobrevin which is a filament- like protein present on the vesicle that helps in 

attaching the vesicle to the release site at the nerve terminal; syntaxin which is the 

plasmalemma associated protein and the synaptosome- associated protein of 25-kd 

(SNAP-25).11,12 These proteins are responsible for fusion, docking and release of Ach. at 

the active zones. 

The nerve terminal consists of 2 types of specialized voltage gated calcium channels. 

These are P-type channels and the slower L-type channels. P-type channels are the ones 

responsible for the release of neurotransmitters during action potential and are found only 

in the nerve terminals.14,15 In the nerve terminal they are located adjacent to the active 

zones. The slower L-type channels are present mainly in the cardiovascular system and 

few are present in nerve endings, whose role is not significant during neuromuscular 

transmission. 

SYNAPTIC CLEFT: - 

It is also called a junctional cleft. It is a gap that separates nerves from the surface of the 

muscle. It measures approximately 20 nm.10 The nerve and muscle are held together 

tightly by a protein filament called basal lamina present in the synaptic cleft. It mainly 

contains acetylcholinesterase [AchE] enzyme which is responsible for the degradation of 

Ach. It is a type B carboxyl esterase enzyme. The enzyme is secreted from the muscle 

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

During depolarization the Ach. which is released from the nerve terminal diffuses across 
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the synaptic cleft and binds to the nicotinic AchRs present on the muscle membrane. 

When Ach. is released it initially passes between the enzymes to reach the postjunctional 

receptors. Once they are released from the receptors, they are destroyed immediately by 

AchE enzymes. Ach. has got a short duration of action and is destroyed in less than 

1millisecond [ms], so that it cannot bind to another receptor.  

POSTSYNAPTIC PART: -  

MOTOR END PLATE: MUSCLE  

The motor end plate is a specialized region of the sarcolemma (muscle membrane). It is 

oval, spanning an area of 3000µm2. The muscle surface located opposite the presynaptic 

nerve terminal is heavily corrugated with multiple folds. These muscle folds are deeply 

invaginated to form primary (shallower) and secondary (deeper) clefts thus making the 

end plates total surface area large. Human junctions have longer junctional foldings and 

deeper gutters.16,17 The shoulders of the folds are densely populated with AchRs, 

approximately 5 million of them in each junction and only few AchRs are present in the 

depths between the folds. The sodium channels, which propagate the wave of 

depolarization, are present in the depths of the folds. 

 

NICOTINIC CHOLINERGIC RECEPTORS: 

They belong to the superfamily of Cys-loop ligand gated ion channels. 

These are synthesized in muscle cells and are attached to the end-plate membrane by a 

special 43-kd protein known as rapsyn in a 1:1 ratio.17,18,19,20  
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It is pentameric, formed of 5 subunit proteins, arranged like the staves of a barrel into a 

cylindrical receptor with a central pore for ion channeling. The receptor protein has a 

molecular mass of approximately 25,000 daltons. Each subunit consists of 400- 500 

amino-acids. These receptors extend throughout the membrane thickness and protrude 

beyond the extracellular surface of the membrane on one side and into the cytoplasm on 

the other side. 

There are 3 isoforms of postjunctional nAchRs:18,19,21 

1. The mature or adult or junctional receptors - it consists of 2 α1 subunits and one each of 

β1, δ and ε subunits. 

2. The immature or fetal or extra junctional receptors - it consists of 2 α1 subunits, one each 

of β1, δ and γ subunits. During prolonged immobilization, neuromuscular diseases these 

receptors are synthesized by muscle. These receptors have different properties. They are 

most sensitive to Ach. and remain open for a long period of time after its use. As a result, 

patients with high density of fetal receptors are more prone for life threatening 

hyperkalemic response after succinylcholine [Sch.]. Hence Sch. should be avoided in 

such patients. 

3. Recently, a neuronal receptor consisting of 5 ɑ7 subunits has been described. 

 

PERIJUNCTIONAL ZONE: -  

It is the area of muscle present immediately beyond the junctional area and plays an 

important role in the neuromuscular transmission. It is densely populated by sodium 

channels and few AchRs.22,23 
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2.PHYSIOLOGY OF NEUROMUSCULAR TRANSMISSION 

An electrical impulse or action potential travels along the motor nerve causing Ach. 

present within the presynaptic nerve terminal to be released, which then diffuses across 

the synaptic cleft and binds to the AchRs present on the postsynaptic muscle membrane 

resulting in muscle contraction. 

                            

Figure 4: Diagram showing physiology of neuromuscular transmission. 
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During a nerve action potential, sodium that is present outside the nerve membrane 

comes inside and causes depolarization. This results in opening of P-type calcium 

channels, which allows the entry of calcium ions into the nerve. Increase in calcium ion 

concentration in the nerve cytoplasm triggers Ach. release. The calcium ion inflow is 

balanced by potassium ion outflow through potassium channels to maintain equilibrium 

across the nerve membrane. 

The release of Ach. from vesicles is mediated by SNARE proteins. These proteins are 

involved in fusion, docking and release of Ach. at the active zones. When the calcium 

ions enter the nerve, synapsin that is present on the vesicle membrane undergoes 

phosphorylation which frees the vesicle from its attachment to the cytoskeleton. The 

synaptobrevin present of the vesicle unfolds and forms a ternary complex with syntaxin 

and SNAP-25 complex attached to the plasma membrane. Synaptotagmin present on the 

vesicle acts as a calcium sensor that detects the entry of calcium. It localizes the synaptic 

vesicles to synaptic zones and keeps the vesicles in docked state. The ternary complex 

forces the vesicle to move close to the active zone present on the nerve terminal 

membrane and the vesicle is ready for release of its content, Ach. After the release of 

Ach., some vesicles stay open briefly and do not completely collapse into the surface 

membrane i.e., kiss and run, few vesicles stay open for a longer period of time and do not 

completely collapse i.e., compensatory and others completely collapse and are not 

retrieved until another stimulus is delivered i.e., stranded.11,12 
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Figure 5: Model of protein-mediated membrane fusion and exocytosis. 

The Ach. which is released from the nerve terminal during nerve action potential diffuses 

across the synaptic cleft to reach the postjunctional AchRs. They initially pass between 

the AchE enzymes to reach the receptors. 

The 2 Ach. molecules bind to 2 α1 subunits which are located on the extracellular 

component of the AchRs to cause conformational change. These are the sites of 

competition between receptor agonists and antagonists. Normally, the ion channel is 

inactive and does not open in the absence of Ach. If one molecule of Ach. binds to one of 

2α receptor binding sites, the ion channel does not open. Both α-subunits must be 

simultaneously occupied by Ach or agonists i.e., Sch. for the ion channel to open. 

When Ach. or agonists bind to both α-subunit sites, the receptor protein undergoes a 

conformational change with a twisting movement along the central axis of the receptor 

causing ion channels to open through which sodium, potassium, calcium ions flow along 

a concentration gradient.  
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Each sodium channel has got 2 gates: activation/ voltage gate and inactivation/ time gate. 

The channel exists in 3 forms i.e., resting state, activated state and inactive state. For 

current to flow both the gates should open. During resting state, the inactivation gate 

remains open while the activation gate is closed. Once the depolarization begins, the 

activation gate also opens and current flows. Within a few ms the inactivation gate 

closes, stopping current flow. Inactivation gate cannot open until the activation gate is 

closed. For the activation gate to close the depolarizing current flow should stop. During 

use of Sch. there is continuous depolarization of the end plate as Sch. attaches to AchR, 

detaches and then reattaches to another AchR. Thus, sodium channels in the peri 

junctional area get arrested in inactivation. 

 

Figure 6: Diagram showing neuromuscular junction: excitation of a skeletal muscle fiber. 
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 Sodium and calcium flows from the outside into the nerve terminals whereas potassium 

flows from inside to the outside of the nerve terminal. The net current causes 

depolarization which creates the end plate potential. This action potential propagates 

along the sodium channels present on the muscle membrane in peri junctional areas 

resulting in muscle contraction. When one or both Ach. molecules detach from the 

receptor, the channel closes by a reversed mechanical conformation. This stops 

depolarization. 

 Once the Ach. are released from the receptors and are destroyed immediately by AchE 

enzymes present on the postsynaptic muscle membrane. 

AchE is the enzyme responsible for the control of neurotransmission at the NMJ by 

hydrolyzing Ach. Rapid hydrolysis of Ach. removes excess neurotransmitter from the 

synapse, preventing overstimulation and tetanic excitation of the postsynaptic muscle. 

About half of the Ach. molecules released from the presynaptic nerve membrane are 

hydrolysed by AchE before reaching the nAChR.24 The action of AchE is rapid; resulting 

in rapid hydrolysis of Ach. molecules in approximately 80 to 100µs. AchE is mainly 

concentrated at the NMJ and lower concentrations are present along the length of the 

muscle fiber. Each molecule of Ach. has approximately 10 enzyme binding sites.25 Each 

molecule of AchE has two important binding sites, an anionic site and an esteratic site. 

The negatively charged anionic site electrostatically binds with the positively charged 

quaternary nitrogen group on the Ach. molecule.  

The esteratic site forms covalent bonds with the carbamate group present at the opposite 

end of the Ach. molecule and is responsible for the hydrolytic process.24,25 An additional 
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secondary or peripheral anionic site has been proposed and binding of ligands to these 

sites results in the inactivation of the enzyme. 

 

Figure 7: Structure showing binding of Ach. to AchE and hydrolysis of Ach. 

3.PHARMACOLOGY OF NEUROMUSCULAR BLOCKADE 

NMBAs come in 2 forms: Depolarizing and non-depolarizing NMBAs. 

DEPOLARIZING NEUROMUSCULAR BLOCKING AGENT: -     

Sch. is the most commonly used depolarizing NMBA in clinical practice. It is made up of 

2 molecules of Ach. linked through their acetate methyl groups. It is widely used for its 

rapid onset and shorter duration of action. It produces profound blocks within the 60sec. 

Neuromuscular block starts to recover within 3 minutes[min]and is complete within 12 – 

15min. The dose of Sch. required for tracheal intubation in adults is 1- 1.5mg/kg. 

Effective dose [ED]95 of Sch. is 0.3mg/kg. It is used to paralyze patients requiring 

intubation in an emergency or patients posted for elective surgery. 
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It is a drug of choice for rapid sequence intubation. It acts as AchR agonists by binding to 

the AchR present on the motor endplate resulting in rapid depolarization, fasciculation 

and flaccid paralysis.  

It is resistant to and not metabolized by AchE, leading to persistent depolarization of the 

muscle fibers. Since there is no plasma cholinesterase present at NMJ termination of 

action occurs by diffusion of the drug back into circulation. It is metabolized slowly as 

compared to Ach., which undergoes rapid hydrolysis, as a result Sch. is available at NMJ 

for prolonged duration of action. If the patient has pseudocholinesterase deficiency, it can 

lead to prolonged neuromuscular blockade. 

 Sch. molecules attach to one AchR, detach and immediately attach to another AchR thus 

keeping the end plate in a depolarized state. The voltage gated sodium channels present 

in the peri-junctional area get arrested in inactivation state due to continuous 

depolarization of the junctional area. The end result is blockade of impulse transmission 

after initial stimulation of the muscle fiber. This is known as Phase 1 block. The 

depolarizing agent remains bound to the motor endplate receptor and prevents the 

endplate from repolarization. Prolonged exposure of the receptor to the agonist results in 

desensitization i.e., agonist binds to the receptor but ionic conduction through the 

receptor channel doesn’t take place. Hence the total number of channels available for 

impulse transmission is reduced if more receptors remain desensitized. Patients become 

more sensitive to nondepolarizing muscle relaxants after Sch. use.  

