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1. Introduction 

 

Emergence from anaesthesia is the process of regaining consciousness and normal 

functions after general anaesthesia.(1) The signs of emergence from anaesthesia may 

vary depending on the type and dose of anaesthetic agents, the patient’s condition, 

and the method of monitoring (1). Emergence from anaesthesia should be monitored 

carefully and managed appropriately to ensure patient safety, especially in 

neurosurgical patients (1). Identifying emergence in neurosurgical patients is 

important for several reasons: 

• Emergence can indicate the recovery of brain function and the absence of 

neurological complications after neurosurgery.(2) 

• Emergence can enable early extubation of the patient and the transfer to the post-

anaesthesia care unit (PACU) or the intensive care unit (ICU), where further 

monitoring and treatment can be provided. (3) 

Increase in the bispectral index (BIS), which is a derived EEG parameter that 

measures the level of hypnosis.(4) A BIS value above 80 indicates emergence from 

anaesthesia, while a value between 40 and 60 usually implies adequate hypnosis 

without possible recall.(5) It should be emphasized that these alterations in the 

brain's intrinsic activity may not transpire in a synchronized or straightforward 

manner and can be impacted by a multitude of factors, such as the rate at which they 
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manifest, the existence of discomfort or stimuli, and the electromyographic (EMG) 

activity.(6)F 

Spectral edge frequency (SEF) measures the frequency below which a certain 

percentage of the power spectrum of an EEG signal is concentrated and has been 

shown to be associated with the emergence from anaesthesia.(7) However, the 

identification and interpretation of EEG signatures necessitate a considerable amount 

of clinical expertise, which entails a deep understanding and knowledge of the 

intricacies involved in this complex field. Moreover, it is important to note that the 

application of frontal EEG and BIS in specific clinical contexts, such as 

neurosurgical cases that involve frontal craniotomy, can be challenging. Automated 

pupillometry, due to its user-friendly nature and capacity to yield objective metrics, 

can prove to be advantageous in circumstances of this nature.(8) Jeung Eun Kum et 

al investigated the pupillary changes under isoflurane anaesthesia simultaneously 

with the electroencephalogram (EEG) and electromyogram (EMG).(9) The authors 

concluded that pupil diameter precedes electrophysiological change of the brain 

during a transitional state of anaesthesia, and pupillometry may offer a noncontact 

monitoring tool for indexing the transitional state of the brain. (9) There is a paucity 

of literature on the utilization of pupillometry in assessing the emergence of 

neurosurgical procedures. Consequently, we have made the decision to strategize and 

execute a study to address this gap. The primary objective was to assess the 

correlation between changes in pupillometric indices (pupillary size, constriction 

velocity, and latency time) and changes in BIS during the emergence of general 

anaesthesia. As a secondary objective, the study assessed the correlation of change in 

pupillometric indices to changes to spectral edge frequency obtained from frontal 
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EEG during emergence from general anaesthesia. We hypothesized that the changes 

in pupillary reflexes measured using automated pupillometry seen during the 

emergence of patients from general anaesthesia who undergo supratentorial 

craniotomies correlate with frontal EEG changes and Bispectral index values. 
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2. Literature Review 

 

Emergence from anesthesia (AE) is the ending stage of anesthesia featuring the 

transition from unconsciousness to complete wakefulness and recovery of 

consciousness (RoC)[1]. Although smooth and safe emergence is a primary target of 

anesthesia, during this critical phase a wide range of undesirable complications may 

occur. These AE complications include coughing, which may induce an increase in 

intracranial and intraocular pressures, respiratory events (e.g., laryngospasm) 

resulting in oxygenation problems, hypertension, and tachycardia as well as mental 

status changes such as emergence delirium (ED)[2], and delayed RoC (i.e., 

hypoactive emergence)[3]. 

 

From a neurobiological perspective, AE and RoC processes should not be simply 

considered as reverse events occurring in the induction of anesthesia. In 

mathematical terms, this non-linear system between induction and AE mechanisms 

represents a fascinating neurobiological example of “hysteresis”; thus, anesthesia can 

be ideally compared as a travel with a forward way (induction) which differs from 

that of the return (emergence). Recently, several research groups have demonstrated 

that the anesthetics-induced transition from wakeful state to loss of consciousness 
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(LoC), and vice versa the RoC phase are subjected to the control of distinct neural 

circuits[4,5]. 

 

2.1 NEUROBIOLOGY OF EMERGENCE 

 

1 Mechanisms of emergence 

Explanation of these mechanisms presupposes the knowledge of the action 

mechanisms of anesthetics, namely the neural correlates of anesthetics-induced 

unconsciousness. Although it does not represent the primary goal of this work, here 

we will try to underline the most recent pieces of evidence on the topic[6-9]. This 

extremely complex matter can be simplified by assuming that anesthetics interfere 

with cortical and subcortical signals, inducing, in turn, changes in the 

functional/effective connectivity across brain regions. During general anesthesia, 

alterations in functional and effective connectivity from different brain regions (e.g., 

from frontal to parietal regions) have been widely demonstrated[9]. For instance, 

inhalation anesthetic agents impair frontal-posterior interactions by interfering with 

the gamma (20-60 Hz) oscillations which have a key role in arousal and maintenance 

of consciousness[10]. High-density electroencephalography (hd-EEG) demonstrated 

that propofol-induced LoC is characterized by an increase in frontal delta power as 

the result of cortical propagation of processes starting from subcortical regions (e.g., 

lateral sulci and cingulate gyrus)[11]. In turn, these slow-delta oscillations propagate 

asynchronously across the cortex, inducing a functional disruption of the 
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connectivity between distinct cortical areas. Moreover, by using a combination of 

positron emission tomography and functional magnetic resonance imaging 

(PET/MRI), Akeju et al[12] demonstrated that the main effect of dexmedetomidine-

induced LoC was the impairment of the thalamo-cortical functional connectivity. 

 

Connectivity changes within distinct brain regions lead to different depths of 

anesthesia (DoA). Thus, loss of communication between the thalamus and the cortex 

is responsible for the beginning of LoC. Subsequently, changes in the cortico-cortical 

functional connectivity, and in the functioning of several brainstem nuclei (e.g., the 

ventrolateral preoptic nucleus) as well as in the connectivity between these structures 

and cerebral cortex are responsible for completing the induction process and, in turn, 

for maintaining the surgical anesthesia status. During the AE period, mechanisms 

responsible for LoC and anesthesia maintenance are gradually reversed, whereas 

other specific awakening mechanisms are activated. These mechanisms encompass 

several ascending arousal brain pathways responsible for the activation and 

promotion of the emergence until the RoC. Among the arousal-promoting brain 

regions involved in the active AE processes, the thalamus has a key role[13]. Alkire 

et al[14] proved in rats that midline intrathalamic microinfusion of nicotine reversed 

sevoflurane-induced loss of righting reflex (LORR), an indicative sign of 

unconsciousness in rodents. Other preclinical investigations, focusing on voltage-

gated potassium channels, were performed to assess the role of thalamic central 

medial nucleus for AE induction[15,16]. However, the thalamic systems are not the 

sole pathways involved in active AE. Investigations on the dopaminergic (DA) 
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projections from the substantia nigra (SN) and ventral tegmental area (VTA) of the 

midbrain to the pedunculopontine, thalamus, dorsal raphe, locus ceruleus (LC), and 

laterodorsal tegmental areas, basal forebrain (BF), and lateral hypothalamus)[17,18] 

suggested the existence of a mesencephalic arousal pathway. It has been shown in 

animals that the intravenous administration of methylphenidate, or 

dextroamphetamine which increases the dopaminergic and adrenergic 

neurotransmission through the reuptake inhibition or the use of a D1 receptor agonist 

