Supplementary Table S1. Stepwise lung recruitment maneuver (LRM) protocol.
	Protocol component
	Procedure or ventilator setting
	Notes

	Timing

	After pneumoperitoneum, robot docking, and head-down Trendelenburg positioning were established.
	The maneuver was performed before application of the assigned post-recruitment PEEP strategy.

	Ventilator mode

	Ventilation was changed from volume-controlled ventilation to pressure-controlled ventilation.
	Ventilation was returned to volume-controlled mode after completion of the maneuver.

	Recruitment pressure target
	End-inspiratory pressure was increased stepwise up to 35 cmH₂O.
	Protocol-specified maximum recruitment pressure.

	PEEP during maneuver
	PEEP was increased stepwise up to 20 cmH₂O.
	Protocol-specified maximum PEEP during recruitment.

	Maneuver ventilation settings


	Peak inspiratory pressure was increased by 5 cmH₂O at each step. Three breaths were delivered at each step and five breaths at the target pressure. 
The inspiratory-to-expiratory ratio was set to 1:1.0.
	Settings applied during the recruitment maneuver.



	Assigned post-recruitment PEEP

	Fixed PEEP group: PEEP 5 cmH₂O.
ORI-based group: PEEP 5, 8, or 10 cmH₂O according to the baseline ORI algorithm.
	Post-induction baseline ORI was recorded before the LRM and before assigned PEEP application.

	Post-maneuver ventilation

	Ventilation was resumed in volume-controlled mode with tidal volume 8 mL kg⁻¹ ideal body weight.
	Respiratory rate was adjusted to maintain ETCO₂ at 35–40 mmHg.


Abbreviations: ETCO₂, end-tidal carbon dioxide; LRM, lung recruitment maneuver; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure.










Supplementary Table S2. Variable definitions and calculation formulas.
	Variable
	Definition or calculation
	Unit / range

	Time points

	T0
	Preoperative period before induction
	—

	T1
	Stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM
	—

	T2
	After LRM and application of the assigned PEEP
	—

	T3
	End of surgery before emergence from anesthesia
	—

	ORI and LUS-derived outcomes

	Baseline ORI
	Standardized ORI value recorded at T1 under FiO₂ 0.5; used for ORI-based PEEP allocation.
	Unitless

	Region-positive outcome
	A lung region was considered positive when at least one of the six predefined atelectasis-related findings was present.
	Binary

	Number of positive regions
	Sum of region-positive outcomes across three regions in each hemithorax
	0–3 per hemithorax

	Individual LUS sign count
	Number of positive regions for a given predefined LUS sign across the anterior, lateral, and posterior regions of each hemithorax
	0–3 per sign and hemithorax

	Total positive LUS finding count
	Unweighted sum of six binary LUS sign–region observations across three regions in each hemithorax
	0–18 per hemithorax

	Hemodynamic and oxygenation monitoring variables

	SBP
	Systolic blood pressure
	mmHg

	DBP
	Diastolic blood pressure
	mmHg

	MBP
	Mean blood pressure
	mmHg

	HR
	Heart rate
	beats min⁻¹

	CI
	Cardiac index
	L min⁻¹ m⁻²

	SVV
	Stroke volume variation
	%

	SpO₂
	Peripheral oxygen saturation measured by pulse oximetry
	%

	Ventilator-derived respiratory mechanics

	PIP
	Peak inspiratory pressure
	cmH₂O

	TV
	Tidal volume
	mL

	RR
	Respiratory rate
	breaths min⁻¹

	ETCO₂
	End-tidal carbon dioxide
	mmHg

	Pmean
	Mean airway pressure
	cmH₂O

	Cdyn
	Dynamic compliance
	mL cmH₂O⁻¹

	Rdyn
	Dynamic resistance
	cmH₂O·s·L⁻¹

	Edyn
	Dynamic elastance
	cmH₂O L⁻¹

	Arterial blood gas analysis variables

	PaCO₂
	Arterial carbon dioxide partial pressure
	mmHg

	PaO₂
	Arterial oxygen partial pressure
	mmHg

	SaO₂
	Arterial oxygen saturation measured by arterial blood gas analysis
	%

	BO₂
	Hemoglobin-bound oxygen content
	mL O₂ dL⁻¹

	ctO₂
	Total arterial oxygen content
	mL O₂ dL⁻¹

	tHb
	Total hemoglobin concentration measured by arterial blood gas analysis
	g dL⁻¹