After repeated dosing, infusion or single large bolus dose of Sch.  leads to prolonged 

NMB which resembles nondepolarizing blockade on neuromuscular monitoring. This is 

called Phase 2 block.  
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It could be due to ionic imbalance at NMJ from repeated end plate depolarization or 

desensitization due to continuous presence of agonist at the site of action or it is seen in 

patients with atypical plasma cholinesterase.   

NON-DEPOLARIZING NEUROMUSCULAR BLOCKING AGENTS: - 

Two molecules of Ach. are required for transmission of impulse while one molecule of 

non-depolarizing agent is required for blockade of impulse transmission. 

Nondepolarizing NMBAs inhibit neuromuscular transmission by competitively 

antagonizing or blocking the effect of Ach. by directly binding to α subunits of nAChR 

present at the postjunctional membrane. They prevent central pore opening and muscle 

depolarization from occurring leading to muscle paralysis. 

It is used primarily for endotracheal intubation. It is used to provide continuous muscle 

relaxation during surgery. It is also used in ICU settings to achieve paralysis to facilitate 

mechanical ventilation in a critically ill patient. 

They can be classified according to 

1.  Chemical class i.e., based on structure 

2.  Onset or duration of action 

• Based on structure they are classified into 

1. Steroidal compounds: Pancuronium,Vecuronium,Rocuronium 

2. Benzylisoquinolinium compounds: d-Tubocurarine, Atracurium,  

                                                                Cisatracurium, Mivacurium. 
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   3. Asymmetric mixed-onium fumarates: CW 002, Gantacurium 

• Based on duration of action they are classified into 

      1. Long-acting (>50 min) – Pancuronium, d-Tubocurarine 

      2. Intermediate-acting (20-50 min) – Vecuronium, Rocuronium, Atracurium,     

                                                                     Cisatracurium, CW 002 

      3. Short-acting (10-20 min) – Mivacurium 

      4. Ultrashort-acting (<10 min) – Gantacurium 

 

VECURONIUM: 

Structure- It is the 2-desmethyl derivative of pancuronium.26 

                      

Figure 8: Chemical structure of Vecuronium 

Class- It is a mono quaternary relaxant. It belongs to the steroidal group of non-

depolarizing NMBAs. 10 
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Metabolism and elimination: 

It is metabolized mainly in the liver (30%- 40%). It is taken up into the liver by a carrier-

mediated transport system. It is degraded by the hydrolysis of the acetyl esters at the C3 

and C17 positions by liver microsomes. Hydrolysis at the C3 position is the primary 

degradation pathway because the acetate at the 3 position is more susceptible to 

hydrolysis in aqueous solutions than the acetate at the 17 positions. While the liver is the 

principal organ of elimination (50%-60%) for vecuronium, about 25% of the drug is 

eliminated by the kidney. Vecuronium is metabolized into 3-desacetyl vecuronium, 17- 

desacetyl vecuronium and 3,17 bisdesacetylvecuronium.  12% of vecuronium clearance 

is through conversion to 3-desacetyl vecuronium,27 and 30%-40% of the drug is cleared 

in the bile as the parent drug. This combined organ elimination gives it a clearance rate of 

3-6ml/kg/min.27,28 3-desacetyl vecuronium is the principal metabolite of vecuronium.29 It 

is a potent NMBA, approximately 80% potency of parent drug. It has slower plasma 

clearance and longer duration of action than vecuronium. 

Dosage: The drug is administered intravenously as a bolus. 

Vecuronium dosage(mg/kg) under different anesthetic techniques: 

ED95 under N2O/O2 → 0.05 

Dose for intubation → 0.1-0.2 

Supplemental dose after intubation → 0.02 

Dosage for relaxation under N2O → 0.05 
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Dosage for relaxation under Anesthetic vapors → 0.03 

Dose of vecuronium required to produce 50%, 90% or 95% depression of baseline twitch 

height, commonly expressed as ED50, ED90, ED95 is 0.027(0.015-0.031) mg/kg, 

0.042(0.023-0.055) mg/kg and 0.043(0.037-0.059) mg/kg respectively. 

The time to 95% blockade at the adductor pollicis after administration of ED95 dose of 

vecuronium is 201+/- 20 sec. Continuous infusion dosage (µg/kg/min) required to 

maintain 90-95% twitch inhibition under N20/O2 with intravenous agents for 

vecuronium is 0.8-1.0. 

Side effects: 

All NMBAs can cause non-competitive inhibition of histamine-N-methyltransferase, but 

the concentrations required for inhibition exceeds the dose used clinically, except in case 

of vecuronium, the effect manifests at 0.1-0.2mg/kg.30 This explains the occurrence of 

occasional severe bronchospasm in patients after receiving vecuronium. 

NEUROMUSCULAR BLOCKADE REVERSAL AGENT: - 

Reversal of NMB can be achieved by 3 principle mechanism 10: 

(1) an increase in presynaptic release of Ach.;  

(2) a decrease in enzymatic degradation of Ach. by cholinesterase resulting in increasing 

receptor binding competition;  

(3) a decrease in the concentration of the NMBA at the NMJ freeing the postsynaptic 

receptors.  
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An increase in the concentration of Ach. at the NMJ can be achieved by using an 

inhibitor of AchE enzyme, which prevents the breakdown of Ach. at the NMJ. Three 

anticholinesterase drugs are commonly used in clinical practice: neostigmine, 

edrophonium, and pyridostigmine.  

Neostigmine is the most commonly administered drug.  

 Neostigmine: 

Structure- It is a quaternary ammonium compound that consists of a strongly basic 

carbamyl group.  

                              

Figure 9: chemical structure of neostigmine. 

Class- It is an oxy diaphoretic inhibitor of acetylcholinesterase. 

Mechanism of action: 

Neostigmine binds to the anionic site. It provides a carbamate group to AchE enzyme, 

creating a covalent bond at the esteratic site.31,32 This results in an inactivation of the 

enzyme and hydrolysis of the drug. The stronger interaction between neostigmine and 

enzyme results in dissociation half-life of approximately 7 min.32 Duration of clinical 
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effect is primarily determined by removal of neostigmine from the plasma.33 

Neostigmine has also been reported to produce presynaptic effects.33 Neostigmine causes 

a reversible increase in the duration of the action potential and refractory period of the 

nerve terminal. Since the extent and duration of the depolarization of the terminal 

membrane depends on the quantity of Ach. molecule, the period of Ach. release in 

response to nerve stimulation can be increased by neostigmine.33 Increased release of 

Ach., along with decreased hydrolysis of Ach. molecule due to inhibition of AchE 

enzyme, results in prolonged endplate potentials and repetitive firing of muscle fibers. 

Although anticholinesterase inhibit the breakdown of Ach., resulting in an increase in 

Ach. molecules in the NMJ, there is a clinically relevant "ceiling" effect to the maximal 

concentration of Ach. As the concentration of Ach. increase in NMJ, some of the Ach. 

diffuses away from the NMJ, while some undergoes reuptake into nerve terminals. As the 

process of diffusion and reuptake reaches equilibrium with increased release by enzyme 

inhibition a "peak" level at the NMJ is reached.32 Once the AchE enzyme is maximally 

inhibited by neostigmine and peak concentrations of Ach. are present, the administration 

of additional drugs will not further increase Ach. levels or enhance recovery of NMB. 

This "ceiling" effect of anticholinesterase is an important limitation of all clinically used 

agents; NMB cannot be adequately reversed if high concentrations of NMBAs are 

present at the NMJ.  

Neostigmine does not have any effect on Phase I block caused by depolarizing NMBAs. 

However, it does antagonize Phase II block, transiently.  
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Metabolism and elimination: 

Neostigmine is metabolized by plasma esterases to a quaternary alcohol. Renal excretion 

accounts for approximately 50% of plasma clearance. Elimination half-life is 

significantly prolonged and serum clearance decreased in anephric patients.34 

Dosage: The drug is administered intravenously as a bolus. Intravenous dosage is 0.03 

mg/kg to 0.07 mg/kg. Maximum effective dose of neostigmine has not been clearly 

defined, but it may vary in relation to depth of blockade and the type of NMBA used 

intra-operatively. Administration of additional dose of neostigmine beyond the maximum 

dose limits i.e., 60 - 80 µg/kg provides no further benefits. When a second dose of 

neostigmine (70 µg/kg) is administered during deep neuromuscular blockade, it does not 

increase recovery times beyond that observed with a single dose.35 

Following a bolus administration, plasma concentrations peak rapidly and decline 

significantly within the first 5 to 10 min. This is followed by a slower fall in plasma level 

due to the elimination phase.  

Onset of action (min) - 1 

Peak effect (min) - 10 

Duration of action (min) - 20-30 

Distribution half-life (T I/2 α min) - 3.4 

Elimination half-life (T 1/2 β min) - 77 

Volume of central compartment (L/kg) - 0.2 

Total plasma clearance (ml/kg/min) - 9.1  
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Side effects: 

1.Anticholinesterase-associated muscle weakness: 

When neostigmine is given after complete recovery of neuromuscular function, 

paradoxical muscle weakness theoretically may be induced which includes decrease in 

upper airway dilator muscle tone, impairment of respiratory muscles like the diaphragm 

and reductions in minute ventilation. Large doses of neostigmine may result in 

cholinergic hyperactivity and more intense fade to multiple nerve stimuli i.e., decrease in 

TOFR is observed in an in vitro model.36 The administration of a second dose of 

neostigmine (2.5 mg) to patients with minimal residual blockade resulted in a decrease in 

TOFRs, tetanic height, and tetanic fade.37,38 The adverse effects of neostigmine following 

complete neuromuscular function recovery can result in negative respiratory 

consequences in postoperative surgical patients. 

The proposed mechanism includes sensitivity of the upper airway muscles to an 

increased concentration of Ach. resulting in desensitization of the AchR, depolarizing 

blockade, or an open channel blockade.  

2.Nausea and vomiting: 

Neostigmine has muscarinic effects on the gastrointestinal tract, resulting in stimulation 

of secretion of gastric fluid and increased gastric motility. Anticholinergic drugs like 

atropine or glycopyrrolate are routinely administered with neostigmine to overcome the 

undesirable muscarinic effect of neostigmine. There is not much evidence to conclude 

that neostigmine is associated with an increased risk of postoperative nausea and 

vomiting.  
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3.Cardiovascular effects: 

Pronounced vagal effects are observed following the administration of neostigmine. 

These include bradycardia and other bradyarrhythmia, such as functional rhythms, 

ventricular escape beats, complete heart block, and asystole. The onset of 

bradyarrhythmia coincides with the onset of action of the neostigmine. In order to 

overcome these effects, atropine and glycopyrrolate are administered along with 

neostigmine due to their muscarinic (parasympathetic) blocking effects. In pregnancy, 

neostigmine can cross the placenta and cause fetal bradycardia, and concurrent 

administration of atropine should be considered.  

4.Bronchoconstriction: 

It can occur following the administration of neostigmine in surgical patients.39,40 

Neostigmine stimulates M3 muscarinic receptors present in airway smooth muscle 

resulting in bronchospasm. In patients with cervical spinal cord injuries, 

bronchoconstriction was observed following administration of neostigmine alone, 

whereas neostigmine combined with glycopyrrolate caused bronchodilation.41 Incidence 

of perioperative bronchospasm after administration of neostigmine can be decreased with 

concurrent administration of glycopyrrolate or atropine.  

 

Glycopyrrolate: 

Structure: It is a synthetic quaternary ammonium compound with pyridine and a 

cyclopentone moiety present within the structure. 
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Figure 10: chemical structure of glycopyrrolate. 

