Supplementary File 4. Supplementary Tables 1-10
Supplementary Table 1. Study characteristics of included studies enrolling mechanically ventilated adults
	Study
	Country
	Design
	Setting/population
	Sample size/observations
	Ventilation group
	Ventilation details
	Analysis unit
	Preload challenge
	Reference standard
	Responders/nonresponders
	Main index test/cutoff
	Threshold scale
	Diagnostic data role

	Baloch 2021
	Pakistan
	Prospective quasi-experimental/observational
	Mechanically ventilated adults with cardiogenic shock
	60
	Mechanical/controlled ventilation
	Controlled mechanical ventilation/sedated
	60 patients
	Crystalloid bolus or passive leg raising
	Echocardiographic cardiac output/VTI increase >10%
	29/31
	Delta ETCO2 absolute change, cutoff >=2 mmHg
	absolute_mmHg
	2×2 + AUC

	Budnick 2022
	USA
	Single-center prospective study
	Mechanically ventilated ICU patients with distributive shock
	38
	Mechanical/controlled ventilation
	Mechanical ventilation
	38 paired measurements/patients
	250 mL mini-fluid challenge
	Bioreactance SVI increase >=10%
	15/23
	Delta ETCO2 after mini-fluid challenge, cutoff >=2 mmHg
	absolute_mmHg
	2×2 + AUC

	de Courson 2020
	France
	Prospective intraoperative observational study
	Mechanically ventilated adults undergoing neurosurgery
	242
	Mechanical/controlled ventilation
	Mechanical ventilation under anesthesia
	242 fluid challenges in 114 patients
	250 mL saline over 10 min
	SVI increase >10% after volume expansion
	65 positive challenges/177 negative challenges
	Delta EtCO2 percent change after 250 mL saline, cutoff >1.09%
	relative_percent
	2×2 + AUC

	Elnakera 2023
	Egypt
	Prospective observational study
	Septic hypoperfused mechanically ventilated adults
	140
	Mechanical/controlled ventilation
	Deep sedation, paralysis, controlled mechanical ventilation
	140 patients
	500 mL normal saline fluid challenge
	LVOT-VTI increase >=15% after fluid challenge
	51/89
	FC-induced Delta ETCO2, cutoff >2 mmHg
	absolute_mmHg
	2×2 + AUC

	Jacquet-Lagreze 2016
	France
	Prospective observational anesthesia study
	Mechanically ventilated adults undergoing major surgery/general anesthesia
	40
	Mechanical/controlled ventilation
	Mechanical ventilation under anesthesia
	40 patients
	100 mL and 500 mL fluid challenge
	Cardiac index increase >15% after 500 mL expansion
	15/25
	Delta EtCO2 percent after 500 mL, cutoff 5.8-5.89%
	relative_percent
	2×2 + AUC

	Li 2026
	China
	Prospective observational study
	Mechanically ventilated septic shock patients
	142
	Mechanical/controlled ventilation
	Invasive mechanical ventilation
	142 patients
	Passive leg raising
	PLR-induced cardiac output increase >=10% measured by echocardiography
	119/23
	Standalone PLR-induced relative Delta PETCO2 ratio, cutoff 0.092 ratio (~9.2%)
	relative_percent
	2×2 + AUC

	Liu 2022
	China
	Prospective observational study
	Mechanically ventilated septic shock patients
	43
	Mechanical/controlled ventilation
	Mechanical ventilation
	43 patients
	PLR and volume expansion
	VE-induced CI increase >=15%
	22/21
	Delta PETCO2 after PLR, cutoff 5.9%
	relative_percent
	2×2 + AUC

	Monge Garcia 2012
	Spain
	Prospective ICU observational study
	Mechanically ventilated acute circulatory failure patients
	37
	Mechanical/controlled ventilation
	Mechanical ventilation
	37 patients
	Passive leg raising then volume expansion
	CO increase >=15% after volume expansion
	21/16
	PLR-induced Delta PETCO2%, cutoff >=5%
	relative_percent
	2×2 + AUC

	Monnet 2013
	France
	Prospective ICU observational study
	Critically ill mechanically ventilated adults monitored by PiCCO
	40
	Mechanical/controlled ventilation
	Controlled mechanical ventilation without inspiratory effort
	40 PLR patients within 65-patient cohort
	Passive leg raising before fluid administration
	Fluid-induced CI increase >=15%
	21/19
	PLR-induced EtCO2 increase, cutoff >=5%
	relative_percent
	2×2 + AUC