	Derived oxygenation and oxygen content variables

	P/F ratio
	PaO₂/FiO₂
	mmHg

	PAO₂
	FiO₂ × (PB − PH₂O) − PaCO₂/RQ
	mmHg

	A–a gradient
	PAO₂ − PaO₂
	mmHg

	RI
	A–a gradient / PaO₂
	Unitless


Abbreviations: A–a gradient, alveolar–arterial oxygen gradient; BO₂, hemoglobin-bound oxygen content; Cdyn, dynamic compliance; CI, cardiac index; ctO₂, total arterial oxygen content; DBP, diastolic blood pressure; Edyn, dynamic elastance; ETCO₂, end-tidal carbon dioxide; FiO₂, fraction of inspired oxygen; HR, heart rate; LRM, lung recruitment maneuver; LUS, lung ultrasound; MBP, mean blood pressure; ORI, oxygen reserve index; PAO₂, alveolar oxygen partial pressure; PaCO₂, arterial carbon dioxide partial pressure; PaO₂, arterial oxygen partial pressure; PB, barometric pressure; PEEP, positive end-expiratory pressure; P/F ratio, PaO₂/FiO₂ ratio; PH₂O, water vapour pressure; PIP, peak inspiratory pressure; Pmean, mean airway pressure; Rdyn, dynamic resistance; RI, respiratory index; RQ, respiratory quotient; RR, respiratory rate; SaO₂, arterial oxygen saturation; SBP, systolic blood pressure; SpO₂, peripheral oxygen saturation; SVV, stroke volume variation; tHb, total hemoglobin; TV, tidal volume.
Notes: For PAO₂ calculation, PB, PH₂O, and RQ were assumed to be 760 mmHg, 47 mmHg, and 0.8, respectively.







	Co-primary outcome

	Fixed PEEP 5 cmH2O
(n = 31)
	ORI-based PEEP
(n = 31)
	Mean difference
(ORI-based − fixed PEEP)
	Pooled within-group SD
	Absolute Cohen’s d
	Two-sided α
	Nominal observed post hoc power

	Left total positive LUS finding count at T3
	8.39 ± 1.82
	3.23 ± 1.52
	−5.16
	1.68
	3.08
	0.05
	>99.99%

	Right total positive LUS finding count at T3
	7.74 ± 1.63
	3.32 ± 1.74
	−4.42
	1.69
	2.62
	0.05
	>99.99%


Supplementary Table S3. Nominal observed post hoc power for the co-primary LUS outcomes at T3.
Values are observed means ± SD unless otherwise indicated. Mean differences were calculated as ORI-based PEEP minus fixed PEEP; negative values indicate lower total positive LUS finding counts with ORI-based PEEP. Cohen’s d is presented as an absolute value. Nominal observed post hoc power was calculated separately for each co-primary outcome using the observed unadjusted T3 between-group mean difference and pooled within-group SD, with 31 patients per group and a two-sided α of 0.05 under a two-sample t test framework based on the noncentral t distribution. 
T3, the end of surgery before emergence from anesthesia.
Abbreviations: LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure; SD, standard deviation. 

















Supplementary Table S4. Sensitivity and exploratory analyses of total positive LUS finding counts.
A. Sensitivity analysis of total positive LUS finding counts at T3 with additional adjustment for baseline ORI and corresponding T1 counts.
	Outcome

	Adjusted mean difference at T3
(95% CI)
	P value

	Baseline ORI coefficient, β
(95% CI)
	P value

	Corresponding T1 count coefficient, β
(95% CI)
	P value


	Left hemithorax
	−5.55 (−6.31 – −4.79)
	<0.001
	−0.23 (−2.84 – 2.38)
	0.865
	0.47 (0.30 – 0.64)
	<0.001

	Right hemithorax
	−4.70 (−5.51 – −3.88)
	<0.001
	0.29 (−2.51 – 3.08)
	0.841
	0.42 (0.24 – 0.60)
	<0.001

	Bilateral
	−10.33 (−11.66 – −9.00)
	<0.001
	0.10 (−4.43 – 4.64)
	0.964
	0.51 (0.35 – 0.67)
	<0.001


Multivariable linear regression models included group assignment, baseline ORI, age, T0 DBP, and the corresponding T1 total positive LUS finding count. The group coefficient represents the adjusted T3 between-group difference (ORI-based minus fixed PEEP). 
T0, preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FiO₂, fraction of inspired oxygen; LRM, lung recruitment maneuver; LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure. 

