Mechanism of action: 

It is an anticholinergic(antimuscarinic) drug. It inhibits the action of Ach. on structures 

innervated by postganglionic cholinergic nerves and on smooth muscles that respond to 

Ach. but lack cholinergic innervation. It binds competitively to the muscarinic Ach. 

receptors present in the autonomic effector cells of smooth muscle, cardiac muscle, the 

sinoatrial node, the atrioventricular node, and exocrine glands. Unlike atropine, it does 

not cross the blood brain barriers due to its charged structure which limits its passage 

across lipid membranes and therefore does not exert CNS effects. 

Metabolism and elimination: 

The in vivo metabolism in humans has not been studied. Clearance from plasma is more 

rapid than atropine i.e., 85 minutes, nearly 80% excreted unchanged in urine and bile 

following intramuscular administration. 85% of dose was recovered in urine 48hrs 

postoperative and some of them in bile following intravenous administration. 
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Dosage: 

Premedication dose in adults: 0.005 to 0.01 mg/kg up to 0.2-0.3mg. 

Routes of administration: 

Intravenous, intramuscular, inhalation, topical, oral. 

Onset of action: 

Intravenous- 2-3 min 

Intramuscular- 15-30 min 

Inhalational- 3-5 min 

Oral- 1 hour  

Peak effect: 

Intravenous- 5 min 

Intramuscular/subcutaneous- 30-45 min 

Inhalational- 1-2 hours  

Duration of action: 

Intravenous- vagal blockade: 2-3 hours 

                     Antisialagogue: 7 hours 

Oral- vagal blockade: 3-6 hours 

Following intravenous administration -  

Mean volume of distribution 0.42 +/- 0.22L/kg 
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Mean clearance 0.54 +/- 0.14L/kg/hr. 

Elimination half-life (T1/2) 0.83 +/- 0.13 hours 

Following intramuscular administration elimination half-life(T1/2) is 0.55-1.25 hours 

Clinical uses: 

1.It has a more potent antisialagogue effect hence it is used as preoperative medication in 

anesthesia to reduce salivary secretions, tracheobronchial secretions and pharyngeal 

secretions.  

2.Glycopyrrolate is routinely administered with anticholinesterases to decrease the 

muscarinic side-effects of reversal agents.42 Onset of action of glycopyrrolate coincides 

with that of neostigmine so they are administered together. It is used in a dosage of 

0.01mg/kg with intravenous neostigmine of 0.05mg/kg [0.1mg for each 0.5mg of 

neostigmine]. 

3.It has an antiemetic property due to its ability to decrease gastric hydrogen ion 

secretions and decrease gastric motility. 

4.It increases heart rate to a lesser extent and for a shorter duration than atropine, hence it 

has better hemodynamic stability when used as premedication. 

5.Topical formulation is used to treat primary axillary hyperhidrosis. 

6.Oral inhalation formulations are indicated in patients with chronic obstructive 

pulmonary disease for long-term maintenance treatment of airflow. It inhibits the 

muscarinic receptors i.e., M3 present in the smooth muscles of the airway resulting in 

bronchodilation. 
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Side effects: Drowsiness, mental confusion, dry mouth, dry skin, ataxia, muscle tremors, 

dilated pupils, xerophthalmia, hyperthermia and tachycardia.  

 

4.NEUROMUSCULAR TRANSMISSION [NMT] MONITORING: 

Objectives of NMT monitoring: - 

1. To determine the onset of NMB 

2. To maintain the required depth of muscle relaxation during surgical procedure 

3. To assess an appropriate dose of reversal agent 

4. Assessing patients' recovery from NMB to minimize the risk of residual paralysis 

Uses of NMT monitoring: - 

1. After prolonged infusions of NMBA or when long-acting drugs are used 

2. When surgery or anesthesia is prolonged 

3. When inadequate reversal may have devastating effects like severe respiratory disease, 

morbid obesity 

4. In conditions where administration of reversal agent may cause harm like 

tachyarrhythmias, cardiac failure 

5. Liver or renal dysfunctions, when pharmacokinetics of muscle relaxants may be altered 

6. Neuromuscular disorders such as Myasthenia Gravis or Eaton-Lambert syndrome 

7. Surgeries requiring profound NMB like neurosurgery, vascular surgery in vital areas like 

thoracic cavity. 
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Types of NMT monitoring: - 

1. Qualitative monitoring - Clinicians subjectively estimate (guess) strength of muscle 

contractions in response to TOF stimulation by visual or tactile means using peripheral 

nerve stimulator or clinicians infer adequate return of neuromuscular function from 

clinical signs. 

a. Subjective monitoring - peripheral nerve stimulator 

b. Clinical tests - 5sec head lift, 5sec handgrip, 5sec leg lift, normal TV, normal vital 

capacity breaths, maximum inspiratory pressure less than 40-50 cm H2O etc. 

2. Quantitative or Objective monitoring - It is defined as an objective real time 

measurement of the TOFR. It measures strength of muscle contraction and display the 

result on a screen (0-1 or 0%-100%). It includes mechanomyography, electromyography, 

acceleromyography[AMG], kinemyography, compressomyography, phonomyography. 

 

Patterns of nerve stimulation: 

1. Single twitch stimulation 

2. TOF stimulation  

3. Tetanic stimulation  

4. Post Tetanic Count [PTC] stimulation 

5. Double Burst Stimulation [DBS] 
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SINGLE TWITCH STIMULATION- single supramaximal electrical stimuli are 

applied to a peripheral motor nerve at frequencies ranging from 1 Hertz (Hz) (once every 

second) to 0.1Hz (once every 10sec). The control response strength is noted. Strengths of 

subsequent twitches are then compared with the control expressed as a percentage of the 

control. 43 

TETANIC STIMULATION- It consists of high frequency delivery of electrical stimuli 

(50-100Hz). Most commonly used pattern is 50Hz stimulation given for 5sec.43 

POST TETANIC COUNT STIMULATION - It is a composite stimulation pattern 

composed by a tetanic stimulation (50Hz for 5sec) followed by 10 to 15 single twitches 

i.e., PTC twitches given at 1Hz starting 3sec after the end of tetanic stimulation.43 

DOUBLE BURST STIMULATION- It consists of two short sequences (bursts) if 50Hz 

tetanic stimuli separated by 750ms, with a 0.2ms. duration of each square wave impulse 

in the burst. Two most commonly used are DBS 3,3 and DBS 3,2.43 

In our study we used TOF monitoring. 

 

TRAIN-OF-FOUR [TOF] MONITORING: 

It was introduced by Ali and associates during the early 1970s. It consists of four 

supramaximal stimuli of equal intensity delivered at intervals of 0.5sec (2Hz) 44 and each 

stimulus in the train causes the muscle to contract. 

TOFR - It is the ratio of the amplitude of the fourth response or twitch to that of the first 

(T4:T1) i.e., fade in the train of responses, expressed in terms of percentage or fraction.43 
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TOFC- It is the number of discernible responses after TOF stimulation.43 

With the control response i.e., before giving muscle relaxant all the four responses are the 

same [TOFC is 4 & TOFR is 1.0]. With the partial depolarizing block there is an equal 

depression of all four twitches and no fade occurs [TOFC is 4 & TOFR remains 1.0], 

independently of the level of depolarizing NMB. In case of a non-depolarizing block 

there is progressive depression of height with each twitch i.e., fade and is inversely 

proportional to the degree of NMB. As the block is deepened, 4th twitch will be 

eliminated first then the 3rd and so on. Following the recovery or reversal of non-

depolarizing NMB, the TOFC increases until there are 4 responses, then decreases.43 

Determining TOFR requires all the 4 twitches to be present and it cannot be used to 

monitor a deep block. When used continuously, an interval of at least 10-12sec45 should 

be allowed between each set (train) of four stimuli to avoid fade during the measurement. 

 

Figure 11: TOF stimulation following administration of nondepolarizing and 

depolarizing muscle relaxants. 

TOF stimulation- Four successive single stimuli are delivered with 0.5-5sec intervals. 

With a nondepolarizing block, there will be progressive depression of the response      

with each stimulus. With a depolarizing block, the responses will be depressed equally.    
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Figure 12: Onset and progressive deepening of nondepolarizing block using TOF 

stimulation 

Fade in the TOF response after injection of Sch. signifies the development of a Phase II 

block. 

Advantages of TOF monitoring: - 

1. More sensitive indicator of residual NMB than the single twitch. 

2. Allows reliable assessment of the onset of NMB and moderate blockade. 

3. Control is not necessary. 

4. Can distinguish between a depolarizing and a non-depolarizing block. 

5. Useful in detecting and following development of a phase II block following Sch. 

administration.  

Disadvantages of TOF monitoring: - 

1. Poor performance at both extremes of NMB, deep relaxation or near complete 

recovery. 45,46,47 
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2. TOF stimulation does not allow the clinician to quantify the intense and deep levels of 

NMB. 

3. It does not allow the monitoring of the depolarizing phase I blockade. 

4. The subjective assessment of TOFR over-estimates NMB recovery, as the tactile or 

visual estimation of fade is accurate only if TOFR <0.4 in other words at TOFR between 

0.4-0.9 fade cannot be detected either visually or tactile. 

Kinemyography: - It is based on the principle that stretching or bending a flexible 

piezoelectric film43 (e.g., one attached to the thumb) in response to nerve stimulation 

generates a voltage (electrical signal) that is proportional to the amount of stretching or 

bending. This signal is processed and analysed to display TOFRs, Single twitch height, 

PTC and DBS. 

 

                           

Figure 13: Diagram showing bending of piezoelectric film on ulnar nerve stimulation 
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Performance of NMT monitoring: - 

Ulnar nerve is the gold standard as the stimulation site. Stimulation of ulnar nerve results 

in contraction of adductor pollicis muscle resulting in thumb adduction and finger 

flexion. It is easily accessible intra-operatively if the arm is in an outstretched position 

and the hand in supine position. Stimulator response can be evaluated tactile, visually or 

by objective means. It has the lowest risk of direct muscle stimulation due to topographic 

separation of the ulnar nerve which runs along the medial side of the arm and adductor 

pollicis muscle is located on the lateral aspect.  

Stimulation is achieved by transcutaneously placing 2 electrodes (negative and positive) 

along the nerve and passing current through them. Electrode sites should be kept dry and 

free of excessive hair or scar tissue or any skin lesions. Before induction of anesthesia, 

skin should be thoroughly cleansed with alcohol and dried with a gauze pad until a slight 

redness is visible to reduce impedance/ resistance of the skin. At the wrist, 2 electrodes 

are placed along the medial aspect of the distal forearm, approximately 2cm proximal to 

the proximal wrist skin crease as the ulnar nerve lies superficial at this site.48 Negative 

electrode which is red in colour is placed distally and a positive electrode which is 

black/white is placed 4-5cms proximal to the negative electrode. The NMT 

mechanosensory consists of 2 quick-fit malleable plastic semi-circular rings for the 

thumb and index finger with an interconnecting bending strip. The piezoelectric sensor 

pad, embedded in the bending strip, lies over the metacarpophalangeal joint of the thumb 

to the index finger. A narrow adhesive tape is used to fix the middle portion of the strip 

in place. The ring over the thumb is also taped. The surface electrodes and piezoelectric 
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sensory film are connected to the NMT module via cable.

