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Supplementary statistical methods and results
Efficacy and Safety of Intranasal Dexmedetomidine Combined with Esketamine for Premedication in Children Undergoing Laser Treatment for Burn Scars: A Randomised Self-Controlled Crossover Trial
Computational details
Gaussian variance components were estimated by restricted maximum likelihood with non-negative variances. Random-effect components at a zero boundary were omitted from the equivalent covariance model. Pointwise 95% confidence intervals and tests used Satterthwaite-type degrees of freedom, with variance-component uncertainty estimated from the expected restricted Fisher information.
Cumulative-logit mixed models were fitted by maximum marginal likelihood with nested Gauss–Hermite quadrature. Reported ordinal results used 31 nodes per random-effect dimension. Core models were checked at 21 and 51 nodes; Hessians were positive definite and the reported treatment contrasts were numerically stable. Gaussian core-model coefficients and likelihoods were cross-checked against statsmodels 0.14.6, with maximum absolute fixed-effect differences below 0.000001. Unadjusted continuous session-level contrasts were also checked against paired-difference regression.
Inter-session interval deviation was coded as zero in period 1 and as the actual interval minus the overall mean interval in period 2. Linear calendar time was expressed in 30-day units. These variables were added in separate sensitivity models, not simultaneously. Sequence groups entered during different calendar windows, so linear date adjustment was not interpreted as complete control of calendar-related differences.
The nine-comparison primary-outcome family comprises five post-dose RSS contrasts, time to first RSS ≥3, PSAS, MAS and PAED; Holm adjustment covers this family. The five-comparison paired-rank sensitivity family in Table S4 is separate. Except where Holm adjustment is explicitly indicated, P values are not adjusted for multiple comparisons. All confidence intervals are pointwise and not adjusted for multiplicity. Other analyses provide supporting evidence for interpretation. Table S5 presents observed RSS category counts, not model-derived probabilities. Tables S6a–S6c reproduce the outcome definitions and scoring descriptions supplied by the investigators; they do not add statistical tests.
Table S1. Repeated physiological outcomes and baseline-adjusted treatment effects
	Outcome
	Time
	R: mean± SD
	C: mean± SD
	Adjusted R−C (95% CI)
	P

	MAP (mmHg)
	T1
	74.88 ± 4.65
	79.88 ± 4.87
	−5.95 (−7.95 to −3.94)
	<0.001

	
	T2
	74.38 ± 5.33
	80.50 ± 5.16
	−7.07 (−9.08 to −5.07)
	<0.001

	
	T3
	74.25 ± 5.31
	81.42 ± 5.78
	−8.12 (−10.12 to −6.11)
	<0.001

	
	T4
	72.33 ± 5.84
	81.50 ± 6.98
	−10.12 (−12.12 to −8.11)
	<0.001

	
	T5
	79.21 ± 6.36
	87.88 ± 5.00
	−9.62 (−11.62 to −7.61)
	<0.001

	HR (beats/min)
	T1
	105.46 ± 4.35
	116.92 ± 4.25
	−11.38 (−12.80 to −9.96)
	<0.001

