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Background: In patients with medically refractory seizures (MRS), on multiple 

antiepileptic drugs (AEDs), intravenous (IV) anaesthetic agents require modifications 

in their dosages.  However, data on requirement of anaesthetic agents in these patients 

during neurosurgeries is limited. This prospective observational study investigated the 

requirement of IV anaesthetic agents for general anaesthesia (GA), in MRS patients 

on multiple AEDs, undergoing neurosurgeries.  

Materials and Methods: 40 ASA grade 1 and 2, MRS patients aged 18-60 years, 

undergoing elective neurosurgery;  were recruited. In all patients GA was induced and 

maintained with total intravenous anaesthesia (TIVA) using propofol target controlled 

infusion (TCI). 20 patients on prophylactic levetiracetam were included as control 

group. Propofol dose required for induction, maintenance effect site concentration 

(Ce), total propofol required adjusted for the duration of surgery and the emergence 

parameters were compared between the MRS and control groups (group C). 

Multivariate analysis was conducted using logistic regression to effect of individual 

drugs on propofol requirement.  

Results: The propofol required for induction in group MRS  was significantly lower 

when compared with that in group C (1. 03 ± 0. 27 vs 1. 21± 0. 25 mg/kg ) (p=0. 02). 

Ce of propofol required for maintenance in group was significantly lower when 

compared with that in group C MRS (2. 01±0. 38 vs 2. 92 ± 0. 45 mcg/ml) (p<0. 001). 

The total dose of propofol required in group MRS was significantly lower when 

compared with that in group C (4. 41 ±1. 07 vs 6. 17± 1. 08 mg/kg/hr) (p<0. 001) and 

this was more significant in patients on clobazam (4. 23±0. 75 vs 5. 91±0. 99) (p< 0. 

001). The recovery from GA was faster in MRS group as compared to group C ( p <0. 

001). The time to extubation was significantly lower in patients on oxcarbazepine (p = 

0. 03) and carbamazepine (p = 0. 03).  
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Conclusions- Propofol requirement for both induction and maintenance of GA is 

significantly lower in patients with MRS, on multiple AEDs, when compared with 

patients on prophylactic levetiracetam. MRS patients on Clobazam have reduced 

requirement of propofol when compared with patients on other AEDs. Patient’s 

recovery from anaesthesia is significantly faster in MRS group of patients when 

compared with those on prophylactic levetiracetam.  

Key words- Medically refractory seizures, Propofol, Antiepileptic drugs, Target 

controlled infusion, Anaesthetic requirements, Neurosurgery  
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The drug resistant epilepsy is defined, by International League Against Epilepsy 

(ILAE), as a condition when a person has failed to become (and stay) seizure free 

with adequate trials of two antiepileptic drugs (AEDs); with appropriately chosen 

AEDs, for the person’s seizure type. About 30 to 40% of people with epilepsy have 

seizures that are not controlled by medication.  (1)  

In patients with refractory epilepsy who do not respond to AEDs, surgery is one of the 

important therapeutic avenue; mainly in patients with distinct resectable lesions like 

glioma, hippocampal sclerosis, focal cortical dysplasia, Dysembryoplastic 

neuroepithelial tumour, etc. for which administration of general anaesthesia is 

required.  (2)  

General anaesthesia (GA) involves administration of multiple intravenous and 

inhalational anaesthetic agents. The pharmacokinetic and pharmacodynamic 

interactions between AEDs and commonly used anaesthesia drugs affect the  efficacy 

and potency of anaesthetic agents.  

There are multiple mechanisms by which AEDs interact with anaesthetic agents. 

Commonly used antiepileptics are eliminated via hepatic metabolism. Many of these 

drugs can be inducers or inhibitors of cytochrome enzymes which result in altered 

metabolism of anaesthetic agents. Hepatic enzyme inhibition, occurring due to 

competition at the enzyme site, decreases the rate of metabolism of the affected drug, 

which is associated with an increased plasma concentration of anaesthetic drugs.  (3)  

(4)  

Carbamazepine, phenytoin and phenobarbital, have potent enzyme-inducing 

properties. This leads to a decreased plasma concentration of anaesthetic agents and 

increase the dose required to maintain sufficient anaesthetic depth in these patients. 

Oxcarbazepine and eslicarbazepine are weaker inducers of hepatic microsomal 
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enzymes compared with carbamazepine, but the effects may be clinically significant.  

(5)  Topiramate also induces hepatic microsomal enzymes in a dose-dependent 

manner. Valproate is an inhibitor of hepatic microsomal enzyme systems and may 

reduce the clearance of many concurrently administered medications, including other 

AEDs and anaesthetic agents, leading to increased plasma concentration of the 

anaesthetic drugs.  

Other mechanism by which these AEDs can affect the action of the anaesthetic agent 

is by sharing the common site of action. Most of the anaesthetic agents and some of 

the AEDs act through the Gamma-Aminobutyric acid (GABA) receptor, which is the 

principle inhibitory transmitter. The reduction in the density of the GABA receptors is 

one of the cellular mechanisms leading to refractory epilepsy.  (6)  This loss of 

GABAergic receptor density is also the likely reason for the relative ineffectiveness of 

anaesthetic drugs that act on these receptors. Propofol exerts its action mainly via 

modulation of the GABA (A) receptor and thus the dose required in refractory 

epilepsy patients may be affected.  

Total intravenous anaesthesia (TIVA) is an anaesthetic technique in which a hypnotic 

agent (propofol) is used in combination with an opioid for anaesthesia induction and 

maintenance. TIVA is commonly used in neurosurgery because of the fast onset of 

action, easy titratability and the ability to facilitate intraoperative neurophysiological 

monitoring techniques.  (7)  

In modern anaesthesia practice TIVA is commonly administered using target control 

infusion (TCI). TCI is a computer-controlled syringe driver, that replicates the 

principles of the BET (Bolus, elimination, transfer) regimen, electronically. It utilizes 

pharmacokinetic-pharmacodynamic models to continuously adjust the infusion rate to 

maintain the estimated plasma/effect site concentration and thereby provide a stable 

anaesthetic level of propofol.  Marsh and Schnider are the two models used for 
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propofol TCI. Schnider’s model of TCI is recommended for effect site targeting of 

propofol infusion.  (8)  The co-variates required in this model are total body weight, 

age, height, and lean body mass (LBM) (calculated from total weight, gender, and 

height).  

Neither of these models account for the pharmacokinetic or pharmacodynamic 

properties of propofol being affected by other drugs used in anaesthesia or 

concomitant drugs the patients is already on. Of all the concomitant drugs used the 

AEDs have the maximum potential for affecting the pharmacodynamics of propofol 

because most of these drugs share the GABAminergic receptors for their action.  

It is imperative to study about the requirements of IV anaesthetic agents in these 

patients so that under and or over dosage of anaesthetic agents can be avoided. The 

use of reduced anaesthetic doses have been implicated as an important cause for 

intraoperative awareness,  (9)  whereas overdosing leads to hemodynamic 

disturbances, delays awakening and increases the cost of the procedure.  

According to pharmacokinetic effects, the dose of propofol required in patients on 

enzyme inducer AEDs will be higher whereas as the dose of propofol in patients on 

enzyme inhibiting AEDs will be reduced, when compared with patients who are not 

on any AED. We hypothesise that, patients with multiple AEDs, receiving 

combination of these drugs, may show similar results.  

Our institute being a tertiary referral hospital for neurology and neurosurgery, caters 

to a large number of patients with MRS, who are on multiple AEDs, coming for 

neurosurgery and other diagnostic procedures requiring anaesthesia.  

In this observational study, we intend to assess the effect site concentration (Ce) and 

propofol requirement during GA for neurosurgery in these unique group of patients 
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with MRS on multiple AEDs, which has not been studied previously to the best of our 

knowledge.  
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1. MEDICALLY REFRACTORY SEIZURES 
 

Introduction  

Drug resistant epilepsy is defined as “failure of trials of two tolerated, appropriately 

chosen and used AED schedules, to achieve sustained freedom from seizures. ” About 

25% of all patients with epilepsy present with drug-resistant epilepsy.  (10)  MRS is 

associated with increased morbidity, mortality, psychosocial and cognitive problems, 

and reduced quality of life  (11)  

Rational polytherapy is initiated in these group of patients, with the aim of finding 

AED combinations that increase efficacy (supra-additive effect) and minimise adverse 

effects (infra-additive effect). Combining AEDs with different mechanisms of action 

can achieve a broad action spectrum which covers all types of epilepsy syndromes 

experienced by the patient.  

Mechanisms by which general anaesthetic agents and multiple AEDs interact-  

The mechanism (s) of refractory epilepsy are multifactorial, and can be genetic, 

environmental, or disease and drug-related factors. Drug-related factors can be 

pharmacokinetic or pharmacodynamic. Since anaesthetic agents and AED share a 

common receptors and common mode of metabolism, the factors that affect the 

refractoriness of AEDs can also affect the action and metabolism of anaesthetic 

agents. Important hypothesis and most cited theories of AED resistance are-  

1. The pharmacokinetic hypothesis-  

The pharmacokinetic hypothesis proposes that overexpression of efflux transporters is 

found in the cerebral capillary endothelium of epileptic brain tissues. Efflux 

transporters are transmembrane molecules that function as active pumps to drive the 

substrates against the concentration gradient, and thus reduce the accumulation of 
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substrates within the cell. These pumps are increasingly expressed in cerebral 

capillary endothelium, astrocytes and neurons, in patients with intractable epilepsy 

and thus decrease AED levels at the target site.  

2. The Pharmacodynamic hypothesis - As anaesthetic agents and AEDs share a common 

effect site, any mechanism which can modulate the effect site, can affect the 

anaesthetic agent requirement. There are different mechanisms which explain the 

pharmacodynamics effects – 

a. Neural network hypothesis- which states that seizure induced degeneration and 

remodelling of the neural network suppress the endogenous anti-seizure system and 

inhibit AEDs from accessing neuronal targets. The development of abnormal neural 

networks and eventually AED resistance could be contributed by neurogenesis and 

astrogliosis in temporal lobe epilepsy.  

b. Intrinsic severity hypothesis- The intrinsic severity hypothesis states that common 

neurobiological factors contribute to both epilepsy severity and pharmacoresistance. 

Pharmacoresistance is thus inherent to the disease severity, which might exist on a 

continuum ranging from mild to severe.  (12)  

c. The gene variant hypothesis-The gene variant hypothesis states that variations in 

genes associated with AED pharmacokinetics and pharmacodynamics cause inherent 

pharmacoresistance. Specifically, variations in genes that encode enzymes that 

metabolize AEDs or ion channels and neurotransmitter receptors targeted by AEDs 

can potentially affect AED response and there by effect of anaesthetics.  (13)  

d. The target hypothesis-The target hypothesis of refractory epilepsy postulates that 

alterations in the properties of AED targets, such as compositional changes in voltage-

gated ion channels and neurotransmitter receptors, result in decreased drug sensitivity 

and thus lead to refractoriness.  (14)  
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Management of medically refractory seizures -  

Patients with refractory epilepsy carry a great burden of epilepsy treatment.  

With regard to pharmacotherapy, clinical evidence shows that patients who do not 

respond to two AEDs have only a small chance to control their seizures with any 

additional administered AED.  (15)  

Management strategies of refractory epilepsy fall into three main categories (16) :  

- Pharmacotherapy 

- Epilepsy surgery  

- Alternative treatment strategies like – 

         -Neurostimulation 

         -ketogenic diet 

         -lifestyle changes  

In patients with refractory epilepsy who do not respond to AEDs, other therapeutic 

avenues are pursued including surgery. In this regard, patients with refractory 

epilepsy caused by distinct resectable lesions, such as hippocampal sclerosis (HS), are 

potential candidates for neurosurgical removal of the lesion. Epilepsy surgery has 

been shown to be superior to the continued use of AEDs, but the supporting clinical 

evidence from randomized controlled trials is limited to temporal lobe epilepsy (TLE)  

(16) .  

An alternative treatment approach is neurostimulation such as vagus nerve stimulation 

and responsive neurostimulation. Vagus nerve stimulation can reduce the frequency 

and/or severity of seizures.  

Other therapeutic options are ketogenic diet, an approach that is more commonly used 

in children with refractory epilepsy and lifestyle changes.  
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2. ANTI-EPILEPTIC DRUGS 

 Classification –  

Table 1- Classification of antiepileptic drugs 

CATEGORY TARGET SITE ANTIEPILEPTIC DRUG 

Ion channel modulators 

( reduce neuronal 

excitability)  

Sodium ion channel 

Potassium ion channel 

Calcium ion channel 

Carbamazepine 

Eslicarbazepine 

Lacosamide 

Lamotrigine 

oxcarbazepine 

Retigabine 

Ethosuximide 

Gabapentine 

pregabaline 

Enhancers of 

GABAergic inhibitory 

transmission 

GABAA 

GABA Transporter 

GABA transaminase 

Clobazam 

Clonazepam 

Diazepam 

Phenobarbital 

Tiagabin 

vigabatrine 

Presynaptic modulators SV2A Levetiracitam 

Postsynaptic inhibitors 

of excitatory 

neurotransmission 

AMPA receptor Perampanel 

Multiple mechanisms 

of action 
 

Felbamate 

Topiramate 

Valproate  
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Clobazam - 

Clobazam is a GABA receptor partial agonist which binds allosterically to the GABA 

receptor to increase the opening frequency of the chloride channel, increasing the 

permeability to chloride ions. Its oral bioavailability is about 90% with plasma protein 

binding of 83%. Brain concentrations are proportional to the unbound fraction of the 

drug.  

It is metabolized by oxidation in the liver to nor clobazam (N –desmethylclobazam) 

which has a long half-life (i. e. 50 h), but lower affinity for the benzodiazepine 

receptor. It has no significant clinical interactions with other AEDs. Development of 

tolerance is the major clinical problem with clobazam; sedation tolerance is more 

evident than antiepileptic tolerance.  

It is a potent anticonvulsant for partial epilepsy and is also effective in a wide range of 

epilepsies and is considered as adjunctive therapy. Oral dose is 10-20 mg/d, taken at 

night or twice daily. No parenteral preparations are available.  

Sedation is the most common adverse effects of clobazam. It is known to enhance the 

anaesthetic effect of propofol and is also an independent predictor of delayed 

emergence from general anaesthesia.  (17)  Other adverse effects include dizziness, 

depression, muscle fatigue, weakness, ataxia, blurred vision and diplopia.  

Carbamazepine -  

Carbamazepine has a membrane stabilizing effect by changing the ionic conductance 

to sodium. It is used in the treatment of convulsive and non-convulsive partial 

epilepsy, trigeminal and glossopharyngeal nerves neuralgia, bipolar disorders and 

alcohol withdrawal syndrome.  
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 Its side effects are sedation, diplopia, dizziness, neutropenia, nausea, drowsiness, 

diarrhoea, jaundice, oliguria, hypertension, cardiac arrhythmias, hyponatremia, 

agranulocytosis, aplastic anaemia, allergic dermatitis, Stevens-Johnson syndrome and 

systemic lupus erythematosus (SLE).  (18)  Carbamazepine exacerbates hepatic 

oxidation and conjugation of other liposoluble drugs and also accelerates its own 

metabolism.  Drugs like cimetidine, propoxyphene, diltiazem, verapamil, 

erythromycin and isoniazid inhibit the metabolism of carbamazepine and may 

increase its toxicity.  

Carbamazepine has a potent enzyme inducer action, which reduces the plasma 

concentrations of thiopental, propofol, midazolam, opioids and nondepolarizing 

neuromuscular blockers. There is risk of hepatotoxicity after anaesthesia with 

halothane, enflurane, and possibly with sevoflurane.  (19)  

Oxcarbazepine- 

Oxcarbazepine with its active metabolite, monohydroxy derivative (MHD), exert 

effects on sodium channels and possibly potassium and calcium channels. Neither 

oxcarbazepine nor its metabolite has an effect at binding sites for GABA or other 

neurotransmitter receptors. It is generally better tolerated than carbamazepine. The 

most common adverse effects are sedation, dizziness, headache, amnesia, ataxia, 

diplopia, depression, insomnia, anxiety and nausea. It do not induce the metabolism of 

other antiepileptic drugs and shows less pharmacokinetic changes.  

