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ABSTRACT
Background: Septorhinoplasty is associated with airway irritation and hemodynamic fluctuations during emergence from anesthesia. The choice of extubation technique—deep or awake—may influence the incidence of these complications.

Objective: To compare deep and awake extubation in patients undergoing septorhinoplasty with respect to airway-related complications and hemodynamic stability during the periextubation period.

Methods: In this prospective observational study, 100 adult patients (ASA physical status I–II) scheduled for elective septorhinoplasty under general anesthesia were allocated to either deep extubation (Group D, n = 50) or awake extubation (Group A, n = 50) using a computer-generated randomization list. Primary outcomes were airway complications (coughing, laryngospasm, and oxygen desaturation). Secondary outcomes were hemodynamic parameters (heart rate [HR] and mean arterial pressure [MAP]) recorded at baseline, pre-extubation, and 1, 5, and 10 minutes post-extubation.

Results: Group D exhibited significantly lower rates of coughing (8% vs 42%; P < 0.001), laryngospasm (2% vs 12%; P = 0.048), and desaturation (4% vs 16%; P = 0.04) compared with Group A. Hemodynamic responses were substantially more stable in Group D at one minute post-extubation: HR (80 ± 9 vs 102 ± 10 bpm; P < 0.001) and MAP (95 ± 7 vs 112 ± 9 mmHg; P < 0.001). Differences in airway obstruction and reintubation rates were not statistically significant.

Conclusion: In appropriately selected patients undergoing septorhinoplasty, deep extubation reduces airway-related complications and attenuates hemodynamic responses compared with awake extubation. Careful patient selection and vigilant post-extubation monitoring are essential.
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INTRODUCTION
Septorhinoplasty is a frequently performed procedure addressing both functional nasal obstruction and cosmetic deformity. The requirement for general anesthesia, nasal packing, and a bloodied airway places patients at elevated risk during emergence, particularly at the time of endotracheal extubation. Extubation is recognized as a critical phase of anesthetic management because airway and hemodynamic complications—coughing, straining, laryngospasm, hypertension, and tachycardia—occur with greatest frequency at this juncture.1,2

Awake extubation, performed once the patient has recovered consciousness and protective airway reflexes, is widely endorsed as the safer default strategy with respect to airway patency and aspiration risk.4 Nonetheless, it frequently precipitates sympathetically mediated cardiovascular responses and airway irritation.5 These responses are particularly undesirable in nasal surgery, where even modest coughing or straining may cause epistaxis, hematoma formation, or disruption of the surgical repair.3,6

Deep extubation—removal of the endotracheal tube while the patient remains in a deep plane of anesthesia—offers the potential for a smoother, quieter emergence. Studies have demonstrated that deep extubation reduces the incidence of coughing and straining and may confer superior hemodynamic control.7 However, it carries an inherent risk of airway obstruction, hypoventilation, and aspiration in inadequately selected patients.8,9

Evidence specifically comparing deep and awake extubation in patients undergoing septorhinoplasty remains limited. The present prospective observational study was designed to address this gap by comparing the two techniques with respect to airway-related complications and hemodynamic stability during the periextubation period.

METHODS
Study design and ethics
This prospective observational study was conducted over a two-year period at JLNM Hospital, Rainawari, Srinagar, J&K, India. Institutional ethics committee approval was obtained, and written informed consent was provided by all participants prior to enrollment. The study was conducted in accordance with the Declaration of Helsinki.

Participants
One hundred adult patients aged 18–50 years, classified as American Society of Anesthesiologists (ASA) physical status I or II, and scheduled for elective septorhinoplasty under general anesthesia were enrolled.

Inclusion criteria: age 18–50 years; ASA physical status I or II; elective septorhinoplasty under general anesthesia; and provision of written informed consent.

Exclusion criteria: anticipated difficult airway; obstructive sleep apnea or reactive airway disease; upper respiratory tract infection within the preceding two weeks; aspiration risk (gastroesophageal reflux disease, full-stomach); morbid obesity (body mass index > 35 kg·m⁻²); and concurrent use of beta-blockers or antihypertensive agents.