	
	T2
	101.62 ± 3.41
	119.75 ± 4.22
	−18.05 (−19.46 to −16.63)
	<0.001

	
	T3
	98.38 ± 3.68
	115.54 ± 4.03
	−17.09 (−18.51 to −15.67)
	<0.001

	
	T4
	94.58 ± 3.41
	111.88 ± 3.93
	−17.21 (−18.63 to −15.80)
	<0.001

	
	T5
	103.58 ± 5.07
	110.54 ± 3.74
	−6.88 (−8.30 to −5.46)
	<0.001

	RR (breaths/min)
	T1
	22.96 ± 1.76
	23.71 ± 1.71
	−1.00 (−1.61 to −0.39)
	0.002

	
	T2
	21.08 ± 1.77
	22.79 ± 2.25
	−1.96 (−2.57 to −1.35)
	<0.001

	
	T3
	20.33 ± 1.81
	21.83 ± 1.97
	−1.75 (−2.36 to −1.14)
	<0.001

	
	T4
	18.88 ± 1.51
	21.00 ± 1.69
	−2.38 (−2.98 to −1.77)
	<0.001

	
	T5
	18.29 ± 1.40
	20.00 ± 1.84
	−1.96 (−2.57 to −1.35)
	<0.001

	SpO₂ (pp)
	T1
	98.08 ± 0.83
	98.04 ± 1.00
	0.01 (−0.49 to 0.52)
	0.955

	
	T2
	98.12 ± 0.95
	97.62 ± 0.97
	0.47 (−0.03 to 0.98)
	0.065

	
	T3
	98.29 ± 0.91
	98.12 ± 0.74
	0.14 (−0.36 to 0.64)
	0.585

	
	T4
	98.38 ± 1.01
	97.75 ± 0.74
	0.60 (0.09 to 1.10)
	0.020

	
	T5
	98.08 ± 0.93
	98.42 ± 0.78
	−0.36 (−0.86 to 0.14)
	0.159


R, dexmedetomidine plus esketamine; C, esketamine alone; MAP, mean arterial pressure; HR, heart rate; RR, respiratory rate; SpO₂, peripheral oxygen saturation; pp, percentage points. Values are mean ± SD. Fixed effects include treatment, categorical time, treatment-by-time interaction, period, sequence and same-session T0. Participant and nested session random intercepts represent correlation; zero-variance components are constrained to zero. T1–T4 are 15, 20, 25 and 30 min; T5 is immediately before induction. P values are not adjusted for multiple comparisons; CIs are pointwise. An isolated SpO₂ contrast does not establish a clinical oxygenation benefit.
Table S2. Treatment-period and sequence coefficients
	Outcome
	Scale
	Period 2 vs 1 (95% CI)
	P
	R→C vs C→R (95% CI)
	P

	RSS
	OR
	0.55 (0.22 to 1.38)
	0.205
	0.96 (0.25 to 3.70)
	0.951

	PSAS
	OR
	0.77 (0.23 to 2.59)
	0.673
	2.24 (0.51 to 9.78)
	0.283

	MAS
	OR
	1.51 (0.46 to 4.96)
	0.499
	1.59 (0.38 to 6.58)
	0.524

	Latency
	MD
	1.17 (−0.81 to 3.15)
	0.234
	0.33 (−2.18 to 2.84)
	0.785

	PAED
	MD
	0.33 (−0.53 to 1.19)
	0.430
	−0.25 (−1.34 to 0.84)
	0.638

	Propofol
	MD
	−0.67 (−4.44 to 3.10)
	0.717
	0.86 (−3.88 to 5.60)
	0.711

	MAP
	MD
	−0.10 (−1.14 to 0.95)
	0.852
	2.52 (0.16 to 4.88)
	0.038

	HR
	MD
	1.03 (0.003 to 2.06)
	0.049
	−0.70 (−1.76 to 0.37)
	0.193

	RR
	MD
	−0.17 (−0.60 to 0.26)
	0.425
	−0.62 (−1.59 to 0.35)
	0.198

	SpO₂
	MD
	0.01 (−0.28 to 0.31)
	0.925
	−0.02 (−0.35 to 0.32)
	0.919


OR, cumulative odds ratio for a higher score; MD, adjusted mean difference in the outcome’s original units. Propofol estimates adjust for session body weight. Sequence coefficients compare different children and may include between-child or calendar-cohort differences. P values are not adjusted for multiple comparisons; these coefficients are not confirmatory tests of carryover. Non-significance does not prove absence of carryover; a standard two-period design cannot separately identify sequence and all treatment-dependent carryover components without additional assumptions.
Table S3. Sensitivity to inter-session interval and linear calendar time
	Outcome / effect
	Core model
	+ interval deviation
	+ linear calendar time