Phenytoin- 

 Phenytoin is effective in the treatment of partial and generalized epilepsies. It has a 

high therapeutic index. It regulates neuronal excitability and thus the spread of seizure 
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activity from the seizure focus by blocking voltage dependent sodium channels, 

possibly in the transport of calcium through the neuronal membrane. Its cell 

membrane stabilizing effect is selective for the cerebral cortex, but also extends to 

peripheral nerves. It also has effect on the ion flow. Phenytoin acts on the second 

messenger systems as calmodulin and cyclic nucleotides.  

Side effects of phenytoin include nystagmus, diplopia, dizziness (vestibular cerebellar 

dysfunction), ataxia, nausea and vomiting, gingival hyperplasia, depression, 

megaloblastic anaemia, drowsiness, agranulocytosis, aplastic anaemia, hepatotoxicity, 

pancreatitis, acne, rough skin, allergic dermatitis, Stevens-Johnson syndrome, 

hyperglycaemia, hirsutism and teratogenicity.  

Phenytoin can induce the oxidative metabolism of several liposoluble drugs like as 

carbamazepine, valproic acid, ethosuximide, anticoagulants and corticosteroids. It 

also decreases the plasma concentrations of thiopental, propofol, midazolam, opioids 

and neuromuscular non depolarizing blockers.  (19)  

Valproic acid- 

Valproic acid is a carboxylic acid (2-propylpentanoic acid) effective in all generalized 

primary epilepsy and other convulsive epilepsies. It is less effective in the treatment 

of partial non convulsive epilepsy. It is a weak inhibitor of two enzymatic systems 

that inactivate GABA: the GABA transaminase and succinate semialdehyde 

dehydrogenase. Some evidence indicates that the drug may potentiate GABA action, 

postsynaptically. It also works by sustained limiting the neuronal discharge through 

voltage-dependent sodium channels.  

Drug adverse effects include tremors, weight gain, dyspepsia, nausea and vomiting, 
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anorexia, alopecia, edema, encephalopathy (due to increased levels of ammonia), 

teratogenicity, agranulocytosis, aplastic anaemia, allergic dermatitis, Stevens-Johnson 

syndrome, hepatotoxicity, pancreatitis  and platelet changes that can lead to abnormal 

bleeding.  

Chronic use of valproic acid, can cause inhibition of liver microsome enzyme and 

thus can increase the plasma concentration of phenobarbital by approximately 50%. It 

reduces the dose of propofol required for anaesthesia and lower doses of propofol 

should be used to induce anaesthesia for patients under valproate treatment.  (20)  

 Levetiracetam- 

 Levetiracetam is a newer agent used in the treatment of partial seizures as adjunctive 

or monotherapy. It is generally well tolerated. The mechanism of action of the drug 

has not been determined, although recent studies show clearly that the drug binds to 

synaptic vesicle protein 2A (SV2A), related to the release of glutamate in the synaptic 

vesicle. Common side effects include drowsiness, weakness, dizziness, ataxia, 

amnesia, depression, anxiety, anorexia, diarrhoea, dyspepsia, skin changes and 

pancytopenia. It presents little risk of drug interactions.  (18)  

Thus the AEDs can act by multiple mechanisms and affect the anaesthetic 

requirements.  
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3. TOTAL INTRAVENOUS ANAESTHESIA IN 

NEUROSURGERY 

Total Intravenous Anaesthesia uses a combination of agents given exclusively by the 

IV route. The increasing use of TIVA in neuroanaesthesia is mainly due to following 

reasons— first, drugs like propofol and opioids (remifentanil) are  faster and short 

acting, and thus provide optimal conditions for maintaining the adequate plane of 

anaesthesia in neurosurgery. Second, the availability of computer based models of 

TCI, helps achieve the desired plasma/effect site concentration of the drug easily. 

Third, propofol in TIVA offers several advantages over inhalational techniques that 

include a reduction in intracranial pressure (ICP), hemodynamic stability, and reduced 

incidence of postoperative nausea vomiting (PONV).  (21)  

Propofol TIVA-  

Propofol, an alkylphenol derivative, is used for intravenous induction of sedation and 

hypnosis during anaesthesia. It facilitates inhibitory neurotransmission by inhibition 

of presynaptic and postsynaptic chloride channels mediated by GABA. It has a short 

half-life with a duration of action of 2 to 10 minutes.  

It is one of the commonest agents used in neurosurgical anaesthesia because of its 

properties such as the reduction in cerebral metabolic rate of oxygen (CMRO2), 

cerebral blood flow (CBF) reduction, maintenance of flow–metabolism coupling, 

reduction in ICP, inhibition of glutamate release, GABA-A receptor activation, 

cerebral autoregulation, carbon dioxide (CO2) responsiveness, and neuroprotection.  

(22)  Other properties specific to neurosurgery include shorter and faster acting to 

facilitate rapid recovery, reduced incidence of PONV, and anticonvulsant action. It 
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causes the least interference with neurophysiologic monitoring and has better 

recovery profile as compared to inhalational anaesthetics.  (23)  However, it lacks 

analgesic property, so it is frequently administered with other short-acting opioids 

such as remifentanil or fentanyl.  

Propofol has anticonvulsant effect and is considered a safe drug for sedation, 

induction and maintenance of general anaesthesia in children and adults. Propofol can 

cause abnormal movements like opisthotonus and myoclonia in both epileptic and 

healthy patients, though these changes do not seem to relate to epileptogenic activity.  

(24)  Propofol is an effective alternative in the treatment of refractory epileptic 

seizures to usual antiepileptic drugs and in cases of status epilepticus.  (25)  

4. TARGET CONTROLLED INFUSIONS- 

Target-controlled infusion (TCI) aims to achieve a predetermined drug concentration 

targeted by the user. This technique has been developed to meet the anaesthetic goals 

such as smooth induction, reliable and titratable maintenance, and rapid emergence. It 

is identified as a standard technique to administer IV anaesthetic drugs. The first TCI 

system “Diprifusor” was made commercially available in 1998 for use with propofol.  

(26)  

TCI pump incorporates a computer based technology where the patient information 

such as height, weight, age, and gender is entered, and the anaesthetist sets the desired 

plasma concentration of drug that needs to be attained in a particular tissue or 

compartment. The computer uses the pharmacokinetic and pharmacodynamic 

properties of the drug, then it calculates the infusion rate to attain user defined plasma 

concentration in the specific tissue. TCI pumps display the plasma and effect site 

concentration of the drug, thereby allowing the anaesthetist to alter the desired drug 
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concentration, if required, depending upon the stages of surgery.  

The fifth National Audit Project (NAP5) reported awareness during anaesthesia when 

manual infusion of the drugs was used to administer TIVA.  (27)  The availability of 

TCI to administer TIVA helps adjust the drug concentration in a desirable user 

friendly way that enables to maintain adequate and stable depth of anaesthesia.  (28)  

5. PROPOFOL TARGET CONTROLLED INFUSION MODELS 

Propofol (2, 6-diisopropylphenol) is a commonly used hypnotic agent in TIVA due to 

its desirable pharmacodynamics and pharmacokinetic profile. For the propofol TCI 

systems the most commonly used pharmacokinetic models are Marsh and Schnider.  

The Marsh model- 

It has been incorporated into the first commercially available TCI system. It assumes 

that the central compartment volume is directly proportional to weight.  

The Schnider model – 

It is incorporated into the ‘newer generation’ TCI pumps. It is a 3 compartment model 

for propofol where age, height and weight, gender are entered into the system. The 

lean body mass of a patient is calculated and this is used to calculate doses and 

infusion rates. The central compartment is fixed i. e. same for every patient.  

One major difference between these models is the size of the central compartment. A 

fixed central compartment volume used in Schnider’s model, is smaller (4. 27L in a 

70kg patient) than that used in Marsh model (15. 9L). Because of this difference, the 

estimated concentrations after a bolus vary markedly. The biggest difference in 

infusion rates occurs during the first few minutes after an increase in target 
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concentrations, with time the significance of these differences in infusion rates 

decreases.  (8)  

Choice of propofol TCI model is determined mainly by the programming of  

commercial infusion devices, and the patient’s age. Currently, all the models have 

proved reliable in clinical practice and there is no evidence to support the use of one 

model in preference to another. They have similar limitations in terms of the accuracy 

and stability of predicted plasma and effect-site concentrations. Most anaesthetists 

have experience of using Marsh plasma-targeted infusions and are re-assured when 

embarking on TIVA that a larger amount of drug is administered in this model, for 

any given numeric target. Use of Schnider or modified Marsh effect-targeted models 

occurs as confidence and experience accrue.  (29)  

When inducing a patient with a plasma targeted TCI using Marsh model, initial target 

concentration and the dose of drug required are higher when compared to Schinider’s 

model, whereas both the models have comparable doses during maintenance of 

anaesthesia.  (8)  So we used Schnider’s effect site targeting for induction and 

maintenance of anaesthesia.  

 
Figure 1 – Target controlled infusion (TCI) pump 
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6. DEPTH OF ANAESTHESIA MONITORS 

Depth of anaesthesia monitoring is essential during TIVA for titration of anaesthetic 

drugs. It can be used as a guide to titrate the depth of anaesthesia without increasing 

the risk of intra-operative awareness. Processed electroencephalogram (EEG) is most 

commonly used for the same. All depth of anaesthesia monitors use processed EEG to 

obtain a dimensionless digital number which is easier to interpret. Raw EEG 

information is obtained mostly from the frontal region. The EEG signal is then filtered 

and amplified, digitised and sent to the device for mathematical processing. The raw 

EEG is usually divided into time segments/epochs and processed as segments. Of the 

different depth of anaesthesia monitors bispectral index (BIS) is the most commonly 

used modality.  

BiSpectral Index (BIS)  

BIS uses a frontal montage sensor and picks up the raw EEG signals from the frontal 

region and converts it into a number between 0 (isoelectric EEG) to 100 (fully 

awake). Its calculation algorithm involves power spectrum, bispectrum, relative 

activity in the beta frequency range, synchronised fast slow activity and burst 

suppression activity. Apart from the BIS value it also displays the signal quality 

index, burst suppression ratio, EEG and EMG (electromyogram). A value between 40 

and 60 indicates adequate depth of anaesthesia.  (30)  
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Figure 2- BiSpectral Index (BIS) monitor 

7. MONITORING PATIENT DURING TIVA- 

Monitoring of the patient during TIVA is done in accordance with the Association of 

Anaesthetists recommendations for standards of monitoring during anaesthesia and 

recovery.  (31)  Use of a processed EEG monitor is recommended when TIVA with 

neuromuscular blocking drug is used. The large majority of cases of self-reported 

awareness that were identified in 5thNational Audit Programme (NAP5) occurred in 

patients who had received a neuromuscular blocking drug. About half of the reports of 

awareness in NAP5 occurred around the time of induction of anaesthesia and transfer 

from the anaesthetic room to the operating theatre. Processed EEG monitoring should 

commence before administration of the neuromuscular blocking drug.  

Monitoring of the effect of the anaesthetic drug on the cerebral cortex with a 

processed EEG (pEEG) monitor can reduce the likelihood of awareness.  (32)  

Processed EEG monitors provide much more information to the anaesthetist than just 

a derived index value. For example, the EEG waveform may be displayed together 

with measures of the EEG signal quality, EMG activity and degree of burst 
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suppression. Optimal use of a pEEG monitor involves using all the information it 

provides together with the information from other patient monitors, clinical 

judgement and experience.  
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RATIONALE OF THE STUDY 

Our institute being a tertiary referral hospital for neurology and neurosurgery, caters 

to a large number of patients with refractory epilepsy, who are on multiple AEDs, 

coming for neurosurgery and other diagnostic procedures requiring anaesthesia.  

The patients for neurosurgeries require general anaesthesia, which involves 

administration of multiple IV and inhalational anaesthetic agents. There are important 

pharmacokinetic and pharmacodynamic interactions between AEDs and drugs 

commonly used in anaesthesia which affect the drug efficacy and potency of 

anaesthetic agents.   

Literature mentions that, the dose of propofol required in patients on enzyme inducer 

AEDs is increased whereas, the dose of Propofol in patients on enzyme inhibiting 

AEDs is reduced, when compared with patients who are not on any AED. We 

hypothesise that, patients with multiple AEDs, receiving combination of these drugs, 

may show similar results.  

It is imperative to study about the requirements of IV anaesthetic agents in these 

patients so that under and or over dosage of anaesthetic agents can be avoided. The 

use of reduced anaesthetic doses have been implicated as an important cause for 

intraoperative awareness, whereas overdosing leads to hemodynamic disturbances and 

delays emergence from anaesthesia thereby increasing the cost of the procedure.  (9)  

In our study we used Bi-spectral index (BIS) to monitor the depth of anaesthesia in 

these patients so that the dose of propofol can be titrated.  

We assessed the Propofol requirement for induction and maintenance of anaesthesia 

in this unique group of patients with MRS on multiple AEDs, which has not been 

studied previously to the best of our knowledge.  
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HYPOTHESIS 
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NULL HYPOTHESIS- 

Anaesthetic requirement in patients with medically refractory seizures on multiple 

AEDs, is comparable with that of patients on prophylactic AED.  

 

ALTERNATIVE HYPOTHESIS-  

Anaesthetic requirement in patients with medically refractory seizures on multiple 

AEDs, is higher than that of patients on prophylactic AED.  
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AIMS AND OBJECTIVES 
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Our primary objectives are–  

 

1. To evaluate the hypothesis that anaesthetic requirement in patients with MRS on 

multiple AEDs, is comparable to that of patients on prophylactic AED, irrespective of 

the type of AEDs.  

2. To compare the dose of Propofol required for induction and maintenance of 

anaesthesia, in patients with MRS on multiple AED regimen to that of patients on 

prophylactic AED.  

Our secondary objectives were–  

1. To compare the recovery parameters from general anaesthesia in patients with MRS 

on multiple AED regimen to that of patients on prophylactic AED 

2. To compare the effect of different AED regimens on dose of propofol required for 

induction and effect site concentration of Propofol required for maintenance of 

anaesthesia, in patients with MRS.  

3. To compare intraoperative hemodynamic parameters in patients with MRS to that on 

patients on prophylactic AED.  
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MATERIAL AND METHODS 
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SETTING AND RECRUITMENT OF PATIENTS -  

This study was conducted in the neurosurgical operation theatre (NSOT) of Sree 

Chitra Thirunal Institute of Medical Sciences and Technology, Trivandrum, which is 

a specialized tertiary referral centre and a university level hospital.  

Non-pregnant, non-lactating adult (>=18 years) patients with MRS disorder coming 

for elective neurosurgery in our hospital were the broad inclusion criteria that were 

required to be met prior to detailed scrutiny for recruitment. Minor, person 

incompetent to give informed consent, prisoner, normal/healthy volunteer, student, 

staff of the institute were not included in the study.  

INCLUSION CRITERIA FOR Group- MRS - 

1. Consenting adult patients of either sex, with age 18 years to 60 years with MRS 

disorder coming for elective neurosurgery in NSOT in our hospital 

2. Belonging to ASA grade I or II   

INCLUSION CRITERIA FOR CONTROL GROUP  (Group- C) - 

1. Consenting adult patients of either sex, within 18-60 years of age, coming for 

elective neurosurgery in NSOT in our hospital, on preoperative prophylactic 

levetiracetam  

2. ASA grade 1 or 2 patients 

EXCLUSION CRITERIA - 

1. Refusal by the patient or patient relatives 

2. Patients of age <18 or >60 years 

3. Pregnant and nursing mothers 
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4. Mentally retarded  

5. Coronary artery disease 

6. Renal dysfunction 

7. ASA grade 3 and above 

8. Patients on anti-tubercular treatment 

9. Hepatic dysfunction 

10. Patients with hypoalbuminemia 

11. Obese patients with BMI > 30 

12. Allergy to anaesthetic drugs 

STUDY DESIGN - 

Prospective observational study  

STUDY PROCEDURE– 

After getting approval from the technical advisory committee and institutional ethics 

committee of SCTIMST and Clinical Trial Registry of India (CTRI/2019/04/018411) 

the study recruited cases from April 2019.  