 

                                  

Figure 14: NMT Module 
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REVIEW OF LITERATURE: 

PART B  

1.Wardhana, et al, did a randomized controlled trial on optimized reversal without TOF 

monitoring versus reversal using quantitative TOF monitoring and found that an 

optimized reversal strategy without TOF monitoring is not equivalent to a reversal 

strategy based on quantitative TOF monitoring. TOF monitoring should be used 

whenever needed and feasible, although neostigmine is optimized.9 

2.Domenech, et al, did a retrospective observational cohort study to estimate the 

incidence of residual neuromuscular blockade in patients managed with or without 

sugammadex or neostigmine as antagonists and quantitative NMB monitoring in the 

operating room. They concluded that intra-operative quantitative NMB monitoring and 

use of sugammadex are associated with a decreased incidence of RNMB in the PACU. 2 

3.Murphy, et al, in their double-blinded, randomized noninferiority trial to evaluate the 

effect of neostigmine administration on neuromuscular function when given to patients 

after spontaneous recovery to a TOFR of 0.9 or greater. They concluded that 

administration of neostigmine at neuromuscular recovery was not associated with clinical 

evidence of anticholinesterase-induced muscle weakness.3 

4.Nemes, et al, did a partially randomized, placebo controlled, double-blind, four-group 

parallel-arm study to investigate the incidence of postoperative RNMB using AMG after 

spontaneous recovery of rocuronium - induced block and to compare this with the 

administration of sugammadex, neostigmine or a placebo. They concluded that although 
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pharmacological reversal based on clinical signs was superior to spontaneous recovery, it 

did not prevent postoperative RNMB, irrespective of the reversal agent. 4 

5.Tajaate, et al, did a systematic review to evaluate efficacy of neostigmine-based 

reversal of intermediate acting NMBAs in preventing postoperative residual paralysis. 

They recommended that the administration of neostigmine should be delayed until T1> 

25% of baseline i.e., advanced degree of pre reversal recovery should have occurred, or 

accept that after injection of neostigmine recovery times more than 15 minutes is 

required. But there are only few studies of moderate quality that have investigated 

recovery times after neostigmine and further studies are needed to strengthen the 

evidence base for the findings of this review.49  

6.Fortier, et al, did the RECITE (Residual Curarization and its incidence at tracheal 

extubation) study which was a prospective observational study, investigating the 

incidence and severity of RNMB. They concluded that residual paralysis is common at 

tracheal extubation and PACU arrival, despite qualitative neuromuscular monitoring and 

the use of neostigmine. More effective detection and management of NMB is needed to 

reduce the risks associated with RNMB.7 

7.Sasaki, et al, did a prospective study to know the effects of neostigmine reversal of 

non-depolarizing NMBAs on postoperative respiratory outcomes. They found that 

neostigmine reversal did not affect oxygenation but was associated with increased 

atelectasis. Further analysis revealed that high-dose neostigmine was a strong predictor 

of atelectasis and was associated with a longer period of postoperative hospital stay. 

They concluded that unwarranted use of neostigmine, neostigmine administration 
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without appropriate guidance from neuromuscular monitoring, was associated with 

increased respiratory morbidity.50 

8.Kotake, et al in their multicentered observational study, sought to determine whether 

sugammadex reduces the incidence of postoperative residual weakness compared with 

neostigmine when the administration of rocuronium and its antagonists is not guided by 

neuromuscular monitoring. They demonstrated that the risk of TOFR <0.9 after tracheal 

extubation after sugammadex remains as high as 9.4% in a clinical setting in which 

neuromuscular monitoring (objective or subjective) was not used. They reinforced the 

importance of neuromuscular monitoring even when sugammadex is used for antagonism 

of rocuronium-induced neuromuscular blocks.5 

9.Yip, et al did a prospective observational study to assess the incidence of RNMB in the 

PACU. They concluded that RNMB is common in the PACU and it can predispose to 

postoperative complications. Anesthetists should consider quantitative neuromuscular 

monitoring to assess NMB and optimize reversal use. Anesthetists should be aware that 

intervals between the last dose of relaxant and extubation/transfer to the PACU more 

than an hour do not exclude the possibility of RNMB when using intermediate-acting 

NMBAs.51 

10.Butterly, et al did an observational study on postoperative residual 

curarization(PORC) from intermediate-acting NMBAs leading to delayed recovery room 

discharge. They concluded that PORC is associated with increased morbidity and a 

delayed PACU discharge. They recommended increased use of neuromuscular 

monitoring.52 
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11.Murphy, et al did a study to see if intraoperative AMG monitoring reduces symptoms 

of muscle weakness and improves quality of recovery in the early postoperative period. 

They concluded that AMG monitoring reduces the incidence of RNMB and associated 

unpleasant symptoms of muscle weakness in the PACU. It improves the overall quality 

of recovery in the early post-operative period compared to those monitored with 

traditional TOF.1 

12.Murphy, et al did a study to assess and quantify the severity of NMB in patients with 

signs or symptoms of critical respiratory events (CREs) in the PACU and observed a 

high incidence of severe RNMB in patients with CREs. They concluded that incomplete 

neuromuscular recovery is an important contributing factor in the development of CREs 

in the PACU.8 

13.Debaene, et al, did a study to determine the incidence of residual paralysis in the 

PACU after a single intubating dose of twice the ED95 of a non-depolarizing muscle 

relaxant with an intermediate duration of action. They concluded that after a single dose 

of intermittent-duration muscle relaxant and no reversal, residual paralysis was common, 

even more than 2 h after the administration of muscle relaxant. Quantitative measurement 

of NMT is the only recommended method to diagnose residual block.53 

14.Hayes, et al did a study to determine the incidence of postoperative residual block 

after intermediate-acting NMBAs. They concluded that a large proportion of patients 

after arriving at the recovery room had TOFR of <0.8 even with the use of intermediate-

acting NMBAs. Although the residual block is relatively short, it may occasionally be 

prolonged, requiring close observation and monitoring of such patients in the recovery 

room. They suggested that not only should the monitoring of neuromuscular blocks be 
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routine in order to guide the administration of optimal dosage of muscle relaxants and to 

determine the adequacy of reversal, but also that correct interpretation of the responses is 

important. More importance should be given to the use of a device that gives a digital 

value of the TOFR.54 
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4.Methodology 

MATERIALS AND METHODS: 

Study design: A randomized prospective observational study. 

Sample size:120, 60 in each group. 

Group C – Clinical parameters. 

Group T- TOF monitoring. 

Sampling procedure:  

The study was conducted on adult patients undergoing elective non head and neck 

surgeries. All the patients falling under inclusion criteria was allocated into 2 groups 

based on computerized randomization. 

Study instrument: 

A pre-formed and pre-tested proforma was used to collect information. Observations was 

analyzed using Graph pad prism 9 and Excel. 

Study subjects:  

Adult anesthetized and intubated patients undergoing elective surgeries at tertiary care 

teaching hospital during my study period of two years [November 2019 – December 

2021]. 
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Inclusion criteria: 

-Patients willing to participate in the study. 

-Patients undergoing elective surgery under general anesthesia with endotracheal   

 intubation. 

-American Society of Anesthesiologists [ASA] physical status I and II. 

-Patients aged 18-60 years of either sex. 

Exclusion criteria: 

- Patient refusal  

- Elective surgery less than 1 hour. 

- Post surgery intensive care admission. 

- BMI ≥35kg/m2 

- Hepatic disease 

- Neuromuscular disease 

- Renal insufficiency 

- Consumption of drugs known to affect neuromuscular transmission. 

- Contraindication to Neostigmine and/or Glycopyrrolate. 

- Difficulty accessing the TOF measurement in the ulnar nerve. 
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Data collection:  

After obtaining permission from the institutional ethical committee and informed consent 

from the patients, 120 patients were studied in this randomized prospective observational 

study. 

All patients underwent a thorough preoperative evaluation and relevant laboratory 

investigations were done on the previous day of surgery. Patients were kept NBM as per 

the guidelines before shifting to pre-operative room. Tab Pantoprazole 40mg and        

Tab Alprazolam 0.5mg orally on the night before surgery and on the morning of surgery 

was given as a pre anesthetic medication. 

After shifting the patient to the operation theatre, 18 Gauge i.v line was secured in the 

nondominant upper limb and i.v fluid was started. Routine monitors like electro-

cardiography, pulse-oximeter and non-invasive blood pressure were attached to the 

patient and baseline values were recorded. For neuromuscular monitoring two electrodes 

were placed along the medial aspect of the distal forearm to study ulnar nerve 

transmission. Distal electrode was placed at the wrist crest, whereas the proximal 

electrode was placed 3-6cm proximal from it. NMT sensor was placed between the 

thumb and the forefinger. Both the electrodes and NMT sensor was attached to the 

monitor via NMT sensory cable. 

The patient was preoxygenated for 3 min with 100% oxygen. Induction of anesthesia was 

done using Inj.Fentanyl 2µg/kg i.v followed by Inj. Propofol 2 mg/kg i.v. Once the 

patient was induced NMT monitoring was initiated and baseline strength of current 

noted. Muscle relaxation was achieved by giving Inj.Vecuronium 0.1mg/kg i.v. 
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Patient was mask ventilated for 3 min with 100% oxygen and endotracheal intubation 

was done under direct laryngoscopy using appropriate size endotracheal tube. After 

inflating the cuff bilateral equal air entry was confirmed. Balanced anesthesia was 

maintained with Isoflurane by keeping MAC in the range 1 - 1.2, with delivery gas 

N2O/O2 in the ratio of 50:50. End tidal carbon dioxide (EtCO2) was maintained in the 

range of 35-45mmHg. For analgesia Inj.Morphine 0.1mg/kg i.v was administered. 

Muscle relaxation was maintained with 0.02mg/kg of Vecuronium every 30 min. 

Towards the end of surgery, time since the administration of the last dose of Vecuronium 

if ≥ 30 min, reversal was initiated. In Group C respiratory efforts with TV of ≥ 0.5ml/kg 

of body weight if achieved, reversal with 0.04mg/kg of neostigmine and 0.001mg/kg of 

Glycopyrrolate was given over a period of 1-2 min. Once the patient had a TV of             

≥ 5ml/kg the patient was extubated. NMT monitoring was started and TOFR noted 

immediately after extubation and 10 min post extubation in the operating theatre (OT). 

Whereas in Group T at TOFC of ≥ 2, reversal with 0.04mg/kg of Neostigmine and 

0.001mg/kg of Glycopyrrolate was given over a period of 1-2 min. Once TOFR reaches   

≥ 0.7 patients were extubated. TOFR was again noted 10 min post extubation. Patients 

were considered to have residual paralysis if TOFR was <0.9 after 10 min of post 

extubation. Respiratory complications secondary to residual paralysis were noted. 
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SAMPLE SIZE ESTIMATION: 

The formula used for sample size calculation is, 

𝑛 =
2 (𝑍𝛼/2 + 𝑍𝛽)

2

𝑑2
 

𝑤ℎ𝑒𝑟𝑒, 𝑑 = (
|𝜇1 − 𝜇2|

𝜎
) 

Where, µ1 is mean of the first group, µ2 is mean of the second group, 𝜎2 is the common 

error variance, 𝑍𝛼/2 value is 1.96 for 95% confidence level and 𝑍𝛽 value is 1.2816 for 

90% power. 

The Reversal-extubation time is found to be 17.4 ± 4.8 min and 12.3 ± 8.4 min without 

and with TOF monitoring (reference). At 5% level of significance, and 90% power, the 

sample size is obtained to be 39 subjects for each group. Total sample size required is 39 

x 2 = 78 subjects.  

As sample size increases, the accuracy of the result also increases. 

Note: Sample size is calculated by using G*Power software by considering reversal 

extubation time. Unpaired t test has been used. 

STUDY ANALYSIS: 

-Data is analyzed using Graph pad prism 9 and Excel. 

-Categorical variables are given in the form of frequency tables. 

-Continuous variables are given in Mean ± SD/ Median (Min, Max) form.  

-t-test is used to compare the difference between the groups. 
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-Chi square test is done for contingency data. 