B. Total positive LUS finding counts at T1 and T3 by assigned PEEP subgroup among patients with baseline ORI ≤ 0.40.
	Variable

	Fixed PEEP 5 cmH₂O
(n = 30)
	ORI-based PEEP 8 cmH₂O
(n = 11)
	ORI-based PEEP 10 cmH₂O
(n = 18)
	P value


	Total positive LUS finding counts, left at T1
	7.00 (5.00 – 8.25)
	7.00 (7.00 – 9.00)
	7.50 (6.75 –  9.00)
	0.589

	Total positive LUS finding counts, right at T1
	6.00 (4.75 – 7.00)
	7.00 (6.00 – 8.00)
	7.00 (5.75 –  8.00)
	0.114

	Total positive LUS finding counts, bilateral at T1
	13.50 (10.00 – 16.00)
	15.00 (13.00 –  17.00)
	15.00 (12.50 –  16.25)
	0.284

	Total positive LUS finding counts, left at T3
	9.00 (7.00 – 9.25)
	4.00 (3.00 – 4.00)
	3.00 (2.75 –  4.00)
	<0.001

	Total positive LUS finding counts, right at T3
	8.00 (6.00 – 9.00)
	4.00 (2.00 – 5.00)
	4.00 (3.00 –  4.25)
	<0.001

	Total positive LUS finding counts, bilateral at T3
	16.00 (13.75 –  19.00)
	7.00 (5.00 –  9.00)
	7.00 (5.75 –  9.00)
	<0.001


Values are median (interquartile range). P values were calculated using the Kruskal–Wallis test. PEEP 8 and 10 cmH₂O were assigned within the ORI-based group according to the prespecified ORI algorithm and were not independently randomized. 
T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: FiO₂, fraction of inspired oxygen; LRM, lung recruitment maneuver; LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure. 














C. Adjusted subgroup × time interaction analysis of T1–T3 changes among patients with baseline ORI ≤ 0.40.
	Outcome

	ORI-based PEEP 8 vs fixed PEEP 5
Adjusted difference in change (95% CI)
	P value

	ORI-based PEEP 10 vs fixed PEEP 5
Adjusted difference in change (95% CI)
	P value


	Left hemithorax
	−5.58 (−6.73 –  −4.42)
	<0.001
	−5.67 (−6.59 – −4.74)
	<0.001

	Right hemithorax
	−5.65 (−6.97 –  −4.34)
	<0.001
	−5.22 (−6.29 – −4.16)
	<0.001

	Bilateral
	−11.23 (−13.24 – −9.21)
	<0.001
	−10.89 (−12.59 – −9.19)
	<0.001


Adjusted differences in T1–T3 change are subgroup × time interaction coefficients from linear GEE models adjusted for age and T0 DBP. T1 and fixed PEEP 5 cmH₂O were the reference levels; negative coefficients indicate greater reductions relative to fixed PEEP. 
T0 was the preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FiO₂, fraction of inspired oxygen; GEE, generalized estimating equation; LRM, lung recruitment maneuver; LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure. 


	Number of Patient
	Left hemithorax, T1→T3 (change)
	Right hemithorax, T1→T3 (change)
	Bilateral, T1→T3 (change)

	6
	6→ 2 (−4)
	5→ 2 (−3)
	11→ 4 (−7)

	11
	7→ 0 (−7)
	4→ 1 (−3)
	11→ 1 (−10)


D. Individual T1–T3 changes in total positive LUS finding counts among patients assigned ORI-based PEEP 5 cmH₂O. 




Values are descriptive only. Change was calculated as T3 minus T1; negative values indicate fewer positive LUS findings at T3. Formal between-group testing was not performed because only two patients received ORI-based PEEP 5 cmH₂O. 
T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: FiO₂, fraction of inspired oxygen; LRM, lung recruitment maneuver; LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure. 