When a patient meeting broad inclusion criteria was admitted, the principal 

investigator (PI) was informed by the admitting team. PI explained the study 

procedures and screened patients for inclusion and exclusion criteria. When the 

participant was found eligible for inclusion, written informed consent was obtained.  

Type of AED and the duration of treatment were noted on the case report form. 

Patients coming for elective neurosurgery on levetiracetam prophylaxis for more than 

two weeks were recruited as control group (group C).  

Preoperative sedatives or analgesics were avoided in both groups. The morning dose 
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of AEDs were taken by all patients on the day of surgery.   

All ASA standard monitors (IntelliVue MX700, Philips Medizin system, Germany) 

were connected after patient entered NSOT. Bispectral index (Coviden Ireland Ltd. ) 

was used as the depth of anaesthesia monitor and was monitored using an electrode 

placed on the opposite side of the incision side. Baseline hemodynamic parameters 

were noted. Patients were induced with inj. fentanyl 2 mcg/kg (Verve human care 

laboratories, Delhi) and a bolus dose of inj. propofol (Troikaa pharmaceuticals Ltd. 

Uttarakhand, India) using TCI Schnider’s protocol (B- braun perfusor space, 

Germany). Schnider, s protocol was initiated by entering patient’s age, weight, height 

and gender. Induction was done by keeping the Ce of propofol as 2. 5 mcg/ml and 

was then increased by 0. 5 increments till the loss of verbal response and the dose of 

propofol and Ce attained was noted. Inj. vecuronium (Neon laboratories limited, 

Palaghar) 0. 1 mg/kg was given for muscle relaxation, and patients were intubated 

after 3 minutes. BIS was maintained at 40 during intubation. Patients were connected 

to anaesthesia machine and were ventilated with air and oxygen at the ratio 1:1, with 

the ventilator settings of tidal volume of 8 ml/kg body weight, respiratory rate 

targeting end tidal carbon dioxide (EtCO2) of 30 to 35 mmHg (titrated to PaCO2 

levels of 35-40 mmHg), and positive end expiratory pressures ( PEEP) of 5 mmHg.  

The induction Ce was continued and was further titrated by increments or decrements 

of 0. 2 to target the BIS value of 45-55 throughout the procedure.  The Ce was noted 

at predefined intervals.  

Infusion fentanyl at 1 mcg/kg/hr and atracurium (Gland pharma limited, Telangana, 

India) at 4mcg/kg/min were used as maintenance using an infusion pump 

(Injectomat Agilia, Fresenius-Kabi India Pvt. Ltd). A bolus fentanyl of 2mcg/kg was 
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given 2 mins before the patient’s head was positioned on a Mayfield clamp. 

Intraoperatively any increase in heart rate more than 20% from the baseline was taken 

as an episode of tachycardia and an increase in blood pressure by more than 20% of 

the baseline was considered as hypertension and was treated initially with bolus of 

1mcg/kg of fentanyl.  

Intraoperatively, any decrease in blood pressure by more than 20% of the baseline 

was considered as hypotension and was managed by fluid boluses and mephentermine 

boluses (Neon) or blood transfusion depending on the cause of hypotension. Any 

change in BIS, intraoperatively to more than 55 or less than 45 was adjusted with 

increase or decrease of  Ce by 0. 2 respectively.  

Post operatively all patients were planned for extubation, unless otherwise indicated 

by the intraoperative course of events. Fentanyl and atracurium infusions were 

stopped after the bone flap placement and Propofol infusion was stopped at 

declamping.  

Muscle relaxation was reversed by inj. neostigmine 0. 05mg/kg and inj. 

glycopyrrolate 0. 008 mg/kg and trachea was extubated when patient obeyed simple 

verbal commands.  

Emergence parameters were noted as time to achieve the following parameters from 

the time of discontinuation of propofol 

1. Spontaneous eye opening 

2. Obeying commands  

3. Extubation of trachea 

Ce at emergence was noted. Total dose of propofol administered adjusted for duration 
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of surgery was calculated at the end of the surgery using the formula-  

Total dose= Propofol (mg) /patient’s body weight (kg) /administration time (h).  

Postoperatively, on postoperative day one, Brice questionnaire was used to assess 

intraoperative awareness.  
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STATISTICAL ANALYSIS  
 

 
SAMPLE SIZE - 
 
The study needed to recruit 34 subjects to detect with 80% power and at 5% 

probability of type I error, a clinically significant difference of 0. 2 in the Propofol 

requirement (Ce effect site concentration) for maintenance of anaesthesia in patients 

on multiple AEDs assuming a standard deviation of 0. 4. We recruited 43 patients 

with MRS and 23 non-MRS patients (control) in our study.  

STATISTICAL METHODS – 

The demographic data was analysed using the Student’s T test (continuous variables) 

or the chi square test (qualitative variables).  

For comparing the induction dose, maintenance Ce and emergence parameters, 

students t-test was used between the two groups.  

One way Analysis of variance (ANOVA) with post hoc analysis of multiple 

comparison Tukey HSD was used to compare between different drug groups in 

patients having MRS.  

To study independent variables affecting the outcome, possible predictive variables i. 

e. AEDs were selected with stepwise regression, for which the cut off was a P value. 

20, it was followed by a multiple regression analysis. A ‘p’ value of <0. 05 is 

considered as significant.  

For comparing the hemodynamic parameters like heart rate (HR) and mean arterial 

pressure (MAP) within a group at different time points, repeated measures ANOVA 

with post hoc analysis and Bonferroni correction was used.  
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To compare the values of the HR and MAP between the groups at different time 

points student T test was used.  

The software used for statistical analysis was IBM®SPSS statistics (version 26. 0) 

software.  
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RESULTS AND 

OBSERVATIONS 
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We screened 70 patients fulfilling the inclusion criteria for the study. Of the  66 

patients enrolled, 43 patients had MRS (group MRS) and 23 patients were on 

levetiracetam prophylaxis (group  C). Amongst the patients in group MRS, 22 patients 

were on oxcarbazepine and clobazam combination (oxcarbazepine and clobazam 

group) and 21 were on mixed combination of drugs (mixed group). Total 60 patients 

completed the study. Four patients were excluded because of inability to obtain BIS 

values due to BIS sensor failure and were then maintained with inhalational 

anaesthesia. Two patients were excluded because the trial for early postoperative 

extubation could not be given due to intraoperative surgical complications and 

requirement of postoperative imaging and assessment. The recruitment is detailed in 

the Strobe diagram as follows  
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Figure 3 -Strobe Diagram 
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Demographic data 
Table 2 – Table comparing the demographic data between the two groups  

Demographic 
characteristics Group MRS (n=40)  Group C (n=20)  p 

Age (years)  28. 28 (8. 12)  30. 45 (4. 44)  0. 78 

Gender [male: female (%) ] 24:16 (60:40)  12:80 (60:40)  1. 00 

Weight (kg)  65. 75 (10. 30)  64. 45 (11. 30)  0. 65 

Height (cm)  163. 15 (8. 01)  164. 70 (9. 87)  0. 51 

BMI  24. 51 (2. 75)  23. 54 (2. 44)  0. 18 

ASAgrade 1 (%)  38 (95)  19 (95)  
1. 00 

ASAgrade2 (%)  2 (5)  1 (5)  

Duration of treatment 
(months)  19. 08 (5. 45)  1. 53 (0. 73)  <0. 001* 

Duration of anaesthesia (hrs)  4. 51 (0. 74)  4. 85 (1. 50)  0. 24 

 

*p  value < 0. 05. Data represented as mean ( ± SD) and numbers (percentages). 
MRS- medically refractory seizures, BMI- body mass index, ASA- American society 
of anesthesiologists 

There was a significant difference between the duration of treatment with AEDs, 
among group MRS and group C (p<0. 001).  

The mean values of other demographic data were comparable between both the 
groups. (table 2)  
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Hemodynamic parameters 

Table 3 – Table comparing the mean arterial pressures between the two groups  

MAP (mmHg)  Group MRS (n=40)  Group C (n=20)    p 

Baseline  109. 5 (9. 07)  110. 3 (6. 1)  0. 72 

Induction   104. 4 (10. 4)  106. 5 (11. 5)  0. 47 

Intubation  111. 7 (7. 5)  113. 9 (6. 7)  0. 27 

Pinning  111. 7 (7. 5)  114. 2 (6. 8)  0. 21 

Skin  incision 102. 2 (12. 4)  108. 0 (10. 8)  0. 08 

Opening of Duramater 106. 3 (13. 1)  111. 1 (14. 2)  0. 19 

Closure  106. 4 (12. 3)  108. 7 (14. 3)  0. 52 

Extubation 109. 5 (9. 9)  110. 3 (6. 1)  0. 74 

Data represented as mean ( ± SD) MAP- mean arterial pressure, MRS- medically 
refractory seizures, mmHg- millimetres of mercury 

The mean values of MAP at different time points were comparable between both the 
groups. (Table 3, Figure 4)  

 

Figure 4- Graph showing comparison of mean arterial pressure at different time 
points, between the two groups 
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Table 4– Table comparing the heart rate at different time points between two 
groups  

Heart rate (beats 
per min)  Group MRS (n=40)  Group C (n=20)  p 

Baseline  78. 3 (9. 5)  81. 0 (7. 0)  0. 26 

Induction   75. 5 (9. 6)  78. 6 (7. 5)  0. 21 

Intubation  80. 8 (8. 6)  84. 1 (7. 2)  0. 14 

Pinning  77. 8 (9. 9)  81. 7 (9. 0)  0. 14 

Skin  incision 75. 4 (8. 6)  79. 3 (7. 7)  0. 09 

Opening of 
Duramater 75. 4 (8. 9)  79. 1 (8. 2)  0. 12 

Closure  75. 8 (8. 5)  79. 9 (8. 4)  0. 08 

Extubation 82. 0 (8. 7)  85. 8 (7. 2)  0. 09 

Data represented as mean ± SD, MRS- medically refractory seizures 

 

Figure 5- Graph showing comparison of heart rate at different time points, 
between the groups 

The mean values of heart rate at different time points were comparable between both 
the groups. (Table 4, Figure 5)  
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Table 5 – Table comparing the BIS values at different time points between two 
groups  

BIS VALUE Group MRS (n=40)  Group C (n=20)  p 

Baseline 97. 1 (1. 25)  97 (1. 4)  0. 78 

Induction 47. 2 (1. 98)  47. 55 (2. 1)  0. 52 

Intubation 39. 85 (1. 26)  39. 85 (1. 2)  1. 00 

Pinning 47. 2 (1. 9)  47. 55 (2. 1)  0. 51 

Skin  incision 47. 2 (1. 9)  48. 55 (2. 1)  0. 51 

Opening of 
Duramater 47. 20 (1. 9)  48. 55 (2. 0)  

0. 51 

Closure 48. 65 (2. 3)  47. 55 (2. 1)  0. 07 

Extubation 93. 30 (1. 5)  93. 50 (1. 3)  0. 61 

Data represented as mean (± SD), MRS- medically refractory seizures, BIS-bispectral 
index 

The mean values of BIS values at different time points were comparable between both 
the groups. (Table 5, Figure 6)  

 

Figure 6- Graph showing comparison of BIS value at different time points, 
between the groups 
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Anaesthetic requirements 

Table 6 – Table comparing the induction dose of propofol required between the 
groups  

Group  Induction dose of 
propofol (mg / kg)  p 

Group MRS (n=40)  1. 03 (0. 27)  
0. 02*  

Group  C (n=20)  1. 21 (0. 25)  

* (P<0. 05). Data represented as mean (± SD) MRS-medically refractory seizures 

There was a significant difference in the propofol dose required for induction between 
both the groups. The propofol required for induction ingroup MRS (1. 03 ± 0. 
27mg/kg) was significantly lower when compared with that in group C (1. 21± 0. 25 
mg/kg) (p=0. 022). (Table 6, fig 7)  

 

 

Figure 7- Graph showing comparison of induction dose of propofol required 
between the groups  
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Table 7 – Table comparing the maintenance effect site concentration (Ce) of 
propofol between the two groups 

 

Group Maintenance Ce (mcg/ml)  p 

Group MRS (n=40)  2. 01 (0. 38)  
<0. 001* 

Group  C (n=20)  2. 92 (0. 45)  

* (P<0. 05). Data represented as mean (± SD) MRS- medically refractory seizures, 
Ce- effect site concentration 

 

There was a significant difference in the Ce of propofol required for maintenance of 
anaesthesia between both the groups. Ce of propofol required for maintenance in 
group MRS (2. 01±0. 38 mcg/ml) was significantly lower when compared with that in 
group C (2. 92 ± 0. 45 mcg/ml). (Table 7, Figure 8)  

 

 

 

Figure 8- Graph showing comparison of the maintenance Ce of propofol between 
the two groups 
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Table 8 – Table comparing the total dose of propofol required between the two 
groups 

Group Total dose of Propofol 
required  (mg/kg/hr)  p 

Group MRS (n=40)  4. 41 (1. 07)  

<0. 001* 
Group  C (n=20)  6. 17 (1. 08)  

* (P<0. 05). Data represented as mean (± SD), MRS- medically refractory seizures.  

 

There was a significant difference in the total dose of propofol required (adjusted for 
duration) between both the groups. The total dose of propofol required (adjusted for 
duration) in group MRS (4. 41 ±1. 07mg/kg/hr) was significantly lower when 
compared with that in group C (6. 17± 1. 08 mg/kg/hr). (Table 8, fig 9)  

 

 

 

Figure 9- Graph showing comparison of the total dose of propofol required 
between the two groups 
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Table 9 – Table comparing the total amount of fentanyl required between the 
two groups 

 

Group  Total fentanyl required 
(mcg/kg/hr )  p 

Group MRS (n=40)  1. 90 (0. 36)  

0. 16 

Group  C (n=20)  2. 02 (0. 16)  

Data represented as mean (± SD), MRS medically refractory seizures 

 

The total dose of fentanyl required (adjusted for duration) was comparable between 
both the groups. (Table 9, Figure 10)  

 

 

Figure 10- Graph showing comparison of the total dose of Fentanyl required 
between the two groups 
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Table 10 – Table comparing the total amount of Atracurium required between 
the two groups 

 

Group  Total dose of Atracurium 
required (mg/kg/hr)  p 

Group MRS (n=40)  0. 16 (0. 16)  

0. 92  
Group  C (n=20)  0. 15 (0. 05)  

Data represented as mean (± SD), MRS- medically refractory seizures 

 

The total dose of atracurium required (adjusted for duration) was comparable between 
both the groups. (Table 10, figure 11)  

 

 

Figure 11- Graph showing comparison of the total dose of Atracurium required 
between the two groups 
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Table 11 – Table comparing the recovery parameters between the two groups 

 

TIME 
(minutes)  

Group MRS 
(n=40)  

Group C (n=20)  p 

T0 5. 51 (2. 9)  11. 6 (4. 1)  <0. 001* 

T1 6. 15 (3. 10)  12. 4 (4. 12)  <0. 001* 

T2 6. 88 (3. 28)  13. 50 (4. 20)  <0. 001* 

* (P<0. 05). Data represented as mean (± SD), MRS-medically refractory seizures, 
T0- time taken for eye opening, T1-time taken to obey commands, T2- and time for 
extubation 

 

There was a significant difference in the recovery parameters between both the 
groups. The mean time taken for eye opening (T0), time taken to obey commands 
(T1) and time for extubation (T2), in MRS group was significantly lower than the 
corresponding recovery time in C group ( p <0. 001). (Table 11, Figure 12)  

 

Figure 12- Graph showing comparison of recovery parameters between the two 
groups 
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Table 12- Table showing number of patients receiving each kind of antiepileptic 
drugs 

AEDs 
Number of patients 

(n=60)  

Oxcarbazepine 24 (40%)  

Clobazam 34 (56. 6%)  

Carbamazepine 11 (18. 3%)  

Levetiracetam 30 (50%)  

Valproate 4 (6%)  

Lacosamide 3 (5%)  

Phenytoin 2 (3. 3%)  

Lamotrigine 2 (3. 3%)  

Data represented as numbers (percentage), AEDs-anti epileptic drugs 

 

We performed a post hoc analysis of the requirement of Propofol in the patients with 
different drug regime within the group MRS.  
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Table 13 – Table comparing the total amount of propofol required between the 
MRS patients with clobazam and MRS patients without clobazam 

 

Within the group MRS Total dose of Propofol required 
mg/kg/hr p 

Clobazam (n=34)  4. 23 (0. 75)  

0. 001* 

Non clobazam (n=06)  5. 91 (0. 99)  

Data represented as mean (± SD), MRS- medically refractory seizures* (P<0. 05).  