-p-value less than or equal to 0.05 indicates statistical significance. 
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5.OBSERVATION AND RESULTS: 

 

Table 1: Comparison of two groups with respect to age 

 

Graph 1: Comparison of two groups with respect to age 

 

              

 

 

 

 

 

 

 

 

 

Samples are compared with respect to age and p-value was found to be 0.95, hence there 

is no statistical significance between two groups in our study. 
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Table 2: Comparison of two groups with respect to gender 

 

Graph 2: Comparison of two groups with respect to gender 

                       

 

In our study we found that there was no statistical difference between two groups based 

on gender with p-value of 0.06. 
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Table 3: Comparison of two groups with respect to BMI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 3: Comparison of two groups with respect to BMI 

                

 

 

There was no statistical significance between two groups with respect to BMI with p-

value of 0.57. 
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 Table 4: Comparison of two groups with respect to duration of anesthesia in minutes 

 

Graph 4: Comparison of two groups with respect to duration of anesthesia in minutes 

         

In our study we compared duration of anesthesia in min between two groups and found 

that there was no statistical difference between two groups with p-value of 0.6.  
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Table 5: Comparison of two groups based on reversal to extubation time in minutes 

 

Graph 5: Comparison of two groups based on reversal to extubation time in minutes 

 

                       

When comparing two groups based on mean duration taken for reversal to extubation, 

our study showed that there was no statistical significance between two groups with p-

value of 0.07. 
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Table 6: Comparison of TOF value at the time of extubation in % between 2 groups 

 

Graph 6: Comparison of TOF value at the time of extubation in % between 2 groups 

 

          
 

In our study when comparing TOF value at the time of extubation between two groups, 

we found that there was no statistical significance between two groups with p-value of 

0.69. 
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 Table 7:  Comparison of TOF value after 10 min of extubation in % between 2 groups 

 

Graph 7: Comparison of TOF value after 10 min of extubation in % between 2 groups 

 

          
 

In comparison of TOF value after 10 minutes of extubation in % between two groups, we 

found that there was statistical significance with p-value of 0.006. 
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Table 8: Comparison between two groups based on residual paralysis 

 

 

In our study when comparing residual paralysis between two groups, we found that 5 

patients (8%) out of 60 in Group C had residual paralysis whereas none in Group T 

showing statistical significance with p-value of 0.02. 
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Graph 8: Showing residual paralysis in Group C 

 

 
 

 

 

 

Graph 9: Showing residual paralysis in Group T 
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Graph 10: Showing residual paralysis among study participants 
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6.DISCUSSION: 

Adequate reversal of NMB at the end of surgery is an essential requirement of balanced 

anesthesia when using nondepolarizing muscle relaxants to provide muscle relaxation 

during surgery, in order to reduce the risks associated with residual neuromuscular 

blockade in PACU. 

In our study there was no differences between the two groups for age, sex and BMI. 

There were no differences in the parameters like duration of anesthesia, reversal to 

extubation time, TOF value at the time of extubation between the two groups. However, 

there was a significant statistical difference between the two groups for the TOF value 

after 10 min of extubation and residual paralysis.  

TOF value after 10 min of extubation (%) in Group C was found to be 92.5±7.1(85.4-

99.6) whereas in Group T it was 95.6±2.7(92.9-98.3).  

In Group C, 54 (94%) subjects had TOFR of ≥ 0.9 after 10 min of extubation while 6 

(10%) subjects had TOFR of ≤ 0.89. Out of 6 subjects, 5 (8.33%) of them had TOFR ≤ 

0.79 with residual paralysis while 1 (1.67%) had TOFR of ≤ 0.86 without any evidence 

of residual paralysis. In Group T, 60 (100%) subjects had TOFR of ≥ 0.9 after 10 min of 

extubation without any residual paralysis. 

5 subjects in Group C had residual paralysis in the form of upper airway obstruction after 

extubation resulting in fall in oxygen saturation of <90%. These patients were managed 

on OT table with non-invasive methods like jaw thrust and use of oral airways to prevent 

tongue fall, along with 100% oxygen supplementation. None of the patients required 
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additional dose of neostigmine or invasive method like re-intubation. Patients were 

observed in the operative room for 10 minutes before shifting to PACU. 

Residual paralysis in Group C could be attributed to short time interval between reversal 

to extubation which is 5.9±2.2 (3.7-8.1) min resulting in TOFR ≤ 0.79 in 5 patients. Out 

of 5 subjects 3 of them had TOFR ≤ 0.69 and remaining 2 had TOFR between  

         0.70-0.79. 

Wardhan et al, in their study concluded that an optimized reversal strategy without TOF 

monitoring is not equivalent to a reversal strategy based on quantitative TOF monitoring. 

They implied TOF monitoring should be used whenever applicable, although the dose of 

neostigmine is optimized. Their study had an incidence of 16.7% residual paralysis in the 

group without TOF monitoring.9 In our study we found no clinically significant 

difference between the two groups with respect to recovery from NMB. However, we 

had statistically significant difference in the incidence of residual paralysis in Group C 

(8%). In our study we used fixed dose of neostigmine (50µg/kg) when TOFC was ≥2 

whereas they used variable dose of neostigmine according to the depth of blockade. 

Domenech et al, in their study found that group with intra-operative quantitative NMB 

monitoring had lower incidence of RNMB of 1.6% compared to 32% patients in group 

without TOF monitoring.2 They concluded that quantitative NMB monitoring helps in 

avoidance of RNMB and eventual use of reversal agents, if needed, prior to emergence 

from anesthesia. In our study none of the patients had RNMB in group with TOF 

monitoring. Sugammadex was used as reversal agent in their study and we had used 

neostigmine as reversal agent. Even our results are comparable. 
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Murphy et al, evaluated the effect of neostigmine administration at neuromuscular 

recovery and found that it was not associated with clinical evidence of anticholinesterase 

induced muscle weakness. Neostigmine 40µg/kg was given to patients after spontaneous 

recovery of TOFR ≥ 0.9 and it did not adversely affect TOF values, respiratory function 

or signs and symptoms of muscle strength. In our study we had similar findings in group 

with TOF monitoring. Their study had high incidence of incomplete neuromuscular 

recovery (21%) without the use of reversal agent.3 

Nemes et al, concluded that RNMB cannot be prevented without TOF monitoring 

irrespective of the reversal strategy.4 Reversal strategy with neuromuscular monitoring is 

the most reliable way for the prevention of RNMB and in association with quantitative 

monitoring a zero incidence of RNMB could be achieved. In our study we had zero 

incidence of RNMB in group with TOF monitoring which is similar to their study. 

Tajaate et al, in their study concluded that with neostigmine administration only shallow 

NMB i.e., T1≥25% (1st twitch height) can be reversed within 10 min.49 Administration of 

neostigmine for reversal of deep to moderate block showed longer time to achieve TOF   

> 0.9 from the time of reversal and it was not possible to achieve TOF > 0.9 in all 

patients leading to premature extubation. This was explained by narrow therapeutic range 

of neostigmine and appropriate timing and dosing are important to obtain the desired 

effects. In our study time for reversal to TOF value of > 0.9 was between 16.6±1.9 min in 

Group T whereas it was 15.9 ±2.2 min in Group C. Their result is different than ours 

because they used variable dose of neostigmine according to T1 (1st twitch height) 0-25% 

or more whereas we used 50µg/kg of neostigmine. 
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Fortier et al, in their study concluded that RNMB was present in 63.5% of patients at 

tracheal extubation and in 56.5% on arrival at the PACU.7 They found that patients had 

RNMB due to early tracheal extubation soon after neostigmine administration. They 

suggested that one should not rely on neostigmine alone to prevent RNMB and they 

defined RNMB as a nTOF (normalized TOF) ratio <0.9 using AMG. In our study we 

found that there was no RNMB at the time of extubation in both the groups. This 

difference might be because of early extubation. However, 5 subjects (8%) in Group C 

had residual paralysis after 10 min of extubation. In our study we did not use nTOF ratio 

and AMG to define RNMB. 

In a study conducted by Sasaki et al to know the effects of neostigmine reversal of non-

depolarizing NMBA’s on post-operative respiratory outcomes,50 they found that 

neostigmine administration without appropriate guidance from NMT monitoring was 

associated with increased adverse respiratory events. They also concluded that 

neostigmine is effective in reversing shallow and moderate NMB and hence shouldn’t be 

used to reverse deep NMB as it can result in incomplete reversal of NMB. In our study 

we used a fixed dose of neostigmine (50µg/kg) for reversal of NMB and did not find any 

adverse respiratory events in both Group C and Group T. However, we noticed residual 

paralysis in Group C due to shorter period of time from neostigmine administration to 

extubation. In Group T neostigmine was administered when TOFC ≥ 2 and we did not 

observe signs of incomplete NMB. 

Kotak et al, in their study found that incidence of TOFR < 0.9 after neostigmine and 

sugammadex administration were 23.9% (16.2%-33%) and 4.3% (1.7%-9.4%) 

respectively.5 Though sugammadex reduced the incidence of postoperative RNMB 
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compared to neostigmine the risk of TOFR < 0.9 in PACU remained at least 1.7%-9.4% 

in a clinical setting without neuromuscular monitoring. In our study we had similar 

findings where 8% of the subjects in Group C had RNMB, except for, we used 

neostigmine as a reversal agent instead of sugammadex. 

In a study conducted by Yip et al, to assess incidence of RNMB in PACU, the need for 

airway support, desaturation in patients with and without RNMB found that majority of 

the patients had RNMB in the PACU. Greater proportion of the patient with RNMB 

required airway support and 100% oxygen supplementation compared to those with 

TOFR >0.9 monitored using electromyography and incidence was seen more commonly 

in those who did not receive neostigmine for reversal.51 In our study only 5% of the 

patient had residual paralysis requiring airway support who were managed on OT table 

before shifting to PACU and none of the patients in Group T had residual paralysis. In 

our study we used TOF monitoring at the end of extubation and 10 min after extubation, 

unlike their study where NMB monitoring was done once the patient arrived in PACU. 

Butterly et al, in their study concluded that PORC (TOFR <0.9) using AMG prolongs 

the length of stay or delay PACU discharge by using intermediate non-depolarising 

NMBA like vecuronium.52 They recommend the use of NMT monitoring whenever 

intermediate NMBA are used. In our study we used TOF monitoring at the end of 

extubation and 10 min after extubation, unlike their study where NMB monitoring was 

done once the patient arrived in PACU. 
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In a study conducted by Murphy et al, they found that RNMB (TOFR< 0.9), was 

reduced in subjects monitored with AMG in comparison to those monitored with 

traditional TOF. Incidence of RNMB was 50% in group using traditional TOF, whereas it 

was 14.5% in subjects who received AMG monitoring.1 In our study we used 

kinemyography instead of AMG at the time of extubation and after 10 min of extubation 

in both the groups. Subjects in Group C had TOF value of 92.5±7.1 (85.4-99.6) after 10 

min of extubation and Group T had TOF value of 95.6±2.7 (92.9- 98.3). RNMB in Group 

C was 8% whereas none in Group T. 

Murphy et al, in their study concluded that incomplete reversal of NMB led to impaired 

respiratory and upper airway function resulting in adverse respiratory events like severe 

hypoxemia and upper airway obstruction in the PACU using AMG.8 In our study we also 

had a similar finding, where 5 patients in Group C had residual paralysis in the form of 

upper airway obstruction requiring jaw thrust and oral airway along with 100% oxygen 

supplementation. Residual paralysis was detected using kinemyography. It was observed 

in patients on OT table after 10 min of extubation and patients were managed 

accordingly before shifting to PACU. 