(chloro-APB) restores LORR and increases theta oscillations (decreasing delta- and 

alfa-power) during inhaled[19,20] or endovenous anesthesia[21]. Furthermore, 

Taylor et al[22] obtained the same results through a selective stimulation of the VTA 

dopaminergic neurons, whereas the administration of a D1 antagonist (SCH-23390) 

attenuated the arousal response. Thus, they called this active transition from the 

anesthetized state to the awake state “reanimation from general anesthesia”[22]. 

 

The hypothalamus is another brain structure involved in the AE mechanisms. The 

orexinergic neurons are localized in a hypothalamic area around the fiber bundle of 

fornix. This orexin system (OS) plays a key role in induction of sleep-to-wake 

transitions, and maintenance of wakefulness[23]. A series of studies proved that it 

facilitated AE in both intravenous[24], and inhaled general anesthesia[25]. More 

recently, Zhang et al[26] demonstrated in rats that isoflurane depressed the 

excitability of orexinergic neurons. Although both orexins (i.e., orexin-A, OXA, and 

orexin-B, OXB) promoted emergence, OXA played a more significant role (through 

orexin receptor-1). 
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Functionally, the OS is related to the locus coeruleus norepinephrine system (LC 

NE), and the posterior hypothalamic histaminergic tuberomammillary nuclei (TMN 

HA)[27] which are well-known wake-promoting cell groups of the sleep-wake 

regulatory network[28], and implicated in the action mechanisms of inhaled 

anesthesia[29]. In particular, LCNE is functionally connected to the posterior 

cingulate cortex (PCC), thalamus, and basal ganglia forming the LCNE arousal 

system, which has been suggested to have an important role in the AE[30]. 

Orexinergic projections to the hippocampus, and basal ganglia have been also 

demonstrated[31]. 

 

In this complex scenario, there is a functional connection between OS, BF 

cholinergic structures (i.e., medial septum, vertical limbs of the diagonal band of 

Broca, nucleus basalis of Meynert, and substantial innominate), and the brainstem 

ascending reticular arousal system (ARAS). Indeed, the BF has diffuse projections to 

all parts of the neocortex, basolateral amygdala, and hippocampus, whereas the 

ARAS has cholinergic cortical projections, and connection with the thalamus, 

hypothalamus, and the BF region, which in turn modulate the OS (feedback 

mechanism). The OS contributes to arousal processing by increasing cortical activity 

due to excitatory projections to wake-promoting cell groups in the posterior 

hypothalamus, BF, and brainstem. On the other hand, orexin neurons are controlled 

by positive and negative feedback mechanisms mainly mediated by the 

hypothalamus and other areas (e.g., perifornical area)[32] and more details on orexin 



 

 

11  

pathways could be found in literature[33]. Taken together, these data suggest that 

arousal processes at the end of anesthesia are triggered by structures deep in the 

brain, rather than being induced within the neocortex. 

 

Electrical activity during recovery from anesthesia 

The brain’s response to anesthetics recorded with scalp electroencephalogram (EEG) 

represents the cortical synaptic activity of both excitatory and inhibitory post-

synaptic potentials from cortical or thalamic neurons[34]. Apart from this non-

invasive EEG modality used in human studies, other approaches such as the 

electrocorticogram (ECoG, EEG measured directly from the cortical surface), 

stereoelectroencephalography (SEEG), an EEG performed via depth probes, are used 

in specific clinical settings (e.g., SEEG in epilepsy) or for experimental 

investigations in animals. Moreover, neurophysiological changes in the brain under 

general anesthesia are often studied through a combination of EEG (including hd-

EEG methods) with brain activity measures such as functional near-infrared 

spectroscopy (fNIRS)[35], and neuroimaging modalities, (e.g., functional magnetic 

resonance imaging, fMRI) [36], or by combining EEG with electrodiagnostic 

methods, including electromyography and evoked potentials (EP)[37]. 

 

Studies on EEG activity during anesthesia induced a significant impetus to research 

aimed at elucidating the dynamics of anesthesia. Again, technological advances, and 

mathematical approaches, allowed to apply several brain monitoring devices which 
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are commonly used in clinical practice. However, explanation of features and clinical 

utility of DoA monitoring systems is not the scope of this review[38]. 

 

Anesthesia-related electrical activity consists of a wide range of EEG patterns, 

mainly depending on the anesthesia phase (induction, maintenance and emergence), 

the DoA status, and the type of anesthetics used. Before induction, the awake subject 

with eyes closed shows a prominent alpha activity (10 Hz) which is maximal over 

parieto-occipital scalp locations. After inducing anesthesia, EEG pattern shows an 

increase in beta activity (13-25 Hz) until the LoC[39], whereas during the 

maintenance phase, different EEG patterns are observed, depending on the DoA 

level. During a light anesthesia, a decrease in EEG beta band (13-30 Hz) and an 

increase in both EEG alpha (8-12 Hz) and delta activities (0-4 Hz) may occur. As the 

DoA state becomes deeper, beta activity decreases, and there is an increase in delta 

and in alpha frequency band oscillations, with the latter being anteriorly located 

(“alpha anteriorization”)[40]. A further DoA status features an EEG pattern 

comprising flat periods interspersed with periods of alpha and beta activity. This 

characteristic EEG pattern, is known as burst suppression. It can be also recognized 

in deeper coma status due to various conditions including cerebral anoxia, cancers, 

drug intoxications, encephalopathies, or hypothermia[41]. The anesthesia-induced 

burst suppression seems to be associated with a state of cortical hyperexcitability 

generated by decreased inhibition[42]. 
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As the anesthesia state deepens, EEG shows a progressive stretching between the 

alpha activities. The amplitudes of the alpha and beta activities progressively 

decrease, and in turn, the EEG assumes isoelectric form. In this context, the deepest 

DoA status has been reached[43]. As to the correlation between EEG findings and 

different anesthetic agents, previous studies showed that this general scheme is 

particularly applicable for halogenated inhalational anesthetics, and propofol 

whereas, in contrast, opioids and ketamine usually induce less marked EEG changes. 

Furthermore, etomidate and barbiturates lead to a rapid shift toward the high voltage 

delta and theta frequencies[44]. 

