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Supplemental Digital Content 1. Extended summary of methods

Participants

One investigator from each centre screened daily all upcoming surgeries with a planned general anaesthesia. All patients who met the inclusion criteria and were undergoing general anaesthesia with feasible use of a laryngeal mask airway (LMA) were consecutively enrolled in this study according to the logistic requirements of each centre. This stipulation refers to the requirement for at least two investigators at the expected surgery time-point for each patient to ensure adherence to the blinding procedure. Written informed consent was obtained from each patient by the investigator after providing a detailed explanation of the study and ensuring that the inclusion criteria were met. All patients had to be between 18 and 75 years old, have an American Society of Anaesthesiologists (ASA) physical status I to III, have a body mass index <35 kg m−2 and be fluent in German. All elective surgeries with a planned duration of 0.5-2 hours and the possibility of LMA use were included. We excluded patients with planned additional regional or local anaesthesia, severe pulmonary disease (asthma or chronic obstructive pulmonary disease grade IV), and contraindications for the use of an LMA or any drug applied in this study. Pregnancy, breastfeeding, or patients with childbearing potential without adequate contraception methods were excluded. Patients with severe psychiatric or neuropsychiatric disorders, with recent (<6 months) alcohol or drug abuse, with a legal incapacity or who participated in another drug trial within the previous 30 days were also excluded. 

Randomisation and blinding

Patients were randomly assigned at an equal allocation ratio (1:1:1) into one of the three groups (desflurane, sevoflurane or propofol) according to a computer-generated randomisation sequence based on the random allocation rule for the 4 centres (software framework “R”).16 Only the responsible biostatistician (APK) had access to the randomisation sequence data. Allocation was concealed by sequentially numbered, sealed opaque envelopes. 

Two independent investigators were needed for each randomised patient to ensure the blinding procedure. One blinded preoperative investigator enrolled the patients into the study before randomisation. Owing to safety reasons, it was not possible to blind the intraoperative investigator, who also performed the anaesthesia and assigned the patients into the intervention groups. This investigator was obliged to take the next sealed randomisation envelope in sequential order of the patient’s surgery time-point. Thus, the intraoperatively collected data, including the frequency of upper airway events, were not assessed in a blinded manner. The patient and the second investigator, who performed the pre- and postoperative visits, remained unaware of the allocated intervention. Therefore, all preoperatively assessed data, the emergence times in the operating room and all other postoperative assessed data were collected in a blinded manner. The intraoperative un-blinded investigator masked the monitor at the end of anaesthesia with an opaque board to prevent revelation of the applied anaesthetic to the blinded second investigator, who entered the operating room to assess the emergence times at the end of surgery. 

General interventions for all study groups

Patients received oral midazolam (3.75-7.5 mg) as anxiolytic premedication 30-45 minutes before surgery according to the clinical routine of each centre. Standard basic monitoring according to the recommendations of the ASA and a continuous bispectral index (BIS; Covidien, USA) measurement were applied to all patients. Each centre was allowed to use their preferred type of LMA, including first- and second-generation LMAs, to enhance generalisability and avoid bias induced by unfamiliarity to one predetermined kind of LMA. All LMAs were used according to the manufactures` recommendations. Patients were placed in a supine position with the head in a slightly extended position with flexion of the neck, i.e., "sniffing position". Ambu® AuraOnceTM (Ambu A/S, Ballerup, Denmark) was used as a first-generation LMA, and the ProsealTM LMA® (PLMA; Teleflex Medical Europe Ltd, Athlone, Ireland) and the LMA SupremeTM (SLMA; Teleflex Medical Ltd) were used as second-generation LMAs. Sizes 4 and 5 were applied according to patient weights of 50-70 kg and 70-100 kg, respectively. All LMAs were tested and prepared before use according to the manufacturers’ recommendations. The LMA cuffs were deflated, and the posterior LMA surface was lubricated with a water-based lubricant before insertion. The Ambu® AuraOnceTM (Ambu A/S, Ballerup, Denmark) and the LMA SupremeTM (SLMA; Teleflex Medical Ltd) were inserted with the “slide-along-the-palate” technique with three fingers. The LMA SupremeTM (SLMA; Teleflex Medical Ltd) was inserted using the index finger digital method.