Supplementary Table S5. Individual LUS sign counts at T1 and T3 and exploratory analyses of T1–T3 change.
A. Individual LUS sign counts and unadjusted between-group differences at T3.
	Hemithorax and LUS sign

	Fixed PEEP 5 cmH₂O
(n = 31)
	ORI-based PEEP
(n = 31)
	Unadjusted mean difference
(ORI-based − fixed PEEP) (95% CI)
	P value


	Left hemithorax
	
	
	
	

	Juxtapleural consolidation
	3.00 ± 0.00
	2.35 ± 0.88
	−0.65 (−0.97 – −0.32)
	<0.001

	Air bronchogram
	1.29 ± 1.04
	0.07 ± 0.25
	−1.23 (−1.62 – −0.83)
	<0.001

	Absence of normal A-lines
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 (NE)
	—

	Focal B-lines
	2.48 ± 0.72
	0.42 ± 0.62
	−2.06 (−2.41 – −1.72)
	<0.001

	Absence of lung sliding
	0.03 ± 0.18
	0.00 ± 0.00
	−0.03 (−0.10 – 0.03)
	0.325

	Lung pulse sign
	1.58 ± 1.12
	0.39 ± 0.80
	−1.19 (−1.69 – −0.70)
	<0.001

	Right hemithorax
	
	
	
	

	Juxtapleural consolidation
	2.97 ± 0.18
	2.26 ± 1.03
	−0.71 (−1.09 – −0.33)
	<0.001

	Air bronchogram
	1.26 ± 0.93
	0.07 ± 0.25
	−1.19 (−1.54 – −0.84)
	<0.001

	Absence of normal A-lines
	0.03 ± 0.18
	0.00 ± 0.00
	−0.03 (−0.10 – 0.03)
	0.325

	Focal B-lines
	2.55 ± 0.68
	0.65 ± 0.92
	−1.90 (−2.31 – −1.49)
	<0.001

	Absence of lung sliding
	0.07 ± 0.25
	0.00 ± 0.00
	−0.07 (−0.16 – 0.03)
	0.161

	[bookmark: _GoBack]Lung pulse sign
	0.87 ± 0.92
	0.35 ± 0.71
	−0.52 (−0.93 – −0.10)
	0.017


Each sign-specific count is the number of anterior, lateral, and posterior regions in which the specified sign was present within a hemithorax (range, 0–3); within each hemithorax, the six sign-specific counts sum to the total positive LUS finding count. Because multiple signs could co-occur within the same region, the sign-specific counts represent overlapping rather than mutually exclusive components. Group values are presented as mean ± SD. Unadjusted mean differences and 95% CIs were estimated using Student’s or Welch’s two-sample t tests, as appropriate, and were calculated as ORI-based PEEP minus fixed PEEP. Negative values indicate lower counts with ORI-based PEEP. P values are nominal and were not adjusted for multiplicity. For absence of normal A-lines in the left hemithorax, all T3 counts were zero in both groups; the observed mean difference was 0.00, but the 95% CI and P value were not estimable. 
T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: CI, confidence interval; FiO₂, fraction of inspired oxygen; LRM, lung recruitment maneuver; LUS, lung ultrasound; NE, not estimable; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure; SD, standard deviation. 



B. Baseline individual LUS sign counts and supportive adjusted differences in T1–T3 change.
	Hemithorax and LUS sign

	T1 fixed PEEP 5 cmH₂O
(n = 31)
	T1 ORI-based PEEP
(n = 31)
	Adjusted difference in T1–T3 change
(ORI-based − fixed PEEP) (95% CI)
	P value


	Left hemithorax
	
	
	
	

	Juxtapleural consolidation
	2.77 ± 0.56
	2.90 ± 0.30
	−0.77 (−1.12 – −0.43)
	<0.001

	Air bronchogram
	0.68 ± 0.65
	0.77 ± 0.85
	−1.32 (−1.78 – −0.87)
	<0.001

	Absence of normal A-lines
	0.03 ± 0.18
	0.03 ± 0.18
	0.00 (−0.09 – 0.09)
	1.000

	Focal B-lines
	1.58 ± 1.09
	1.97 ± 1.02
	−2.45 (−2.94 – −1.96)
	<0.001

	Absence of lung sliding
	0.03 ± 0.18
	0.10 ± 0.30
	−0.10 (−0.20 – 0.01)
	0.068

	Lung pulse sign
	1.68 ± 0.91
	1.52 ± 1.03
	−1.03 (−1.52 – −0.54)
	<0.001

	Right hemithorax
	
	
	
	