 

Classically, during emergence it is possible to observe a loss of delta activity, 

combined with a progressive decrease in frontal alpha power and increased higher 

frequencies[45]. Moreover, ECoG studies showed that specific findings (i.e., slow 

oscillation in large-scale functional networks) are maintained during the LoC and 

RoC phases[46]. However, the canonical EEG sequence during AE can undergo 

changes. In a fascinating clinical study, Chander et al[47] described different AE 

patterns. At the beginning of AE, they recognized a pattern characterized by high 

power of alpha and beta bands (in 95% patients) and termed it as “Slow-Wave 

Anesthesia” (SWA). The minority of patients had an EEG with a very low spindle 

and delta power (called “Non Slow-Wave Anesthesia”, NSWA). Interestingly, they 

also found that EEG patterns between start of emergence and RoC vary, and 

described four trajectories between the beginning of AE and the RoC. More recently, 

Liang et al[48] classified emergence EEG patterns in sevoflurane anesthesia. Using 



 

 

14  

an integrated approach obtained by a multivariate statistical model, they identified 

four types of emergence EEG patterns. Interestingly, some of these emergence 

modalities were age-related and could be associated with postoperative mental 

changes. It can be assumed that the occurrence of different EEG patterns at the 

emergence reflects the different degrees of influence of brainstem activity on cortical 

re-connectivity, through the thalamus mediation[13]. This evidence could prove that 

AE modulation can be mostly obtained by controlling brainstem activity (e.g., by 

opioids). Although we adopted a general descriptive scheme (i.e., anesthesia-induced 

EEG changes at the emergence), it is important to underline that because of the 

distinct mechanisms of action, different anesthetics may induce different types of 

EEG dynamics, also in the AE phase. Recent studies are increasingly characterizing 

these profiles[49], especially with regard to dexmedetomidine[50]. 

 

CLINICAL IMPLICATIONS 

A better understanding of AE mechanisms has significant clinical implications, such 

as improving the quality of recovery of patients following surgery. It has been 

proved that the EEG modality at the emergence affected the residual level of 

sedation and post-operative pain[47]. Thus, in a hypothetical scenario, it could be 

possible to modulate the path of emergence, choosing the one which correlates with 

the desired target. The possibility to increase the predictability of the time of 

emergence may help prevent delayed emergence - defined as the failure to regain 

consciousness 30-60 min after general anesthesia[51] - and other more frequent AE 

complications, such as ED, and respiratory complications. This is a significant issue 
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as delayed emergence was associated with a longer postoperative hospital stay[52], 

whereas ED in children may lead to physical harm in the children and distress in 

patients, parents and staff. Moreover, although usually self-limiting, it can last up to 

48 h, and children who manifested ED are more likely to suffer from new-onset 

postoperative maladaptive behavioral changes[53]. Again, ED in adults can lead to 

serious complications, such as self-extubation, accidental removal of catheters and 

injury[54]. 

 

Although about 20% of accidental awareness with recall during general anesthesia 

(AAWR) occur at the AE, and 90% of these cases are potentially preventable (e.g., 

through the use of neuromuscular monitoring)[55], in very rare AAWR cases there is 

no readily identifiable cause[56]. A more precise AE management can help avoid 

these unexpected awakening events, which are often associated with severe 

psychological consequences, such as post-traumatic stress disorder (PTSD). 

 

NEUROPHYSIOLOGICAL RESPONSE DURING EMERGENCE IN 
NEUROSURGICAL PATIENTS 

Several physiological changes take place during the emergence from anaesthesia 

including metabolic variations and those affecting brain homeostasis. Even with 

slightly normal PaCO2 levels, bicarbonate levels in the cerebrospinal fluid (CSF) 

may decrease significantly.7 Therefore, consequent pH reduction in brain 

perivascular areas will lead to vasodilation and hyperemia.7 Apparently, these events 

occur regardless of the anesthetic agent used during maintenance. Bruder et al. 
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reported a significant increment of 60% from baseline in CBF velocity during 

extubation and within the first hour after neurosurgery, with no relation found 

between these values and the surgery or anesthesia techniques.8 Increased 

catecholamine blood levels have been reported after neurological surgery.7,8 

However, this condition by itself may interfere with the CBF only in the presence of 

a defective blood–brain barrier or when autoregulation is compromised.8 Different 

options are available to treat catecholamine hemodynamic effects such as β-blocker 

use (e.g., esmolol)9,10 and hypothermia prevention.11. On the other hand, 

sympathetic activation may play a crucial role on the central nervous system (CNS) 

responses during emergence from anesthesia. Reuptake inhibition of dopamine and 

norepinephrine by methylphenidate administration will trigger several mechanisms 

within the CNS leading to a faster recovery after isoflurane and propofol 

exposure.12,13 Surgery and anesthesia may also increase the incidence of emesis 

during the emergence. The “emesis center” includes the area postrema (AP), nucleus 

tractus solitarius, and the dorsal motor nucleus of the vagus nerve. No less than 17 

neurotransmitters exert their action on this center throughout the interaction with 

several receptors such as dopamine, substance P/neurokinin-1, cannabinoid, 

histamine, among others.14 The aforementioned responses may be generated during 

extubation as a result of the autonomic nervous system activation. 

 

SPECIFIC PERIOPERATIVE CONSIDERATIONS 

Diagnosis of potential postoperative complications may be delayed due to a slow 

return to consciousness mak- 
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ing neurological examination difficult to perform after neurosurgery. Postanesthesia 

arousal is a variable considered 

when assessing anesthesia quality.15,16 Preoperative neurologic status, location and 

size of the lesion, and anesthesia 

technique are some of the variables interfering with the early postoperative recovery 

of cognition, hemodynamics, 

and nociception during emergence. 

Surgical Site and Lesion Location 

Brain herniation, ischemia, and poor surgical field are the expected consequences of 

increased intracranial volume. 

These events have been associated with delayed arousal after intracranial surgery.10 

Predictive factors for delayed 

postsurgical emergence are the following: mass effect of space-occupying lesion 

(over 30 mm size), cerebral struc- 

tures shifting from midline >3 mm with perilesional edema, and prolonged retraction 

pressure needed to expose the 

surgical field during tumor resection.10 

Anesthetic Techniques 

Definitive criteria for quality of recovery related to the anesthesia technique during 

neurosurgical procedures 
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have not been established.15 However, a targeted and neurological evaluation is 

performed at the end of surgery to 

assess outcomes.17 

The Short Orientation Memory Concentration Test (SOMCT) and the Aldrete score 

are commonly used when 

comparing the time and quality of recovery of patients undergoing supratentorial 

craniotomy, either under balanced 

or TIVA technique.18,19 

VII. NEUROSURGERYSPECIFIC PERIOPERATIVE CONSIDERATIONS 249 

TIVA based on propofol–remifentanil has shown slightly shorter extubation time, 

faster return to consciousness, and faster recovery in comparison with balanced 

anesthesia.17,20 However, most of the studies have demonstrated no statistical 

significance in quality of recovery among patients either when TIVA or balanced 

anesthesia was performed.5,18,21–24 

The NeuroMorfeo Study was carried out in 411 patients reporting no difference in 

time after extubation to achieve an Aldrete score ≥9 between both balanced and 

TIVA groups. Hemodynamics and brain surgical conditions were also similar among 

groups. Nevertheless, a reduced endocrine response to surgical stress was linked to 

propofol/remifentanil combination.24 

Balanced Anesthesia 
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Desflurane provides shorter extubation and recovery time than sevoflurane in 

patients undergoing craniotomy under balanced anesthesia.25,26 Magni et al. 