Following pre-oxygenation, anaesthesia was induced by continuous intravenous remifentanil infusion at 0.5 μg kg−1 over 60 seconds, followed by titrated propofol injection of 1.5 - 2.5 mg kg−1 combined with 20 mg lidocaine to mitigate the injection pain.17 After loss of consciousness, the LMA was inserted, and the LMA cuff was inflated with a maximum cuff inflation volume of 30-45 ml, depending on the LMA model and the size. A maximum cuff pressure of 60 cm H2O was the limit for all LMAs. The cuff pressure was monitored continuously with a cuff pressure gauge. Fixation of the LMA was performed according to the manufacturers’ recommendations. Ventilation was adjusted according to the standard operating procedures of each centre (spontaneous breathing until controlled ventilation). Reassessment of the correct LMA position was performed after 5 minutes and when clinically indicated. The inspired oxygen concentration was set to 35-50%, and an end-expiratory carbon dioxide level of 36-45 mmHg was the goal. Neuromuscular blocking agents were avoided, except in emergency situations. Analgesia was maintained with continuous remifentanil infusion of 0.15 μg kg−1 min−1, with a clinically adapted dosage to the patients` needs at the discretion of the attending anaesthesiologist, and discontinued 5 minutes before the estimated end of surgery. Patients received the strong opioid piritramide at a dose of 0.05-0.1 mg kg−1 and the non-opioid analgesic metamizole at a dose of 15 mg kg−1 i.v. 20 minutes before the estimated termination of the surgery for postoperative analgesia. Piritramide and metamizole are commonly used perioperative analgesics in Germany.18-20 To prevent postoperative nausea and vomiting, 8 mg dexamethasone and 4 mg ondansetron were applied in patients with an Apfel score ≥2. Intraoperative hypotension and variations >20% from the baseline blood pressure values were treated appropriately according to the standard operating procedures of each centre. The attending anaesthesiologist was permitted to apply an additional rescue injection of propofol for undesired movements or emergency situations during surgery. After emergence and removal of the LMA, the patients were transferred to the recovery room. Patients with a postoperative pain score >30 on the Visual Analogue Scale were treated with additional piritramide at 0.05 mg kg−1 in the recovery room. 

Study-specific interventions

Patients were randomised into three parallel intervention groups (desflurane, sevoflurane and propofol; termed groups 1, 2 and 3, respectively) for maintenance of anaesthesia. The desired end-tidal volatile concentrations and intravenous propofol dosages originated from the clinical experience of all four hospitals when applied in combination with remifentanil. All three anaesthetics were adjusted according to the BIS index values (aim of 40-60) and the clinical requirements (haemodynamic, autonomic and somatic signs) of the patient. Group 1 received desflurane with a targeted end-expiratory concentration of 0.8 minimal alveolar concentration (MAC) or 4-5 vol.%. The initial fresh gas flow was set at 2 l min−1, and the volatile agent was set at 12 vol.% until the maintenance concentration goal was achieved to avoid differences in the speed of the initial desflurane administration. Thereafter, the volatile agent was turned down, and the fresh gas flow was reduced to 0.5-1 l min-1. An inspired concentration of >8 vol.% desflurane had to be avoided per protocol. 

Group 2 received sevoflurane with a targeted end-expiratory concentration of 0.8 MAC or 1.2-1.4 vol.%. The initial fresh gas flow was also set to 2 l min−1, and the volatile agent was set at 8 vol.% until the maintenance concentration goal was achieved. Thereafter, the volatile agent was turned down, and the fresh gas flow was reduced to 0.5-1 l min-1. Inspired concentrations of sevoflurane >2.2 vol.% had to be avoided per protocol. 

According to our clinical routine, volatile agent was discontinued 5 minutes before the estimated end of surgery in both inhalation groups, followed by fresh gas flow of 100% oxygen at 15 l min-1 at the end of surgery. This time-point was defined as time zero (T0) and marked the beginning of the emergence time measurements. 

Group 3 received total intravenous anaesthesia with continuous propofol infusion via infusion pump at 5-7 mg kg−1 h−1. The propofol concentration was halved 5 minutes before the estimated end of surgery and discontinued at the end. This was followed by 100% oxygen fresh gas flow set at 15 l min-1. Discontinuation of the propofol infusion was defined as time zero (T0) in this group.

Primary outcome measure

Our primary objective was to analyse whether desflurane is superior to sevoflurane or propofol in terms of the emergence time to state the date of birth. The time to state the date of birth was defined as the time-span between the termination of anaesthesia (time-point T0) and the ability of the patient to state his/her date of birth on command, which was asked every 20 seconds. The blinded investigator assessed the time to state the date of birth. 

