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1. Abstract
Awake craniotomy allows safe and effective resection of brain 
tumours near eloquent areas. However, achieving timely and 
reliable intraoperative awakening is crucial, particularly when 
pre-existing pathologies and sedative agents delay emergence. 
This case report highlights a unique instance of pharmacological 
awakening using etophylline and sodium bicarbonate in a patient 
undergoing asleep-awake-asleep craniotomy for a left frontal 
glioma, demonstrating its utility in neurasthenic practice.

2. Introduction
Awake craniotomy has evolved significantly since Wilder Penfield 
and André Pasquet first introduced it for epilepsy surgery in the 
early 20th century. Their technique, aimed at preserving eloquent 
cortex during resection, became a cornerstone of neurosurgical 
practice globally [1]. The awake-asleep-awake protocol is 
particularly valuable in lesions involving critical cortical 
regions like the left frontal lobe.The left frontal lobe governs 
key executive functions such as decision-making, planning, and 
working memory [2]. Lesions in this region may disrupt initiation, 
organization, and adaptive responses, complicating both surgical 
and functional recovery. Moreover, memory processesparticularly 
temporal ordering and free recallalong with language functions are 
frequently impaired [3]. Such impairments can hinder postoperative 

rehabilitation and necessitate meticulous intraoperative mapping 
and awake testing.In recent years, pharmacologic agents such as 
amantadine, methylphenidate, and modafinil have demonstrated 
potential to facilitate awakening in comatose or sedated patients [4-
7]. Despite this, their intraoperative utility remains underexplored. 
Pharmacologic awakening may be particularly valuable in 
bridging delayed emergence during awake craniotomy, especially 
when standard anesthetic weaning proves insufficient.We report a 
case of delayed arousal in a patient undergoing awake craniotomy 
for a left frontal glioma, where pharmacological stimulation using 
etophylline and sodium bicarbonate successfully facilitated timely 
intraoperative awakening.

3. Case Presentation
A 37-year-old right-handed male presented with occasional 
headaches and focal seizures over the past six months. MRI 
revealed a 3.2 x 3.3 x 3.8 cm left frontal glioma abutting the inferior 
frontal gyrus (Figure 1).Neuropsychological evaluation was within 
normal limits, with no baseline language or executive deficits.
In view of the lesion’s proximity to eloquent cortex, the patient 
was scheduled for an awake craniotomy using our institutional 
asleep-awake-asleep protocol. After informed consent, the patient 
was premedicated with intravenous midazolam (0.5 mg) and 
glycopyrrolate (0.2 mg).
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Figure 1: Axial slice of T2 weighted FLAIR image taken at the level of basal ganglia depicting the lesion in frontal lobe.

3.1. Asleep Phase 1

This case report adheres to the CARE (Case Report) guidelines of 
EQUATOR network. After arrival of patient in the operating room, 
he was positioned supine on the operation table. Once the venous 
line and arterial line was secured, the table was adjusted to the 
requirement of surgical exposure needed for the glioma resection. 
Oxygen was delivered via nasal cannula from a Dräger Fabius 
GS anaesthesia workstation.Anaesthesia was induced using the 
integrated dexmedetomidine-sevoflurane algorithm (Figure 2) [8]. 
Dexmedetomidine was initiated at 0.6 mcg/kg/min , followed by 
introduction of sevoflurane as per the algorithm to facilitate scalp 
block administration. Thereafter bilateral ultrasound-guided scalp 
block was performed using 0.5% bupivacaine with adrenaline. 
Intravenous levetiracetam (1000 mg) was infused over 20 minutes, 
given the patient’s history of seizures.Craniotomy was performed 
under stable hemodynamic, and osmotherapy with 20% mannitol 
was initiated at dural opening. Dexmedetomidine infusion was 
tapered to 0.2 mcg/kg/min and stopped before cortical exposure 
to allow emergence.