compared the effects of sevoflurane (1.5 2%) and desflurane (6–7%) on emergence 

analyzing the data collected from 120 neurosurgical patients. No significant 

difference was found regarding the time for emergence (12.2 ± 4.9 min versus 10.8 ± 

7.2 min), recorded as the time when eye opening occurred since the inhaled agent 

administration was suspended. On the other hand, the sevoflurane group needed 

more time for tracheal extubation in contrast to the desflurane group (18.2 ± 2.3 min 

versus 11.3 ± 3.9 min). Similarly, the time of recovery (defined in this study as the 

time that patients’ consciousness allowed them to repeat their name and date of birth) 

was longer in the sevoflurane group (12.4 ± 7.7 min versus 1.3 ± 3.9 min).25 The 

characteristic of the surgical field, such as state of the brain tissue and the 

intracranial pressure (ICP) and postoperative cognitive function are also comparable 

between both inhaled anesthetics during supratentorial surgeries.27 Cognitive 

impairment commonly occurs in both groups within the first 15 min after 

extubation25 or after Aldrete score was ≥9, usually returning to baseline during the 

next 30 min.26 Moreover, when compared with opioids such as fentanyl, alfentanil, 

and sufentanil in combination with isoflurane showed no clinical relevance regarding 

the time for obtaining a satisfactory neurological evaluation after surgery.28 

Total Intravenous Anesthesia 

Despite the advantages of propofol use in neurosurgery such as reduction of cerebral 

metabolic rate of oxygen and ICP, increase of cerebral perfusion pressure (CPP), and 

antiemetic effect,17,29–32 adverse events like shivering, high blood pressure, and 
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postoperative nausea and vomiting (PONV) are not uncommon.4 The effects and 

outcomes of several combinations of opioids and propofol infusions have been 

compared during neurosurgery with different results. Gerlach et al. compared 

propofol/remifentanil versus propofol/sufentanil in supratentorial surgeries and 

reported a reduced time for extubation in the remifentanil group (6.4 min vs. 14.3 

min).33 

When remifentanil/propofol combination was used, SOMCT and Rancho Los 

Amigos Scale scores are comparable to baseline sooner than the interval of time 

reported by sufentanil/propofol group.19 Nevertheless, Djian et al. showed similar 

results among groups regarding extubation time and reported an increase in costs in 

the remifentanil group when compared to the sufentanil group.34 

On the other hand, remifentanil is characterized by a faster onset in reducing 

cardiovascular responses during intubation when compared with fentanyl. However, 

hemodynamic parameters, ICP, and CPP levels are similar during the maintenance of 

anesthesia with both, remifentanil and fentanyl, whereas naloxone administration 

after neurosurgery is importantly increased in patients who received fentanyl.35 

Moreover, remifentanil/propofol seems to be a common option for transsphenoidal 

procedures as it may offer a reduced incidence of postoperative coughing during and 

after extubation by providing an ideal emergence.36 In fact, these studies provide 

more evidence on the convenience of using opioid drips in neuroanesthesia as 

discontinuation at an appropriate time will result in a shorter extubation and 

recovery. 

Anesthetic Technique and Recovery of Cognitive Function  
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Recovery of cognitive functions after surgery has become one of the major concerns 

among neuroanesthesiologists and also an important parameter when comparing 

different anesthetic techniques in neurosurgical patients.37 In fact, a connection 

between the pathogenesis of neurodegenerative diseases and the development of 

postoperative cognitive dysfunction has been described.37 
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Hypothesis:  

The changes in pupillary reflexes measured using automated pupillometry seen 

during emergence of patients from general anaesthesia who undergo supratentorial 

craniotomies correlates with frontal EEG changes and Bispectral index values. 

 

 

Objective: 

• Assessment of correlation of change in pupillometric indices (pupillary size, 

constriction velocity, latency time and dilatational velocity) to changes in BIS during 

emergence from general anaesthesia 

• Assessment of correlation of change in pupillometric indices (pupillary size, 

constriction velocity, latency time and dilatational velocity) to changes to spectral 

edge frequency obtained from frontal EEG during emergence from general 

anaesthesia. 

 

 

 

 



 

 

24  

 

 

 

 

 

MATERIALS AND METHODS 

 

 

 

 

 

 

 

 



 

 

25  

3 MATERIALS AND METHODS 

This is a prospective observational study designed to evaluate the changes in 

pupillometric indices during emergence from general anaesthesia in patients 

undergoing elective supratentorial neurosurgical procedures and its correlation with 

Bispectral index values..  

Setting: Neurosurgical operation theatre (NSOT) at Sree Chitra Tirunal Institute of 

Medical Sciences & Technology (SCTIMST), Thiruvananthapuram, a specialized 

tertiary care referral center. 

Institutional Ethics Committee Approval: This study was approved by our 

Institutional Ethics Committee (SCT/IEC/1804/JANUARY/2022) 

Study period: Patients were enrolled from March 2024 to November, 2024 for the 

study. 

Study Design: Prospective observational case study. The total number of participants 

are s. 

The patients for the study were selected  from elective neurosurgical operation 

theatre list and recruited after fulfilling the following inclusion and exclusion criteria. 

Informed written consent was obtained from those who fulfilled the recruitment 

criteria and those willing for the study were included in the study. 
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Inclusion criteria:   

• American Society of Anesthesiologist (ASA) physical status class I and II 

• Both gender 

• Age 18-65 years , undergoing elective craniotomy for supratentorial lesions. 

• Patient’s or legal heir’s consent 

Exclusion criteria  

ASA class III, IV PATIENTS 

• Age < 18 years, > 65 years 

• Severe or uncompensated cardiovascular, renal, hepatic or endocrine disease 

• Pregnancy, postpartum, lactating females 

• Patients with preoperative cognitive dysfunction 

• Preoperative GCS less than 15 

• Patients with preoperative anisocoria 

• Patients with history of cataract surgery, glaucoma, ocular trauma, tumours 

affecting optic and 

oculomotor pathway 

• Refusal to consent by patient or legal heir 

• Patients who are intubated and on mechanical ventilation 

• Emergency surgery 
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Study protocol 

After IEC approval and informed patient consent, patient will be recruited for the 

study 

• Patients will be recruited from the wards of neurosurgery department 

• The patient history and clinical findings will be collected from the time of 

admission. 

• The principal investigator will see the patients and screen for the inclusion 

criteria and exclusion criteria. 

• After detailed pre-anaesthetic evaluation, on the day prior to surgery, patient 

mwould be kept fasting for 6 hours for solids and 2 hours for clear liquids. 

• On the day of intervention, patient will be shifted to operation theatre. 

Safety checklist will be filled as per protocol. 

• In the procedure room, patient will be placed in supine position and a wide 

bore intravenous cannula will be secured under local anaesthesia and 

maintenance intravenous fluid will be started. 