 

On univariate analysis, within the group of patients with MRS, patients on clobazam 
(4. 23±0. 75mg/kg/hr) were found to have significantly lower total propofol 
requirement (adjusted for duration), when compared with the MRS patients not on 
clobazam (5. 91±0. 99mg/kg/hr) p= 0. 001. (Table 13, Figure 13)  

 

 

Figure 13- Graph showing comparison of the total dose of propofol required 
between the MRS patients with clobazam and MRS patients without clobazam 

We did a stepwise logistic regression model to find the effect of individual AED on 
the Propofol requirement.  
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Table 14 – Stepwise Logistic Regression Model for dose of propofol required for 
induction (mg/kg) for different AEDs 

 

INDUCTION PROPOFOL (mg /kg)  

AED Unstandardized 
Coefficients 

Standardized 
Coefficients 

t 
P 

value B Std. Error Beta 
 (Constant)  1. 162 . 131 

 
8. 837 . 00 

Levietiracetam 
(n=30)  

. 032 . 118 . 058 . 271 . 78 

Oxcarbazepine 
(n=24)  

-. 028 . 111 -. 050 -. 250 . 80 

Clobazam 
 (n=34)  

-. 075 . 114 -. 136 -. 660 . 51 

Carbamazepine 
 (n=11)  

-. 106 . 133 -. 149 -. 797 . 42 

Valproate 
 (n=4)  

-. 193 . 145 -. 175 -1. 327 . 19 
 

AED- antiepileptic drugs 

 

The dose of propofol required for induction of anaesthesia, was not significantly 

different between patients for any given specific antiepileptic agent. (Table 14)  

 

 

 

 

 

 

 

 

 

 
  



 

55 
 

Table15 – Stepwise Logistic Regression Model for maintenance Ce of propofol 

for different AEDs 
 

 

Maintenance Ce ( mcg/ml )  

AEDs Unstandardized 

Coefficients 

Standardized 

Coefficients 

t P value B Std. Error Beta 

 (Constant)  2. 687 . 213 
 

12. 593 . 00 

levetiracetam . 120 . 192 . 103 . 626 . 53 

oxcarbazepine -. 310 . 181 -. 260 -1. 711 . 09 

clobazam -. 495 . 185 -. 421 -2. 671 . 01* 

carbamazepine -. 230 . 216 -. 153 -1. 064 . 29 

valproate . 136 . 235 . 058 . 578 . 56 

* (P<0. 05). Ce-effect site concentration, AEDs- antiepileptic drugs 

 

The effect site concentration of Propofol required for maintenance was significantly 

lower in patients on clobazam when compared to other AEDs (p=0. 01)  (Table 15)  
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Table 16– Stepwise Logistic Regression Model for total propofol required 
(mg/kg/hr) for different AEDs 

 

Total Propofol mg/kg/hr 

AEDs Unstandardized 
Coefficients 

Standardized 
Coefficients 

t P value B Std. Error Beta 

 (Constant)  5. 542 . 459 
 

12. 077 . 00 

levetiracetam . 529 . 412 . 197 1. 285 . 20 

oxcarbazepine . 446 . 389 . 163 1. 146 . 25 

clobazam -1. 854 . 399 -. 684 -4. 651 <. 001* 

carbamazepine . 269 . 464 . 077 . 579 . 56 

valproate . 194 . 506 . 036 . 384 . 70 

* (P<0. 05). Ce-effect site concentration, AEDs- antiepileptic drugs 
 

In patients who received Clobazam, total Propofol required (mg/kg/hr) was 

significantly lower than in patients not on clobazam (p<0. 001). Total propofol 

required was not significantly different between patients given a specific antiepileptic 

agent and those not given the agent for all other AEDs. (Table 16)  
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Table 17– Stepwise Logistic Regression Model for time to extubation for 
different AEDs 

 

TIME TO EXTUBATION (minutes)  

AEDs Unstandardized 
Coefficients 

Standardized 
Coefficients 

t P value B Std. Error Beta 

 (Constant)  13. 910 1. 947 
 

7. 146 . 00 

levetiracetam -1. 320 1. 747 -. 140 -. 756 . 45 

oxcarbazepine -3. 558 1. 650 -. 369 -2. 156 . 03* 

clobazam -3. 376 1. 691 -. 354 -1. 997 . 05 

carbamazepine -4. 210 1. 968 -. 345 -2. 139 . 03* 

valproate -. 880 2. 148 -. 046 -. 410 . 68 

* (P<0. 05). AEDs- antiepileptic drugs 
 
 

The time to extubation after general anaesthesia was significantly lower in patients on 

oxcarbazepine (p = 0. 03) and carbamazepine (p = 0. 03). (Table 17)  
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DISCUSSION 
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 Patients with MRS on multiple AEDs may require surgeries under general 

anaesthesia which involves administration of multiple IV and inhalational anaesthetic 

agents. Presence of MRS and multiple AEDs can have complex pharmacokinetic and 

pharmacodynamic implications that require modifications in dosage of anaesthetic 

agents, to avoid side effects of either inadequate or very deep plane of anaesthesia.  

Presently, there are few reports on the propofol requirement for sedation, and 

induction of anaesthesia in patients on AEDs, but we found no study assessing the 

propofol requirement for induction and maintenance of GA and assessing the 

emergence from GA in patients with MRS on multiple drug combinations coming for 

neurosurgery.  

In our study we found that both the induction and maintenance dose of propofol is 

reduced in  MRS group when compared with group C (control) patients, on 

levetiracetam.  We used patients on levetiracetam as our control group, as the patients 

coming for neurosurgery in our institute were started on short term prophylactic 

levetiracetam. Also levetiracetam is known to have least potential for interaction with 

other AEDs and anaesthetic agents.  (33)  

Choi et al studied 19 epilepsy patients receiving long-term AED therapy and 20 non-

epilepsy patients, to determine Ce of propofol required for achieving loss of 

consciousness. They found lower requirement of propofol for induction, by about by 

10% to 15%, in epilepsy patients compared to non-epilepsy patients,  (34)  which was 

similar to our results.  

 

The requirement of propofol dose for induction of anaesthesia, for electroconvulsive 

therapy, was found to be  less in patients on valproate in a study by Hizli Sayar et al.  
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(20)  Valproate is reported to inhibit cytochrome P450 2C9 which has a role in the 

metabolism of propofol, which might lead to reduced requirement of propofol in these 

patients. In our study we did not find any statistically significant reduction in propofol 

requirement, for induction or maintenance of GA, between patients with or without 

valproate. Our study had only 4 patients on valproate and hence was underpowered to 

estimate the effect of valproate, which might have affected our results.  

 

In our study we also found that the maintenance Ce for propofol and the total dose of 

propofol required (adjusted for the duration of anaesthesia) during the surgery was 

significantly lower in MRS patients as compared to group C patients. Amongst the 

different AEDs, clobazam was found to be associated with maximum and significant 

reduction in maintenance Ce, as compared to other AEDs. The Ce for maintenance in 

MRS was lower than that in the Indian population undergoing general anaesthesia (2. 

37±0. 35 mcg/ml).  (35)  In our search for literature, we did not find any study which 

primarily assessed the maintenance Ce of propofol required in MRS patients.   

Maeda et al, in their retrospective cohort study, evaluated the variables that could 

affect the emergence from anaesthesia in MRS patients.  Along with the primary 

findings, they also found that propofol rate was significantly decreased in patients 

taking clobazam and clonazepam as one of the AEDs.  (17)  In our study we found  

similar results.  

We also evaluated the effect of individual AED, on the propofol requirement. We 

found that the total dose of propofol required (adjusted to duration of anaesthesia) was 

significantly lower in patients on clobazam when compared with the patients who did 

not have clobazam in their AED regimen. This result can be explained by the fact that 

daily medication with benzodiazepine enhances the clinical pharmacological effect 
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of  propofol, as its mechanism is mainly mediated via activation of GABA,  

(36)  which is the same mechanism of action for benzodiazepine.  (37)  

 

In our study we found that the emergence parameters like time taken for spontaneous 

eye opening, time taken to follow verbal commands and time to extubation, were 

significantly lower in MRS group when compared with group C patients. We have 

used BIS and TCI to titrate the dosage of propofol. We also evaluated the effect of 

individual AEDs on the emergence parameters and found that long term treatment 

with oxcarbazepine and carbamazepine were independent factors associated with 

early recovery and extubation. We also found that use of clobazam showed a trend 

towards early recovery when compared with other AEDs, though the results were not 

statistically significant.  

 

Ouchi et al studied 224 patients with a neurological disorder, with or without an 

antiepileptic, who underwent dental treatment under intravenous general anaesthesia. 

They found that the time to emerge from anaesthesia in patients on antiepileptic was 

significantly longer than in patients not on any antiepileptic.  (38)  They found that 

despite a lower propofol rate, clobazam was still an independent predictor of delayed 

emergence. This could be explained by the fact that clobazam enhances the 

anaesthetic effect of propofol. In our study, we found a trend towards early 

emergence, though not statistically significant, among the patients on clobazam. This 

can be explained by the fact that, majority of our patients had clobazam as a 

combination drug with oxcarbazepine and carbamazepine, which have shown 

statistically significant early recovery among the MRS group patients. These drugs 

might have influenced the results and emergence for clobazam.  
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In our study, we relied on BIS, which would denote the degree of anaesthetic depth, to 

obtain the lower set dosage in TCI. This close titration would have contributed to the 

reduced time of emergence, as seen in our study. The duration of anaesthesia was 

comparable in both the groups, so this can be attributed to the finding that the total 

dose of propofol required in MRS group was much lower as compared to group C. 

The Ce for maintenance in group C was higher than that in the Indian population 

undergoing general anaesthesia (2. 37 ±0. 35 mcg/ml).  (35)  Higher total propofol 

dose can explain longer emergence time.  (39)  Though levetiracetam is not known to 

have serious drug interactions it is  known to cause somnolence and drowsiness,  (40)  

which might have contributed to the delay in emergence seen in these patients. As 

such, the effect of levetiracetam on emergence from anaesthesia has not been studied.  

 

The statistical difference and comparatively lower dose of propofol required for 

induction and maintenance of GA in MRS group can be explained by several 

mechanisms. Patients with medically refractory seizures may show enhanced response 

to propofol due to reduced neuronal mass pertaining to their long duration disease 

state. In an experimental study on a pilocarpine model of temporal lobe epilepsy, the 

authors have found an enhanced response to general anaesthetic agents due to 

neuronal loss  (41) . However it is not possible to study the effect of MRS alone on 

human beings, on multiple AEDs, as the results can be confounded by the effect of 

AEDs.  

Another possible mechanism is that AEDs such as carbamazepine, phenytoin, 

zonisamide, phenobarbital, and valproate contribute to the competitive inhibition of 

hepatic CYP2B6 and CYP2C9, are responsible for propofol metabolism. Valproate 

inhibits CYP2C9 in vitro  (42) . Also, phenytoin, phenobarbital, and valproate inhibit 
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UGT 1A9 in vitro, which thus affects the main metabolic pathway of propofol,  

reducing propofol metabolism and hence also the requirement of its maintenance 

dose.  (43)  In our study, patients in group MRS had all these AEDs in one or the 

other combinations, which would explain our findings.  

Also AEDs may synergistically or additively affect propofol Ce for loss of 

consciousness because the AEDs and propofol share the target sites. Valproate and 

carbamazepine or phenobarbital are also known to have synergistic activity.  (44)  

(45)  

The requirement of fentanyl during anaesthesia, in patients on long duration AEDs is 

known to be higher than other patients.  (33)  In our study we did not find the 

statistically significant difference between fentanyl requirement  between group MRS 

and group C. Though we did not use any objective analgesia monitor like Analgesia 

nociception index (ANI), we kept a strict vigilance for monitoring intraoperative pain, 

using hemodynamic parameters and BIS.  

 

The BIS values at all the time points were comparable between both the groups in our 

study. Also none of our patients had any awareness intraoperatively which was 

evaluated by the modified Brice questionnaire.  
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STRENGTHS OF OUR STUDY 

 

1. Our study is a first of its kind to detect effect of MRS on multiple AEDS, 

undergoing GA for neurosurgery, on anaesthetic requirement for induction, 

maintenance and on recovery parameters.  

 

2. Our study was conducted on a homogenous adult population, without mental 

retardation, other cognitive disorders or comorbid conditions,  which are 

known to alter the anaesthetic requirements and which if present, could have 

been a confounding factor by influencing the results of the study.  

 
 

 
3. We used BIS  along with Propofol TIVA using TCI, which  facilitated better 

titration of depth of anaesthesia and ensured hemodynamic stability.  
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LIMITATIONS 
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1. Our patients were on multiple AEDs and we did not measure the plasma site 

concentrations of individual AEDs, and hence the effect of pharmacokinetic 

interactions between AEDs and propofol could not be assessed. However, many of the 

patients were on drugs whose blood levels cannot be assessed with the current 

facilities.  

2. The study sample of MRS patients was heterogeneous in terms of AEDs, with 

different combinations, thus the effect of individual drug or combination on propofol 

requirement could not be assessed. However our study intended to evaluate the effect 

of MRS on anaesthetic requirements, and it was inevitable that these patients will be 

on multiple AEDs and hence it cannot be standardised.  

 
3. Our study sample had very few patients on AEDs like valproate or newer generation 

AEDs, and hence it was underpowered to detect the effect of these individual drugs 

on the propofol requirement in patients with MRS. Since valproate alter the 

coagulation profile, it was not preferred by our neurosurgeons.  

 
4. Our study had control group with prophylactic levetiracetam as our patients presented 

for neurosurgery and were started on short term prophylactic levetiracetam. However, 

levetiracetam is not known to cause clinically significant interactions with anaesthetic 

drugs and hence our results might not have been influenced by its presence in control 

group.  

 
5. The study was done only in 40 MRS patients with limited drug combinations. A 

larger sample size or multicentric trials are required to estimate the effect of 

individual newer AEDs on propofol requirements and to better understand its clinical 

applications.  
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6. We did not use any objective analgesia monitor like ANI, however we kept a strict 

vigilance for monitoring intraoperative pain, using hemodynamic parameters and BIS.   
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CONCLUSIONS 
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In patients with refractory epilepsy, IV and inhalational anaesthetic agents require 

modifications in their dosages to avoid side effects of either inadequate or very deep 

plane of anaesthesia. In our study we compared and analysed the requirements of 

propofol in MRS patients and those on prophylactic levetiracetam. We conclude that,  

1. Propofol requirement for both induction and maintenance of general anaesthesia is 

significantly lower in patients with MRS, on multiple AEDs, when compared with 

patients on prophylactic levetiracetam.  

2.   MRS patients on Clobazam have reduced requirement of propofol when compared 

with patients on other AEDs.  

3. Patient’s recovery from anaesthesia is significantly faster in MRS group of patients 

when compared with those on prophylactic levetiracetam.  