Debaene et al, in their study observed that residual paralysis (TOF <0.9) using AMG was 

seen 2 hours after administration of intermediate-acting muscle relaxant without giving 

reversal at the end of surgery, after the patient was shifted to PACU.53 In our study 

incidence of RNMB was less in Group C who received fixed dose of neostigmine for 

reversal of NMB. Whereas in Group T there was no residual paralysis in whom 

quantitative neuromuscular monitoring was used at the time of extubation. 
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Hayes et al, in their study to assess the incidence of postoperative RNMB (TOF <0.9) in 

patients coming to PACU after using intermediate acting nondepolarizing NMBAs, 

majority of the patients exhibited RNMB in groups in whom NMB monitoring was not 

done and in whom reversal agents were not used.54 In our study we also had a similar 

finding in Group C where NMT monitoring was not done, except, we used reversal agent 

in all the study subjects. The subjects were monitored on OT table before shifting to 

PACU. We used TOFR <0.9 to define RNMB.  
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7.CONCLUSION: 

 

In our study we came to conclusion that though there was a significant statistical 

difference between two groups for TOF value after 10 min of extubation and residual 

paralysis, there was no clinical significance between two groups. In other words, TOF 

monitoring is better compared to clinical parameters-based reversal strategy in attaining 

adequacy of reversal of NMB but in places where quantitative neuromuscular monitoring 

is not available patients can be extubated successfully using clinical parameters. 

However, one should be careful and vigilant enough to identify the signs and symptoms 

of residual paralysis leading to respiratory complications after the patient have been 

shifted to PACU, and the treating anesthesiologist should be skillful enough to treat the 

residual paralysis. In places where quantitative neuromuscular monitoring devices are 

available one should not be hesitant from using the device whenever neuromuscular 

blocking agents are used. 
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8.SUMMARY: 

 

This study entitled “Adequacy of reversal of neuromuscular blockade with or without 

Train-of-Four monitoring: A randomized prospective observational study” was 

conducted in a tertiary care teaching hospital from November 2019- December 2021. 

After obtaining permission from the institutional ethical committee and informed consent 

from 120 patients belonging to age group 18-60 years falling under ASA I and II physical 

status undergoing elective non head and neck surgeries requiring general anesthesia with 

endotracheal intubation were included in this study. 

They were divided into two groups, 60 each, based on computerized randomization. 

Group C – Clinical parameters 

Group T – TOF monitoring 

Aims and objectives of this study were 

1. To evaluate adequacy of reversal of NMB with or without TOF monitoring 

2. To evaluate residual paralysis 

3. To evaluate complications associated with residual paralysis 

After thorough preoperative evaluation, patient was shifted inside the OT. ASA monitors 

were attached to the patient along with NMT monitor. After adequate preoxygenation for 

3 min with 100% oxygen patient was induced with Inj.Fentanyl 2µg/kg and Inj.Propofol 

2mg/kg. Once the patient was induced NMT monitoring was initiated and baseline 

strength of current noted. Muscle relaxation was achieved using Inj.Vecuronium 

0.1mg/kg. Patient was mask ventilated for 3 min with 100% oxygen and endotracheal 
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intubation was done under direct laryngoscopy. At the end of the surgery extubation was 

achieved with Inj.Neostigmine 0.05mg/kg in Group C using clinical parameters and in 

Group T using TOF monitoring. Study population in both the groups were evaluated for 

10 min post extubation for signs of residual paralysis. 

At the end of this study, we found that there were no differences between the two groups 

for age, sex and BMI. There was no difference in the parameters like duration of 

anesthesia, reversal to extubation time, TOF value at the time of extubation between the 

two groups. However, there was a significant statistical difference between the two 

groups for the TOF value after 10 min of extubation and in the incidence of residual 

paralysis. 

5 subjects in Group C had residual paralysis whereas none in Group T. Reversal-

extubation time(min) in Group C [5.9± 2.2, 5.4 (2-15.2)] and Group T [6.6± 1.9, 6.24 

(3.3-12.2)] (p=0.07), TOF value at the time of extubation in Group C [72.1 ± 11.6, 72 

(41-91)] and Group T [72.75 ± 2.74, 72 (70-79)] (P=0.69). TOF value after 10 min of 

extubation in Group C [92.5 ± 7.1, 94(66-100)] and Group T [95.6 ± 2.7, 96 (90-100)] 

(p=0.006). 

The present study suggests that the absence of TOF monitoring resulted in residual 

paralysis though it was not clinically significant. However, TOF monitoring is desirable 

whenever neuromuscular blocking agents are used. 
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ANNEXURE-1 

CONSENT FORM 

Name of the participant:  

Name of the principal investigator: Dr Gayathri Devi M 

Name of the institution: SDM COLLEGE OF MEDICAL SCIENCES AND 

HOSPITAL, MANJUSHREE NAGAR, SATTUR, DHARWAD-580009 

                           I, _______________________________________________, have read 

the information in this form (or has been read to me). I was free to ask any questions and 

they have been answered. I am over 18 years of age and, exercising my free power of 

choice, hereby give my consent to be included as a participant in “ADEQUACY OF 

REVERSAL OF NEUROMUSCULAR BLOCKADE WITH OR WITHOUT 

TRAIN-OF-FOUR MONITORING: A RANDOMIZED PROSPECTIVE 

OBSERVATIONAL STUDY”, I have been explained in our vernacular language that, 

during the course of the study I might be allotted in any of the sample group (Group C/ 

Group T) and it shall not be my decision to be in a particular group. I have been 

explained about the possible advantages/disadvantages of being allotted in different 

sample groups. I have been explained about how a neuromuscular monitor is attached 

and its function. 

1. I have read and understood this consent form and the information provided to me. 

2. I have been explained about the consent document and the nature of study.  

3. My rights and responsibilities have been explained to me by the investigator. 

4. I have been advised about the risks associated with my participation in the study. 

5. I have informed the investigator of all treatments I am taking or have taken in the past. 

6. I agree to cooperate with the investigator and I will inform him immediately if I suffer 

from unusual symptoms. 
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7. I am aware of the fact that I can opt out of the study at any time without having to give 

any reason and this will not affect my future treatment in the hospital. 

8. I am also aware that the investigators may terminate my participation in the study at any 

time, for any reason, without my consent. 

9. I hereby give permission to the investigators to release the information obtained from me 

as result of participation in this study to the sponsors, regulatory authorities, Government 

agencies and the ethics committee. I understand that they may inspect my original 

records. 

10. My identity will be kept confidential if my data are publicly presented. 

11. I have had my questions answered to my satisfaction. 

12. I have decided to be in the research study. 

Date:  

Time:                                                                                 Patient name with signature                                                                                

Witness:                                                                             

Relationship to patient: 

I hereby state that the study procedures were explained in detail and all questions were 

fully and clearly answered to the above-mentioned participant and relative. 

 

Signature of the investigator: 
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ಒಪಿ್ಪ ಗೆ ಪತ್ರ  

 

ಭಾಗವಹಿಸುವವರು ಹೆಸರು: 

ಪಧಾನ ವೈದ್ಯ ಕೀಯ ಸಂಶೀಧಕರ ಹೆಸರು: ಡಾ|| ಗಾಯತಿ್ರ  ದೇವಿ. ಎಂ 

ಸಂಸೆ್ಥಯ ಹೆಸರು: ಶಿ್ ೀ.ಧ.ಮಂ. ವೈದ್ಯ ಕೀಯ ಮಹಾವಿದ್ಯಯ ಲಯ ಮತ್ತು  ಆಸಪ ತಿ್ರ  

…………ವಯನಸಿ್ಸ ನ ನಾನು, ಈ ಮೂಲಕ " ನಾಲ್ಕಾ ರು ರೈಲಿನ ಪರಿವಿೀಕ್ಷಣೆಯಂದ್ 

ಅಥವಾ ಅದು ಇಲಲ ದೆ ನರ ಸ್ನಾ ಯುವಿನ ತಡೆ ಹಿಮಮ ರಿಳಿಕೆಯ ಸ್ನಕಾಗುವಿಕೆ-ಒಂದು 

ಯಾದೃಚಿ್ಛತ ನಿರಿೀಕಿತ ವಿಕ್ಷಣೆಯ ಅಧಯ ಯನ" ಎಂಬ ಅಧಯ ಯನದ್ಲಿಲ  ಪಾಲ್ಗೊ ಳಲು 

ನನಾ  ಒಪ್ಪಪ ಗೆಯನುಾ   ನಿೀಡುತ್ರು ರುವೆನು. ಈ ಅಧಯ ಯನದ್ಲಿಲ  ಯಾವುದ್ಯದ್ರೂ ಒಂದು 

ಗುಂಪ್ಪನಲಿಲ  (ಗುಂಪು-ಸ್ಸ /ಗುಂಪು-ಟಿ)ನನಾ ನು ಸೇರಿಸಬಹುದು ಹಾಗೂ ಯಾವುದೇ ಒಂದು 

ನಿರ್ದಿಷ್ಟ  ಗುಂಪ್ಪಗೆ ಸೇರುವುದು ನನಾ  ನಿಧಾಿರವಲಲ . 

ನನಗೆ ನರ ಸ್ನಾ ಯುಕ ಪಿದ್ರ್ಿಕ ಯಂತಿ  ಮತ್ತು  ಅದು ಹೇಗೆ ಕಾಯಿನಿವಿಹಿಸುತು ದೆ 

ಎಂಬುದ್ರ ಕುರಿತ್ತ ವಿವರಿಸಲ್ಕಗಿದೆ. ಈ ಅಧಯ ಯನದ್ ಗುರಿ, ಇದ್ರಿಂದ್ಯಗುವ 

ಉಪಯೀಗಗಳು, ತಂದ್ರೆಗಳ ಬಗೆೊ  ಕೂಲಂಕುರ್ವಾಗಿ ನನಗೆ ಅಥಿವಾಗುವ 

ರಿೀತ್ರಯಲಿಲ  ನನಾ   ಆಡು ಭಾಷೆಯಲಿಲ  ತ್ರಳಿಸ್ಸರುತ್ತು ರೆ. ಇದ್ನುಾ  ಸರಿಯಾಗಿ 

ಅರ್ಥಿಸ್ಸಕಂಡು ನಾನು ಸವ ತಂತಿ ಯ ವಾಗಿ, ಯಾರ ಒತು ಡವೂ ಇಲಲ ದ್ ಒಪ್ಪರುತ್ರು ೀನೆ.  

೧- ನನಗೆ ನಿೀಡಿರುವ ಮಾಹಿತ್ರಯನುಾ  ಓರ್ದ ಅಥಿಮಾಡಿಕಂಡಿದೆದ ೀನೆ.  

೨- ನನಗೆ ಈ ಅಧಯ ಯನದ್ ಬಗೆೊ  ಮತ್ತು  ಒಪ್ಪಪ ಗೆ ಪತಿದ್ ಬಗೆೊ  ವಿವರಿಸಲ್ಕಗಿದೆ. 

೩- ನನಾ  ಹಕುಾ ಗಳು ಮತ್ತು  ಜವಾಬ್ದದ ರಿಗಳ ಬಗೆೊ  ನನಗೆ ವಿವರಿಸಲ್ಕಗಿದೆ. 

೪- ನಾನು ತ್ರಗೆದುಕಂಡು ಅಥವಾ ಹಿಂದೆ ತ್ರಗೆದುಕಂಡ ಎಲ್ಕಲ  ಚ್ಛಕತಿ್ರ ಗಳು 

ಸಂಶೀಧಕರಿಗೆ ತ್ರಳಿಸಲ್ಕಗಿದೆ. 

೫-ನಾನು ಯಾವುದೇ ಸಮಯದ್ಲಿಲ  ಅಧಯ ಯನರ್ದಂದ್ ಹೊರಬರುವ ಅಧಿಕಾರವನನುಾ  

ಹೊಂರ್ದರುತ್ರು ೀನೆ. 
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೬- ತನಿಖಾಧಿಕಾರಿಯಂರ್ದಗೆ ಸಹಕರಿಸಲು ನಾನು ಒಪುಪ ತ್ರು ೀನೆ ಮತ್ತು  ನಾನು ಅಸ್ನಮಾನಯ  

ರೀಗ ಲಕ್ಷಣಗಳಿಂದ್ ಬಳಲುತ್ರು ದ್ದ ರೆ ತಕ್ಷಣ ಅವರಿಗೆ ತ್ರಳಿಸುತ್ರು ೀನೆ. 