Secondary outcome measures

The following emergence times were also assessed as secondary outcomes:  

· Time to remove the laryngeal mask 

· Time to open the eyes on command 

· Time to respond on command to a hand press 

· Time to state the full name on command 

· Recovery-Index = 1 + Aldrete 5 min [(2 x extubation time) + 1 x opening eyes time)]-121 

All emergence times were assessed according to the time to state the date of birth assessment after time-point T0 by the blinded investigator. Notably, for safety reasons, the non-blinded investigator decided when to remove the laryngeal mask. 

Another secondary objective was the identification of the frequency of upper airway adverse events in the 3 groups. The following variables were assessed: 

· Intraoperative cough (induction/maintenance) 

· Intraoperative laryngospasm (induction/maintenance)

· Cough at emergence 

· Laryngospasm at emergence

The non-blinded intraoperative investigator assessed intraoperative cough and laryngospasm; the remaining secondary endpoints were assessed by the blinded investigator.

Other outcome measures

The non-blinded investigator assessed the intraoperative vital data, medications and surgery-related data. The blinded investigator assessed the preoperative demographics, medical history and baseline data for the Postoperative Quality Recovery Scale (PQRS). Postoperatively, he/she assessed patient pain levels and the occurrence of postoperative nausea and vomiting in the recovery room, readiness to be discharged from the recovery room (Aldrete score ≥9), and PQRS up to the first postoperative day. We applied the PQRS tool to assess six domains of recovery (physiological, emotional, nociceptive, cognitive, activities of daily living and overall patient perspective) at baseline, 40 minutes after cessation of the anaesthetic agent and on the first postoperative day. Notably, physiological data were not assessed on the first postoperative day, activities of daily living recovery were not assessed on the day of surgery, and the overall perspective of the patient was assessed only on the first postoperative day. Recovery was scored according to the specific algorithm of the developer.22 There were no changes to outcome parameters after commencement of the study. 

Sample size

We calculated the sample sizes for both superiority hypotheses in terms of the emergence time and "time to state the date of birth" and non-inferiority regarding the upper airway complication "intraoperative cough".15 We used a type 1 error, α = 0.05, and power of 0.80 to calculate the sample sizes. We estimated the variances and means for the primary outcome time to state the date of birth based on the results of our previous meta-analysis.5 The means of the time to state the date of birth were set to 5.6, 6.8 and 8.75 minutes for the desflurane, propofol and sevoflurane group, respectively. A common standard deviation of 3 minutes was considered. A sample size of 19 patients per group was required to detect a group difference. Regarding the sample size for non-inferiority, a proportion between 0.07 and 0.10 was assumed in the population for the outcome intraoperative cough. A sample size between 81 and 112 patients was required to claim non-inferiority (non-inferiority bound of 0.20). The non-inferiority bound was chosen based on clinical considerations.5 Inclusion of 117 patients per group was planned based on a dropout rate of five patients per group. 

Statistical analysis

Statistical analyses were performed on an intention-to-treat basis. Descriptive analysis of the study data was performed by treatment groups using appropriate summary statistics for discrete and continuous data. The primary outcome was analysed by two-way analysis of variance using the main effects of intervention groups and study sites as independent variables, and Dunnett’s test was used for the post-hoc comparison. Intraoperative cough was analysed using the Cochran-Mantel-Haenszel test stratified by study site. Because the proportion of coughs was relatively low, Newcombe confidence intervals for differences in intraoperative cough occurrence stratified by study site were calculated.23 The non-inferiority inference was based on the upper confidence bound for the difference in proportion of intraoperative cough. No additional adjustments for multiple comparisons were performed. Data on the time to state the date of birth and intraoperative cough were missing for 9 and 8 patients, respectively. These patients were excluded from the analyses. Our assessments resulted in unbiased estimates given the assumption that the probability of missing data is independent of the outcome conditional on the intervention group and study site (missing at random assumption).24 


Supplemental Digital Content 2. Kind of surgery. 
	
	Desflurane (n=118)*
	Sevoflurane (n=114)*
	Propofol (n=120)*

	
	n (%) 
	n (%) 
	n (%) 

	Superficial surgical procedures: partial mastectomy, hernia
	29 (25)
	26 (23)
	34 (28)

	Arthroscopy
	4 (3)
	2 (2)
	3 (3)

	Orthopaedic/ trauma surgery (osteotomy/ osteosynthesis)
	36 (31)
	25 (22)
	29 (24)

	Gynaecologic
	7 (6)
	19 (17)
	14 (12)

	Urologic
	34 (29)
	39 (34)
	35 (29)

	Vein stripping
	2 (2)
	0 (0)
	0 (0)

	General surgery
	0 (0)
	0 (0)
	1 (1)

	Other
	2 (2)
	0 (0)
	3 (3)


*Missing data for desflurane (n = 4), sevoflurane (n = 3) and propofol (n = 1) patients. n, number of patients.