 
Further studies with larger sample size of patients might be helpful in determining the 

role of individual antiepileptic agents in requirement of propofol in MRS group of 

patients.  
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ANNEXURE 1  
 

PROFORMA 
 
 

Age-                                                                                                                          Sex- 
Weight- Height- 
Diagnosis- 
 

BMI- 

Surgery planned- 
 

Known allergies- 

Comorbid illness- 
 

Baseline- 
 
Heart rate- 
 
Blood pressure- 

ASA grade- 

Anti-epileptic 
medications- 
 

   

Duration of 
treatment- 

   

 
 

 
TIME OF INDUCTION- 
INDUCTION DRUGS- 

DRUGS DOSE (per Kg)  TOTAL DOSE 
Inj. Fentanyl (mcg) -   

Inj. Vecuronium 
(mg) - 

  

 
  

 yes no 
Informed consent   
Coronary artery disease   
Renal dysfunction   
Hepatic dysfunction   
Alcohol use (if yes specify duration)    
Allergy to anaesthetic agents   
Hypertension (duration)    
Patient on anti-tubercular treatment   
Pregnant or lactating mother   
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SURGERY STARTING TIME- 
 
 
 

Preoperative and intraoperative hemodynamic and other parameter- 
 

DURATION OF SURGERY- 
RECOVERY CHARACHTERISTICS-  

Events  Ce ( effect 
site 

concentration)  

BIS TOF 
Ratio 

Time ( minutes)  

Discontinuation of 
Fentanyl/ Atracurium 

    (T’0)  

Discontinuation of TCI     ( T0)  
Time of emergence     
Spontaneous movement of 
limbs 

    

extubation     
 
INTRAOPERATIVE ADMINISTRATION OF FLUID AND BLOOD- 
Total I. V. fluids 
used (in ml)  

 

Blood loss (ml)   
Blood transfused 
(ml)  

 

Urine output  
 

TIME Hear
t 

rate 

BP 
SBP/DB

P 
(MAP)  

PROPOFO
L 

Infusion 
rate ml/hr  

Ce 
 (effect site 

concentratio
n)  

Fentan
yl 

Atracuriu
m 

TO
F 

rati
o 

BI
S  

Bolu
s 

drug
s 

Induction          
Intubation          
pinning          
Skin 
incision 

         

          
          
          
          
Opening of 
duramater 

         

          
          
          
          
Closure -          
. Duramater          
. bone           
. 
Subcutaneo
us layer 

         

. skin          
Declamping          
Extubation          
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INTRAOPERATIVE ADMINISTRATION OF DRUGS- 
DRUGS TOTAL DOSE Dose 

administered  
Drug/kg/hr 

Propofol   
Fentanyl   
Atracurium   
Anti-epileptic drugs   
Mephentermine   
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ANNEXURE 2  
 

MODIFIED BRICE QUESTIONNAIRE 

 

Were you expecting to be completely asleep for this operation (please 

circle) ? YES / NO  

1. What is the last thing you remember before going to sleep (please tick 

one box) ? 

-Being in the pre-op area ☐ -Being with family ☐ -Feeling mask on face 

☐ -Burning or stinging in the IV line ☐ 

-Seeing the operating room ☐ -Hearing voices ☐ -Smell of gas ☐ -Other 

[Please write below]:  

2. What is the first thing you remember after waking up (please tick one 

box) ?  

-Hearing voices -Feeling mask on face -Seeing the operating room -

Being with family -Nothing  

☐ -Feeling breathing tube ☐☐ -Feeling pain ☐☐ -Being in the recovery 

room ☐☐ -Being in ICU ☐☐ -Other [Please write below]:  

3. Do you remember anything between going to sleep and waking up 

(please tick box) ? -No ☐ 

-Yes: -Hearing voices ☐ -Unable to move or breathe ☐ -Feeling pain ☐ -

Feeling surgery without pain ☐ 

-Hearing events of the surgery ☐ -Anxiety/stress ☐ -Sensation of 
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breathing tube ☐ -Other [Please write below]  

4. Did you dream during your procedure (please tick box) ?  

-No☐ -Yes☐ -What about [Please write below]:  

5. Were your dreams disturbing to you (please tick box) ?  

-No☐ -Yes☐  

6. What was the worst thing about your operation (please tick box) ?  

-Anxiety ☐ -Recovery process ☐ -Awareness ☐ 

-Pain ☐ -Unable to carry out usual activities ☐ -Other [Please write 

below]:  
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ANNEXURE 3 

 

CONSENT FORM 
 
 

Participant’s name:                                         Date of Birth / 
Age (in years) : 
 
I_______________________________, 
son/daughter/husband/wife/relative (specify relation) of 
____________________________________ (name of patient) hereby 
declare that   (Please tick boxes)  

� I have read the above information provided to me regarding the study - 
“Anaesthetic requirements in patients with medically refractory 
seizures undergoing neurosurgery” [ ] 

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

� I also understand that my participation in this study is entirely voluntary 
and that I am free to withdraw permission to continue to participate at any 
time without affecting my usual treatment or my legal rights [ ] 

� I understand that the study staff and institutional ethics committee 
members will not need my permission to look at my health records even 
if I withdraw from the trial. I agree to this access [ ] 

� I understand that my identity will not be revealed in any information 
released to third parties or published [ ] 

� I voluntarily agree to take part in this study [ ] 
� I have been provided with the contact numbers of the principal 

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

� I received a copy of this signed consent form [ ] 
 
Name Signature/thumb impression of patient/legally acceptable 
representative:  
Date:  
 
Name and signature of witness: 
Relation to participant:       Date: 
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Person Obtaining Consent 
I attest that the requirements for informed consent for the medical 

research project described in this form have been satisfied. I have 
discussed the research project with the participant and explained to him 
or her in non-technical terms all of the information contained in this 
informed consent form, including any risks and adverse reactions that 
may reasonably be expected to occur. I further certify that I encouraged 
the participant to ask questions and that all questions asked were 
answered.  
Name and signature with date: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Imcy-t_m-[-t¯m-sS-bpÅ k½-X-]{Xw 

{]Jym-]\w 

]s¦-Sp-¡p-¶-bmfpsS t]cv     P\-\-Xn-bXn, hbÊv (hÀj-̄ nÂ) 
Rm³, 

_________________________________________,aI³/aIÄ/`À¯mhv/`mcy/_Ôp 

(IrXy-amb _Ôw) ,   ………. …………………………….. (tcmKn-bpsS t]cv) 
 
\yqtdm ikv{X{Inb¡v hnt[bcmIp¶, acp¶v Ign-¨mepw BhÀ¯n-¡p¶ A]-kvam-capÅ 
tcmKn-I-sf ab¡p¶-Xn-\v $hiyCmbh F¶ ]T-\-kw-_-Ô-ambn F\n¡v \ÂIn-b- 
hn-h-c-§Ä hmbn¨p F¶v {]kvXm-hn-¡p-¶p. 
(Zb-hmbn tIm-f-§-fnÂ SnIv sN¿p-I) 

 

•  F\n¡p-­mb kwi-b-§Ä ]cn-l-cn¨p  [ ] 
•  Fsâ Cu ]T-\-¯n-epÅ ]¦m-fn¯w kzta-[-bm-bp-Å-Xm-sW-¶pw, 

F\n¡v Hcp ImcW-hpw -Iq-SmsX GXp-k-a-b¯pw, F\n-¡pÅ 
sshZyip{iq-j-sbtbm \nb-a-]-c-amb Ah-Im-i-§-sftbm _m[n-
¡msX ]n³hm-§m-sa¶pw Rm³ a\-Ên-em-¡p-¶p.  

[ ] 

•  Cu ]T-\-¯nsâ Kth-j-IÀ, ss\XoI I½nän, \nb-{´-Wm-[n-Im-cn-
IÄ F¶n-hÀ¡v Fsâ Btcm-Ky-hn-h-c-§Ä Rm³ ]T-\-
¯nÂ\n¶pw ]n³hm-§n-bmepw ]cn-tim-[n-¡m³ Fsâ k½Xw 
Ah-iy-an-sÃ¶v Rm³ a\-Ên-em-¡p¶p. CXn\p Rm³ k½-Xn-¡p-
¶p,  

[ ] 

•  F-\n¡v ]T-\-s¯-̧ -än- IqSp-X-e-dn-bm-t\m, ]s¦-Sp-¡p-¶-bm-fpsS Ah-
Im-i-§-sf-̧ -än Adn-tb-­ -Xmtbm h¶mÂ {][m\ Kth-j-I-bpsS 
_Ô-s¸-Sm-\pÅ \¼À F\n¡v \ÂIn-bn-«p­v  

[ ] 
•  `mhn-bnÂ aq¶mw I£n-IÄt¡m {]kn-²o-I-c-W¯nt\m \ÂIp-

t¼mÄ Fsâ hyànhnh-c-§Ä shfn-s¸-Sp-̄ p-I-bn-sÃ¶pw Rm³ 
a\-Ên-em-¡p-¶p.  

[ ] 

•  kzta-[bm ]T-\-̄ nÂ ]s¦-Sp-¡m³ Rm³ k½-Xn-¡p-¶p.  [ ] 
•  k½-X-]-{X-̄ nsâ H¸n« Hcp {]Xn F\n¡v In«n.  

 
[ ] 

t]cv 

H¸v/ tcmKn-bpsS hnc-e-S-bmfw/ 

\nb-a-]-c-amb {]Xn-\n[n 

XobXn 

tcmKn-bp-am-bpÅ _Ôw 

km£nbpsS t]cv 

H¸v 

XobXn 

 

 

 

(k½Xw hm§p¶bmÄ) 



 

 

saUn¡Â dnkÀ¨v t{]mPIvSn\mhiyamb k½X]{X¯n\p th­p¶ FÃm  LSI§fpw 
Xr]vXnIcambn \nÀhln¨ncn¡p¶psh¶v Rm³ t_m[ys¸Sp¯p¶p. ]T\]¦mfnbpambn 
KthjW]²Xnsb¸än kmt¦XntIXc ]Z§fp]tbmKn¨v FÃm hnhc§sf¸änbpw  
NÀ¨ \S¯pIbpw {]Xo£n¡mhp¶ A]ISkm[yXIfpw ]mÀiz^e§fpw 
hniZoIcn¡pIbpw sNbvXp. ]¦mfnsb tNmZy§Ä tNmZn¡m³ t{]cn¸n¡pIbpw FÃm 
tNmZy§Ä¡pw D¯cw \ÂIpIbpw sNbvXp F¶pw Rm³ km£ys¸Sp¯p¶p.  

 

 

k½X]{Xw hm§p¶ BfpsS t]cpw H¸pw  

tUm. \KvtamXn inÂ¸ hnIm-kvdm-hp,  

ImÀUntbmsXm-dm-knIv Bâv hmkv¡p-emÀ A\kvXotjy ko\n-bÀ dkn-Uâv  

t^m¬: 9970850732, Csa-bnÂ. shilpanagmoti@gmail.com 

 
]T\hpambn _ÔanÃm¯ hyànsb _Ô-s¸-Sp-¶-Xn\v Zb-hmbn Øm]-\-¯nse 
ss\XoI I½nän saw¼À sk{I-«-dn tUm. ame cma-\m-Ys\ _Ô-s¸Smw. t^m¬ 0471-

2524234, email: iec.mem.sec@sctimst.ac.in   
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ANNEXURE 4 

 

PATIENT INFORMATION SHEET 
 

Title of the study: 
“Anaesthetic requirements in patients with medically refractory 
seizures undergoing neurosurgery” 
Name of the Investigators:  
Dr. Nagmoti Shilpa Vikasrao, Dr. Smita. V, Dr. Ajay Prasasd Hrishi, Dr. 
George C. Vilanilam 

You are scheduled to undergo a major surgical procedure which 
will require general anaesthesia during surgery. The anti-epileptic drugs 
you have been taking may have an effect on the dose of anaesthesia drugs 
that are used for giving general anaesthesia. In our study we want to 
observe if these anti-epileptic drugs have any effect on the requirement of 
anaesthetic agents for your surgery.  

During surgery, general anaesthesia can be given and maintained 
using inhalational anaesthetic agents ( given through breathing tube) or 
intravenous anaesthetic agents. Intravenous anaesthesia technique 
involves use of target controlled infusion (TCI) pump for the 
administration of anaesthetic agent. We intend to use intravenous 
technique of general anaesthesia which is commonly used for 
neurosurgeries.  
You are being requested to participate in this study which assesses the 
anaesthetic agent requirement in patients who have been taking two or 
more than two anti-epileptic medications for seizure disorder. In this 
study Total intravenous anaesthesia (TIVA) will be used, which will be 
given using a Target controlled infusion device (TCI). This study will 
require observation of hemodynamic parameters and depth of 
anaesthesia, which are routinely monitored in patients under general 
anaesthesia in neurosurgeries, in this hospital and worldwide. We have 
planned to include about 35 patients from this hospital in this study.  
 
What is Total intravenous anaesthesia? 
During surgery, general anaesthesia is maintained using inhalational 
anaesthetic agents or intravenous anaesthetic agents. If only injectable or 
intravenous anaesthetic drugs are used to maintain anaesthesia, then this 
technique is known as TIVA or total intravenous anaesthesia. It is 
commonly used technique in anaesthesia practice worldwide and in this 
institute for neurosurgeries.  Intravenous anaesthesia technique involves 
use of target controlled infusion (TCI) pump for the administration of 
anaesthetic agent.  
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Who will be included in this study? 

We are planning to include 35 patients from our hospital. Patients 
undergoing neurosurgery and requiring general anaesthesia. We are 
planning to include patients within age group of 18 to 60 years. We are 
not including patients with uncontrolled hypertension, patients with renal 
or liver disease, morbidly obese patients, or patients for emergency 
surgery. We are not including pregnant and breast feeding patients. We 
are also not including patients who participated in another study in this 
institution in the preceding one month.  

 
If you take part what will you have to do? 

On the day of surgery you will be taken inside the operation 
theatre. Monitors to check your heart rate, blood pressure and oxygen 
saturation level will be attached.  A venous cannula will be inserted under 
local anesthesia in the hand for fluid and drug administration. BIS 
monitor will be attached. General Anaesthesia will be induced as per the 
routine anesthesia protocol in the hospital.  After you have become 
unconscious and paralysed, you will be connected to the ventilator, and 
anaesthesia will be maintained with infusion drugs as routinely done in 
neurosurgeries. After this the parameters to be studied will be observed 
and recorded. Surgery will be started as planned by the surgical team.   

No additional intravenous fluids or drugs, apart from what you 
receive as per routine anaesthesia protocol of this hospital irrespective of 
your participation in this study, will be used for the purpose of the study. 
We will be taking recordings from BIS monitor which will be otherwise 
used in your surgery; irrespective of your participation in this study.  
 
Does TCI of Propofol method of anaesthesia have any side effect? 
TIVA or total intravenous anaesthesia is a commonly used technique in 
anaesthesia practice worldwide.  Intravenous anaesthesia technique 
involves use of target controlled infusion (TCI) pump for the 
administration of anaesthetic agent called Propofol. It has no specific side 
effects apart from those of routine general anaesthesia and anaesthsia 
drugs. Side effects of Propofol are allergy reaction, hypotension, 
bradycardia, ect. if allergy to the drug  develops, the drug will be 
discontinued and hypotension ad bradycardia will be managed by your 
anaesthetist.  

 
Can you withdraw from this study after it starts? 

Your participation in this study is entirely voluntary and you are 
also free to decide to withdraw permission to participate in this study. If 
you do so, this will not affect your usual treatment at this hospital in any 
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way. In addition, if you experience any side effects, the study will be 
stopped and you will be given additional treatment.  

 
What will happen if you develop any study related injury? 

We do not expect any injury to happen to you on account of your 
participation in this study as the anaesthesia technique and monitoring 
tools would be same even if you were not part of the study. But if you do 
develop any side effects or problems due to the study, these will be 
treated at no cost to you. We are unable to provide any monetary 
compensation, however.  

 
Will you have to pay for the cost of using the monitoring devices? 

Our routine anaesthesia protocol will be used for your surgery. You 
will not be required to pay any extra charges for participation in this 
study.  

 
What happens after the study is over? 

The recordings for the study will be taken throughout the length of 
the surgery. After surgery is over, patient’s anaesthesia will be reversed 
and the patient will be shifted to intensive care unit as per our 
institutional protocol.  

 
Will your personal details be kept confidential? 