	Narwade 2025
	India
	Prospective observational ICU study
	Mechanically ventilated ICU shock patients
	90
	Mechanical/controlled ventilation
	Mechanical ventilation
	90 patients
	Passive leg raising
	TTE cardiac output increase >=10% after PLR
	38/52
	Percent change in EtCO2 after PLR, cutoff 5.41% (Youden-optimal)
	relative_percent
	2×2 + AUC

	Ozkarakas 2024
	Turkey
	Prospective observational ICU study
	Mechanically ventilated septic shock patients
	108
	Mechanical/controlled ventilation
	Mechanical ventilation
	108 analyzed patients
	Passive leg raising
	Cardiac output increase >=15% after PLR
	53/55
	Delta ETCO2% after PLR, cutoff >=5%
	relative_percent
	2×2 + AUC

	Raj 2025
	India
	Prospective observational anesthesia study
	Elective lower abdominal/lower limb surgery under GA
	65
	Mechanical/controlled ventilation
	Positive pressure ventilation under general anesthesia
	65 fluid challenges in 50 patients
	250 mL normal saline over 10 min
	TTE-derived CO increase >15%
	32 challenges/33 challenges
	Absolute Delta EtCO2 after 250 mL, cutoff >=1 mmHg
	absolute_mmHg
	2×2 + AUC

	Toupin 2016
	Canada
	Prospective observational cardiac anesthesia study
	Paralyzed mechanically ventilated cardiac surgical patients
	90
	Mechanical/controlled ventilation
	Mechanical ventilation/paralyzed after induction
	90 patients
	Simplified passive leg raising
	Thermodilution CI increase >=15%
	28/62
	Delta ETCO2 after simplified PLR, cutoff >=2 mmHg
	absolute_mmHg
	2×2 + AUC

	Wang 2015
	China
	Prospective observational ICU study
	Mechanically ventilated septic shock patients
	48
	Mechanical/controlled ventilation
	Mechanical ventilation without spontaneous breathing
	48 patients
	PLR, mini-fluid challenge, and 500 mL fluid challenge
	500 mL fluid challenge-induced CI increase >=10%
	34/14
	PLR-induced Delta ETCO2%, cutoff >=5%
	relative_percent
	2×2 + AUC

	Yao 2016
	China
	Prospective paired observational study
	Post-cardiac-surgery shock patients on controlled ventilation
	41
	Mechanical/controlled ventilation
	Controlled mechanical ventilation
	41 patients
	PLR and volume expansion
	VE-induced CI increase >=15%
	21/20
	PLR-induced Delta PETCO2%, cutoff 5.8%
	relative_percent
	2×2 + AUC

	Young 2013
	USA
	Prospective observational ICU study
	Hemodynamically unstable mechanically ventilated ICU patients
	44
	Mechanical/controlled ventilation
	Mechanical ventilation
	44 challenges in 34 patients
	PLR or 500 mL fluid bolus
	SVI increase >=10%
	24 challenges/20 challenges
	Delta PETCO2 and Delta VCO2, cutoff Not reported
	other
	AUC only

	Zang 2013
	China
	Prospective ICU observational study
	Mechanically ventilated septic shock patients
	42
	Mechanical/controlled ventilation
	Mechanical ventilation
	42 patients
	Passive leg raising
	Fluid challenge-induced CI increase >=15%
	24/18
	PLR-induced Delta PETCO2%, cutoff >=5%
	relative_percent
	2×2 + AUC

	Zhao 2014
	China
	Prospective ICU observational study
	Mechanically ventilated septic shock patients
	48
	Mechanical/controlled ventilation
	Controlled mechanical ventilation without spontaneous breathing
	48 patients
	500 mL saline fluid challenge
	CI increase >=10%
	34/14
	FC-induced Delta PETCO2%, cutoff >5%
	relative_percent
	2×2 + AUC

	Zhou 2025
	China
	Prospective observational ICU study
	Mechanically ventilated septic shock patients
	71
	Mechanical/controlled ventilation
	Deep sedation, mechanical ventilation
	71 patients
	Passive leg raising
	PLR-induced CI increase >=15% via PiCCO
	37/34
	PLR-induced Delta EtCO2%, cutoff >5.88%
	relative_percent
	2×2 + AUC

	Lakhal 2017
	France
	Prospective observational ICU study
	Mechanically ventilated critically ill patients with circulatory failure
	86
	Mechanical/controlled ventilation
	Mechanical ventilation
	86 patients
	500 mL volume expansion
	VE-induced cardiac output increase >=15%
	33/53
	VE-induced Delta EtCO2; AUC 0.82, cutoff >1 mmHg
	absolute_mmHg
	AUC only