Supplemental Digital Content 3. Postoperative Quality of Recovery Scale (PQRS). 

	
	Desflurane (n=118)
	Sevoflurane (n=114)
	Propofol (n=120)

	
	n (%)
	n (%)
	n (%)

	Cognitive domain, surgery day 
	
	
	

	Not recovered/ recovered
	20/ 73 (17/ 62)
	26/ 65 (23/ 57)
	31/ 64 (26/ 53)

	No data
	25 (21)
	23 (20)
	25 (20)

	Cognitive domain, first postoperative day
	
	
	

	Not recovered/ recovered
	8/ 76 (7/ 64)
	6/ 80 (5/ 70)
	13/ 80 (11/ 67)

	No data
	34 (29)
	28 (25)
	27 (23)

	Nociceptive domain, surgery day
	
	
	

	Not recovered/ recovered
	79/ 35 (67/ 30)
	66/ 45 (58/ 40)
	67/ 49 (56/ 41)

	No data
	4 (3)
	3 (3)
	4 (3)

	Nociceptive domain, first postoperative day
	
	
	

	Not recovered/ recovered
	57/ 54 (48/ 46)
	46/ 60 (40/ 53)
	51/ 64 (43/ 53)

	No data
	7 (6)
	8 (7)
	5 (4)

	Emotive domain, surgery day
	
	
	

	Not recovered/ recovered
	22/ 92 (19/ 78)
	19/ 92 (17/ 81)
	12/ 104 (10/ 87)

	No data
	4 (3)
	3 (3)
	4 (3)

	Emotive domain, first postoperative day
	
	
	

	Not recovered
	18/ 93 (15/ 79)
	9/ 97 (8/ 85)
	11/ 104 (9/ 87)

	No data
	7 (6) 
	8 (7)
	5 (4)

	Physiological domain, surgery day
	
	
	

	Not recovered/ recovered
	37/ 77 (31/ 65) 
	45/ 66 (40/ 58)
	46/ 70 (38/ 58)

	No data
	4 (3) 
	3 (3)
	4 (3)

	ADL domain, first postoperative day
	
	
	

	Not recovered/ recovered
	25/ 85 (21/ 72)
	18/ 88 (16/ 77)
	20/ 94 (17/ 78)

	No data
	8 (7)
	8 (7)
	6 (5)

	All domains, surgery day
	
	
	

	Not recovered/ recovered
	93/ 17 (79/ 14)
	90/ 17 (79/ 15)
	92/ 19 (77/ 16)

	No data
	8 (7)
	7 (6)
	9 (8)

	All domains, first postoperative day
	
	
	

	Not recovered
	79/ 25 (67/ 21)
	61/ 33 (54/ 29)
	67/ 37 (56/ 31)

	No data
	14 (12)
	20 (18)
	16 (13)

	Overall patient perspective assessed only on first postoperative day
	
	
	

	Not at all impacted
	27 (23)
	29 (25)
	40 (33)

	Minimally impacted
	23 (29)
	21 (18)
	23 (19)

	Moderately impacted 
	15 (13)
	23 (20)
	17 (14)

	Severely impacted 
	16 (14)
	12 (11)
	14 (12)

	Completely impacted 
	21 (18)
	17 (15)
	17 (14)

	No data
	16 (14)
	12 (11) 
	9 (8)


Recovery on the surgery day consisted of the period between preoperative baseline testing and T40 = forty minutes after cessation of the anaesthetic agent. Recovery on the first postoperative day assessed the period between the baseline testing and the testing on the first postoperative day, either by visit on the ward or via telephone. Physiological domain was reasonably tested only until the surgery day and ADL was tested at baseline and on the first postoperative day. ADL, activities of daily living; n, number of patients.

Supplemental Digital Content 4. Other intraoperative and postoperative analyses. 

	
	Desflurane (n=118)*
	Sevoflurane (n=114)*
	Propofol (n=120)*

	
	Mean ±SD; Median [IQR]; n (%)
	Mean ±SD; Median [IQR]; n (%)
	Mean ±SD; Median [IQR]; n (%)

	Intraoperative vital data
	
	
	

	BIS 
	42.2 ±13.6; 40 [12]
	46.0 ±14.1; 43 [14]
	43.4 ±14.8; 41 [13]

	SpO2 [%]
	98.0 ±2.0; 98 [2]
	98.3 ±1.9; 99 [2]
	98.4 ±1.6; 99 [2]