	Juxtapleural consolidation
	2.68 ± 0.65
	2.94 ± 0.25
	−0.97 (−1.39 – −0.54)
	<0.001

	Air bronchogram
	0.48 ± 0.77
	1.16 ± 1.00
	−1.87 (−2.40 – −1.34)
	<0.001

	Absence of normal A-lines
	0.00 ± 0.00
	0.03 ± 0.18
	−0.06 (−0.15 – 0.02)
	0.151

	Focal B-lines
	1.81 ± 0.79
	1.84 ± 1.07
	−1.94 (−2.40 – −1.47)
	<0.001

	Absence of lung sliding
	0.00 ± 0.00
	0.00 ± 0.00
	−0.06 (−0.15 – 0.02)
	0.144

	Lung pulse sign
	0.94 ± 1.03
	0.87 ± 0.89
	−0.45 (−0.85 – −0.05)
	0.026


Each sign-specific count ranges from 0 to 3 within each hemithorax. Because multiple signs could co-occur within the same region, the sign-specific counts represent overlapping rather than mutually exclusive components. Group values are presented as mean ± SD. T1 values are descriptive, and no baseline hypothesis tests were performed. Adjusted differences in change are group × time interaction coefficients from linear GEE models adjusted for age and T0 DBP and were calculated as ORI-based PEEP minus fixed PEEP. Negative coefficients indicate a lower T1–T3 change with ORI-based PEEP than with fixed PEEP, corresponding to a greater decrease or smaller increase. P values are nominal and were not adjusted for multiplicity. 
T0 was the preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T3, end of surgery before emergence from anesthesia.
Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FiO₂, fraction of inspired oxygen; GEE, generalized estimating equation; LRM, lung recruitment maneuver; LUS, lung ultrasound; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure; SD, standard deviation. 


Supplementary Table S6. Hemodynamic variables during the study period.
	Variable

	Group

	T1

	T2

	T3

	Adjusted difference in
T1–T2 change (95% CI)
	P value

	Adjusted difference in
T1–T3 change (95% CI)
	P value


	SBP 
	
	
	
	
	1.90 (−12.47 – 16.27)
	0.795
	−2.03 (−13.43 – 9.36)
	0.727

	(mmHg)
	Fixed PEEP 5 cmH₂O
	110.48 ± 16.49
	147.68 ± 17.04
	117.97 ± 19.30
	
	
	
	

	
	ORI-based PEEP
	108.61 ± 20.28
	147.71 ± 27.15
	114.07 ± 17.62
	
	
	
	

	DBP
	
	
	
	
	−2.74 (−10.92 – 5.44)
	0.511
	2.07 (−5.35 – 9.48)
	0.585

	(mmHg)
	Fixed PEEP 5 cmH₂O
	62.41 ± 12.13
	94.19 ± 14.84
	64.42 ± 13.83
	
	
	
	

	
	ORI-based PEEP
	61.16 ± 9.94
	90.19 ± 11.53
	65.23 ± 9.48
	
	
	
	

	MBP
	
	
	
	
	−3.48 (−13.32 – 6.35)
	0.487
	0.74 (−8.28 – 9.76)
	0.872

	(mmHg)
	Fixed PEEP 5 cmH₂O
	79.48 ± 13.60
	113.77 ± 14.24
	82.71 ± 16.00
	
	
	
	

	
	ORI-based PEEP
	78.58 ± 14.54
	109.39 ± 13.99
	82.55 ± 11.58
	
	
	
	

	CI
	
	
	
	
	0.20 (−0.11 – 0.50)
	0.203
	−0.14 (−0.46 – 0.18)
	0.407

	(L min⁻¹ m⁻²)
	Fixed PEEP 5 cmH₂O
	2.32 ± 0.47
	1.76 ± 0.41
	2.64 ± 0.58
	
	
	
	

	
	ORI-based PEEP
	2.50 ± 0.78
	2.13 ± 0.62
	2.68 ± 0.60
	
	
	
	

	SVV
	
	
	
	
	0.48 (−2.70 – 3.67)
	0.766
	0.97 (−1.56 – 3.50)
	0.454

	
	Fixed PEEP 5 cmH₂O
	12.16 ± 5.16
	9.87 ± 4.47
	8.87 ± 4.44
	
	
	
	

	
	ORI-based PEEP
	13.00 ± 3.78
	11.19 ± 6.23
	10.68 ± 4.06
	
	
	