Footnote: 2×2, two-by-two diagnostic table; AUC, area under the receiver operating characteristic curve; CI, confidence interval or cardiac index, as indicated by context; CO, cardiac output; EtCO2/ETCO2, end-tidal carbon dioxide; FC, fluid challenge; GA, general anesthesia; ICU, intensive care unit; LVOT-VTI, left ventricular outflow tract velocity-time integral; NR, not reported; PETCO2, partial pressure of end-tidal carbon dioxide; PLR, passive leg raising; SV, stroke volume; SVI, stroke volume index; TTE, transthoracic echocardiography; VCO2, carbon dioxide production; VE, volume expansion; VTI, velocity-time integral.
Supplementary Table 2. Detailed ventilation-related variables extracted from the 20 eligible studies enrolling mechanically ventilated adults
	Study
	Ventilation status
	Available ventilatory conditions
	Sedation/paralysis status
	Tidal volume
	Respiratory rate
	Minute ventilation
	PEEP
	Plateau pressure
	Driving pressure
	Neuromuscular blockade
	Patient-ventilator synchrony
	Spontaneous respiratory effort

	Baloch 2021
	Mechanical ventilation
	Sedated; constant minute ventilation
	Well sedated
	NR
	NR
	Constant minute ventilation maintained by sedation
	NR
	NR
	NR
	NR
	NR
	NR

	Budnick 2022
	Mechanical ventilation
	Volume control in 14/15 responders and 18/23 nonresponders; pressure control in 1/15 and 5/23
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR

	de Courson 2020
	Mechanical ventilation under general anesthesia
	Volume-control mode; ventilatory frequency adjusted to maintain normocapnia; settings not modified during the challenge
	Total intravenous anesthesia with propofol/remifentanil
	6-8 mL/kg ideal body weight
	13 [12-15]/min
	5.6 (1.3) L/min; obtained from tidal volume x ventilatory frequency
	6 [6-6] cmH2O
	NR
	7 [3-10] cmH2O
	NR
	NR
	NR

	Elnakera 2023
	Mechanical ventilation
	Volume-controlled mode; ventilator settings unchanged during the observation interval
	Deeply sedated and paralysed
	8-10 mL/kg
	Adjusted to normocarbia (PaCO2 30-40 mmHg); exact RR NR
	NR
	5 cmH2O
	<30 cmH2O
	NR
	Yes; agent NR
	Paralysed during volume-controlled mechanical ventilation
	No (paralysed)

	Jacquet-Lagreze 2016
	Mechanical ventilation under general anesthesia
	No ventilatory-setting modification; airway pressure, plateau pressure, RR and VT were monitored
	General anesthesia; desflurane/sevoflurane concentration monitored
	6.6 [4.9-8.4] mL/kg
	NR
	Measured; no significant difference before/after volume expansion
	5 [4-7] cmH2O
	NR (monitored; value NR)
	NR
	NR
	No spontaneous breathing detected
	No spontaneous breathing detected

	Li 2026
	Invasive mechanical ventilation
	Volume-control mode; ventilatory and vasoactive settings unchanged for 10 min before/after PLR
	Adequate sedation/analgesia to suppress spontaneous breathing
	8 mL/kg
	17.36 +/- 3.86/min
	NR
	6.55 +/- 2.15 cmH2O
	NR
	NR
	NR
	Adequate sedation/analgesia to suppress spontaneous breathing
	No spontaneous breathing (suppressed)

	Liu 2022
	Controlled mechanical ventilation
	Volume-control mode; settings unchanged during the test
	Fully sedated
	6-8 mL/kg
	12/min
	NR
	5 cmH2O
	NR
	NR
	NR
	No spontaneous breathing
	No spontaneous breathing

	Monge Garcia 2012
	Controlled mechanical ventilation
	Volume-control mode; ventilatory settings unchanged; fully adapted to the ventilator
	Deep sedation/analgesia
	8.1 +/- 1.2 mL/kg predicted body weight
	20 (18-20)/min
	Fixed/unchanged minute ventilation during PLR
	6.4 (4-8) cmH2O total PEEP
	NR
	NR
	Yes; vecuronium 0.1 mg/kg if respiratory movements detected
	Fully adapted to ventilator; no inspiratory efforts; NMB used if effort detected
	No inspiratory efforts after suppression

	Monnet 2013
	Mechanical ventilation
	Control-assisted mode; no inspiratory effort on the flow curve
	Sedated; not paralyzed
	6.4 +/- 0.8 mL/kg predicted body weight
	NR
	NR
	7 +/- 2 cmH2O total PEEP
	NR
	NR
	No
	No inspiratory effort on ventilator flow curve; no spontaneous breathing
	No spontaneous breathing

	Narwade 2025
	Mechanical ventilation
	Specific mode and ventilator settings NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR

	Ozkarakas 2024
	Mechanical ventilation
	Synchronized intermittent mandatory ventilation with volume control; patients with >10% change in tidal volume/minute ventilation were excluded
	Propofol/remifentanil sedation; RASS 1 to -3
	8 mL/kg ideal body weight
	NR
	Patients with >10% change in tidal volume or minute ventilation were excluded
	6 cmH2O
	NR
	NR
	NR
	NR
	NR

	Raj 2025
	Positive-pressure mechanical ventilation
	Volume-control mode; minute ventilation adjusted to EtCO2 35-45 mmHg; settings unchanged during the 250-mL challenge
	General anesthesia; fentanyl/propofol; vecuronium induction
	6-8 mL/kg
	NR
	Adjusted to maintain EtCO2 35-45 mmHg
	5 cmH2O
	NR
	NR
	Yes; vecuronium 0.1 mg/kg
	NR
	NR (not separately reported)

	Toupin 2016
	Mechanical ventilation
	Volume-control mode; minute ventilation adjusted to EtCO2 35-45 mmHg
	General anesthesia; anesthetized and paralyzed
	6-8 mL/kg
	NR
	Adjusted to maintain EtCO2 35-45 mmHg
	5 cmH2O
	NR
	NR
	Yes; rocuronium 0.8 mg/kg
	Anesthetized and paralyzed; fully adapted to volume-control ventilation
	No (paralyzed)

	Wang 2015
	Mechanical ventilation
	Complete respiratory support; stable respiratory parameters; PEEP unchanged during the study
	NR
	NR
	NR
	NR
	NR (set per clinical situation; unchanged)
	NR
	NR
	NR
	Complete respiratory support without spontaneous breathing
	No spontaneous breathing

	Yao 2016
	Controlled mechanical ventilation
	Volume-control mode; ventilator settings, vasoactive drugs and sedative dose unchanged
	Analgesia/sedation; spontaneous breathing suppressed
	8-10 mL/kg
	12-15/min
	NR
	5 cmH2O
	NR
	NR
	NR
	Spontaneous breathing suppressed during complete controlled ventilation
	No spontaneous breathing

	Young 2013
	Mechanical ventilation
	Pressure-controlled ventilation; plateau pressure targeted to <=30 cmH2O; minute ventilation kept consistent
	NR
	6-8 mL/kg ideal body weight
	NR
	Consistent minute ventilation allowed by controlled tidal volume
	NR
	<=30 cmH2O target
	NR
	NR
	NR
	NR

	Zang 2013
	Mechanical ventilation
	Volume-control mode; ventilator parameters, vasoactive dose and other treatments unchanged
	Sufficient sedation and muscle relaxation
	NR
	NR
	NR
	NR
	NR
	NR
	Yes; vecuronium 0.1 mg/kg
	Sufficient sedation and muscle relaxation; spontaneous breathing suppressed
	No spontaneous breathing (suppressed)

	Zhao 2014
	Controlled mechanical ventilation
	Stable ventilation; PEEP set according to clinical condition and not adjusted during the challenge
	NR
	NR
	NR
	NR
	NR (set per clinical condition; unchanged)
	NR
	NR
	NR
	Mechanical ventilation without spontaneous breathing
	No spontaneous breathing

	Zhou 2025
	Mechanical ventilation
	Volume-control mode; RR adjusted for normocapnia; PEEP 5-10 cmH2O; ventilatory variables recorded before and after PLR
	Sedated with remifentanil/midazolam; remifentanil bolus used to eliminate respiratory effort during PLR
	>=8 mL/kg predicted body weight (8.2 +/- 0.2 vs 8.3 +/- 0.3)
	Adjusted to PaCO2 35-45 mmHg; exact RR NR
	NR
	5-10 cmH2O (6.2 +/- 0.5 vs 6.1 +/- 0.4)
	15.0 +/- 1.0 vs 14.6 +/- 0.9 cmH2O
	8.8 +/- 1.1 vs 8.6 +/- 1.0 cmH2O
	NR
	Remifentanil bolus used to eliminate spontaneous breathing efforts during PLR
	Temporarily eliminated during PLR

	Lakhal 2017
	Controlled mechanical ventilation
	Strictly controlled ventilation; ventilator, posture and vasoactive drugs unchanged
	Deep sedation; Ramsay score >=4 in 94%
	7.1 [6.5-8.0] mL/kg ideal body weight
	20 (18-24)/min
	Patients with minute ventilation change >0.2 L/min were excluded
	NR
	NR
	NR
	NR
	No inspiratory efforts in analyzed controlled-ventilation subgroup
	No inspiratory efforts in the analyzed subgroup