Randomization and group allocation
Patients were allocated in a 1:1 ratio to one of two groups using a computer-generated randomization list. Group D (deep extubation, n = 50) underwent removal of the endotracheal tube while maintaining a deep plane of anesthesia—defined as spontaneous ventilation with an end-tidal sevoflurane concentration corresponding to a minimum alveolar concentration (MAC) > 1.0, with no response to verbal stimuli. Group A (awake extubation, n = 50) underwent extubation once patients were fully awake, obeying verbal commands, and demonstrated intact airway reflexes with sustained head lift and hand grip.

Anesthetic protocol
All patients received premedication with midazolam 0.03 mg·kg⁻¹ and glycopyrrolate 0.2 mg intravenously. Standard monitoring was applied throughout (electrocardiogram, non-invasive blood pressure, SpO₂, end-tidal CO₂). Anesthesia was induced with fentanyl 2 μg·kg⁻¹ and propofol 2 mg·kg⁻¹; neuromuscular blockade was achieved with atracurium 0.5 mg·kg⁻¹ to facilitate orotracheal intubation. Anesthesia was maintained with sevoflurane in a 50% oxygen–air mixture, with supplemental fentanyl as required. Nasal packing was applied at the conclusion of surgery in all patients. Residual neuromuscular blockade was reversed with neostigmine 50 μg·kg⁻¹ and glycopyrrolate 20 μg·kg⁻¹ prior to extubation in both groups.

Outcome measures
The primary outcomes were airway-related complications during and immediately after extubation, comprising: coughing (graded as none, mild, moderate, or severe); laryngospasm (partial or complete); oxygen desaturation (SpO₂ < 92%); and need for airway intervention (jaw thrust, suctioning, or reintubation).

Secondary outcomes were hemodynamic parameters—heart rate (HR) and mean arterial pressure (MAP)—recorded at baseline (pre-induction), pre-extubation, and 1, 5, and 10 minutes post-extubation.

Statistical analysis
Data were analyzed using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables are reported as mean ± standard deviation and were compared using the independent-samples Student’s t-test. Categorical data are presented as frequencies and percentages and were compared using the chi-square test or Fisher’s exact test, as appropriate. A two-sided P value < 0.05 was considered statistically significant.

Sample size calculation
The sample size of 50 patients per group (total n = 100) was determined a priori based on the primary outcome of coughing at extubation. Published data indicate that coughing on emergence occurs in 40–75% of patients undergoing general anesthesia, and prior work in nasal surgery reports an incidence of approximately 40–42% with awake extubation.1,2 Based on the findings of Gupta et al.,7 who reported coughing rates of approximately 40% (awake) versus 10% (deep) in a comparable nasal surgery population, we estimated a 30 percentage-point absolute risk reduction as clinically meaningful. Using a two-sided chi-square test with α = 0.05 and power (1−β) = 80%, a minimum of 44 patients per group was required. Accounting for an anticipated 10–15% dropout or protocol deviation rate, the final enrolment target was set at 50 patients per group (total n = 100). This calculation is consistent with the approach adopted in comparable trials: Suo et al.12 used a two-sided α = 0.05 and power of 80%, estimating emergence agitation incidences of 30% (deep) versus 50% (awake), yielding a required sample of 91 per group; and Siddiqui et al.11 enrolled 53 subjects per arm to detect a 50% difference in adverse respiratory events at equivalent statistical thresholds.



RESULTS
Demographic characteristics
One hundred patients were enrolled and equally distributed between Group D and Group A (n = 50 per group). The two groups were well-matched for age, sex distribution, and ASA physical status, with no statistically significant between-group differences (P > 0.05 for all parameters; Table 1).














Table 1. Demographic characteristics of the study population
	Parameter
	Group D (n = 50)
	Group A (n = 50)
	P value

	Mean age (years)
	29.4 ± 6.2
	30.1 ± 5.9
	0.52

	Sex (M/F)
	28/22
	27/23
	0.84

	ASA physical status I/II
	35/15
	36/14
	0.81

















Airway-related complications
Group D demonstrated a significantly lower incidence of all major airway complications compared with Group A. Coughing occurred in 8% of patients in Group D versus 42% in Group A (P < 0.001). Laryngospasm was observed in 2% of Group D patients compared with 12% in Group A (P = 0.048). Oxygen desaturation (SpO₂ < 92%) occurred in 4% of Group D versus 16% of Group A (P = 0.04). The incidences of airway obstruction and reintubation did not differ significantly between groups (Table 2).