	RSS T4 (OR)
	111.3 (17.5 to 705.8)
P < 0.001
	140.3 (21.2 to 928.9)
P < 0.001
	110.8 (17.5 to 703.0)
P < 0.001

	RSS T5 (OR)
	2970 (333.1 to 26480)
P < 0.001
	3659 (396.9 to 33730)
P < 0.001
	2960 (332.1 to 26380)
P < 0.001

	PSAS (OR)
	0.023 (0.003 to 0.21)
P < 0.001
	0.005 (0.00022 to 0.11)
P < 0.001
	0.024 (0.003 to 0.22)
P < 0.001

	MAS (OR)
	0.016 (0.002 to 0.13)
P < 0.001
	0.007 (0.00051 to 0.093)
P < 0.001
	0.017 (0.002 to 0.14)
P < 0.001

	PAED (MD)
	−1.33 (−2.19 to −0.47)
P = 0.004
	−1.49 (−2.43 to −0.56)
P = 0.003
	−1.32 (−2.18 to −0.46)
P = 0.004

	Latency (MD)
	−3.83 (−5.81 to −1.85)
P < 0.001
	−3.29 (−5.38 to −1.20)
P = 0.003
	−3.81 (−5.78 to −1.83)
P < 0.001

	Propofol (MD)
	−6.15 (−9.91 to −2.40)
P = 0.003
	−5.99 (−10.04 to −1.94)
P = 0.006
	−6.22 (−9.97 to −2.46)
P = 0.002


Core models include period and sequence; RSS models also include baseline, categorical time and treatment-by-time interaction. Propofol models include body weight. Interval deviation is zero in period 1 and (actual interval−68.2083 days) in period 2. Calendar time is the treatment date in 30-day units. The two additional covariates were fitted separately. P values are not adjusted for multiple comparisons; CIs are pointwise. Linear time adjustment does not fully capture unmeasured clinical changes.
Table S4. RSS sensitivity analyses without joint ordinal time-threshold modelling
	Time
	Separate-time Gaussian MD (95% CI)
	Gaussian P
	Paired rank P
	Paired rank Holm P

	T1
	0.30 (0.01 to 0.59)
	0.043
	0.046
	0.063

	T2
	0.31 (0.07 to 0.55)
	0.013
	0.021
	0.063

	T3
	0.43 (0.07 to 0.79)
	0.020
	0.025
	0.063

	T4
	0.96 (0.65 to 1.26)
	<0.001
	<0.001
	<0.001

	T5
	1.59 (1.25 to 1.93)
	<0.001
	<0.001
	<0.001


Each separate-time Gaussian model includes treatment, period, sequence, session-baseline RSS and a participant random intercept. The Gaussian P and Paired rank P columns are not adjusted for multiple comparisons. Rank analyses use paired Wilcoxon signed-rank tests with an asymptotic tie correction and do not adjust for period or sequence. Holm adjustment in the final column covers only the five post-dose rank comparisons; it is separate from the nine-comparison primary-outcome family in the main analysis. T4 and T5 are the most consistent findings across approaches.
Table S5. Observed Ramsay Sedation Scale category distributions
	Time
	Regimen
	RSS 1
	RSS 2
	RSS 3
	RSS 4
	RSS 5
	RSS 6
	Total, n

