Supplementary Material D: 
Supplement Table S1: Patient mechanics and ventilator settings for each patient. 

	Patient 
	Empirical Ecw [cmH2O/L]
	Esophageal derived Ecw [cmH2O/L]
	Rinsp [cmH2O/L/s]
	Einsp [cmH2O/L]
	Rexp [cmH2O/L/s]
	Eexp [cmH2O/L]
	Esophageal derived Peak Pmus [cmH2O]
	MIME derived Peak Pmus [cmH2O]
	PS [cmH2O]
	PEEP [cmH2O]

	1
	8.02
	11.43
	13.99 (12.51, 15.82)
	15.07 (11.95, 17.68)
	6.55 (5.96–7.65)
	9.02 (7.37–10.51)
	12.37 (10.31, 14.21)
	11.38 (10.56, 12.4)
	[5,6]
	[5,6]

	2
	5.94
	5.97
	23.32 (19.10, 23.75)
	8.74 (8.39,9.87)
	2.33 (1.84–2.71)
	8.14 (7.77–8.64)
	5.85 (4.8, 7.02)
	7.29 (6.62, 8.14)
	8
	8

	3
	6.90
	12.69
	15.68 (14.82, 16.35)
	8.84 (8.39, 14.87)
	2.31 (2.22–3.11)
	7.15 (7.00–8.89)
	6.38 (5.87, 6.86)
	6.97 (6.11, 7.93)
	10
	12

	4
	6.54
	9.96
	20.39 (18.44, 21.5)
	8.34 (7.76, 8.34)
	2.57 (2.10–3.08)
	6.61 (6.40–7.15)
	9.4 (8.53, 10.83)
	8.21 (6.38, 8.98)
	10
	10

	5
	6.69*
	-
	6.01 (6.01, 6.01)
	14.03 (14.03, 14.03)
	1.47 (1.47–1.47)
	1.99 (1.99–1.99)
	6.94 (6.62, 7.24)
	6.79 (6.56, 6.9)
	8
	8

	6
	7.78
	8.25
	17.79 (17.79, 17.79)
	12.46 (12.46, 12.46)
	1.36 (1.36–1.36)
	4.53 (4.53–4.53)
	2.11 (1.27, 3.16)
	2.9 (2.44, 3.4)
	8
	8

	7
	6.90
	11.21
	15.91 (15.62, 16.2)
	5.87 (5.38, 6.37)
	1.36 (1.26–1.45)
	5.58 (5.39–5.77)
	5.56 (5.42, 5.71)
	4.9 (4.42, 5.18)
	6
	12

	8
	7.61*
	-
	10.31 (9.63, 11.56)
	17.54 (17.21, 17.99)
	4.53 (4.33–4.81)
	12.52 (12.39–13.74)
	6.09 (5.59, 7.67)
	5.37 (4.86, 7.69)
	6
	8

	9
	7.92
	12.2
	17.08 (16.92, 17.75)
	10.5 (10.07, 11.37)
	3.23 (3.07–3.52)
	10.49 (9.51–12.75)
	6.91 (6.41, 7.56)
	7.4 (6.66, 8.57)
	[8,10]
	10

	10
	7.56*
	-
	14.86 (14.86, 14.86)
	12.6 (12.6, 12.6)
	5.03 (5.03–5.03)
	7.94 (7.94–7.94)
	12.94 (12.45, 13.5)
	12.89 (12.14, 13.39)
	8
	8

	11
	6.64*
	-
	12.7 (11.65, 13.13)
	16.99 (16.29, 18.57)
	2.68 (1.38–2.93)
	8.32 (8.16–8.68)
	8.16 (6.63, 9.06)
	8.2 (7.69, 8.86)
	[12,14]
	[9,12]

	12
	7.39*
	-
	11.55 (11.55, 11.55)
	11.76 (11.76, 11.76)
	3.39 (3.29–3.40)
	12.83 (12.69–13.03)
	9.7 (8.94, 11.24)
	9.04 (8.31, 9.66)
	6
	8

	13
	10.5
	7.35
	10.99 (10.96, 11.09)
	16.48 (16.32, 16.75)
	5.29 (5.29–5.29)
	9.99 (9.99–9.99)
	10.59 (9.97, 11.4)
	9.25 (8.86, 9.8)
	10
	8