Footnote: cmH2O, centimeters of water; EtCO2, end-tidal carbon dioxide; mL/kg, milliliters per kilogram; MV, minute ventilation; NMB, neuromuscular blockade; NR, not reported; PaCO2, arterial partial pressure of carbon dioxide; PEEP, positive end-expiratory pressure; RASS, Richmond Agitation-Sedation Scale; RR, respiratory rate; VT, tidal volume. Ventilation status was recorded using the terminology of the original report. Controlled mechanical ventilation was assigned only when explicitly reported as such; otherwise, the broader classification of mechanical ventilation was retained. Ventilatory mode, stable settings, sedation or paralysis, and spontaneous respiratory effort were extracted separately and were not used to infer controlled ventilation. Minute ventilation and patient-ventilator synchrony were recorded only when directly reported or clearly described; otherwise, they were not inferred.
Supplementary Table 3. QUADAS-2 study-level assessment
	Study
	Patient selection ROB
	Index test ROB
	Reference standard ROB
	Flow/timing ROB
	Patient applicability
	Index applicability
	Reference applicability

	Baloch 2021
	Low
	Unclear
	Low
	Low
	Unclear
	Low
	Low

	Budnick 2022
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear

	de Courson 2020
	Low
	High
	Unclear
	Unclear
	Low
	Low
	Unclear

	Elnakera 2023
	Low
	Unclear
	Low
	Low
	Low
	Low
	Low

	Jacquet-Lagreze 2016
	Low
	Unclear
	Unclear
	Unclear
	Low
	Low
	Unclear

	Li 2026
	Low
	High
	Low
	Unclear
	Low
	Low
	Low

	Liu 2022
	Low
	High
	Unclear
	Unclear
	Low
	Low
	Unclear

	Monge Garcia 2012
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear

	Monnet 2013
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear

	Narwade 2025
	Low
	Unclear
	Low
	Low
	Low
	Low
	Low

	Ozkarakas 2024
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear

	Raj 2025
	Low
	Unclear
	Low
	Unclear
	Low
	Low
	Low

	Toupin 2016
	Low
	High
	Low
	Unclear
	Low
	Low
	Low

	Wang 2015
	Low
	High
	Unclear
	Unclear
	Unclear
	Low
	Unclear

	Yao 2016
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear

	Young 2013
	Low
	Unclear
	Unclear
	Unclear
	Low
	Low
	Unclear

	Zang 2013
	Low
	High
	Unclear
	Unclear
	Low
	Low
	Unclear

	Zhao 2014
	Low
	High
	Unclear
	Unclear
	Unclear
	Low
	Unclear

	Zhou 2025
	Low
	Unclear
	Low
	Low
	Low
	Low
	Low

	Lakhal 2017
	Low
	Unclear
	Unclear
	Low
	Low
	Low
	Unclear


Footnote: QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2; ROB, risk of bias.
Supplementary Table 4. QUADAS-2 summary
	Domain
	Low
	Unclear
	High

	Patient selection ROB
	20
	0
	0

	Index test ROB
	0
	13
	7

	Reference standard ROB
	7
	13
	0

	Flow/timing ROB
	10
	10
	0

	Patient applicability
	17
	3
	0

	Index applicability
	20
	0
	0

	Reference applicability
	7
	13
	0


Footnote: QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2; ROB, risk of bias.
Supplementary Table 5. GRADE certainty of evidence summary
	Outcome
	Evidence base
	Effect
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Certainty
	Rationale

	Pooled sensitivity
	18 independent main-analysis 2×2 studies
	0.748 (95% CI 0.680-0.806)
	Serious
	Serious
	Not serious
	Not serious
	Suspected
	Low
	Many thresholds were data-driven or reconstructed; heterogeneity was moderate-to-high; Deeks test suggested small-study/publication bias/small-study effects.

	Pooled specificity
	18 independent main-analysis 2×2 studies
	0.853 (95% CI 0.797-0.895)
	Serious
	Serious
	Not serious
	Not serious
	Suspected
	Low
	Specificity estimates varied across challenge type, population, threshold scale, and analysis unit.

	SROC AUC from bivariate model
	18 independent main-analysis 2×2 studies
	0.872
	Serious
	Serious
	Not serious
	Not serious
	Suspected
	Low
	Good discrimination, but heterogeneity and reconstructed thresholds reduce certainty.

	Random-effects reported AUC
	20 main AUC studies
	0.839 (95% CI 0.788-0.879); I²=82.8%
	Serious
	Serious
	Not serious
	Not serious
	Undetected/uncertain
	Low
	Reported AUCs consistently suggested fair-to-good discrimination, but between-study heterogeneity was substantial.