	


Values are observed means ± SD. Adjusted differences in change (ORI-based minus fixed PEEP), 95% CIs, and P values were estimated from group × time interaction contrasts using linear GEE models adjusted for age and T0 DBP. The contrasts represent between-group differences in change from T1 to T2 and from T1 to T3, respectively. 
T0, preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T2, after LRM and assigned PEEP application; and T3, end of surgery before emergence from anesthesia.
Abbreviations: CI, cardiac index; DBP, diastolic blood pressure; FiO₂, fraction of inspired oxygen; GEE, generalized estimating equation; LRM, lung recruitment maneuver; MBP, mean blood pressure; ORI, oxygen reserve index, PEEP, positive end-expiratory pressure; SBP, systolic blood pressure; SD, standard deviation; SVV, stroke volume variation. Parenthetical intervals are 95% confidence intervals.
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	Group

	T1

	T2

	T3

	Adjusted difference in
T1–T2 change (95% CI)
	P value

	Adjusted difference in
T1–T3 change (95% CI)
	P value


	Oxygen reserve

	ORI
	
	
	
	
	0.05 (−0.02 – 0.13)
	0.145
	0.15 (0.05 – 0.25)
	0.003

	
	Fixed PEEP 5 cmH₂O
	0.25 ± 0.13
	0.32 ± 0.17
	0.31 ± 0.17
	
	
	
	

	
	ORI-based PEEP
	0.21 ± 0.14
	0.34 ± 0.19
	0.43 ± 0.21
	
	
	
	

	Airway pressure

	PIP
	
	
	
	
	2.48 (1.39 –  3.58)
	<0.001
	3.81 (2.94 – 4.68)
	<0.001

	(cmH2O)
	Fixed PEEP 5 cmH₂O
	10.16 ± 1.86
	26.26 ± 2.24
	15.19 ± 1.54
	
	
	
	

	
	ORI-based PEEP
	9.48 ± 1.50
	28.07 ± 3.03
	18.32 ± 1.74
	
	
	
	

	Pmean
	
	
	
	
	3.39 (2.67 – 4.11)
	<0.001
	3.52 (2.81 – 4.23)
	<0.001

	(cmH2O)
	Fixed PEEP 5 cmH₂O
	4.10 ± 1.14
	12.42 ± 1.02
	9.10 ± 1.30
	
	
	
	

	
	ORI-based PEEP
	3.77 ± 0.99
	15.48 ± 1.79
	12.29 ± 1.27
	
	
	
	

	Ventilation

	TV
	
	
	
	
	0.29 (−10.95 – 11.53)
	0.960
	2.65 (−11.00 – 16.29)
	0.704

	(mL)
	Fixed PEEP 5 cmH₂O
	490.03 ± 39.22
	488.10 ± 40.93
	491.87 ± 50.40
	
	
	
	

	
	ORI-based PEEP
	490.48 ± 41.39
	488.84 ± 43.84
	494.97 ± 40.98
	
	
	
	

	RR
	
	
	
	
	0.55 (−0.18 – 1.27)
	0.139
	0.65 (−0.69 – 1.98)
	0.342

	(breaths min⁻¹)
	Fixed PEEP 5 cmH₂O
	11.71 ± 1.01
	13.06 ± 1.21
	14.29 ± 2.48
	
	
	
	

	
	ORI-based PEEP
	11.45 ± 1.31
	13.36 ± 0.95
	14.68 ± 2.77
	
	
	
	

	ETCO₂
	
	
	
	
	0.55 (−1.15 – 2.24)
	0.526
	−1.03 (−2.94 – 0.88)
	0.290

	(mmHg)
	Fixed PEEP 5 cmH₂O
	34.19 ± 2.36
	35.10 ± 2.18
	36.32 ± 3.45
	
	
	
	

	
	ORI-based PEEP
	35.29 ± 3.05
	36.74 ± 3.07
	36.39 ± 2.90
	
	
	
	

	Mechanical load

	Cdyn
	
	
	
	
	1.90 (−2.11 – 5.91)
	0.352
	8.55 (3.51 – 13.58)
	<0.001

	(mL cmH₂O⁻¹)
	Fixed PEEP 5 cmH₂O
	55.35 ± 7.94
	22.23 ± 2.96
	56.06 ± 6.97
	
	
	
	