೭-ನನಾ  ಒಪ್ಪಪ ಗೆ ಇಲಲ ದೆ ತನಿಖೆಗಾರರು ಯಾವುದೇ ಕಾರಣಕೆಾ  ಯಾವುದೇ ಸಮಯದ್ಲಿಲ  

ಅಧಯ ಯನರ್ದಂದ್ ನನಾ  ಭಾಗವಹಿಸುವಿಕೆ ಅಂತಯ ಗೊಳಿಸಬಹುದು ಎಂದು ನಾನು 

ತ್ರಳಿರ್ದದೆದ ೀನೆ. 

೮- ಪಿಾಯೀಜಕರು, ನಿಯಂತಿಕ   ಪಿಾಧಿಕಾರಗಳು, ಸಕಾಿರದ್ ಏಜೆನಿಿ ಗಳು ಮತ್ತು  

ನೈತ್ರಕ ಸಮಿತ್ರಯಲಿಲ  ಭಾಗವಹಿಸುವವರಿಗೆ ಅಧಯ ಯನದ್  ಪರಿಣಾಮಗಳನುಾ  ಬಿಡುಗಡೆ 

ಮಾಡಬಹುದು ಎಂದು ಅನುಮತ್ರ ನಿೀಡಿರುತ್ರು ೀನೆ. 

೯-ಈ ಅಧಯ ಯನವನುಾ  ಯಾವುದೇ ರಿೀತ್ರಯಲಿಲ  ಪಿಕಾರ್ನ ಮಾಡಲು ನನಾ  

ಅಭ್ಯ ಂತರವಿರುವುರ್ದಲಲ . 

೧೦- ನನಾ  ವಿಷ್ಯವನುಾ  ಸ್ನವಿಜನಿಕವಾಗಿ ನಿೀಡಲ್ಕದ್ಲಿಲ  ನನಾ  ಗುರುತನುಾ  

ಗೌಪಯ ವಾಗಿ ಇಡಲ್ಕಗುವುದು. 

೧೧- ನಾನು ಯಾವುದೇ ಪಿಶ್ನಾ ಗಳನುಾ  ಕೇಳಲು ಮುಕು ನಾಗಿದೆದ ೀನೆ ಮತ್ತು  ನನಾ  ಪಿಶ್ನಾ ಗಳಿಗೆ 

ಸಮಾಧಾನಕರವಾಗಿ ಉತು ರಿಸಲ್ಕಗಿದೆ. 

೧೨-  ನಾನು ಈ ಅಧಯ ಯನದ್ಲಿಲ  ಭಾಗವಹಿಸಲು ನಿಧಿರಿಸ್ಸದೆದ ೀನೆ.  

 

ರ್ದನಾಂಕ : 

ಸಮಯ : 

ರೀಗಿಯ ಹೆಸರು ಮತ್ತು  ಸ್ಸಹಿ  

ಸ್ನಕಿದ್ಯರರ ಹೆಸರು ಮತ್ತು  ಸಹಿ : 

ರೀಗಿಗೆ ಸಂಬಂಧ : 
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ನಾನು ಈ ಮೂಲಕವಾಗಿ ತ್ರಳಿಸುವುದೇನೆಂದ್ರೆ ಅಧಯ ಯನದ್ ಕಾಯಿವಿಧಾನಗಳನುಾ  

ಮತ್ತು  ಎಲ್ಕಲ  ಪಿಶ್ನಾ ಗಳಿಗೆ, ಮೇಲೆ ತ್ರಳಿಸ್ಸದ್ ಭಾಗವಹಿಸುವವರು ಮತ್ತು  ಅವರ 

ಸಂಬಂಧಿಕರಿಗೆ ಸಂಪೂಣಿವಾಗಿ ಮತ್ತು  ಸಪ ಷ್ಟ ವಾಗಿ ಉತು ರಿಸಲ್ಕಗಿದೆ. 

 

ವೈದ್ಯ ರ ಸಹಿ : 
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ANNEXURE II 

PROFORMA 

COMPUTER GENERATED NO:                                     DATE: 

                                                                                               IP NO:                                                                                                                                                              

NAME:                                         

AGE:        Y 

SEX:  M / F     

HEIGHT:         (cm)  

WEIGHT:         (kg) 

BMI:                  (kg/m2) 

 

 COMORBID ILLNESS: 

 DRUG HISTORY: 

 DIAGNOSIS:   

 PROCEDURE: 
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         PREOPERATIVE ASSESSMENT: 

1.PATIENT DATA 

-ASA GRADE: 

-MODIFIED MALLAMPATI SCORE: 

-PULSE RATE:          (bpm)                                             

-BLOOD PRESSURE:               (mmHg) 

-SYSTEMICEXAMINATION: 

      CVS: 

      RS: 

      PA: 

      CNS:  

  

2. PRE-INDUCTION  STATUS OF THE PATIENT 

    -PULSE:         (bpm) 

    -BLOOD PRESSURE:            (mmHg) 

    -SpO2  : 
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 3.GROUP C/T: 

     1. PRE-PARALYSIS STRENGTH OF CURRENT OF NMT (mA): 

     2. ANESTHESIA DURATION (min): 

     3. TOTAL VECURONIUM DOSE (mg): 

     4. TIME OF LAST VECURONIUM (min): 

     5. REVERSAL – EXTUBATION TIME (min): 

     6. TOF VALUE AT THE TIME OF EXTUBATION: 

     7. TOF VALUE AFTER 10 MINUTES OF EXTUBATION: 

     8. RESIDUAL PARALYSIS: 
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ANNEXURE III 

ETHICAL COMMITTEE CLEARANCE CERTIFICATE
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ANNEXURE IV 

PLAGIARISM 
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ANNEXURE V                                

MASTER CHART 

 

Serial no. Group IP/OP NO. AGE SEX BMI DIAGNOSIS PROCEDURE  CURRENT (mA) ANAESTHESIA DURATION (mins)TOTAL VECURONIUM DOSE(mg)TIME OF LAST VECURONIUM(mins)REVERSAL-EXTUBATION TIME(mins)TOF VALUE AT THE TIME OF EXTUBATIONTOF VALUE AFTER 10 MINUTES OF EXTUBATIONRESIDUAL PARALYSIS

1 T 844058 48 F 29.8 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 72 240.3 10 30.3 4.4 72 98 N

2 T 1295312 54 M 27 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 35 130.2 9 30.2 10.3 72 96 N

3 T 1277641 52 F 28.1 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 69 260.5 9.5 33.5 12.2 72 98 N

4 T 533352 48 F 26.6 RECCUERENT BILIARY COLIC LAPAROSCOPIC CHOLECYSTECTOMY 23 125.3 7 30.3 5.3 78 98 N

5 T 513036 16 F 22.2 ACUTE APPENDICITIS LAPAROSCOPIC APPENDECTOMY 46 114.44 7 30.44 9.25 79 90 N

6 T 532155 42 F 26 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 29 150.35 7 40.35 5.3 78 99 N

7 T 511848 29 F 21.1 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 35 130.45 5.5 47 5.15 78 95 N

8 T 524137 33 F 19.1 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 69 155 8 50 5.3 75 100 N

9 T 530290 24 F 18 SMALL BOWEL PERFORATION LAPAROTOMY AND PROCEED 35 120.5 6 30.5 10.2 72 94 N

10 T 1355466 26 F 30.1 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 40 155.3 11 35.3 8.1 78 96 N

11 T 534239 50 F 29.9 ACUTE APPENDICITIS LAPAROSCOPIC APPENDECTOMY 29 65.2 7 65.2 4.55 73 98 N

12 T 528144 42 M 25.7 L5-S1 IVDP LAMINECTOMY + DISCECTOMY 44 90.3 6 30.3 8.1 79 96 N

13 T 812110 45 M 19.2 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 29 330.1 11 40.1 10.15 71 96 N

14 T 1342872 30 M 22.1 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 48 67.25 7 67.25 8.2 70 98 N

15 T 1292126 68 M 25.4 L3-L4 IVDP LAMINECTOMY + DISCECTOMY 60 90.1 8 55.1 5.15 70 91 N

16 T 1292553 26 M 18.6 BLUNT TRAUMA TO ABDOMEN LAPAROTOMY AND PROCEED 29 232.2 10 55.2 7.3 71 98 N

17 T 1305392 32 M 28 LEFT INGUINAL HERNIA HERNIA REPAIR WITH MESH 40 105.45 10 30.45 6.28 72 96 N

18 T 869105 29 F 27.2 RIGHT PUJ CALCULUS RIGHT PCNL + DJS 23 125.5 7.5 55.5 10.34 70 94 N

19 T 1220389 34 F 21.5 LEFT RENAL CALCULUS LEFT PCNL + DJS 23 116.4 7.5 39.4 9.38 76 96 N

20 T 533585 48 F 27.2 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 30 190.2 10 49.2 5.4 70 97 N

21 T 129801 33 F 25 INCISIONAL HERNIA HERNIA REPAIR WITH MESH 29 180.36 9 30.36 6.05 71 90 N

22 T 525792 48 F 24.3 ACUTE APPENDICITIS LAPAROSCOPIC APPENDECTOMY 40 105.24 7 7.24 5.15 70 91 N

23 T 525843 40 F 31.2 CHOLELITHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 46 125.55 8 45.55 7.45 78 91 N

24 T 1342887 37 M 20.7 PARAUMBILICAL HERNIA HERNIA REPAIR WITH MESH 58 186.3 15 40.3 4.55 77 95 N

25 T 1310984 20 F 20.2 RIGHT OVARIAN CYST LAPAROSCOPIC CYSTECTOMY 29 116.26 7.5 36.26 4.45 74 99 N

26 T 1342969 40 M 24.1 ACUTE APPENDICITIS LAPAROSCOPIC APPENDECTOMY 40 108.2 9 40.2 10.05 71 97 N

27 T 1296942 42 F 31.2 ACUTE CALCULOUS CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 70 270.05 12 45.05 5.1 70 97 N