Figure 2: The Dexmedetomedine-Sevoflurane induction algorithm 
(Sharma et al 9].
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3.2. Awake Phase - Crisis of Delayed Emergence

Despite cessation of sedatives and adequate ventilation, the patient 
remained unresponsive to verbal command for over 30 minutes. 
End-tidal sevoflurane was confirmed to be zero, and arterial blood 
gases ruled out metabolic or respiratory causes. At this point, 
pharmacological stimulation was considered.We administered 
intravenous etophylline followed by sodium bicarbonate (50 
mEq). Within six minutes, the patient opened eyes to command 

and gave verbal responses. Subsequently, he was able to respond 
for the following  tasks: (i) object naming; (ii) action naming; 
(iii) semantic association; (iv) sentence completion; (v) odd 
picture out; (vi) odd word out; (vii) logic and reasoning skill (viii) 
verb generation; (ix) grammaticality;  (x) picture definition and 
(xi) conversation. The patient cooperated fully and responded 
accurately throughout. No intraoperative seizures occurred. 
Resection was completed uneventfully in 3 hours (Figure 3,4) 

Figure 3 a,b,c: Chronologically arranged intraoperative phases of resection of glioma.

Figure 4 a: Intraoperative condition of patient during awake craniotomy.
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Figure 4b: Patient status after the completion of surgical procedure.

3.3. Asleep Phase 2

At dural closure, dexmedetomidine was re-initiated (0.6 mcg/kg/
min) for 10 minutes, followed by maintenance at 0.4 mcg/kg/min 
until skin suturing. All anaesthetics were discontinued at the end of 
surgery. The patient emerged with a Glasgow Coma Scale (GCS) 
of 15 and no new deficits.Total blood loss was 760 ml; urine 
output was 950 ml. Final fluid balance was +150 ml. Postoperative 
assessments on day 2 and 7 confirmed preserved language and 
executive function.

4. Discussion
The successful outcome in this case underscores the importance 
of timely intraoperative arousal in awake craniotomy, particularly 
when anesthetic clearance alone is insufficient. Dexmedetomidine, 
while ideal for conscious sedation, can unpredictably prolong 
sedation due to its action on α₂-adrenergic receptors in the locus 
coeruleus [9,10]. Unlike GABAergic sedatives, dexmedetomidine 
minimally suppresses cortical EEG activity and preserves 
respiratory drive. However, in some patients—especially with 
pre-existing cortical compromisereturn of consciousness may 
lag, posing a threat to the surgical timeline [11].Epothilone is a 
methylxanthine and adenosine receptor antagonist. It acts by 
enhancing dopaminergic neurotransmission and stimulating the 
central nervous system, particularly the basal ganglia [12,13] By 

counteracting adenosine-induced suppression, it facilitates arousal, 
motor function, and vigilance. Its role in reversing aesthetic-
induced suppression of thalamo-cortical circuits is particularly 
relevant in neuroanesthesia.In addition, etophylline promotes 
respiratory drive, cerebral perfusion, and synaptic activity, making 
it a versatile adjunct in emergence management. The adenosine-
dopamine interplay in the basal ganglia, modulated by etophylline, 
supports faster reactivation of goal-directed behavior and cognitive 
responsiveness [14].Sodium bicarbonate’s role is intriguing. The 
SLC4A10 gene, encoding a sodium-bicarbonate transporter, 
is involved in cortical excitability and seizure modulation.15 
By modulating extracellular pH, sodium bicarbonate alters 
neuronal firing thresholds and ionic gradients. This can facilitate 
depolarization in dormant cortical regions and enhance aesthetic 
washout, particularly in patients with pre-existing hypoactivity.
The combination of etophylline and bicarbonate thus provides 
dual stimulation—neurochemical and electrochemicalfacilitating 
arousal when standard aesthetic discontinuation is ineffective.

5. Conclusion
Pharmacological awakening using etophylline and sodium 
bicarbonate can serve as a rapid and effective solution to 
delayed emergence during awake craniotomy. In this case, their 
administration enabled successful language mapping and tumour 
resection without compromising surgical goals. We propose that 
pharmacological stimulation be considered an essential tool in 
the neuroanesthesiologist’s armamentarium, particularly when 
facing emergence delays under dexmedetomidine-based protocols.
Further prospective studies and harmonized regional protocols 
are warranted to establish safe, evidence-based algorithms for 
intraoperative pharmacologic awakening.
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