Table 2. Comparison of airway-related complications between groups
	Complication
	Group D (n = 50)
	Group A (n = 50)
	P value

	Desaturation (SpO₂ < 92%)
	2 (4%)
	8 (16%)
	0.04*

	Laryngospasm
	1 (2%)
	6 (12%)
	0.048*

	Coughing
	4 (8%)
	21 (42%)
	< 0.001*

	Airway obstruction
	2 (4%)
	3 (6%)
	0.64

	Reintubation required
	0 (0%)
	1 (2%)
	0.31


* Statistically significant (P < 0.05)














Hemodynamic parameters
Hemodynamic variables were comparable between groups at baseline and pre-extubation (P > 0.05 for both). Following extubation, Group D demonstrated substantially more stable HR and MAP. At one minute post-extubation, HR was 80 ± 9 bpm in Group D compared with 102 ± 10 bpm in Group A (P < 0.001), and MAP was 95 ± 7 mmHg versus 112 ± 9 mmHg (P < 0.001). These between-group differences persisted at five minutes post-extubation and remained significant at ten minutes, though attenuated (Table 3).















Table 3. Hemodynamic parameters at each time point
	Time point
	HR (bpm) Group D
	HR (bpm) Group A
	MAP (mmHg) Group D
	MAP (mmHg) Group A
	P

	Baseline
	76 ± 8
	77 ± 7
	93 ± 6
	92 ± 5
	> 0.05

	Pre-extubation
	74 ± 7
	75 ± 6
	91 ± 5
	90 ± 4
	> 0.05

	1 min post-extubation
	80 ± 9
	102 ± 10
	95 ± 7
	112 ± 9
	< 0.001*

	5 min post-extubation
	78 ± 8
	96 ± 8
	93 ± 6
	104 ± 8
	< 0.001*

	10 min post-extubation
	77 ± 7
	88 ± 6
	92 ± 5
	98 ± 6
	0.04*


HR = heart rate; MAP = mean arterial pressure. * Statistically significant (P < 0.05)










DISCUSSION
The present study demonstrates that deep extubation is associated with a significantly lower incidence of coughing, laryngospasm, and oxygen desaturation, and with superior hemodynamic stability during the immediate post-extubation period, compared with awake extubation in patients undergoing septorhinoplasty. These findings are consistent with and extend the existing literature on extubation technique in nasal surgery.6,7

Coughing and straining at emergence carry particular relevance in septorhinoplasty, where increases in venous pressure may precipitate epistaxis, hematoma, or disruption of the surgical repair.3,6 The substantially lower rate of coughing observed in Group D (8% vs 42%) is therefore clinically significant beyond its statistical merit. A comparable advantage of deep extubation in reducing coughing during emergence from nasal surgery has been reported by Gupta et al.7 and Sharma et al.6

The hemodynamic surges observed in Group A are attributable to the catecholamine response elicited by airway manipulation in the awake state.1,2 These transient but pronounced increases in HR and MAP—exceeding 25 bpm and 20 mmHg respectively at one minute post-extubation—may be hazardous in patients with pre-existing cardiovascular disease. Deep extubation effectively attenuates this response by removing the stimulus of tube removal from an alert patient.

Although the incidence of laryngospasm (2% vs 12%) and desaturation (4% vs 16%) were statistically higher in Group A, both were manageable with standard airway maneuvers. No patient in either group required reintubation. These findings suggest that the risk differential between techniques, while real, is clinically manageable with appropriate monitoring. Eipe and Barrowman similarly emphasized that patient selection and post-extubation vigilance are the principal determinants of safety with deep extubation.9

The present study has several limitations. The single-centre design and relatively modest sample size (n = 100) limit the generalizability of our findings. Coughing severity, while graded using predefined criteria, involves an element of observer subjectivity. Long-term outcomes—including postoperative hoarseness, sore throat, and patient satisfaction—were not assessed. A recent randomized controlled trial by Suo et al. similarly reported fewer emergence agitation events with deep extubation in nasal surgery, supporting our findings but highlighting the need for adequately powered multicentre trials.12

CONCLUSION
In appropriately selected patients undergoing septorhinoplasty, deep extubation reduces the incidence of airway-related complications and attenuates the hemodynamic stress response during emergence compared with awake extubation. Careful patient selection, meticulous intraoperative technique, and vigilant post-extubation monitoring are prerequisites for the safe application of this approach. Multicentre randomized controlled trials with larger sample sizes and assessment of patient-centred outcomes are needed to confirm and extend these findings.
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