	Subgroup and meta-regression findings
	Main subgroup analyses plus exploratory repeated-condition analyses
	PLR, relative thresholds, septic shock, and patient-level analyses tended to show higher diagnostic performance
	Serious
	Serious
	Serious
	Serious
	Suspected
	Very low
	Subgroups are exploratory, often small, and some repeated-condition analyses include correlated rows from the same root study.


Footnote: AUC, area under the receiver operating characteristic curve; CI, confidence interval; DOR, diagnostic odds ratio; GRADE, Grading of Recommendations Assessment, Development and Evaluation; I², between-study heterogeneity; LR, likelihood ratio; PLR, passive leg raising; SROC, summary receiver operating characteristic.

Supplementary Table 6. Main independent-study 2×2 subgroup analysis
	Subgroup domain
	Stratum
	k
	Sensitivity (95% CI)
	Specificity (95% CI)
	Log DOR I² (%)
	Meta-regression P (log DOR)

	Preload challenge
	PLR
	11
	0.81 (0.76-0.85)
	0.86 (0.79-0.91)
	28.2
	0.020

	Preload challenge
	Non-PLR
	7
	0.64 (0.49-0.76)
	0.85 (0.74-0.92)
	73.2
	0.020

	Threshold scale
	Relative (%)
	13
	0.79 (0.73-0.84)
	0.87 (0.81-0.91)
	60.3
	0.006

	Threshold scale
	Absolute (mmHg)
	5
	0.61 (0.42-0.77)
	0.82 (0.67-0.92)
	73.1
	0.006

	Population
	Septic shock
	8
	0.82 (0.76-0.87)
	0.90 (0.82-0.94)
	0.0
	0.005

	Population
	Other population
	10
	0.68 (0.57-0.77)
	0.82 (0.74-0.88)
	65.9
	0.005

	Analysis unit
	Patient level
	16
	0.76 (0.69-0.82)
	0.87 (0.82-0.91)
	48.5
	0.005

	Analysis unit
	Challenge/test level
	2
	0.64 (0.54-0.73)
	0.73 (0.57-0.84)
	0.0
	0.005

	Sample size
	>=60
	9
	0.76 (0.68-0.83)
	0.83 (0.73-0.89)
	77.5
	0.184

	Sample size
	<60
	9
	0.73 (0.60-0.84)
	0.90 (0.84-0.94)
	19.5
	0.184


Footnote: CI, confidence interval; DOR, diagnostic odds ratio; EtCO₂, end-tidal carbon dioxide; I², inconsistency; k, number of independent studies; mmHg, millimeters of mercury; P, P value; PETCO₂, partial pressure of end-tidal carbon dioxide; PLR, passive leg raising. Main subgroup analyses used one primary standalone EtCO₂/PETCO₂ result per independent root study enrolling mechanically ventilated adults. Log DOR I² summarizes between-study heterogeneity in study-level log diagnostic odds ratios within each displayed stratum and does not represent heterogeneity from the full bivariate/HSROC model. Meta-regression P values correspond to univariable study-level models of log DOR. These P values represent exploratory moderator-association tests and are not formal between-subgroup interaction tests or evidence of reliable differences between strata.
Supplementary Table 7. AUC subgroup analysis
	Subgroup domain
	Stratum
	k
	AUC (95% CI)
	I²
	Meta-regression P (logit AUC)

	Preload challenge
	PLR
	11
	0.88 (0.85-0.91)
	5.4%
	0.002

	Preload challenge
	Non-PLR
	9
	0.77 (0.67-0.85)
	86.5%
	0.002

	Threshold scale
	Relative (%)
	13
	0.88 (0.83-0.91)
	72.2%
	0.008

	Threshold scale
	Absolute (mmHg)
	6
	0.77 (0.66-0.85)
	77.1%
	0.008

	Population
	Septic shock
	8
	0.89 (0.86-0.92)
	0.0%
	0.003

	Population
	Other population
	12
	0.79 (0.71-0.86)
	84.2%
	0.003

	Analysis unit
	Patient level
	17
	0.86 (0.82-0.90)
	56.0%
	<0.001

	Analysis unit
	Challenge/test level
	3
	0.68 (0.68-0.69)
	0.0%
	<0.001

	Sample size
	>=60
	10
	0.83 (0.75-0.88)
	87.7%
	0.608

	Sample size
	<60
	10
	0.85 (0.78-0.91)
	61.8%
	0.608


Footnote: AUC, area under the receiver operating characteristic curve; CI, confidence interval; I², between-study heterogeneity for the displayed AUC estimates; k, number of studies; mmHg, millimeters of mercury; P, P value; PLR, passive leg raising. AUC subgroup analyses used the 20-study AUC dataset, which differs from the 18-study main 2×2 dataset. AUCs were synthesized after logit transformation and back-transformed for presentation. The reported P values correspond to univariable study-level meta-regression models of logit-transformed AUC and represent exploratory moderator-association tests, not formal between-subgroup interaction tests or evidence of reliable differences between strata.
Supplementary Table 8. Exploratory repeated-condition subgroup analysis
	Subgroup domain
	Stratum
	k/conditions
	Sensitivity (95% CI)
	Specificity (95% CI)
	Exploratory log DOR I² (%)
	Exploratory meta-regression P