The results of this study will be used for thesis submission as a part 
of academic research and will be submitted to a medical journal for 
publication, but you will not be identified by name in any publication or 
presentation of results. However, your medical notes may be reviewed by 
people associated with the study, without your additional permission, 
should you decide to participate in this study.  
If you have any further questions, please ask Dr. Nagmoti Shilpa 
Vikasrao (Principal investigator) Mobile number: 9970850732. email: 
shilpanagmoti@gmail. com 
Dr Smita. V, Associate Professor, Anaesthesiology, SCTIMST, 
Trivandrum – 11; 09447699245, smita_vimala@sctimst. ac. in 
For any further clarifications and concerns regarding the study’s ethics 
clearance, please contact: The Member Secretary, Institutional Ethics 
Committee, SCTIMST, Trivandrum – 11. Phone: 0471-2524234, email: 
iec. mem. sec@sctimst. ac. in 
 
  

mailto:shilpanagmoti@gmail.com
mailto:smita_vimala@sctimst.ac.in


 

tcmKn-¡pÅ Imcy-hn-h-c-W-]{Xw  

]T-\-io-ÀjIw: 

\yqtdm ikv{X{Inb¡v hnt[bcmIp¶, acp¶v Ign-̈ mepw BhÀ¯n-¡p¶ A]-kvam-capÅ 
tcmKn-I-sf ab¡p¶-Xn-\vv $hiyCmbh�  

Kth-j-I-cpsS t]cv: 

tUm. \KvtamXn inÂ¸ hnIm-kvdm-hp, tUm. kvanX hn, tUm. APbv {]kmZv lrjn, tUm 
tPmÀPv kn hnf-\new  

ikv{X-{In-b¡th­n s]mXp-hmb ab-¡Â Bh-iy-amb {][m-\-s¸« Hcp ikv{Xn-{In-bm -\-
S-]-Sn¡v Xm¦Ä hnt[-b-am-Im³ t]mIp-I-bm-W-tÃm. Xm¦-fpsS ikv{X-{In-b¡p 
th­nbpÅ s]mXp-hmb ab-¡-en\vv \ÂIp¶ acp-¶pIfpsS Af-hnÂ Xm¦Ä Ign-¡p¶ 
A]-kvam-c-̄ n-s\-Xn-tc- Ign-¡p¶ acp-¶p-I-fpsS {]`m-h-ap-­m-tb¡mw. Cu A]-kvam-c-̄ n-
s\-Xn-tc-bpÅ acp-¶p-IÄ¡v ab-¡m³ -\ÂIp¶ acp-¶p-I-fnÂ Fs -́¦nepw kzm-[o-\-ap-
­m-Iptam F¶v R§-fpsS ]T-\-¯nÂ \nco-£n-¡m³ XmXv]-cy-s¸-Sp-¶p. 

ikv{X-{In-bm-k-a-b¯v s]mXp-hmb ab-¡Â \S-̄ p-Ibpw \ne-\nÀ¯p-Ibpw sN¿m³ 
izkn-¡m-\pÅ (izk\ Ipg-en-eqsS \ÂIp-¶-Xv) A\-kvXojy acp-¶p-Itfm Rc-¼n-eqsS--
bpÅ A\-kvXojy acp-¶p-Itfm \ÂImw. Ip¯n-h-bv¸n-eq-sS-bpÅ ab-¡Â kt¦-X-¯nÂ 
\nb-{´n-X-amb e£y-t¯msS acp¶v \ÂIm\pÅ (änknsF) ]¼v D]-tbm-Kn-¡p-¶p. 
\yqtdm ikv{X-{In-b¡v km[m-c-W-bm-bp-]-tbm-Kn-¡p¶ Rc-¼n-eqsS--bpÅ s]mXpab-¡Â 
kwhn-[m\w D]-tbm-Kn-¡m³ R§-fp-t±-in-¡p-¶p. 

A]-kvamc tcmK-̄ n\v ct­m AXn-e-[n-Itam A]-kvam-c-̄ n-s\-Xn-tc-bpÅ acp-¶p-]-tbm-Kn-
¡p¶ tcmKn-I-fpsS ab-¡-en-\pÅ acp-¶p-I-fpsS Bh-iyIXIÄ hne-bn-cp-¯p¶ Hcp ]T-
\-̄ nÂ ]¦m-fn-bm-Im³ Xm¦-tfmSv R§-f-̀ yÀ°n-¡p-¶p. Cu ]T-\-¯nÂ \nb-{´n-X-amb 
e£y-̄ nÂ e`y-am-I-̄ -¡-hn-[-apÅ D]-I-c-W-ap-]-tbm-Kn¨v (än-kn-sF) ]qÀ®-ambn Rc-¼n-
eqsS-bpÅ ab-¡emWv D]-tbm-Kn-¡pI (än-sF-hn-F).  Cu Bip-]-{Xn-bnepw temI-sa-
¼mSpw s]mXp-hmb ab-¡-en\p hn[-b-am-Ip¶ \yqtdm ikv{X-{In-bm- tcm-Kn-I-fnÂ ]Xn-
hmbn \nco-£n-¡-s¸-Sp¶ cà-Nw-{I-aW hyh-Ø-bpsS am\-Z-WvU-§fpw ab-¡-ensâ 
Bghpw Cu ]T\¯nÂ \nco-£n-¡pw. Cu Bip-]-{Xn-bnÂ\n¶pw 35 tcmKn-Isf DHmÄs -̧
Sp-̄ m³ R§Ä Bkq-{XWw sN¿p-¶p. 

Ip¯n-h-bv¸n-eq-sS-bpÅ ]qÀ®-amb ab-¡-se-¶m-se-́ mWv? 

ikv{X-{In-bm-k-a-b¯v s]mXp-hmb ab-¡Â \ne-\nÀ¯p-¶Xv izk-\-̄ n-eqsS ab-¡m-
\pÅ acp-¶p-Itfm Ip¯n-h-bv¸n-eqsS ab-¡m-\pÅ acp-¶p-Itfm D]-tbm-Kn-̈ m-Wv. Ip¯n-h-
bv¸n-eq-sStbm Rc-¼n-eq-sStbm am{Xw ab-¡Â \ne-\nÀ¯m-\pÅ acp-¶p-IÄ D]-tbm-
Kn¨mÂ, Cu kt¦-Xs¯ änsF-hnF Ft¶m ]qÀ®ambn Rc-¼n-eq-sS-bpÅ ab-¡Â 
Ft¶m And-b-s¸-Sp-¶p. \yqtdm ikv{X-{In-b-¡mbn Cu Bip-]-{Xn-bnepw temI-sa-¼mSpw 
km[m-c-W-bmbn Cu kt¦Xw D]-tbm-Kn-¡p-¶p. Rc-¼n-eq-sS-bpÅ ab-¡Â kt¦-X-¯nÂ 
\nb-{´n-X-amb e£y-t¯msS acp¶v {]h-ln-̧ n-¡p¶ ]¼v ab-¡m-\pÅ acp¶v \ÂIm³ 
D]-tbm-Kn-¡p-¶p.  

 

 



 

Cu ]T-\-̄ nÂ Bsc-sbms¡ DÄs¸-Sp-̄ pw ? 

s]mXp-hmb ab-¡-en\v hnt[-b-ambn\yqtdm kÀP-dnsN¿p¶ 35 tcmKn-Isf \½psS Bip-
]-{Xn-bnÂ\n¶pw DÄs¸-Sp-̄ m³ R§Ä Bkq-{XWw sN¿p-¶p. 18 hb-Êp-ap-XÂ 60 hb-
Êp-h-sc-bp-Å-hscbmWv DÄs -̧Sp-̄ m³ R§Ä Bkq-{XWw sN¿p-¶-Xv. A\n-b-{´n-X-
amb cà-k-½À±-ap-Å-hÀ, hr¡, I-cÄ tcmK-§-fp-Å-hÀ, Kpcp-X-c-amb Aan-X-h-®-ap-Å-
hÀ, ASn-b-´nc ikv{X-¡n-b-¡p-hn-t[-b-am-Ip-¶-hÀ XpS-§nb tcmKn-Isf ]T-\-¯n-epÄs -̧
Sp-̄ n-Ã. KÀ`n-Wn-Itfm ape-bq-«p-¶-htcm Bb tcmKn-Isf R§-fpÄs¸-Sp-¯nÃ.  Ignª 
Hcp amk-̄ n-\p-ÅnÂ Cu Bip-]-{Xn-bnÂ atä-sX-¦nepw ]T-\-̄ nÂ ]s¦-Sp¯ tcmKn-I-
sfbpw R§Ä DÄs¸-Sp-¯n-Ã. 

]s¦-Sp-¡p-I-bm-sW-¦nÂ  Xm¦Ä F´p-sN-¿Ww ? 
ikv{X-{Inbm Znhkw Xm¦sf ikv{X-{In-bm-ap-dn-bnÂ {]th-in-̧ n-¡pw. Xm¦-fpsS lrZ-b-an-Sn-
¸v, cà-k-½À±w,-{]-W-hm-bp-hnsâ \ne-hmcw F¶nh ]cn-tim-[n-¡m-\pÅ D]-I-c-W-§Ä 
LSn-̧ n-¡pw. {]mtZ-io-I-amb ab-¡-en\v hnt[-b-am¡n {Zmh-I-§fpw acp¶pw \ÂIm-\m-
bpÅ Hcp IpgÂ ssIbnse cà-¡p-g-enÂ IS-̄ pw. _sFFkv \nco-£W D]-I-cWw 
LSn-̧ n-¡pw. Bip-]-{Xn-bnse ]Xnhv  \S-]-Sn-{I-a-a-\p-k-cn¨v s]mXp-hm-b- a-b-¡-en-\pÅ 
acp¶v \ÂIpw. Xm¦Ä t_m[-c-ln-hpw \nÝ-e-hp-am-b-tijw Xm¦sf Ir{Xn-a iz-k-\-b-{´--
hp-ambn _Ôn-¡p-Ibpw acp¶v \ÂIn-s¡m­v \yqtdm ikv{X-{In-b-bnÂ ]Xn-hmbn sN¿p-
¶-Xp-t]mse ab-¡w \ne-\nÀ¯p-Ibpw sN¿pw. CXn-\p-tijw ]T-\-hn-j-b-amb a\-Z-WvU-
§Ä \nco-£n-¡p-Ibpw tcJ-s¸-Sp-̄ p-Ibpw sN¿pw. ikv{X-{Inbm kwLw Bkq-{XWw 
sNbvXXp-t]mse ikv{X-{Inb XpS-§pw. 
Xm¦Ä ]T-\-̄ nÂ ]s¦-Sp-̄ m-ep-an-sÃ-¦nepw Cu Bip-]-{Xn-bnse ]Xnhv ab-¡Â \S-]-Sn-
{I-a-§Ä {]Im-c-w Xm¦Ä¡p- \ÂIp¶XnÂ A[n-I-ambn {Zmh-I-§tfm acp-¶p-Itfm ]T-\m-
h-iy-̄ n-\mbn D]-tbm-Kn-¡nÃ. Xm¦Ä ]T-\-¯nÂ ]s¦-Sp-̄ m-ep-an-sÃ-¦nepw Xm¦-fpsS 
ikv{X-{In-b-¡p-]-tbm-Kn-¡p¶ _nsFFkv tamWn-ä-dnÂ\n-¶pÅ hnh-c-§Ä, Xm¦Ä ]T-\-
¯nÂ ]s¦-Sp-¡p-¶p-s­ -¦nÂ R§Ä tiJ-cn-¡pw. 
 

änknsF coXn-bn-Â ab-¡-en-\pÅ s{]m¸-t^m-Ä \ÂIp-¶-Xn\v Fs´-¦nepw ]mÀiz-̂ -e-§-

fpt­m? 

änsF-hnF BsÃ-¦nÂ ]qÀ®-ambn Rc-¼n-eqsS ab-¡Âa-cp-¶p-\ÂIp-¶Xv ab-¡-en\v 
temI-sa-¼mSpw D]-tbm-Kn-¡p¶ kt¦-X-am-Wv. ]qÀ®-ambn Rc-¼n-eqsS-bpÅ ab-¡en\vv 
(än-sF-hn-F), \nb-{´n-X-amb e£y-̄ nÂ e`y-am-I-̄ -¡-hn-[-apÅ D]-I-c-WamWvv (än-kn-
sF) D]-tbm-Kn-¡pI (än-sF-hn-F). ]Xn-hm-bpÅ s]mXp-a-b-¡-en\pw ab¡Â acp-¶n-\p-ap-
Å-Xn-e-[n-I-ambn CXn\v {]tXy-In¨v ]mÀiz-̂ -e§-sfm-¶p-an-Ã. AeÀPn, Ipdª cà-k-
½À±w, {_mUn-ImÀUnb F¶n-h-bmWv s{]m¸-t^m-fnsâ ]mÀiz-^-e-§Ä. Ch-bn-se-s -́
¦nepw D­m-bmÂ acp¶v D]-tbm-Kn-¡p-¶Xv Øm]-\-¯nse \S-]-Sn-{I-a-a-\p-k-cn¨v 
\nÀ¯pw. 

]T-\-am-cw-̀ n-̈ -tijw Xm¦Ä¡v ]n³am-dmtam? 

Xm¦-fpsS ]T-\-̄ n-epÅ ]¦m-fn¯w XnI¨pw kzta-[-bm-bm-Wv, ]T-\-̄ nse ]¦m-fn-¯-
¯nÂ \n¶pw ]n³am-dm³ Xocp-am-\-sa-Sp-¡m³ Xm¦Ä¡v kzmX-{´y-ap-­v. Xm¦-f-§ns\ 
sNbvXmepw Xm¦-fpsS Cu Bip-]-{Xn-bnse ]Xnhv NnIn-Õsb Hcp-hn-[-̄ nepw _m[n-¡n-
Ã. 

 



 

]T-\-hp-ambn _Ô-s¸«v Xm¦Ä¡v Fs´¦nepw ]cp¡p­mbmse v́ kw`hn¡pw ? 

Xm¦Ä ]T-\-̄ nÂ ]s¦-Sp-̄ n-sÃ-¦nepw D]-tbm-Kn-¡p¶ ab-¡Â kt¦-X-§fpw \nco-
£W D]-I-c-W-§fpw H¶p-X-s¶-bm-I-bmÂ R§fpsS ]T\¯nÂ ]s¦-Sp-
¡p¶XpsIm­v Xm¦Ä¡v ]cp¡p­mIpsa¶ v R§Ä {]Xo£n¡p¶nÃ. ]t£ ]T-\-hp-
ambn _Ô-s¸«v Xm¦Äs¡-s -́¦nepw ]mÀiz-̂ ef-§tfm {]iv\-§tfm D­m-bmÂ 
Xm¦Ä¡v Nne-hp-­m-ImsX NnIn-Õn-¡pw. F¶n-cp-¶mepw km¼-̄ n-I-amb \jvS-]-cn-
lmcw \Â-Im-\m-hn-Ã. 

\nco-£-W-¯n-\mbn Dt]m-tbm-Kn-¡p¶ D]-I-c-W-§Ä¡v Xm¦Ä ]Ww Nne-hm-¡tWm? 

\½psS ]Xnhv ab-¡Â \S-]-Sn-{I-a-amWv Xm¦-fpsS ikv{X-{In-b¡v D]-tbm-Kn-¡p-¶Xv. Cu 
]T-\-̄ nÂ ]s¦-Sp-¡p-¶-Xp-sIm­v Xm¦Ä A[nIw ]Ww \ÂtI-­n-h-cn-Ã. 

]T\w Ign-ª-tijw F´p kw`-hn¡pw? 

ikv{X-{In-b-bn-ep-S-\ofw hnh-c-§Ä tiJ-cn¡pw ikv{X-{Inb Ignªv tcmKn-bpsS ab-¡w 
amäpIbpw tcmKnsb Xo{h-]-cn-N-c-W-hn-̀ m-K-¯n-te¡v amäp-Ibpw sN¿pw. 

Xm¦-fpsS hyàn-hn-h-c-§Ä cl-ky-am-bn-cn-¡ptam?  