	
	ORI-based PEEP
	56.32 ± 10.53
	25.10 ± 3.02
	65.58 ± 11.20
	
	
	
	

	Rdyn
	
	
	
	
	−0.52 (−1.59 – 0.56)
	0.348
	−0.23 (−1.12 – 0.67)
	0.621

	(cmH₂O·s·L⁻¹)
	Fixed PEEP 5 cmH₂O
	9.29 ± 1.70
	13.77 ± 3.14
	8.00 ± 1.16
	
	
	
	

	
	ORI-based PEEP
	9.19 ± 2.51
	13.16 ± 4.06
	7.68 ± 0.83
	
	
	
	

	Edyn
	
	
	
	
	−4.84 (−6.97 – −2.71)
	<0.001
	−2.10 (−3.63 – −0.56)
	0.007

	(cmH₂O L⁻¹)
	Fixed PEEP 5 cmH₂O
	18.45 ± 3.33
	46.03 ± 5.75
	18.00 ± 2.65
	
	
	
	

	
	ORI-based PEEP
	17.93 ± 3.28
	40.68 ± 4.46
	15.39 ± 2.29
	
	
	
	


Values are observed means ± SD. Adjusted differences in change (ORI-based minus fixed PEEP), 95% CIs, and P values were estimated from group × time interaction contrasts using linear GEE models adjusted for age and T0 DBP. The contrasts represent between-group differences in change from T1 to T2 and from T1 to T3, respectively.
T0, preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T2, after LRM and assigned PEEP application; and T3, end of surgery before emergence from anesthesia.
Abbreviations: Cdyn, dynamic compliance; CI, confidence interval; DBP, diastolic blood pressure; Edyn, dynamic elastance; ETCO₂, end-tidal carbon dioxide; FiO₂, fraction of inspired oxygen; GEE, generalized estimating equation; LRM, lung recruitment maneuver; ORI, oxygen reserve index; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; Pmean, mean airway pressure; Rdyn, dynamic resistance; RR, respiratory rate; SD, standard deviation; TV, tidal volume.
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	Variable

	Group

	T1

	T2

	T3

	Adjusted difference in
T1–T2 change (95% CI)
	P value

	Adjusted difference in
T1–T3 change (95% CI)
	P value


	Gas exchange

	PaCO₂
	
	
	
	
	0.07 (−1.95 – 2.08)
	0.950
	−1.21 (−3.64 – 1.23)
	0.332

	(mmHg)
	Fixed PEEP 5 cmH₂O
	36.78 ± 3.05
	38.69 ± 3.09
	40.37 ± 4.34
	
	
	
	

	
	ORI-based PEEP
	37.40 ± 3.28
	39.37 ± 4.47
	39.78 ± 4.13
	
	
	
	

	Oxygenation
	
	
	
	
	
	
	

	PaO₂
	
	
	
	
	5.00 (−12.09 – 22.09)
	0.567
	19.65 (2.21 – 37.08)
	0.027

	(mmHg)
	Fixed PEEP 5 cmH₂O
	171.59 ± 31.83
	184.10 ± 42.97
	179.64 ± 35.42
	
	
	
	

	
	ORI-based PEEP
	168.86 ± 44.89
	186.37 ± 37.30
	196.56 ± 25.94
	
	
	
	

	P/F ratio
	
	
	
	
	9.99 (−24.18 – 44.17)
	0.567
	39.29 (4.42 – 74.16)
	0.027

	(mmHg)
	Fixed PEEP 5 cmH₂O
	343.17 ± 63.67
	368.20 ± 85.93
	359.28 ± 70.84
	
	
	
	

	
	ORI-based PEEP
	337.72 ± 89.79
	372.74 ± 74.60
	393.12 ± 51.88
	
	
	
	

	PAO₂
	
	
	
	
	−0.08 (−2.60 – 2.43)
	0.950
	1.51 (−1.54 – 4.55)
	0.332

	(mmHg)
	Fixed PEEP 5 cmH₂O
	310.52 ± 3.82
	308.14 ± 3.87
	306.04 ± 5.43
	
	
	
	

	
	ORI-based PEEP
	309.75 ± 4.10
	307.29 ± 5.58
	306.77 ± 5.16
	
	
	
	

	Oxygenation efficiency
	
	
	
	
	
	
	

	A–a gradient
	
	
	