	Preload challenge
	Mini-fluid challenge
	3
	0.31 (0.21-0.43)
	0.92 (0.80-0.97)
	0.0
	0.010

	Preload challenge
	Fluid challenge
	8
	0.69 (0.62-0.75)
	0.84 (0.72-0.91)
	75.3
	0.010

	Preload challenge
	PLR
	14
	0.82 (0.78-0.85)
	0.85 (0.80-0.89)
	19.7
	0.010

	Fluid volume
	250 mL
	3
	0.65 (0.56-0.72)
	0.71 (0.59-0.80)
	3.0
	<0.001

	Fluid volume
	500 mL
	4
	0.72 (0.57-0.83)
	0.94 (0.88-0.97)
	0.0
	<0.001

	Threshold scale
	Absolute (mmHg)
	7
	0.66 (0.50-0.78)
	0.84 (0.72-0.91)
	67.5
	0.0501

	Threshold scale
	Relative (%)
	19
	0.75 (0.68-0.82)
	0.86 (0.81-0.90)
	55.1
	0.0501

	Cutoff category
	Absolute <=2 mmHg
	7
	0.66 (0.50-0.78)
	0.84 (0.72-0.91)
	67.5
	0.001

	Cutoff category
	Relative <5%
	5
	0.58 (0.36-0.76)
	0.83 (0.69-0.91)
	67.0
	0.001

	Cutoff category
	Relative >=5%
	12
	0.79 (0.74-0.84)
	0.89 (0.84-0.93)
	0.0
	0.001

	Population
	Other population
	14
	0.67 (0.57-0.75)
	0.84 (0.76-0.89)
	69.9
	0.021

	Population
	Septic shock
	12
	0.80 (0.71-0.87)
	0.88 (0.83-0.92)
	0.0
	0.021


Footnote: CI, confidence interval; I², inconsistency; k/conditions, number of diagnostic conditions or threshold/preload-challenge rows included in the exploratory repeated-condition analysis; mmHg, millimeters of mercury; P, P value; PLR, passive leg raising. This analysis allowed repeated thresholds or repeated preload-challenge conditions from the same root study. Exploratory log DOR I² summarizes between-condition heterogeneity in condition-level log DOR estimates within each displayed stratum. Because repeated rows were not independent root studies, these heterogeneity estimates are descriptive. The reported P values correspond to univariable condition-level meta-regression models and represent exploratory moderator-association tests, not formal between-subgroup interaction tests or evidence of reliable differences between strata. Only clearly defined strata are shown.

Supplementary Table 9. Univariable meta-regression analyses
	Dataset
	Model target
	Moderator
	k
	Estimate (95% CI)
	P
	Residual τ²
	Residual I² (%)
	Weight range (%)

	Main 2×2 dataset
	log DOR
	PLR
	18
	1.28 (0.20-2.37)
	0.020
	0.676
	56.6
	2.5-9.7

	Main 2×2 dataset
	log DOR
	Relative threshold
	18
	1.61 (0.46-2.75)
	0.006
	0.720
	58.1
	2.6-9.5

	Main 2×2 dataset
	log DOR
	Septic shock
	18
	1.41 (0.43-2.40)
	0.005
	0.463
	47.7
	2.2-10.9

	Main 2×2 dataset
	log DOR
	Patient-level analysis
	18
	1.85 (0.56-3.14)
	0.005
	0.530
	48.6
	2.3-10.4

	Main 2×2 dataset
	log DOR
	Sample size >=60
	18
	-0.83 (-2.05-0.39)
	0.184
	0.940
	66.0
	2.8-8.8

	Main 2×2 dataset
	log DOR
	Publication year
	18
	-0.35 (-1.02-0.32)
	0.311
	1.086
	68.8
	3.0-8.4

	Main 2×2 dataset
	log DOR
	Ultrasound reference
	18
	-0.51 (-1.82-0.81)
	0.448
	1.122
	68.4
	3.0-8.4