]T\^e§Ä ]T-\-K-th-j-W-̄ nsâ `mK-am-bpÅ Xokn-knÂ D]-tbm-Kn-¡p-Ibpw Hcp 
sshZyimkv{X  tPÀWenÂ {]kn²oIcW¯n\v \ÂIp-Ibpw sN¿psa¦nepw Xm¦sf 
hyàn-]-cambn Xncn-̈ -dn-bm-\n-S-bm-¡p-¶-sXm-¶pw {]kn-²o-I-c-W-̄ ntem, ]T-\-̂ -e-§-fpsS 
{]ZÀi-\-̄ ntem D­m-hnÃ. F¶n-cp-¶mepw Xm¦Ä ]s¦-Sp-¡p-I-bm-sW-¦nÂ Xm¦-fpsS 
NnInÕm hnh-c-§Ä ]T-\-hp-ambn _Ô-s¸-«-hÀ Xm¦-fpsS A[n-I-amb k½-X-an-ÃmsX 
]cn-tim-[n-t -̈¡mw. 

Xm¦Ä¡v IqSpXÂ Fs´¦nepw tNmZy§Ä Ds­¦nÂ Zbhmbn tUm. \KvtamXn inÂ¸ 
hnIm-kvdm-hp, ImÀUntbmsXm-dm-knIv Bâv hmkv¡p-emÀ A\kvXotjy ko\n-bÀ dkn-

Uânt\mSv tNmZn-¡pI (t^m¬: 9970850732). Csa-bnÂ. shilpanagmoti@gmail.com  

{][m-\- K-th-j-IbpsS t]cv. tUm. \KvtamXn inÂ¸ hnIm-kvdm-hp,  

tUm. kvanX hn, Atkm-kn-tbäv s{]m^kÀ A\kvXotjymfPn, SCTIMST, Trivandrum 11; 
09447699245, smita_vimala@sctimst.ac.in 

 

]T\hpambn _ÔanÃm¯ hyànsb _Ô-s¸-Sp-¶-Xn\v Zb-hmbn Øm]-\-¯nse 
ss\XoI I½nän saw¼À sk{I-«-dn tUm. ame cma-\m-Ys\ _Ô-s¸Smw. t^m¬ 0471-

2524234, email: iec.mem.sec@sctimst.ac.in   
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ANNEXURE 7 
PLIGARISM REPORT 
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Group C 

SR.NO DATE AGE (yrs) SEX WEIGHT (kg) HEIGHT (cms) BMI (kg/m2) DIAGNOSIS SURGERY 

1 4-Sep 28 M 67 168 23.7 Lt temporal lesion craniotomy and excision 
2 20-Aug 25 M 56 169 19.6 Rt temporal cavernoma craniotomy and excision 
3 15-Oct 30 F 65 155 27 Rt frontal lesion craniotomy and excision 
4 6-Aug 35 F 50 153 22.2 Lt insular lesion craniotomy and excision 
5 24-Sep 36 F 44 152 19 Lt insular lesion Craniotomy and excision 
6 11-Oct 34 F 44 144 21 rt. Temporal lesion craniotomy and excision 
7 7-Feb 37 M 72 171 24 Lt frontal lesion craniotomy and excision 
8 16-Oct 30 M 78 168 27.6 rt cingulate gyrus lesion craniotomy and excision 
9 31-Oct 32 M 72 171 24.9 colloid cyst craniotomy and excision 
10 5-Nov 25 M 60 160 23.4 Rt temporal cavernoma Craniotomy and excision 
11 4-Nov 29 M 78 176 25.1 Left parietal lesion craniotomy and excision 
12 18-Nov 25 M 45 146 21.1 RT temporal lesion craniotomy and excision 
13 29-Nov 28 M 70 170 24.2 Rt frontal glioma craniotomy and excision 
14 21-Dec 26 M 68 177 21.7 left frontal lesion craniotomy and excision 
15 13-Jan 25 M 60 170 20.7 Left parietal lesion craniotomy and excision 
16 6-Feb 26 F 66 160 25.7 Pineal region tumour craniotomy and excision 
17 11-Feb 30 M 72 170 24.4 Rt temporoparietal lesion craniotomy and excision 
18 14-Feb 32 M 77 169 26.9 left frontal lesion craniotomy and excision 
19 18-Feb 36 M 70 170 24.2 Left parietal lesion craniotomy and excision 
20 19-Feb 28 M 75 175 24.4 Rt frontal glioma Craniotomy and excision 
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Group C 

ASA 
GRAD

E 

Antiepileptic
s  

DURATION 
OF 

TREATMEN
T (months) 

INDUCTIO
N 

PROPOFO
L (mg/kg) 

MAINTAINANC
E Ce(mcg/ml) 

DURATION 
OF 

ANAESTHESI
A (hours) 

T0- time 
taken for 
eyeopenin

g 
(minutes) 

T1- time 
taken to 

obey 
command

s 
(minutes) 

T0 - 
EXTUBATIO

N TIME 
(minutes) 

TOTAL 
PROPOFO

L 
REQUIRE

D 
(mg/kg/hr) 

I Levipil 3 1.11 4 4.5 13 14 15 8.55 
I Levipil 2 1.42 2.5 3 13 14 15 5.23 
I Levipil 2 1 2.5 6.5 17 19 20 5.4 
I Levipil 2 1.8 2.5 6 14 14 15 6 
I Levipil 1 1.34 3.5 6 8 9 10 6.81 
I Levipil 3 1.36 2.4 5 13 14 15 7.27 
I Levipil 0.5 0.8 2.8 2.5 6 7 8 5.39 
I Levipil 2 1.28 2.8 7.5 18 18 20 5.61 
I levipil 1 1.35 2.9 4 6 7 8 7.2 
1 Levipil 1 1.08 2.9 3.5 8 9 10 6.95 
1 levipil 1 1.53 2.8 6.5 16 17 18 5.12 
1 levipil 1 1.11 3 6 13 14 15 5.3 
1 levipil 2 1.12 2.8 4 8 9 10 5.2 
1 levipil 1.5 1.34 3.5 6 9 9 10 6.81 
1 levipil 1 1.36 2.4 5 14 14 15 7.27 
1 levipil 2 1.1 3.8 5 13 14 15 8 
1 levipil 0.5 0.8 2.8 2.5 6 7 8 5.39 
1 levipil 1 1.2 2.8 6 13 14 15 5.61 
1 levipil 1 0.8 2.6 2.5 6 7 8 5.28 
1 Levipil 2 1.22 3 5 18 19 20 5 
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Group C 
TOTAL 

FENTAN
YL 

REQUIR
ED 

(mcg/kg/h
r) 

TOTAL 
ATRACURI

UM 
REQUIRED( 

mg/Kg/hr) 

NO. OF 
FENTAN

YL 
BOLUSE

S 

NO OF 
MEPHENTERM
INE BOLUSES 

SYSTOLIC BLOOD PRESSURE (mmHg) 

baseli
ne 

inducti
on  

intubati
on 

pinni
ng 

skin 
incision 

duramater 
opening 

closu
re 

extubati
on 

2 0.11 3 1 130 124 136 136 149 121 118 130 
2 0.14 2 1 120 114 124 124 118 106 106 120 

2.2 0.12 2 1 130 68 136 136 147 151 147 130 
2.17 0.14 2 0 120 130 130 130 113 130 140 120 
1.96 0.3 2 0 120 147 122 122 145 132 136 120 

2 0.18 2 1 120 123 124 124 132 125 124 120 
1.98 0.13 2 1 140 124 136 136 130 156 138 140 

2 0.13 1 1 117 120 113 113 98 114 118 117 
2 0.14 2 0 126 117 127 127 125 125 128 126 

2.3 0.13 2 1 110 110 120 120 108 118 108 110 
1.8 0.14 1 0 134 122 136 136 114 110 108 134 
2.3 0.13 2 0 138 122 136 136 124 120 118 138 
2.3 0.14 2 1 110 124 129 129 111 132 132 110 

1.96 0.3 2 0 130 118 128 128 108 106 108 130 
1.9 0.18 2 1 120 124 132 132 114 118 110 120 
1.9 0.11 3 1 130 124 136 136 149 121 118 130 

1.98 0.13 2 1 120 114 130 130 118 106 106 120 
1.8 0.13 1 1 130 68 138 138 147 151 147 130 
1.8 0.13 2 1 116 121 148 148 150 141 153 116 
2.1 0.13 1 1 140 138 136 136 140 130 110 140 
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Group C 

DIASTOLIC BLOOD PRESSURE (mmHg) 
baseline induction  intubation pinning skin incision duramater opening closure extubation 

80 82 84 84 99 80 68 80 
85 70 88 88 68 66 62 85 
80 115 82 82 99 103 99 80 
80 90 82 82 77 80 88 80 
88 116 84 84 100 92 96 88 
78 88 76 76 90 91 84 78 
80 86 82 82 80 92 84 80 
76 80 79 79 70 76 84 76 
78 77 79 79 90 86 90 78 
86 88 82 82 84 86 78 86 
84 80 80 80 64 60 62 84 
82 78 80 80 80 76 76 82 
78 80 80 80 74 95 88 78 
80 76 78 78 68 64 60 80 
78 78 88 88 70 70 72 78 
88 82 84 84 99 80 68 88 
76 70 82 82 68 66 62 76 
80 115 88 88 99 103 99 80 
97 71 98 98 93 110 97 97 
80 90 80 80 100 90 78 80 
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Group C 

MEAN ARTERIAL PRESSURE (mmHg) 
baseline induction  intubation pinning skin incision duramater opening closure extubation 

113 110 118 118 132 107 101 113 
108 99 112 112 101 92 91 108 
113 83 118 118 131 135 131 113 
106 116 114 114 101 113 122 106 
109 136 109 109 130 118 122 109 
106 111 108 108 118 113 110 106 
120 111 118 118 113 134 120 120 
103 106 101 101 88 101 106 103 
110 103 111 111 113 112 115 110 
102 102 10 10 100 107 98 102 
117 108 117 117 97 93 92 117 
119 107 117 117 109 105 104 119 
99 109 112 112 98 119 117 99 

113 104 111 111 94 92 92 113 
106 108 117 117 99 102 97 106 
116 110 118 118 132 107 101 116 
105 99 114 114 101 92 91 105 
113 83 121 121 131 135 131 113 
109 104 131 131 131 130 134 109 
120 122 117 117 126 116 99 120 
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Group C 

HEART RATE (per minute) 
baseline induction  intubation pinning skin incision duramater opening closure extubation 

84 82 82 88 80 80 81 88 
90 88 94 92 90 91 92 95 
90 88 94 92 90 91 92 95 
80 78 85 80 78 77 78 85 
90 88 94 92 90 91 92 95 
70 66 75 66 68 67 68 75 
90 88 94 92 90 91 92 95 
80 78 85 80 78 77 78 85 
79 75 80 78 78 76 76 84 
82 82 82 88 80 80 81 88 
79 75 80 78 78 76 76 84 
76 70 75 77 70 72 72 78 
90 88 94 92 90 91 92 95 
70 66 75 66 68 67 68 75 
80 78 85 80 78 77 78 85 
84 82 82 88 80 80 81 88 
80 78 85 80 78 77 78 85 
80 78 85 80 78 77 78 85 
66 65 70 64 65 66 66 70 
80 78 85 80 78 77 78 85 
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Group C 

BIS VALUE 

baseline induction  intubation pinning skin incision duramater opening closure extubation 
95 44 40 44 44 50 44 92 
98 45 38 45 45 51 45 91 
99 44 38 44 44 52 44 95 
96 52 40 52 52 52 52 94 
95 46 41 46 46 46 46 95 
95 47 39 47 47 47 47 92 
96 48 39 48 48 48 48 93 
98 46 40 46 46 46 46 94 
99 47 41 47 47 47 47 93 
99 48 39 48 48 48 48 95 
96 46 39 46 46 46 46 94 
97 47 42 47 47 47 47 92 
95 48 41 48 48 48 48 93 
97 49 40 49 49 49 49 93 
98 50 42 50 50 50 50 92 
97 52 42 52 52 52 52 94 
98 49 39 49 49 49 49 95 
98 48 39 48 48 48 48 96 
98 47 39 47 47 47 47 93 
96 48 39 48 48 48 48 94 
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Group MRS  

SR.NO DATE AGE (yrs) SEX WEIGHT (kg) HEIGHT (cms) BMI (kg/m2) DIAGNOSIS SURGERY 

1 3-Oct 35 M 75 170 25.9 rt. Temporoparital lesion craniotomy and excision 
2 29-Aug 24 M 70 168 24.8 RT MTS RT. ATL-AH 
3 14-Feb 19 M 62 165 22.7 left MTS LT ATL-AH 
4 7-Aug 37 M 82 176 26.4 RT MTS RT. ATL-AH 
5 10-Oct 37 F 72 168 25 left MTS LT ATL-AH 
6 6-Feb 29 M 65 162 24.76 Lt frontal lesion craniotomy and excision 
7 10-Jul 37 F 72 166 26.1 left MTS LT ATL-AH 
8 17-Dec 24 F 65 164 23.7 left MTS LT ATL-AH 
9 28-Nov 25 F 52 154 21.9 Left parital gliosis craniotomy and excision 

10 19-Sep 41 M 70 170 24.2 RT MTS RT. ATL-AH 
11 17-Jul 22 M 80 170 27.6 left MTS LT ATL-AH 
12 17-0ct 25 F 43 140 21 left MTS lT ATL-AH 
13 3-Jul 22 M 45 160 18 left MTS LT ATL-AH 
14 11-Apr 43 M 80 170 27.6 Rt frontal FCD Craniotomy and excision 
15 20-Jan 19 M 60 169 21 rt temporal DNET Craniotomy and excision 
16 27-Nov 21 F 60 156 24.7 Lt temporal DNET Craniotomy and excision 
17 27-Nov 21 F 60 156 24.7 Lt temporal DNET Craniotomy and excision 
18 24-Jul 25 F 56 160 21.8 Lt MTS LT ATL-AH 
19 13-Feb 21 M 77 181 23.7 Lt frontal lesion Craniotomy and excision 
20 7-Mar 54 M 82 170 28.3 RT MTS RT. ATL-AH 
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Group MRS 

ASA 
GRADE Antiepileptics  

DURATION 
OF 

TREATMENT 
(months) 

INDUCTION 
PROPOFOL 

(mg/kg) 
MAINTAINANCE 

Ce(mcg/ml) 

DURATION OF 
ANAESTHESIA 

(hours) 
II oxcarbazepine 

 
valproate clobazam 22 0.8 2.5 4.5 

I Oxcarbazepine 
 

Valproate Clobazam 12 0.85 2.2 4.5 
I Oxcarbazepine 

 
Valproate Clobazam 13 1.04 1.8 4.5 

I Oxcarbazepine levipil 
 

Clobazam 20 1.7 2.8 4 
I Carbamazepine levipil 

 
Clobazam 23 0.77 2.2 4 

I 
 

Levipil phenytoin Clobazam 13 1.18 2 4.5 
I Oxcarbazepine Levipil 

 
Clobazam 13 0.77 1.8 4 

I 
 

Levipil lacosamide clobazam 20 0.92 1.5 5 
I Oxcarbazepine Levipil 

 
Clobazam 12 0.73 1.3 4.5 

I 
  

lamotrigine clobazam 13 0.92 2 5.5 
I Oxcarbazepine 

 
Topiramate clobazam 14 1 1.8 4 

I Oxcarbazepine 
 

Topiramate Clobazam 12 1.16 1.2 4 
I 

  
lamotrigine Clobazam 12 1.24 1.8 5 

I Carbamazepine 
 

Lacosamide Clobazam 12 0.76 2.4 5 
I 

 
levipil valproate 

 
24 0.91 2.5 4 

I Oxcarbazepine levipil 
  

23 1.4 2.2 4 
I Oxcarbazepine levipil 

  
24 1.4 2.2 4 

I oxcarbazepine levipil 
  

23 1 2.5 5 
I Carbamazepine 

 
Lacosamide 

 
23 1.03 1.8 4.5 

I Carbamazepine Phenobarbitone Phenytoin 
 

23 0.63 2 4.5 
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Group MRS 

T0- time taken 
for eyeopening 

(minutes) 

T1- time 
taken to obey 

commands 
(minutes) 

T0 - 
EXTUBATION 
TIME (minutes) 

TOTAL 
PROPOFOL 
REQUIRED 
(mg/kg/hr) 

TOTAL 
FENTANYL 
REQUIRED 
(mcg/kg/hr) 

TOTAL 
ATRACURIUM 

REQUIRED( 
mg/Kg/hr) 