	Heart rate [bpm]
	57.6 ±11.1; 55 [13]
	57.0 ±10.2; 55 [10]
	56.8 ±11.1; 55 [11]

	RRsys [mmHg]
	101.2 ±18.9; 98 [23]
	99 ±17.0; 96 [19]
	103.9 ±18.9; 101 [23]

	RRdia [mmHg]
	57.5 ±11.7; 55 [13]
	58.0 ±12.1; 55 [13]
	61.0 ±12.1; 59 [15]

	Intraoperative ventilation data
	
	
	

	FiO2
	0.6 ±0.2; 0.5 [0.2]
	0.6 ±0.2; 0.5 [0.2]
	0.6 ±0.2; 0.5 [0.2]

	End-expiratory CO2 [kPa]
	5.1 ±0.7; 5 [0.8]
	5.1 ±0.7; 5 [0.8]
	4.9 ±0.5; 5 [0.7]

	LMA 1st/ 2nd generation
	57/ 57 (48/ 48)
	58/ 52 (51/ 46)
	67/ 52 (56/ 43)

	Volume-/ pressure controlled ventilation 
	66/ 45 (56/ 38)
	58/ 52 (51/ 46)
	60/ 59 (50/ 49)

	Spontaneous breathing 
	2 (2)
	1 (1)
	0

	Manual ventilation 
	1 (1)
	0
	0

	Ventilation pressure Peak/ Plateau/ PEEP [kPa]
	1.6 ±0.4/ 1.2 ± 0.4/ 0.3 ±0.2
	1.5 ±0.4/ 1.1 ±0.4/ 0.3 ±0.2
	1.5 ±0.3/ 1.1 ± 0.4/0.3±0.2

	Additional drugs
	
	
	

	Midazolam preoperatively [mg]
	6.1 ±2.6; 7.5 [3.7]
	5.9 ±2.8; 7.5 [3.7]
	6.0 ±2.7; 7.5 [3.7]

	Total amount of applied propofol at induction [mg]
	190.4 ±49.1; 200 [40]
	186.8 ±49.1; 200 [40]
	169 ±43.1; 160 [60]

	Additionally applied subcutaneous LA 
	4 (3)
	0
	3 (3)

	Additionally applied propofol during surgery [mg]
	9.8 ±44.4; 0 [0]; 10 (8)
	5.9 ±17.7; 0 [0]; 10 (9)
	9.7 ±50.8; 0 [0]; 12 (10)

	Amount of wasted propofol [mg]
	0 [0]
	0 [0]
	220 [241]

	Intraoperative metamizole [g]
	1.0 ±0.4; 1 [0]
	1.1 ±0.4; 1 [0]
	1.1 ±0.4; 1 [0]

	Total amount of epinephrine [µg]
	0.5 ±4.0; 0 [0]; 2 (2)
	0
	1.0 ±6.9; 0 [0]; 4 (3)

	Total amount of norepinephrine [µg]
	40.4 ±113.6; 0 [0]; 26 (22)
	27.4 ±83.0; 0 [10]; 30 (26)
	19.5 ±99.2; 0 [0]; 24 (20)

	Total amount of the mixture 2 ml caphedrine 200 mg and theoadrenaline 10 mg ad 8 ml sodium chloride [ml]
	1.3 ±2.2; 0 [2]; 38 (32)
	1.4 ±3.0; 0 [2]; 33 (29)
	0.9 ±2.1; 0 [0]; 27 (23)

	Postoperative data 
	
	
	

	Aldrete score ≥ 9 at 5 min. after removal of LMA 
	94 (80)
	72 (63)
	74 (62)

	VAS pain (100 mm scale) in the recovery room
	28.8 ±24.3; 30 [30]
	27.7 ±23.2; 20 [30]
	25.2 ±20.7; 20 [30]

	Vomiting in the recovery room 
	3 (3)
	1 (1)
	0

	Additionally applied piritramide in the recovery room 
	3.7 ±5.2, 0 [7.4]
	3.7 (5.8), 0 [5]
	3.4 (4.9), 0 [6]

	Adverse eventsa
	52
	44
	41

	Serious adverse eventsa
	2
	1
	1


*Missing data for desflurane (n = 4), sevoflurane (n = 3) and propofol (n = 2) patients. aTotal number of events on the surgery and first postoperative day. BIS, bispectral index; bpm, beats per minute; CO2, carbon dioxide; FiO2, inspired oxygen fraction; IQR, interquartile range; LA, local anaesthesia; LMA, laryngeal mask airway; n, number of patients; PEEP, positive end-expiratory pressure; SpO2, peripheral oxygen saturation; VAS, Visual Analogue Scale.