	14
	7.78
	4.78
	7.07 (7.07, 7.07) 
	23.20 (23.20, 23.20)
	6.68 (6.68–6.68)
	14.40 (14.40–14.40)
	4.49 (3.88, 4.93)
	4.20 (3.71, 4.38)
	6
	5.5

	15
	6.50
	11.75
	7.65 (7.65, 7.65)
	17.41 (17.41, 17.41)
	3.22 (3.22–3.22)
	9.43 (9.43–9.43)
	10.93 (10.23, 11.34)
	6.42 (6.00, 6.75)
	5
	7

	16
	6.23
	5.64
	7.76 (7.76, 7.76)
	19.82 (19.82, 19.82)
	2.58 (2.58–2.58)
	7.11 (7.11–7.11)
	5.99 (5.23, 6.59)
	5.40 (4.39, 6.72)
	5
	6

	17
	10.88*
	-
	4.90 (4.90, 4.90)
	21.78 (21.78, 21.78)
	1.43 (1.43–1.43)
	7.46 (7.46–7.46)
	10.61 (9.65, 11.36)
	10.56 (8.63, 11.35)
	5.5
	9

	18
	7.40*
	-
	9.61 (9.61, 9.61) 
	16.90 (16.90, 16.90) 
	0.00 (0.00–0.00)
	1.53 (1.53–1.53)
	5.68 (4.91, 6.58) 
	5.54 (4.79, 6.24)
	6.5
	9



Data presented as median (interquartile range) where appropriate. * Empirical chest wall elastance used to determine esophageal pressure-derived peak muscle pressure due to unavailability of control ventilation data with patient relaxed and appropriately established esophageal catheter. Abbreviations: Ecw: Chest wall elastance, Rinsp: Inspiratory estimated respiratory system resistance, Einsp: Inspiratory estimated respiratory system elastance, MIME – Mixed Integer Multi Effort, Pmus: respiratory muscle pressure, PS: Pressure support above PEEP, PEEP: Positive end-expiratory pressure.
Breath-by-Breath Bland-Altman Analysis

[image: ]
Figure S6. Breath-by-Breath Bland-Altman Analysis between Pes and derived Peak Pmus. Abbreviations: Pmus, inspiratory muscle pressure; Pes, esophageal pressure; MD, mean difference; LOA, limits of agreement; MIME, Mixed Integer Multi-Effort.






Mixed effect model analysis of the association between MIME-derived and Pes-derived Peak Pmus values
The association between MIME- and Pes-derived peak Pmus was assessed using a linear mixed-effects model with repeated breath-level observations nested within patients. MIME-derived peak Pmus was included as a fixed effect, with patient-specific random intercepts and random slopes. MIME-derived peak Pmus was centred at 10 cmH₂O to improve model parameterization and provide a clinically interpretable intercept. Model structure was selected using maximum-likelihood estimation and comparison of the Akaike and Bayesian information criteria. The selected model was subsequently refitted using restricted maximum likelihood to estimate fixed effects and variance components. Confidence intervals for the fixed-effect coefficients, patient-level random-effect standard deviations, and residual standard deviation were calculated using profile likelihood. Confidence intervals for the marginal and conditional coefficient of determination (R2) values were estimated using bootstrap resampling implemented through the Nakagawa mixed-model R2 framework. Their 95% confidence intervals were determined by parametric bootstrapping considering 2000 bootstrap iterations.
Supplementary Figure S7 plots the association results, as well as the population-level fixed-effects regression line. Supplementary Table 2 summarises the fixed- and random-effects estimates, and the marginal and conditional R2 values.
[image: ]
Figure S7: Association between MIME-and Pes derived peak Pmus (cmH2O). Each point represents a breath-level observation.  Dashed line is the line of unity. Solid black line is the population level fixed-effects regression line with shaded region representing the 95% confidence intervals. Thin grey lines show corresponding patient-specific conditional regression relationships. Abbreviations: Pmus, inspiratory muscle pressure; Pes, esophageal pressure; MIME, mixed integer multi-effort.


Supplementary Table 2 (S2). Fixed- and random-effects estimates from mixed-effects analysis of association between MIME- and Pes-derived peak Pmus.
	Parameter
	Estimate  
	95% CI
	
	

	Pes-derived Pmus at MIME = 10 cmH₂O
	8.87 
	8.26–9.48
	
	

	Population slope
	0.66
	0.48–0.85
	
	

	Random-intercept SD
	1.19 
	0.80-1.76
	
	

	Random-slope SD
	0.38
	0.26-0.56
	
	

	Residual SD
	1.30 
	1.25-1.36
	
	

	Conditional R2
	0.72
	0.68-0.78
	
	

	Marginal R2
	 0.42
	      0.36-0.47
	
	



Units are cmH2O where appropriate. 95% Confidence intervals determined accounting for patient-level hierarchy. Abbreviations: Pmus, inspiratory muscle pressure; Pes, esophageal pressure; MIME, mixed integer multi-effort.