28 T 1303902 54 F 34.7 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 26 87.1 9 42.1 5.25 74 96 N

29 T 509157 35 F 18.7 L3-L5 IVPD LAMINECTOMY + DISCECTOMY 33 170.36 9 40.36 6.24 76 99 N

30 T 1180864 46 F 31.2 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 54 107.24 9 44.24 5.35 74 97 N

31 T 810518 36 M 25.6 L4-S1 IVDP LAMINECTOMY + DISCECTOMY 34 84.1 8 30.1 6.25 70 99 N

32 T 1316709 40 M 20.4 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 27 135.22 7.5 30.22 7.4 72 96 N

33 T 1048191 49 F 23.9 L4-L5 CANAL STENOSIS LAMINECTOMY + DISCECTOMY 30 65.2 7 65.2 4.55 71 97 N

34 T 501483 70 F 27 L3-L5 IVPD LAMINECTOMY + DISCECTOMY 50 112.3 8 50.3 4.46 73 97 N

35 T 529634 50 F 20.4 L3-L5 IVPD LAMINECTOMY + DISCECTOMY 45 98.4 5.5 40.4 5.2 71 97 N

36 T 1312647 35 M 23.4 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 38 104.55 7 38.55 7.35 74 99 N

37 T 1300881 54 M 19.6 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 34 224.24 9.5 36.24 5.56 70 91 N

38 T 1293648 38 M 31.2 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 38 107.05 9.5 44.05 6.24 72 98 N

39 T 1287513 35 M 24 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 50 97.1 8.5 35.1 7.2 77 99 N

40 T 1224102 47 M 23.1 L4-L4 IVDP LAMINECTOMY + DISCECTOMY 48 102.2 7.5 40.2 6.2 71 93 N

41 T 1317746 39 F 27.6 L4-S1 IVDP LAMINECTOMY + DISCECTOMY 36 177.5 12 42.5 6.25 71 96 N

42 T 1317690 43 M 22.7 L5-S1 IVDP LAMINECTOMY + DISCECTOMY 42 120 7.5 50 5.4 73 98 N

43 T 126151 35 M 21.2 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 45 70.3 6.5 70.3 5.55 71 98 N

44 T 530162 50 M 22.1 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 50 143.25 9 30.25 9.05 71 94 N

45 T 531758 39 F 23.2 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 28 65.15 5 65.15 5.3 73 99 N

46 T 1267090 33 M 18.4 L4-S1 IVDP LAMINECTOMY + DISCECTOMY 24 134.2 7 42.2 8.1 71 97 N

47 T 1271112 35 F 24 L1-L5 IVDP LAMINECTOMY + DISCECTOMY 37 208.5 9 46.5 7.2 72 97 N

48 T 7997600 43 M 19.5 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 32 83.16 7 30.16 7.35 70 92 N

49 T 509135 41 M 26.3 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 40 93.34 10 32.34 5.15 70 94 N

50 T 995539 56 M 23.9 LEFT RENAL CALCULUS LEFT PCNL + DJS 50 66.35 6.5 66.35 8.28 72 96 N

51 T 527278 50 F 25.3 RIGHT STAGHORN CALCULUS RIGHT PCNL + DJS 39 155.25 8 38.25 6.3 70 94 N

52 T 347151 40 M 28.7 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 60 120.4 10.5 42.4 8.05 74 96 N

53 T 1280895 56 F 19.1 LEFT RENAL CALCULUS LEFT PCNL + DJS 24 75.35 6.5 40.35 5.25 70 92 N

54 T 1153242 43 M 24.3 LEFT RENAL CALCULUS LEFT PCNL + DJS 54 120.44 8 43.44 5.3 72 90 N

55 T 1306719 18 F 22.2 LEFT RENAL CALCULUS LEFT PCNL + DJS 30 75.2 6 35.2 10.1 70 92 N

56 T 501814 44 M 23.7 LEFT RENAL CALCULUS LEFT PCNL + DJS 48 63.25 7 63.25 6.24 75 96 N

57 T 1344906 49 M 22.8 RIGHT UPPER URETERIC CALCULUS RIGHT PCNL + DJS 52 90.4 9.5 46.4 5.44 72 93 N

58 T 1341038 48 F 28.9 LEFT RENAL CALCULUS LEFT PCNL + DJS 40 70.1 6.5 70.1 6.4 75 97 N

59 T 502784 60 F 25.4 LEFT RENAL CALCULUS LEFT PCNL + DJS 48 90.15 7.5 90.15 3.36 70 90 N

60 T 1303629 38 M 22.2 RIGHT PUJ CALCULUS RIGHT PCNL + DJS 52 65.2 7 65.2 5.46 71 94 N

61 C 1241752 39 F 22.7 INCISIONAL HERNIA HERNIA REPAIR WITH MESH 23 165.35 9.5 35.35 5.3 80 96 N

62 C 533198 32 F 21.1 ACHALASIA CARDIA HELLERS CARDIOMYOTOMY 35 210.14 10 31.14 2 TOFC 4 68 Y

63 C 532619 25 M 18.1 CHOLETHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 30 185.44 10 50.4 5.1 66 90 N

64 C 532366 39 F 23.6 RIGHT CARCINOMA  BREAST RIGHT MRM 40 90 8 30 6.3 78 100 N

65 C 532498 32 F 27.9 RIGHT CARCINOMA  BREAST RIGHT MRM 29 265.2 12 35.2 5.2 68 90 N

66 C 529344 35 M 24 B/L LOWER LIMB FRACTURE ORIF 33 420.4 20 60.4 10.2 80 95 N

67 C 510473 60 M 17.8 L5-S1 IVDP LAMINECTOMY + DISCECTOMY 30 94.5 8.5 42.5 6.1 62 90 N

68 C 531775 44 M 23.4 DIAPHRAGMATIC ECCENTRATION LAPAROTOMY AND PROCEED 26 250.4 10 45.4 8.2 75 95 N

69 C 1314382 50 F 33.7 L4 CYSTIC SCHWANOMA LAMINECTOMY + DISCECTOMY 28 148.2 9 54.2 4.34 64 96 N

70 C 529929 60 F 26 CHOLELITHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 23 160.34 9.5 38.34 4.28 TOFC 4 66 Y

71 C 531653 46 M 23 CHOLANGITIS LAPAROSCOPIC CHOLECYSTECTOMY 35 100.5 14 33.5 7.25 65 94 N

72 C 524367 57 M 25.9 CHOLETHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 75 80.45 6 40.45 5.2 83 100 N

73 C 967421 44 M 23.2 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 33 87.1 7 37.1 4.24 70 92 N

74 C 1306582 48 F 21 INFRA UMBILICAL HERNIA HERNIA REPAIR WITH MESH 70 140.4 8 40.4 7.34 86 98 N

75 C 1296995 60 F 24.4 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 24 120.2 6.5 40.2 7.14 TOFC 2 70 Y

76 C 1298621 38 F 26.7 CHOLETHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 29 90.44 10 45.44 5.36 66 95 N

77 C 532046 30 F 22.1 CHOLETHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 35 105 8 30.4 5.1 69 98 N

78 C 1333899 55 F 18.9 L3-L5 IVPD LAMINECTOMY + DISCECTOMY 40 185.5 9 48.5 6.2 82 100 N

79 C 1332049 52 M 28.9 L4-S1 IVDP LAMINECTOMY + DISCECTOMY 35 135.2 7.5 46.2 6.25 88 94 N

80 C 1040161 35 F 33.2 CHOLELITHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 35 105.2 7.5 45.2 3.44 58 91 N

81 C 355257 57 F 17.6 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 70 200.45 11 30.5 5 67 90 N

82 C 502619 32 M 21.7 L4-S1 IVDP LAMINECTOMY + DISCECTOMY 36 65.4 4.5 34.4 5.2 64 90 N

83 C 1308593 41 F 28.1 L3-L5 IVPD LAMINECTOMY + DISCECTOMY 45 105.3 7 54.3 4.4 68 92 N

84 C 526398 18 F 28 PARAOVARIAN CYST LAP OVARIAN CYSTECTOMY 23 122.4 6 32.4 3.5 66 97 N

85 C 525094 69 M 27 LEFT CARCINOMA BREAST LEFT MRM 35 140.1 8 65.1 15.25 82 98 N

86 C 525842 49 M 24.9 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 70 165.24 10 63.24 5.3 86 97 N

87 C 1330872 50 M 30.8 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 17 88.2 7 43.2 7.55 83 94 N

88 C 1335125 37 F 25 AUB TLH 35 279.5 13.5 43.5 7.45 84 100 N

89 C 1289788 55 F 21 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 40 113.55 7 50.55 6.25 78 98 N

90 C 1300200 32 M 20.3 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 28 70.1 5 70.1 5.25 68 93 N

91 C 1294140 30 M 17.7 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 28 130.25 7.5 34.25 6.4 76 94 N

92 C 501887 33 M 17.8 L4-L5 IVDP LAMINECTOMY + DISCECTOMY 38 93.5 6 42.5 3.55 68 92 N

93 C 529233 22 M 24.4 L1-L2 IVDP LAMINECTOMY + DISCECTOMY 50 104.2 5 45.2 4.55 69 90 N

94 C 1329358 23 M 19.5 L3-L4 IVDP LAMINECTOMY + DISCECTOMY 40 70.4 5.5 75.4 3.45 68 94 N

95 C 1303350 45 M 22.5 LEFT UV CALCULUS LEFT PCNL + DJS 35 62.35 5 62.35 5.36 68 90 N

96 C 1292749 59 M 20.4 LEFT RENAL CALCULUS LEFT PCNL + DJS 44 90.25 7.5 45.25 5.45 68 92 N

97 C 1256461 27 M 29.5 LEFT PUJ CALCULUS LEFT PCNL + DJS 25 68.25 6.5 70 6.4 80 94 N

98 C 478365 53 F 25.2 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 50 90.4 8 14.4 6.25 74 96 N

99 C 510073 29 M 18.1 RIGHT URETERIC CALCULUS RIGHT PCNL + DJS 38 110.3 8 33.3 7.24 80 92 N

100 C 511480 25 M 23.2 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 28 88.05 6 38.05 6.1 80 94 N

101 C 218317 31 M 26.4 LEFT PUJ CALCULUS LEFT PCNL + DJS 40 108.2 8 35.2 5.45 77 94 N

102 C 508980 43 M 28.7 B/L URETERIC CALCULUS RIGHT PCNL +B/L DJS 46 118 9 35 6 84 95 N

103 C 509103 33 M 26.9 RIGHT STAGHORN CALCULUS RIGHT PCNL + DJS 55 85.3 9.5 40.3 6.25 77 94 N

104 C 509093 33 M 24.2 RIGHT PUJ CALCULUS RIGHT PCNL + DJS 40 95.1 8.5 45.1 5.28 77 98 N

105 C 509919 32 M 25.2 LEFT RENAL CALCULUS LEFT PCNL + DJS 34 80.4 8 37.4 4.35 57 90 N

106 C 1353337 48 M 21.5 LEFT URETERIC CALCULUS LEFT PCNL + DJS 28 135 9 38.3 6.4 84 98 N

107 C 1315577 47 M 25.8 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 30 120.2 7.5 40.2 4.1 68 92 N

108 C 801719 60 M 24.8 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 48 80.2 9 42.2 6.45 50 70 Y

109 C 1097872 37 M 24.2 LEFT UV CALCULUS LEFT PCNL + DJS 50 120.45 9 36.45 8.15 80 96 N

110 C 1307053 29 M 22.2 RIGHT RENAL CALCULUS RIGHT PCNL + DJS 42 125.15 9 40.15 5.24 67 86 N

111 C 1301670 50 M 20.8 LEFT RENAL CALCULUS LEFT PCNL + DJS 44 92.4 7 37.4 5.5 50 68 Y

112 C 1348783 22 M 25.4 LEFT RENAL CALCULUS LEFT PCNL + DJS 30 85.17 7 35.17 5.25 64 90 N

113 C 1295312 55 M 27.4 CHOLELITHIASIS LAPAROSCOPIC CHOLECYSTECTOMY 42 90 7.5 43 6.28 86 99 N

114 C 1234463 54 M 24.4 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 70 85.45 7 40.45 5.28 65 96 N

115 C 1354569 28 F 20.7 CHOLECYSTITIS LAPARSOCOPIC CHOLECYSTECTOMY 70 290.45 14 45.45 5.35 90 100 N

116 C 1289362 46 F 28.9 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 26 240.2 9 30.2 6.4 66 97 N

117 C 1353593 26 F 19.5 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 63 140.3 8 60.3 5.25 81 97 N

118 C 1304812 33 F 27.3 UMBILICAL HERNIA HERNIA REPAIR WITH MESH 46 254 14 31 4.45 83 92 N

119 C 652973 50 M 27.6 LEFT INGUINAL HERNIA LAPAROSCOPIC HERNIA REPAIR 46 100.4 10 40.4 8.36 86 100 N

120 C 941417 47 M 26 CHOLECYSTITIS LAPAROSCOPIC CHOLECYSTECTOMY 52 150 10 50 15.1 91 94 N
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