NO. OF 
FENTANYL 
BOLUSES 

NO OF 
MEPHENTERMINE 

BOLUSES 
13 14 15 5.33 1.78 0.11 2 1 
3 4 5 4.44 1.65 0.11 1 1 
3 4 5 4.08 2.07 0.15 2 0 

13 14 15 5.54 2.19 0.12 2 2 
4 4 5 3.61 1.8 0.12 1 1 
4 4 5 3.55 1.92 1.12 2 0 
2 3 3 4.68 2 0.17 1 2 
3 3 3 3.84 1.63 0.13 1 0 
3 3 3 4.4 2.3 0.17 2 2 
8 9 10 2.66 1.4 0.11 1 0 
4 4 5 4.37 1.9 0.1 1 1 
4 4 5 4.4 2.1 0.13 2 2 
8 9 10 4.66 1.8 0.15 1 0 
9 9 10 3.65 1.6 0.11 1 1 
4 4 5 5.4 2.1 0.12 2 1 
4 5 6 6.12 1.8 0.15 1 1 
5 5 6 6.12 1.8 0.15 1 1 
8 9 10 7.5 3.21 0.14 3 1 
9 9 10 5.84 2.14 0.12 2 0 
3 3 3 4.49 1.62 0.14 2 0 
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Group MRS 
SYSTOLIC BLOOD PRESSURE (mmHg) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 
130 128 136 136 104 104 106 130 
130 115 140 140 150 154 156 130 
100 120 120 120 124 120 110 100 
110 124 124 124 131 124 118 110 
124 110 128 128 120 128 124 124 
126 140 128 128 111 124 120 126 
108 90 120 120 100 115 113 108 
128 116 130 130 118 115 110 128 
131 110 122 122 106 112 120 131 
120 130 130 130 113 130 140 120 
120 147 122 122 145 132 136 120 
120 123 124 124 132 125 124 120 
140 124 136 136 130 156 138 140 
117 120 128 128 98 114 118 117 
126 117 127 127 125 125 128 126 
110 110 120 120 108 118 108 110 
134 122 136 136 114 110 108 134 
138 122 136 136 124 120 118 138 
110 124 130 130 111 132 132 110 
130 118 128 128 108 106 108 130 
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Group MRS 
DIASTOLIC BLOOD PRESSURE (mmHg) MEAN ARTERIAL PRESSURE (mmHg) 

basel
ine 

induc
tion  

intuba
tion 

pinn
ing 

skin 
incision 

duramater 
opening 

clos
ure 

extuba
tion 

basel
ine 

induc
tion  

intuba
tion 

pinn
ing 

skin 
incision 

duramater 
opening 

clos
ure 

extuba
tion 

80 88 77 77 71 70 59 80 113 114 116 116 93 92 90 113 
80 87 98 98 90 110 110 80 113 105 126 126 130 139 140 113 
80 60 70 70 78 70 80 80 93 100 103 103 108 103 100 93 
72 68 88 88 78 87 74 72 97 105 112 112 113 111 103 97 
84 72 86 86 78 86 80 84 110 97 114 114 106 114 109 110 
84 92 88 88 95 87 81 84 112 124 114 114 105 111 107 112 
70 70 60 60 62 85 78 70 95 83 100 100 87 105 101 95 
78 72 80 80 76 72 68 78 111 101 113 113 104 100 96 111 
80 70 74 74 69 74 81 80 114 96 106 106 93 99 107 114 
84 90 72 72 77 80 88 84 108 116 110 110 101 113 122 108 
70 116 74 74 100 92 96 70 103 136 106 106 130 118 122 103 
78 88 76 76 90 91 84 78 106 111 108 108 118 113 110 106 
80 86 82 82 80 92 84 80 120 111 118 118 113 134 120 120 
76 80 79 79 70 76 84 76 103 106 111 111 88 101 106 103 
78 77 79 79 90 86 90 78 110 103 111 111 113 112 115 110 
84 88 74 74 84 86 78 84 101 102 104 104 100 107 98 101 
84 80 80 80 64 60 82 84 117 108 117 117 97 93 99 117 
82 78 80 80 80 76 76 82 119 107 117 117 109 105 104 119 
84 80 68 68 74 95 88 84 101 109 109 109 98 119 117 101 
80 76 78 78 68 64 88 80 113 104 111 111 94 92 101 113 
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Group MRS 
HEART RATE (per minute) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 
78 70 75 77 70 72 72 78 
63 63 68 64 64 62 63 68 
95 95 98 88 89 89 88 98 
84 82 82 88 80 80 81 88 
80 78 85 80 78 77 78 85 
90 88 94 92 90 91 92 95 
70 66 75 66 68 67 68 75 
72 66 75 66 68 67 68 75 
71 66 75 66 68 67 68 75 
65 63 68 64 64 62 63 68 
84 82 82 88 80 80 81 88 
80 78 85 80 78 77 78 85 
90 88 94 92 90 91 92 95 
65 65 70 64 65 66 66 70 
79 75 80 78 78 76 76 84 
82 82 82 88 80 80 81 88 
79 70 75 77 70 72 72 78 
76 70 75 77 70 72 72 78 
60 65 70 64 65 66 66 70 
70 66 75 66 68 67 68 75 
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Group MRS 
BIS VALUE 

baseline induction  intubation pinning skin incision duramater opening closure extubation 
95 44 40 44 44 50 44 92 
98 45 38 45 45 50 45 91 
99 44 38 44 44 50 44 95 
96 45 40 45 45 45 45 94 
95 46 41 46 46 46 46 95 
95 47 39 47 47 47 47 92 
96 48 39 48 48 48 48 93 
98 46 40 46 46 46 46 94 
99 52 41 52 52 52 52 93 
99 48 39 48 48 48 48 95 
96 46 39 46 46 46 46 94 
97 47 42 47 47 47 47 92 
95 48 41 48 48 48 48 93 
97 49 40 49 49 49 49 93 
98 50 42 50 50 50 50 92 
97 52 42 52 52 52 52 94 
98 49 39 49 49 49 49 95 
98 48 39 48 48 48 48 96 
98 47 39 47 47 47 47 93 
96 48 39 48 48 48 48 94 
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Group MRS 

SR.NO DATE AGE (yrs) SEX WEIGHT (kg) HEIGHT (cms) BMI (kg/m2) DIAGNOSIS SURGERY 

21 10-Oct 20 M 58 165 21 Lt frontal FCD Craniotomy and excision 
22 26-Sep 18 M 85 165 31 Lt frontal FCD Craniotomy and excision 
23 22-Aug 18 F 68 165 24 Rt frontal FCD Craniotomy and excision 
24 16-May 34 F 57 148 26 Lt insular lesion Craniotomy and excision 
25 13-Jun 29 M 70 160 27.3 RT MTS RT. ATL-AH 
26 20-Mar 26 M 77 165 28 RT MTS RT. ATL-AH 
27 8-May 21 M 60 165 22 Rt temporal cavernoma Craniotomy and excision 
28 19-Dec 32 M 57 170 19 RT MTS RT. ATL-AH 
29 22-Nov 32 F 72 162 27.4 Rt frontal FCD craniotomy and excision 
30 4-Sep 27 F 46 155 20.4 left MTS LT ATL-AH 
31 1-Aug 34 M 58 158 23 Lt MTS Lt ATL-AH 
32 17-May 34 F 60 145 28 Lt insular lesion Craniotomy and excision 
33 14-Jun 30 M 70 160 27.3 RT MTS RT. ATL-AH 
34 17-Oct 22 F 67 165 24.6 RT MTS rT. ATL-AH 
35 8-Dec 23 M 68 160 26.5 Left frontal FCD craniotomy and excision 
36 5-Feb 37 M 72 170 24.9 Lt perisylvian gliosis craniotomy and electrode placement 
37 6-Feb 29 M 68 168 24 left MTS LT ATL-AH 
38 17-Feb 28 F 62 160 24.21 Lt temporal glioma Craniotomy and excision 
39 19-Feb 37 M 72 170 24.9 Lt perisylvian gliosis LT ATL-AH 
40 20-Feb 19 F 55 155 23 Rt temporal FCD RT. ATL-AH 

 
  



 

106 
 

Group MRS 

ASA 
GRADE Antiepileptics  

DURATION 
OF 

TREATMENT 
(months) 

INDUCTION 
PROPOFOL 

(mg/kg) 

MAINTAINANCE 
Ce(mcg/ml) 

DURATION OF 
ANAESTHESIA 

(hours) 

T0- time taken 
for eyeopening 

(minutes) 

T1- time 
taken to 

obey 
commands 
(minutes) 

I Oxcarbazepine Clobazam 22 1.03 1.4 2.5 3 4 
I Oxcarbazepine Clobazam 24 0.72 2.1 5.5 8 9 
I Oxcarbazepine Clobazam 26 0.9 2.2 5 8 9 
I Carbamazepine Clobazam 26 0.91 2.5 4.5 4 4 
I Carbamazepine Clobazam 2 1.4 2 5 10 11 
I Carbamazepine Clobazam 18 1.2 1.8 5 4 4 
I Oxcarbazepine Clobazam 18 2 2.2 4.5 3 4 
I Carbamazepine Clobazam 19 1.06 1.5 3.5 3 3 
I Escicarbazepine clobazam 23 0.7 1.5 4 4 4 
I carbamazepine clobazam 23 1.08 2 6 4 4 
I Oxcarbazepine Clobazam 22 0.94 1.6 3.5 8 9 
I Carbamazepine Clobazam 24 0.9 2.5 4 4 4 
I Carbamazepine Clobazam 19 1.23 2 5 11 11 
I Oxcarbazepine Clobazam 29 1.04 2.3 4 3 4 
1 oxcarbazepine clobazam 22 0.8 1.8 3.5 3 4 
1 oxcarbazepine clobazam 18 1.1 1.8 4 4 5 
1 Oxcarbazepine Clobazam 19 1.21 2 6 8 9 
1 oxcarbazepine clobazam 20 0.91 2.3 6 7 7 
1 Oxcarbazepine Clobazam 18 1.1 1.8 5 5 6 
1 Oxcarbazepine Clobazam 20 0.95 2.5 5 5 6 
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Group MRS 

T2 - EXTUBATION 
TIME (minutes) 

TOTAL 
PROPOFOL 
REQUIRED 
(mg/kg/hr) 

TOTAL FENTANYL 
REQUIRED 
(mcg/kg/hr) 

TOTAL ATRACURIUM 
REQUIRED( mg/Kg/hr) 

NO. OF 
FENTANYL 
BOLUSES 

NO OF 
MEPHENTERMINE 

BOLUSES 

4 4.05 2.5 0.18 2 0 
10 3.74 1.36 0.1 1 0 
10 3.5 1.6 0.11 2 0 
5 4.4 1.7 0.11 1 1 
12 3.14 1.62 0.17 1 0 
5 4.8 1.87 0.1 2 0 
5 5.1 2 0.12 1 1 
3 3.73 2.6 0.17 2 0 
5 3.95 1.63 0.1 1 0 
5 6.7 1.59 0.14 2 0 
10 2.51 2.6 0.13 1 0 
5 4.3 1.7 0.11 1 1 
12 3.1 1.62 0.17 1 0 
5 2.9 2.2 0.15 2 0 
4 4 2 0.14 1 0 
5 4.8 1.87 0.1 1 0 
10 3.5 1.62 0.17 1 0 
8 4.4 1.7 0.11 1 1 
6 4.7 1.8 0.1 1 0 
7 4.4 1.7 0.11 1 1 
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Group MRS 
SYSTOLIC BLOOD PRESSURE (mmHg) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 

116 105 110 110 104 102 103 116 
124 104 114 114 116 123 128 124 
131 110 122 122 106 112 120 131 
130 128 136 136 104 104 106 130 
160 114 150 150 118 122 124 160 
140 117 138 138 121 115 126 140 
124 106 125 125 106 99 100 124 
124 121 120 120 90 112 122 124 
150 123 150 150 126 147 136 150 
130 128 136 136 104 104 106 130 
130 115 140 140 150 154 156 130 
100 120 120 120 124 120 110 100 
110 124 124 124 131 124 118 110 
124 110 128 128 120 128 124 124 
126 140 128 128 111 124 120 126 
108 90 120 120 100 115 113 108 
128 116 130 130 118 115 110 128 
128 116 126 126 118 114 130 128 
124 106 125 125 106 99 100 124 
124 121 120 120 90 112 122 124 
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Group MRS 
DIASTOLIC BLOOD PRESSURE (mmHg) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 

78 69 79 79 63 71 67 78 
84 68 81 81 85 85 92 84 
80 70 74 74 69 74 81 80 
80 88 77 77 71 70 59 80 
80 78 90 90 61 82 80 80 

100 78 90 90 86 84 80 100 
84 59 75 75 66 58 60 84 
80 83 80 80 55 69 78 80 
90 82 84 84 84 96 88 90 
80 88 77 77 71 70 59 80 
80 87 98 98 90 110 110 80 
80 60 70 70 78 70 80 80 
72 68 88 88 78 87 74 72 
84 72 86 86 78 86 80 84 
84 92 88 88 95 87 81 84 
70 70 60 60 62 85 78 70 
78 72 80 80 76 72 68 78 
84 82 84 84 72 76 84 84 
84 59 75 75 66 58 60 84 
80 83 80 80 55 69 78 80 
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Group MRS 
MEAN ARTERIAL PRESSURE (mmHg) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 

103 93 99 99 90 91 91 103 
110 92 103 103 105 110 116 110 
114 96 106 106 93 99 107 114 
113 114 116 116 93 92 90 113 
133 102 130 130 99 108 109 133 
126 104 122 122 109 104 110 126 
110 90 108 108 92 85 86 110 
109 108 106 106 78 97 107 109 
130 109 128 128 112 130 120 130 
113 114 116 116 93 92 90 113 
113 105 126 126 130 139 140 113 
93 100 103 103 108 103 100 93 
97 105 112 112 113 111 103 97 

110 97 114 114 106 114 109 110 
112 124 114 114 105 111 107 112 
95 83 100 100 87 105 101 95 

111 101 113 113 104 100 96 111 
113 104 112 112 102 101 114 13 
110 90 108 108 92 85 86 110 
109 108 106 106 78 97 107 109 
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Group MRS 
HEART RATE (per minute) 

baseline induction  intubation pinning skin incision duramater opening closure extubation 

89 88 94 92 88 88 84 92 
81 84 82 88 81 80 80 85 

101 94 92 95 94 92 90 92 
78 72 77 78 70 70 71 77 
84 82 82 88 80 80 81 88 
82 78 85 82 78 78 82 88 
68 67 72 73 70 70 72 75 
78 72 77 78 70 70 71 77 
81 80 88 85 80 80 82 86 
78 70 75 77 70 72 72 78 
63 63 68 64 64 62 63 68 
95 95 98 88 89 89 88 98 
84 80 88 78 78 79 78 88 
80 80 88 78 78 79 78 88 
90 88 94 92 90 91 92 95 
70 66 75 66 68 67 68 75 
72 66 75 66 68 67 68 75 
82 80 88 78 78 79 78 88 
65 66 75 66 68 67 68 75 
78 70 75 77 70 72 72 78 
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Group MRS 
BIS VALUE 

baseline induction  intubation pinning skin incision duramater opening closure extubation 

95 44 40 44 44 44 50 90 
98 45 38 45 45 45 45 92 
99 44 38 44 44 44 54 91 
96 45 40 45 45 45 52 95 
95 46 41 46 46 46 52 94 
97 47 39 47 47 47 47 95 
98 48 39 48 48 48 48 92 
99 46 40 46 46 46 46 93 
97 47 41 47 47 47 47 94 
98 48 39 48 48 48 48 93 
96 46 39 46 46 46 46 95 
97 47 42 47 47 47 47 94 
95 48 41 48 48 48 48 92 
97 49 40 49 49 49 49 93 
98 50 42 50 50 50 50 93 
97 52 42 52 52 52 52 92 
98 49 39 49 49 49 49 94 
98 48 39 48 48 48 48 95 
98 47 39 47 47 47 47 96 
96 48 39 48 48 48 48 93 

 
 