Cumulative Distribution Functions of Pes- and MIME-derived Peak Pmus
[image: ]
Figure S8. Cumulative distribution plots comparing MIME-derived and Pes-derived peak Pmus values (cmH2O). Abbreviations: MIME, Mixed Integer Multi-Effort; Pes, esophageal pressure; Pmus, inspiratory muscle pressure






Supplement Table (S3): Discriminative performance between MIME and esophageal-derived muscle pressure. Sensitivity and specificity values for discriminative performance of MIME method to detect high (esophageal derived Peak Pmus > 10 cmH2O) and low (esophageal derived Peak Pmus < 5 cmH2O) efforts.  Abbreviations: Pmus, inspiratory muscle pressure; MIME, mixed integer multi-effort, Pes, esophageal pressure.
	
	AUROC
	Cut off of Predicted value 
	Sensitivity 
	Specificity


	Pes-derived Peak  cmH2O
	0.835
	MIME Peak Pmus > 8 cmH2O

	80.0%
	64.1%

	
	
	MIME Peak Pmus > 9 cmH2O

	73.1%
	81.1%

	
	
	MIME Peak Pmus > 10 cmH2O

	65.1%
	91.2%

	Pes-derived Peak  cmH2O
	0.88
	MIME Peak Pmus < 7 cmH2O

	91.5%
	65.0%

	
	
	MIME Peak Pmus < 6 cmH2O

	76.1%
	80.7%

	
	
	MIME Peak Pmus < 5 cmH2O

	50.4%
	93.2%





Clinical conditions precluding continuation of assisted mechanical ventilation.
According to the institutional protocol (4), controlled mechanical ventilation was resumed if any of the following criteria were present: pressure support >20 cmH₂O, pressure support plus PEEP >30 cmH₂O, signs of respiratory distress, hemodynamic instability, respiratory acidosis (pH <7.35), or hypoxemia (SpO₂ <90% with FiO₂ >0.60). 




References
1. Bates, J. H. (2009). Lung mechanics: an inverse modeling approach. Cambridge: Cambridge University Press.
2. Bertoni M, T. I. (2019, Nov 6). A novel non-invasive method to detect excessively high respiratory effort and dynamic transpulmonary driving pressure during mechanical ventilation. Crit Care, 23, 346. doi:https://doi.org/10.1186/s13054-019-2617-0
3. Vicario, F., Albanese, A., Karamolegkos, N., Wang, D., Seiver, A., & Chbat, N. W. (2016). Noninvasive Estimation of Respiratory Mechanics in Spontaneously Breathing Ventilated Patients: A Constrained Optimization Approach. IEEE Transactions on Biomedical Engineering, 63(4), 775-787. doi:10.1109/TBME.2015.2470641
4. Di mussi R, Spadaro S, Volta CA, et al (2020) Continuous assessment of neuro-ventilatory drive during 12 h of pressure support ventilation in critically ill patients. Critical Care 2020 24:1 24:652-.








image1.tiff
Difference Pes- and MIME-derived Peak Pmus (cmH,0O)

10

o

o

&

-10

Breath-by-Breath Agreement Between Pes- and MIME-derived Peak Pmus (cmH,0)

Upper LoA =4.2 (95% Cl 3.2 to 4.3) cmH,0 s © 09 o o ©

Lower LoA = -3.4 (95% Cl -3.5 to -2.3) cmH,0

oo °

20 15 10 5 0
Mean of Pes- and MIME-derived Peak Pmus (cmH,0O)




image2.tiff
20

@

Pes-derived Peak Pmus (cmH,0)
5

Association Between MIME- and Pes-Derived Peak Pmus

. Population fit: y = 2.25 + 0.66x

0 5 10 15 20
MIME-derived Peak Pmus (cmH,0)




image3.tiff
Cumulative proportion

100% 1

80%

60%

40% 1

20% 1

0% 1

Cumulative Distribution of Peak Pmus

—— MIME-derived - - Pes-derived

5 10 15
Peak Pmus (cmH,0)

20