• Standard ASA monitors- electrocardiogram, oxygen saturation, non -

invasive blood pressure will be placed. In addition, BIS monitor to asses 

depth of anaesthesia also will be placed. 

• Baseline pupillometric indices will be recorded prior to general anaesthesia 

using Neurolight pupillometer by IDMED and patients with abnormal 

baseline neurological pupillary index of less than 3 will be excluded. Baseline 

pupillometric indices viz. pupillary size, constriction velocity, latency time 

and dilatational velocity will be recorded. (Time point T0) 
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• Baseline frontal EEG and BIS values will also be recorded using Medtronic 

Bispectral Index™ (BIS™) Monitoring System 

• General anaesthesia will be induced with propofol and vecuronium. 

Maintenance of anaesthesia will be maintained using sevoflurane titrated to 

BIS value of 40 to 60 and intraoperative analgesia shall be maintained using 

scalp block using 0.25% bupivacaine and intraoperative infusion of fentanyl 

at 1microgram/kg/hr infusion. 

• Intraoperative blood loss, total fentanyl usage, intraoperative brain 

relaxation score and hemodynamics will be recorded. 

• At the point of termination of anaesthetics pupillometric indices, Bis values, 

spectral edge frequency, and hemodynamic indices noted. (Time point T1) 

• Pupillometric indices will be repeated when Bis value increases above 60. 

(Time point T2) 

• Pupillometric indices, BIS values and SEF will also be noted at point of first 

clinical response (Time point T3) and at point of extubation (Time point T4) 

• Time from termination of anaesthetics to increase of BIS to 80 and time of 

eye opening to verbal command will be noted. 

 

Data collection: The following observations are manually entered into the study 

proforma 

1. Baseline Heart rate, SBP, DBP, MAP and oxygen saturation (SpO2)  were 

recorded on day prior to surgery 
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2. QPi, PD, CV and LAT prior to induction of anaesthesia, end of surgery, after 

BIS increases above 60, at the point of first clinical response, and at the point 

of extubation. 

3. SBP, DBP, MAP, SpO2, PaCO2 prior to induction of anaesthesia, end of 

surgery, after BIS increases above 60, at the point of first clinical response, 

and at the point of extubation. 

4. Time taken from termination of anaesthetics to BIS > 60 and QPI >3 also 

noted. 
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STATISTICS 

Sample size calculation 

his will be a prospective observational study. We plan to conduct a pilot study with a 

total sample size of 40, with a subset of 5 participants specifically allocated to 

account for any potential dropouts. There are no previous studies of similar model 

studying the changes in pupillometric indices during emergence from anaesthesia. 

Data analysis 

Data is manually entered into the proforma by the investigators. It will not be 

analysed to understand, gender, caste, class, ethnicity and race difference All 

statistical analyses were performed using IBM SPSS Statistics software version 29.0 

for Macintosh (Armonk, NY: IBM Corp). Descriptive data were expressed in 

frequency, percentage, mean and standard deviation. Kolmogorov Smirnoff was 

done to check whether the distribution of data was normal. One–way repeated 

measures variance analysis (ANOVA) was used for the inter- comparison of relative 

changes in PD, QPi, CV and LAT as well as BIS and SEF values and hemodynamics 

with different time points.. Significance was accepted when probability value was ≤ 

0.05 level with post hoc Bonferroni corrections for  minimizing type I error for 

multiple comparisons. For data with non-normal distribution related-samples 

Friedman's two-way analysis of Variance by ranks was done. A p value of ≤ 0.05 

was considered as significant after the siginificance value has been adjusted by the 
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Bonferroni correction for multiple tests. Correlation between change in pupillometric 

indices (pupillary size, constriction 

velocity, dilatational velocity, latency time, neurological pupil index) to change 

in BIS values between different time points and  between change in pupillometric 

indices (pupillary size, constriction velocity, dilatational velocity, latency time, 

neurological pupil index) to change in spectral edge frequency values between 

different time points was assessed using Spearman correlation analysis. 
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4 RESULTS 

A total of 56 patients were assessed for eligibility, with 43 eventually enrolled in the 

study; 8 subjects were excluded due to intraoperative complications that required 

postoperative ventilation, resulting in a successful completion of the study with 35 

patients. (Figure 1). The mean age was 44.1±13.73 years, and the majority of patients 

were female (54.2%), with 62.86% classified as ASA grade 1 and 37.14% as ASA II. 

Figure : Flow chart depicting the enrolment, study inclusion, and data analysis 
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The mean heart rate at T0 was found to be 75.2 ± 11.4 /minute, which reduced to 

65.81 ± 7.23/minute at T1 and 79.94 ± 6.15/minute at T2, 90 ± 8.37/minute at T3, 

95.17 ± 8.53/minute at T4 which was statistically significant (p-value < 0.05). The 

mean arterial pressure decreased from 111 ± 7.33 at T0 to 99.52 ± 6.68 at T1 and 

later increased to 97.44 ± 6.91 at T2, 99.1 ± 6.48 at T3 ans 119. This change was also 

statistically significant with p-value < 0.001. The analysis of SPO2 and PaCO2 

values at the different time points did not reveal any difference from time points T1 

to T4, as shown in Table 1 (p-value> 0.05). 
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Table 1: Table showing demographic data of subjects 

 

AGE BMI ASA GRADE GENDER 

44.1±13.73 23.9±3.33 ASA 1: 22 (62.86%) 

ASA 2: 13 (37.14%) 

 

Male – 16 (45.71%) 

Female – 19 (54.2%) 

 

The mean heart rate at T0 was found to be 75.2 ± 11.4 /minute, which reduced to 

65.81 ± 7.23/minute at T1 and 79.94 ± 6.15/minute at T2, 90 ± 8.37/minute at T3, 

95.17 ± 8.53/minute at T4 which was statistically significant (p-value < 0.05). The 

mean arterial pressure decreased from 111 ± 7.33 at T0 to 99.52 ± 6.68 at T1 and 

later increased to 97.44 ± 6.91 at T2, 99.1 ± 6.48 at T3 ans 119. This change was also 

statistically significant with p-value < 0.001. The analysis of SPO2 and PaCO2 

values at the different time points did not reveal any difference from time points T1 

to T4, as shown in Table 1 (p-value> 0.05).  
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Table 2: Table depicting haemodynamic variables of the subject at various time 

points 

 T0 T1 T2 T3 T4 P-value 

HR MEAN 75.17 66.81 79.94 90.00 95.17 <0.01 

SD 11.40 7.23 6.15 8.37 8.53  

SBP MEAN 131.69 114.47 128.50 137.72 154.25 <0.01 

SD 15.42 9.61 7.89 10.43 13.06  

DBP MEAN 77.89 67.25 74.83 80.36 87.78 <0.01 

SD 10.91 7.48 5.85 5.71 4.13  

SP02 MEAN 99.19 99.19 99.28 98.97 99.00 0.159 

SD 0.75 0.79 0.78 0.77 0.79  

PaCO2 MEAN 36.97 36.72 37.64 37.22 36.36 0.336 

SD 2.97 2.72 3.33 2.09 2.74  

 