	−5.08 (−22.18 –  12.03)
	0.561
	−18.14 (−36.10 – −0.18)
	0.048

	(mmHg)
	Fixed PEEP 5 cmH₂O
	138.93 ± 31.64
	124.04 ± 41.57
	126.40 ± 33.85
	
	
	
	

	
	ORI-based PEEP
	140.89 ± 44.88
	120.92 ± 35.51
	110.22 ± 26.03
	
	
	
	

	RI
	
	
	
	
	−0.16 (−0.38 –  0.05)
	0.131
	−0.29 (−0.50 – −0.08)
	0.008

	
	Fixed PEEP 5 cmH₂O
	0.87 ± 0.35
	0.79 ± 0.52
	0.78 ± 0.43
	
	
	
	

	
	ORI-based PEEP
	0.97 ± 0.53
	0.72 ± 0.37
	0.59 ± 0.23
	
	
	
	

	Hemoglobin concentration
	
	
	
	
	
	
	

	tHb
	
	
	
	
	0.01 (−0.23 – 0.24)
	0.935
	−0.37 (−1.00 – 0.26)
	0.252

	(g/dL)
	Fixed PEEP 5 cmH₂O
	13.56 ± 1.14
	13.44 ± 1.12
	13.38 ± 1.10
	
	
	
	

	
	ORI-based PEEP
	13.83 ± 1.24
	13.71 ± 1.29
	13.28 ± 2.06
	
	
	
	

	Oxygen saturation
	
	
	
	
	
	
	

	SaO₂
	
	
	
	
	0.20 (−0.09 – 0.50)
	0.175
	0.18 (−0.07 –  0.43)
	0.157

	(%)
	Fixed PEEP 5 cmH₂O
	99.05 ± 0.43
	98.97 ± 0.82
	99.08 ± 0.47
	
	
	
	

	
	ORI-based PEEP
	99.02 ± 0.47
	99.14 ± 0.45
	99.23 ± 0.33
	
	
	
	

	Oxygen content
	
	
	
	
	
	
	

	BO₂
	
	
	
	
	−0.03 (−0.35 – 0.30)
	0.876
	0.05 (−0.19 – 0.28)
	0.707

	(mL O₂ dL⁻¹)
	Fixed PEEP 5 cmH₂O
	18.75 ± 1.57
	18.60 ± 1.58
	18.44 ± 1.48
	
	
	
	

	
	ORI-based PEEP
	19.09 ± 1.69
	18.91 ± 1.77
	18.83 ± 1.68
	
	
	
	

	ctO₂
	
	
	
	
	0.12 (−0.18 – 0.43)
	0.433
	0.25 (−0.01 – 0.51)
	0.061

	(mL O₂ dL⁻¹)
	Fixed PEEP 5 cmH₂O
	18.98 ± 1.51
	18.86 ± 1.59
	18.68 ± 1.45
	
	
	
	

	
	ORI-based PEEP
	19.26 ± 1.71
	19.26 ± 1.70
	19.21 ± 1.64
	
	
	
	


Values are observed means ± SD. 
Adjusted differences in change (β, ORI-based minus fixed PEEP), with 95% CIs and corresponding P values, were estimated from group × time interaction contrasts using linear generalized estimating equation models adjusted for age and T0 DBP. The contrasts represent between-group differences in change from T1 to T2 and from T1 to T3, respectively.
T0, preoperative period before induction; T1, stabilized post-induction baseline at FiO₂ 0.5 and PEEP 0 cmH₂O before pneumoperitoneum and LRM; T2, after LRM and assigned PEEP application; and T3, end of surgery before emergence from anesthesia.
Abbreviations: A–a gradient, alveolar–arterial oxygen gradient; BO₂, hemoglobin-bound oxygen content; CI, confidence interval; ctO₂, total arterial oxygen content; DBP, diastolic blood pressure; FiO₂, fraction of inspired oxygen; GEE, generalized estimating equation; LRM, lung recruitment maneuver; ORI, oxygen reserve index; PAO₂, alveolar oxygen partial pressure; PaCO₂, arterial carbon dioxide partial pressure; PaO₂, arterial oxygen partial pressure; PEEP, positive end-expiratory pressure; P/F ratio, PaO₂/FiO₂ ratio; RI, respiratory index; SaO₂, arterial oxygen saturation; SD, standard deviation; tHb, total hemoglobin.


