	AUC dataset
	logit AUC
	PLR
	20
	0.88 (0.33-1.43)
	0.002
	0.218
	67.2
	2.4-9.0

	AUC dataset
	logit AUC
	Relative threshold
	20
	0.84 (0.22-1.47)
	0.008
	0.310
	72.9
	2.7-7.9

	AUC dataset
	logit AUC
	Septic shock
	20
	0.83 (0.28-1.38)
	0.003
	0.196
	65.7
	2.3-9.4

	AUC dataset
	logit AUC
	Patient-level analysis
	20
	1.14 (0.53-1.75)
	<0.001
	0.166
	54.0
	2.2-10.1

	AUC dataset
	logit AUC
	Sample size >=60
	20
	-0.18 (-0.87-0.51)
	0.608
	0.424
	81.2
	3.0-7.2

	AUC dataset
	logit AUC
	Publication year
	20
	-0.07 (-0.44-0.30)
	0.698
	0.429
	84.1
	3.0-7.2

	AUC dataset
	logit AUC
	Ultrasound reference
	20
	-0.01 (-0.79-0.77)
	0.975
	0.432
	81.1
	3.0-7.2

	Exploratory repeated-condition dataset
	log DOR
	PLR
	26
	1.21 (0.47 to 1.96)
	0.001
	0.381
	45.2
	1.3-7.5

	Exploratory repeated-condition dataset
	log DOR
	Fluid challenge
	26
	-0.62 (-1.53 to 0.28)
	0.175
	0.639
	57.7
	1.6-6.4

	Exploratory repeated-condition dataset
	log DOR
	Relative threshold
	26
	0.92 (0.00 to 1.85)
	0.0501
	0.654
	58.7
	1.6-6.3

	Exploratory repeated-condition dataset
	log DOR
	Septic shock
	26
	0.92 (0.14 to 1.70)
	0.021
	0.463
	50.2
	1.4-7.0

	Exploratory repeated-condition dataset
	log DOR
	Patient-level analysis
	26
	1.72 (0.89 to 2.55)
	<0.001
	0.234
	32.6
	1.1-8.8

	Exploratory repeated-condition dataset
	log DOR
	Sample size >=60
	26
	-0.38 (-1.30 to 0.53)
	0.414
	0.737
	62.3
	1.7-6.1

	Exploratory repeated-condition dataset
	log DOR
	Publication year
	26
	-0.04 (-0.14 to 0.07)
	0.489
	0.773
	63.2
	1.7-6.0

	Exploratory repeated-condition dataset
	log DOR
	250 mL fluid
	26
	-1.72 (-2.55 to -0.89)
	<0.001
	0.234
	32.6
	1.1-8.8

	Exploratory repeated-condition dataset
	log DOR
	500 mL fluid
	26
	1.03 (-0.26 to 2.32)
	0.118
	0.650
	59.0
	1.6-6.3


Footnote: AUC, area under the receiver operating characteristic curve; CI, confidence interval; DOR, diagnostic odds ratio; HSROC, hierarchical summary receiver operating characteristic; I², residual heterogeneity proportion; k, number of studies or conditions included in each univariable model; P, P value; PLR, passive leg raising; τ², residual between-study or between-condition variance after inclusion of the moderator. Weight range indicates the range of random-effects model weights across studies or conditions in each univariable model. Meta-regression analyses were univariable study-level or condition-level analyses and were not fitted within the full bivariate/HSROC framework. The reported P values represent exploratory moderator-association tests, not formal between-subgroup interaction tests or evidence of reliable differences between strata. Condition-level models included repeated observations from the same or overlapping cohorts and should therefore be interpreted cautiously.
Supplementary Table 10. Sensitivity analyses of the main 2×2 synthesis
	Analysis
	k
	Sensitivity (95% CI)
	Specificity (95% CI)
	LR+
	LR-
	DOR
	SROC AUC

	Main analysis
	18
	0.75 (0.68-0.81)
	0.85 (0.80-0.90)
	5.08
	0.30
	17.23
	0.872

	Exclude approximate 2×2
	10
	0.71 (0.58-0.82)
	0.87 (0.78-0.92)
	5.33
	0.33
	16.09
	0.873

	Patient-level only
	16
	0.76 (0.69-0.82)
	0.87 (0.82-0.91)
	6.01
	0.27
	22.16
	0.894

	Exclude high index-test ROB
	11
	0.72 (0.61-0.81)
	0.88 (0.80-0.93)
	6.09
	0.32
	19.02
	0.877


Footnote: AUC, area under the receiver operating characteristic curve; CI, confidence interval; DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR-, negative likelihood ratio; ROB, risk of bias; SROC, summary receiver operating characteristic.