The repeated measures ANOVA analysis of pupillary diameter (PD), Quantitative 

Pupillometry Index (QPi), and constriction velocity (CV) showed a significant 

increase across the time periods, while a reduction in latency was seen across T1 to 

T4 with a significance level of less than 0.01 (Table 2). As expected, the changes in 

the BIS values and spectral edge frequency during emergence were also significant 

across the time points. (Table 2). 
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Table 3: Table showing pupillometric indices and processed EEG data at 

various time points 

 

 

 

 

 

 

 

 

 T0 T1 T2 T3 T4  

PD MEAN 4.53 2.56 2.74 3.34 4.50 <0.01 

SD 0.87 0.43 0.48 0.37 0.31  

NPI MEAN 2.94 1.38 1.90 2.32 2.68 <0.01 

SD 0.36 0.21 0.32 0.23 0.23  

CV MEAN 4.37 1.83 2.77 3.35 3.96 <0.01 

SD 0.33 0.38 0.39 0.32 0.37  

LAT MEAN 0.26 0.36 0.30 0.26 0.25 <0.01 

SD 0.03 0.04 0.04 0.03 0.03  

BIS MEAN 95.50 47.39 62.25 71.17 83.36 <0.01 

SD 2.27 4.70 1.75 6.80 5.22  

SEF MEAN 25.14 9.25 13.83 19.11 23.97 <0.01 

SD 3.28 1.46 1.52 2.75 2.24  
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There was a large positive relationship between BIS and QPi (r (180) = .77, p < .001) 

and between BIS and CV (r (180) = .86, p < .001). Additionally, a significant large 

negative correlation was observed between BIS and latency (r (180) = -.62, p < 

.001). Furthermore, SEF showed significant large positive relationships with QPi (r 

(180) = .78, p < .001) and CV (r (180) = .85, p < .001). The negative correlation 

between SEF and latency was also significant (r (180) = -.62, p < .001) 

The time taken from the termination of anaesthetics to an increase in QPi>3 (10.25 ± 

2.03 minutes) was significantly shorter than the time required for the BIS to exceed 

60 (11.94 ± 2.73 minutes), with a p-value < 0.01. 

 

 

Figure 2: Figure showing correlation between QPI and BIS 
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Figure 3: Figure showing correlation between CV and BIS 

 

Figure 3: Figure showing correlation between latency and BIS 
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Figure 4: Figure showing correlation between QPI and SEF 

 

 

Figure 5: Figure showing correlation between CV and SEF 
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Figure 2: Figure showing correlation between latencyand SEF 
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DISCUSSION 
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5 DISCUSSION 

Our research presents the first comprehensive analysis comparing pupillometry and 

processed electroencephalography (EEG) as methods for evaluating the emergence 

from anaesthesia in patients undergoing neurosurgery. This study aims to provide 

valuable insights into the effectiveness of these two assessment techniques in 

monitoring recovery responses in a sensitive surgical population. 

Our study revealed a statistically significant increase in pupillary size, pupil 

constriction index (QPi), and constriction velocity from the time of anesthetic 

termination to the point of extubation, along with a significant reduction in latency 

time. Kum et al. initially observed mydriasis during the emergence phase from 

isoflurane anesthesia.(9) Sabourdin et al. demonstrated that cetirizine and propofol 

had a dose-dependent effect on pupillary diameter, showing a reduction in diameter 

with increasing doses of propofol.(10) Similarly, Haddock et al. reported a decrease 

in pupillary diameter and constriction velocity, as well as an increase in latency 

during higher levels of propofol sedation.(11) However, studies examining changes 

in pupillometric indices during emergence from anesthesia in humans are lacking. 

  

Our analysis demonstrated a significant and substantial positive relationship between 

the Bispectral Index (BIS) and QPI (r(180) = .77, p < .001 ). Additionally, we 

identified a significant and strong positive correlation between BIS and the 

CV(r(180) = .86, p < .001 ). In contrast, there was a notable large negative 

correlation between BIS and latency (r(180) = -.62 p < .001). Rouche et al. 

investigated the effects of sedation depth on pupillometry indices in mechanically 
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ventilated patients.(12) They compared the maximum contraction velocity of the 

pupil (Vmax) and variations in pupil diameter (PD) across three groups categorized 

by sedation levels, as indicated by the BIS. The groups were classified as follows: 

heavy sedation (BIS < 40), acceptable sedation (BIS 40–60), and light sedation (BIS 

> 60). The findings revealed a significant difference in Vmax between the heavily 

sedated group and the acceptable sedation group (P < .0001). Furthermore, there was 

a significant difference in the variation of PD (P < .0001) between these two groups. 

Similarly, significant distinctions were observed in both Vmax (P < .0001) and the 

variation in PD (P < .0001) when comparing the heavy sedation group to the light 

sedation group.However, Shirozu et al. did not find any correlation between 

Neurological pupillary index (NPi) and BIS values in thirty-five patients scheduled 

for breast or thyroid surgery under general anaesthesia.(13) 

  

The correlation analysis of pupillary indices and SEF in our study population 

revealed a significant large positive relationship between SEF and the NPI (r(180) = 

.78, p < .001) and between SEF and CV (r(180) = .85, p < .001). Additionally, SEF 

demonstrated a significant negative correlation with latency (r(180) = -.62, p < .001). 

This was in accordance with the findings of Lim Shi, who found strong correlations 

between percentage pupillary light reflex (%PLR) and RASS (Rho=0.635) and 

between %PLR and SEF (R=0.641) in critically ill patients.(14) 

The use of BIS in the quantitative monitoring of emergence from general 

anaesthesiaremains controversial because of the false elevation by EMG 

activity.(15) SEF, which is less influenced by EMG, has been used to assess the level 

of hypnosis during general anaesthesia.(16,17) The high positive correlation between 
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SEF and RASS shows that SEF can differentiate between different depths of 

anaesthesia although the reliable interval is lacking.(14) Among the correlations 

established, the best relationship was between CV and BIS. 

We have clearly established that the changes in QPi well precede the changes in 

electrocorticography in our subjects. This is in clear accordance with the findings of 

Kum et al. who concluded that pupil diameter precedes electrophysiological change 

of the brain during a transitional state of anaesthesia. Observing pupil diameter 

enables watching out transitional state of anesthesia without recording 

electrophysiological activation during surgery.(9) There is extensive evidence of 

functional relationships between Locus Coeruleus(LC) activity and pupil dilation. In 

humans, fMRI studies combined with pupillometry measures have shown that LC 

activity increases together with pupil size during behavioral tasks and in 

resting.(18)Another fMRI study, conducted on humans performing an oddball task, 

pupil size changes have been described to covary with blood-oxygen-level-

dependent (BOLD) signal localized to LC.(19) Moreover, the electrical stimulation 

of LC in anaesthetized and awake animals evokes pupil dilation.(20–22) These data 

support the idea of a direct coupling between the LC and pupil diameter. The LC 

could act directly on neurons in the Edinger-Westphal nucleus, with nor-

epinephrine binding the inhibitory α2-adrenergic receptors.(23) However, the 

existence of a direct pathway is still controversial.(24) The activation of LC has also 

been observed during emergence from anaesthesia.(25,26) This activation of the 

locus coeruleus can result in subsequent pupillary dilation during emergence, 

explaining why changes in pupil size precede electrophysiological changes in the 

cortex during this process. 
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It is essential to address certain limitations in our study. Firstly, this was a pilot study 

with a limited sample size, suggesting that the findings may not be generalizable. 