	T0
	R
	7 (29.2)
	17 (70.8)
	0
	0
	0
	0
	24

	T0
	C
	9 (37.5)
	15 (62.5)
	0
	0
	0
	0
	24

	T1
	R
	2 (8.3)
	14 (58.3)
	8 (33.3)
	0
	0
	0
	24

	T1
	C
	5 (20.8)
	16 (66.7)
	3 (12.5)
	0
	0
	0
	24

	T2
	R
	0
	3 (12.5)
	21 (87.5)
	0
	0
	0
	24

	T2
	C
	0
	11 (45.8)
	13 (54.2)
	0
	0
	0
	24

	T3
	R
	0
	0
	7 (29.2)
	14 (58.3)
	3 (12.5)
	0
	24

	T3
	C
	0
	0
	15 (62.5)
	8 (33.3)
	1 (4.2)
	0
	24

	T4
	R
	0
	0
	0
	12 (50.0)
	10 (41.7)
	2 (8.3)
	24

	T4
	C
	0
	0
	9 (37.5)
	15 (62.5)
	0
	0
	24

	T5
	R
	0
	0
	0
	9 (37.5)
	13 (54.2)
	2 (8.3)
	24

	T5
	C
	0
	4 (16.7)
	13 (54.2)
	7 (29.2)
	0
	0
	24


Values are n (%), except for the total column. Every regimen/time row contains 24 observations. R, intranasal dexmedetomidine plus esketamine; C, intranasal esketamine alone. T0 is baseline; T1–T4 are 15, 20, 25 and 30 min after dosing; T5 is immediately before induction. The two RSS 6 observations at T4 and the two at T5 occurred in the same two children during their R session. Thus, 2/24 distinct children (8.3%) had RSS 6 at either final assessment. No RSS 6 value was recorded under C. These counts describe sedation depth, not a prespecified binary success endpoint.
Table S6a. Ramsay sedation scoring and assessment schedule
Primary sedation outcomes were RSS at T0–T5 and time from medication administration to the first RSS ≥3. The RSS scoring criteria used in this study are shown below.
	Score
	Study scoring description

	1
	Agitated and restless.

	2
	Awake, calm and cooperative.

	3
	Drowsy, with a prompt response to commands.

	4
	Light sleep; readily awakened.

	5
	Asleep, with a sluggish response to calling.

	6
	Deep sleep, with no response to calling.


Assessment schedule: T0, before medication; T1, 15 min; T2, 20 min; T3, 25 min; T4, 30 min; and T5, immediately before anaesthetic induction. T5 is event-defined, not an assumed fixed elapsed time. Time to first RSS ≥3 is a separate recorded primary outcome. Higher RSS indicates deeper sedation.
Table S6b. Parental separation and mask acceptance scoring
[bookmark: _GoBack]The PSAS was assessed during separation of the child from the parent, before T5. The MAS was assessed during inhalational mask induction. The PSAS describes the child’s separation behaviour rather than the parent’s own anxiety.
	Score
	PSAS: separation behaviour
	MAS: mask acceptance

	1
	Easy separation.
	Excellent: no fear; cooperative; accepts the mask easily.

	2
	Crying, but easily consoled and not dependent on the parent.
	Good: slight fear of the mask; easily consoled.

	3
	Crying and not consolable, but not dependent on the parent.
	Fair: moderate fear of the mask; not consolable.

	4
	Crying and dependent on the parent.
	Poor: severe fear of the mask, with crying.


Scores of 1–2 indicate successful parental separation on the PSAS and satisfactory mask acceptance on the MAS. Lower scores are more favourable. These thresholds describe the study scoring criteria; the primary statistical comparisons use the full ordinal scores, not additional dichotomised hypothesis tests.
Table S6c. Emergence-behaviour items and PAED scoring
PAED scoring was performed after emergence. The following reproduces the five item descriptions and scoring directions supplied by the investigators.
	Item
	Study item description
	Scoring direction

	1
	Eye contact with the caregiver.
	Reverse-scored

	2
	Purposeful actions.
	Reverse-scored

	3
	Awareness of surroundings.
	Reverse-scored

	4
	Restlessness.
	Forward-scored

	5
	Distressed crying.
	Forward-scored


Response anchors and item scores
	Observed extent
	Not at all
	A little
	Some
	A lot
	Extremely

	Items 1–3
	4
	3
	2
	1
	0

	Items 4–5
	0
	1
	2
	3
	4


Each item is scored 0–4, giving a total score of 0–20. Higher totals indicate greater emergence-related behavioural disturbance. A total ≥10 is the study criterion for emergence delirium.
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