Various conditions, such as indoor light levels, the device used for pupillary light 

reflex (PLR) assessment, and the dosage of opioids and hypnotics administered, 

could independently influence PLR by affecting pupil size.(13) It is well established 

that Opioid drugs inhibit PRD after nociceptive stimulation by blocking nerve 

conduction between brainstem inhibitory neurons and the Edinger-Westphal 

nucleus. (27) Additionally, an assessment of pain was not performed in this 

study. Since Nociceptive stimulation inhibits the Edinger-Westphal nucleus to dilate 

the pupillary, the degree of dilation is positively correlated with the intensity of the 

nociceptive stimulation.(27) 
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SUMMARY AND CONCLUSION 
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6  SUMMARY AND CONCLUSION 

This study was conducted with a prospective observational design to assess the 

change in pupillometric indices during emergence from anaesthesia in comparison to 

BIS in patients undergoing supratentorial surgery.  Our hypothesis was that The 

changes in pupillary reflexes measured using automated pupillometry seen during 

emergence of patients from general anaesthesia who undergo supratentorial 

craniotomies correlates with frontal EEG changes and Bispectral index values.The 

study assessed the middle cerebral artery blood velocities and cerebral autoregulation 

through transcranial Doppler (TCD) and measured intracranial pressure through 

optic nerve sheath diameter (ONSD) before and after the initiation of SNP treatment 

for hypertension control in 35 patients who underwent elective posterior fossa 

surgery. The parametric data was analyzed using repeated measures ANOVA with 

Bonferronic correction while the non-parametric data was analyzed using Friedman’s 

two way analysis of variance. We also The anaslysis of our data revealed  the 

following:  

1. significant increase in pupillary diameter, constriction velocity, QPI, and 

significant reduction in latency across time points 

2. significant large positive relationship between BIS and NPI, (r(180) = 

.77, p < .001), significant large positive relationship between BIS and CV, 

(r(180) = .86, p < .001) 

3. Significant large negative correlation between BIS and latency (r(180) = -

.62, p < .001) 
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4. Significant large positive relationship between SEF and NPI, (r(180) = 

.78, p < .001), SEF and CV, (r(180) = .85, p < .001) 

5. Significant large negative correlation between SEF and latency (r(180) = -

.62, p < .001) 

6. The pupillometric changes preceded the changes in BIS 

Based on our findings we conclude that assessment of pupillary light reflex by 

automated pupillometry may provide a qualitative indication for emergence from 

anaesthesia in patients undergoing supratentorial surgery. Its usefulness, particularly 

when used in combination with other depth of anaesthesia monitors deserves further 

study. 

. 
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PROFORMA 

TITLE:  

Automated Pupillometry for Assessing Emergence from Anaesthesia in Supratentorial Craniotomy 
Patients: A Prospective Observational Study 

                                                        

AGE: 

GENDER: 

DIAGNOSIS: 

PREOPERATIVE COMPLAINTS: 

ASA GRADE: 

DATE OF SURGERY: 

BASELINE PARAMETERS: 

HEART RATE:                      BLOOD PRESSURE:                               SPO2:                    

 

CHECKLIST 

FACTORS INCLUDE EXCLUDE 
Patient Consent YES NO 
Nature of Surgery ELECTIVE EMERGENCY 
Age 18-65 <18,>60 
Long standing uncontrolled DM, 
hypertension on multiple drugs, liver 
disease, Ischemic heart disease, 
chronic renal disease, bronchial 
asthma or lung diseases 
 

NO YES 

Pregnancy, postpartum, lactating 
females 

NO YES 

Patients with preoperative cognitive 
dysfunction 

NO YES 

History of preoperative anisocoria NO YES 

History of cataract surgery, 
glaucoma, ocular trauma, tumours 
affecting optic and oculomotor 
pathway 

NO YES 

Preoperative GCS less than 15 NO YES 

History of preoperative cognitive 
dysfunction 

NO YES 

Hydrocephalus/Hematoma in 
Postoperative CT Scan 

NO YES 
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A. HAEMODYNAMIC PARAMETERS 

 T0 T1 T2 T3 

HEART RATE     

BLOOD PRESSURE     

SPO2     

PaCO2     

TEMPERATURE     

 

 

B. PUPILLOMETRY 

 
 T0 T1 T2 T3 

 RT LT RT LT RT LT RT LT 

PUPILLARY SIZE 
 

        

NPI 
 

        

 
CV 

        

MCV 
 

        

LATENCY 
 

        

DV 
 

        

 

 

       

 C. BIS 

  

 T0 T1 T2 T3 

BIS VALUE     

SEF     
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D. ANAESTHESIA DETAILS 

1. INDUCTION AGENT: 

2. MAINTENANCE AGENT: 

3. TOTAL OPIOID CONSUMPTION: 

4. MUSCLE RELAXANT USED AND DOSE: 

5. INTRAOPERAIVE BLOOD LOSS: 

6. TIME FROM INDUCTION OF ANAESTHETICS TO TERMINATION OF 

ANAESTHETICS: 

7. TIME FROM TERMINATION OF ANAESTHETICS TO INCREASE IN BIS 

VALUE OF 80: 

8. TIME FROM TERMINATION OF ANAESTHETICS TO OPENING OF EYES 

TO VERBAL COMMAND: 

9. TIME FROM TERMINATION OF ANAESTHETICS TO EXTUBATION: 

 
 
 
 
 
 

 T0 – Baseline, prior to induction 
 T1 – At point of termination of anaesthetic 
 T2 – At the point BIS value increases to 80 
 T3 – At point of opening of eyes to verbal command 

 

 

 

NAME AND SIGNATURE OF THE INVESTIGATOR (with date): 
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PATIENT INFORMATION FORM 

 

TITLE: Automated Pupillometry for Assessing Emergence from Anaesthesia in 

Supratentorial Craniotomy Patients: A Prospective Observational Study 

Name of the Investigators:  

Dr. Revikrishnan S (PI), Dr. Manikandan S (Guide and CO-PI), Dr Smita V (CO -

PI), Dr Ajay Prasad Hrishi (CO-PI) 

 

 

You are being requested to participate in the above titled study which is being 

conducted to evaluate the use of automated pupillometer as a tool for assessing 

awakening of patients from anaesthesia following supratentorial craniotomy.  

Before you agree to participate in this study, it is important that you read and 

understand this patient information form which will provide you all the requisite 

information to clear your doubts and make a well-informed decision about your 

participation in the study. In addition, should you have any further questions, please 

feel free to ask us the same 

 We have planned to recruit people posted for elective supratentorial neurosurgical 

procedure at SCTIMST, Trivandrum. 
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What is Automated pupillometry?  

            Automated pupillometry is a way to measure the size and reaction of the pupils in 

your eyes using a special device. It’s like a high-tech version of the flashlight test 

that doctors do, where they shine a light in your eyes and watch how your pupils 

change size. The device used for automated pupillometry is called a pupilometer, and 

it takes away the guesswork by giving precise and consistent measurements. This is 

really helpful because changes in pupil size and reaction can tell doctors a lot about 

what’s going on in your brain, 

 

What is BIS /BISPECTRAL INDEX? 

BIS device consists of an adhesive electrode strip like a sticker placed on patient’s 

forehead. The other end of the device will be connected to a monitor. This is used to 

monitor depth of sedation after giving the drug to the patient. 

 

If you take part, what will you have to do? 

On the day before surgery, your vital parameters viz. heart rate, blood pressure and 

oxygen saturation will be recorded. On the day of surgery, you will be taken inside 

the Operation Theatre. All routine non invasive monitors to check your heart rate, 

blood pressure and oxygen saturation level will be attached. BIS monitor will be 

attached to your forehead and baseline values will be recorded. Baseline 

pupillometric indices will be recorded prior to administering general anaesthesia to 
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you. On completion of the surgery, the anaesthetic drugs will be stopped and the BIS 

values and pupillometric values will be recorded again We will continue to record 

BIS and pupillometric indices till you open your eyes and are able to follow simple 

commands. 

 

What is the purpose of this study? 

Assessing awakening from anaesthesia, particularly in neurosurgical patients, is 

crucial. Despite the lack of fool proof monitors or equipment, tools like Bis can be 

costly, require specialized interpretation skills, and come with their own drawbacks. 

If an automated pupillometer can demonstrate effectiveness comparable to BIS in 

evaluating awakening, it could offer a simpler and more affordable alternative. 

 

Can you withdraw from this study after it starts? 

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

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

your usual treatment at this hospital in any way. In addition, if you experience any 

side effects, the study will be stopped and you will be given treatment for the side 

effects. 
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What will happen if you develop any study related injury?  

We do not expect any injury to happen to you since 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, the side effects 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 test? 

These are used as a part of anaesthesia procedure for surgery. No additional charges 

will be incurred for participating in the study. 

 

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. 

 

When you read this information, your treating doctor will be available to discuss and 

answer any questions you may have. If you have any queries please contact:  
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Dr Revikrishnan S 

Post-doctoral fellow, Division of Neuroanaesthesia, Department of Anaesthesiology 

Sree Chitra Tirunal Institute for Medical Sciences and Technology Tel: +91 

9895911697, Email: dr.revikrishnan@sctimst.ac.in  

If you have any questions, concerns or complaints about the research please contact:  

Dr. Srinivas G  

Member Secretary, Institutional Ethics Committee, 

Sree Chitra Tirunal Institute for Medical Sciences and Technology Tel: 0471- 

2524689, Email: iec.mem.sec@sctimst.ac.in  
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CONSENT FORM 

    Title: Automated Pupillometry for Assessing Emergence from Anaesthesia in 

Supratentorial Craniotomy Patients: A Prospective Observational Study 

 

Participant’s name:                                                                      Age (in years): 

 

I_________________________, son/daughter of ___________________________  

Declare that (Please tick boxes) 

 I have read the above information provided to me regarding the use of  

automated pupillometry for assessing emergence from anaesthesia in 

supratentorial craniotomy patients.[ ] 

 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 principle investigator, 

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

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

Name:  

Signature:  

Date:  
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Name of witness: 

Relation to participant: 

Signature: 

 

Person Obtaining Consent 

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

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

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

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

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

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

answered. 

 

Name: 

Signature:                                                                                                               Date: 
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V2.15042017 

 

Signature: Date:   26   /  2  /2022 
Place: TRIVANDRUM 
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CV - Dr Revikrishnan S (Principal investigator) 
 
 

   

Last Name: S First Name: 
Revikrishnan 

Middle Name 

Date of Birth (dd/mm/yy)  10/06/88 Sex: Male 

Study Site Affiliation (e.g., Principal Investigator, Co-Investigator, Coordinator): Principal Investigator 

Professional Mailing Address (Include 
Institution name) 

Study Site Address.        (Include 
Institution name) 

 
Post-doctoral fellow, Division of Neuro Anaesthesia, Department of 
Anaesthesiology, Sree Chitra Tirunal Institute for Medical Science 
and Technology, Thiruvananthapuram, Pin: 696011 

 
Division of Neuro Anaesthesia, Department of 
Anaesthesiology, Sree Chitra Tirunal Institute for Medical 
Science and Technology,Thiruvananthapuram, Pin: 696011 

Telephone (Office): Mobile Number: 9895911697 

Telephone (Residence): Email: revikrishnan@gmail.com 

Academic Qualifications (Most recent qualification first) 

Degree/Certificate Year Institution, Country 
DM 2023 SCTIMST, Trivandrum 

Diplomate of European Society of Anaesthesia and 
Intensive Care 

2018 European Society of Anaesthesia, Brussels 

MD 2017 Govt Medical College, Trivandrum 

MBBS 2012 Govt Medical College, Trivandrum 

   

Details of professional registration: (MCI/State Registration/Bar Council/DCI/etc including Registration Number and Year of Registration) 
TCMC NO: 46529, year: 2012 

Current and previous positions (most recent position first) 

Month and Year Title Institution/Company, Country 

   
From January 2021 till  Senior resident, Division of Neuro 

anaesthesia 
SCTIMST,INDIA 

July 2019 to December 2020 Senior Resident, Dept of 
Anaesthesiology 

ESIC Hospital, Udyogamandal, Ernakulam 

October 2018 – June 2019 Assistant Professor, Dept of 
Anaesthesiology & Critical Care 

Annapoorna Medical College & Hospital Salem 

August 2017 – September 2018 Senior Resident, Dept of 
Anaesthesiology & Critical Care 

Govt Medical College, Trivandrum 

Brief summary of relevant research experience: 
1. Sreekumar R, Hrishi AP, Sethuraman M. Role of multimodal monitoring in the management of patients undergoing 

complex intracranial bypass procedures - A case series and literature review. Indian J Anaesth. 2023 Aug;67(8):743-746. 
doi: 10.4103/ija.ija_286_23. Epub 2023 Aug 15. PMID: 37693016; PMCID: PMC10488588. 

2. Praveen R, Sethuraman M, Vimala S, Prathapadas U, Hrishi AP, Nair P, Surendran S, Ahuja A, Sreekumar R, Vishnu B, 
Gowtham M. A prospective-randomized placebo-controlled trial comparing the effects of nebulized dexmedetomidine v/s 
dexmedetomidine-lignocaine mixture on intraoperative hemodynamics and surgical field quality in patients undergoing 
endoscopic transnasal transsphenoidal pituitary tumor surgery. Surg Neurol Int. 2023 Dec 15;14:431. doi: 
10.25259/SNI_858_2023. PMID: 38213443; PMCID: PMC10783663. 

 
Signature:               

 Date: 23.04.2023 

Place: Trivandrum 


