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ABSTRACT 

Background: Pulmonary compliance measurement is a critical component of 

monitoring mechanically ventilated patients with respiratory failure. The traditional 

method calculates compliance by dividing delivered tidal volume by the resultant 

airway pressure (plateau pressure minus positive end-expiratory pressure [PEEP]). 

However, this approach requires intermittent ventilator disconnection, limiting its 

frequency. A novel method using multiple linear regression (MLR) analysis of 

continuous pressure and flow waveforms enables breath-to-breath compliance 

measurement without disrupting ventilation. This study compares pulmonary 

compliance values obtained by MLR and traditional methods. 

Methods: In this clinical study, pulmonary compliance was measured and compared 

in consecutive mechanically ventilated patients using both traditional and MLR 

methods. MLR-derived compliance was obtained using the ventilator’s integrated 

monitoring function, while traditional compliance was calculated as tidal volume 

divided by (plateau pressure – PEEP).  

Results: Among 200 enrolled patients, the two methods showed strong correlation 

(*r* = 0.9, *p* < 0.01). However, MLR-derived compliance values were consistently 

lower than those from the traditional method (44.74 ± 21.78 mL/cmH₂ O vs. 57.95 ± 

26.64 mL/cmH₂ O, *p* < 0.01). 

Conclusion: MLR is a reliable alternative for continuous pulmonary compliance 

monitoring, though its systematically lower values—likely reflecting dynamic rather 

than static compliance—may necessitate a correction factor. The method’s ability to 

provide breath-to-breath measurements offers significant clinical advantages over 

traditional intermittent assessments. 

 

Introduction 

echanical ventilation is a life-saving 

intervention for patients with acute respiratory 

failure, but its non-physiological delivery of 

positive pressure can lead to ventilator-induced lung 

injury (VILI) [1]. Pulmonary compliance, a key metric of 

respiratory mechanics, reflects lung distensibility and 

guides ventilator optimization to mitigate VILI risk [2].  

While pulmonary compliance may decrease when the 

elasticity or total amount of lung tissue decreases, like for 

example in pneumothorax, endobronchial intubation, 

acute respiratory distress syndrome, lung contusion, 

pneumonia, and aspiration pneumonitis, its increase may 

denote pulmonary function recovery, which signals for 

weaning from mechanical ventilation [3]. 
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Traditional Compliance Measurement: Limitations 

The gold-standard static compliance (Cstat) requires an 

end-inspiratory hold to measure plateau pressure (Pplat): 

Cstat =  
Vt

(Pplat− PEEP)
  (1) 

Where: 

 Cstat = Static Compliance (ml / cmH2O) 

 Vt = Tidal Volume (ml) 

 Pplat = Plateau Pressure (cmH2O) 

 PEEP = Positive End Expiratory Pressure 

This method interrupts ventilation, necessitates 

sedation, and provides only intermittent snapshots [3]. 

MLR: A Dynamic Alternative 

Multiple linear regression (MLR) analyzes continuous 

waveforms (pressure, flow, and volume) using the 

equation of motion: 

P(t) = R ⋅  V(t) +  1

C
⋅ V(t) +  P0

̇   (2) 

Where: 

 P(t) = airway pressure at time t 

 V̇(t) = airflow at time t 

 V(t) = lung volume at time t 

 R = respiratory resistance 

 C = respiratory compliance 

MLR estimates compliance, resistance, and auto-PEEP 

breath-by-breath without disrupting ventilation [4]. Its 

advantages include: 

 Real-time monitoring for rapid clinical 

decisions [5]. 

 Robustness to noise via regression smoothing 

[6]. 

While MLR is embedded in modern ventilators (e.g., 

Hamilton C3), validation against traditional method 

remains limited, particularly in heterogeneous ICU 

populations. Systematic differences (e.g., dynamic vs. 

static compliance) may impact clinical interpretation [7]. 

We compared MLR-derived compliance (CMLR) with 

the traditional method (Cstat) in a sample of mechanically 

ventilated adults to: 

 Assess correlation and agreement. 

 Quantify systematic bias. 

 Propose correction factors if needed. 

Methods 

The study was approved by the Institutional Review 

Board (IR.MUI.MED.REC.1402.367). Waiver of 

informed consent granted for de-identified data 

collection. 

Study Design and Population 

This cross-sectional study was conducted in the 

intensive care units (ICUs) of a university-affiliated 

teaching hospital. We enrolled 200 consecutive adult 

patients (aged ≥18 years) receiving invasive mechanical 

ventilation for acute respiratory failure. Inclusion criteria 

were: 

 Mechanically ventilated via endotracheal tube 

or tracheostomy 

 Volume-controlled ventilation mode (VCV) 

with constant flow. 

Exclusion criteria were: 

 Air leaks (e.g., bronchopleural fistula, 

uncuffed tracheostomy). 

 Active patient-ventilator asynchrony (as 

assessed by waveform analysis). 

 Hemodynamic instability during 

measurement periods. 

Ventilator Specifications 

All measurements were performed using the Hamilton 

C3 ventilator (Hamilton Medical AG, Switzerland) with 

the following configuration: 

 Mode: Volume-controlled ventilation (VCV). 

 Flow waveform: Square (constant flow). 

 PEEP: Set per clinical protocol (range: 5–15 

cmH₂ O). 

 FiO₂ : Adjusted to maintain SpO₂  ≥ 92%. 

 Inspiratory pause: 0.5 sec for Pplat 

measurement. 

 MLR algorithm: Embedded in ventilator 

software (firmware v4.1.2), sampling at 100 

Hz. 

Compliance Measurement Protocols 

Traditional Static Compliance (Cstat): 

 Measured during sedation-induced apnea 

(Richmond Agitation-Sedation Scale [RASS] 

≤ −3) to ensure muscle relaxation. 

 Vt, Pplat, and PEEP recorded after a 0.5-sec 

end-inspiratory hold. 

 Calculated using equation 1. 

 Triplicate measurements were averaged to 

minimize intra-observer variability. 

MLR-Derived Compliance (CMLR): 

 Continuously estimated by the Hamilton C3’s 

MLR algorithm (equation 2). 

 Values logged every 10 breaths and averaged 

over 5 minutes preceding Cstat measurement. 

Sample Size and Statistical Analysis 

The primary outcome was the correlation between Cstat 

and CMLR. Assuming an expected Pearson’s r = 0.8 (based 

on pilot data), a value of α = 0.05, and aiming for a power 

of 90%, the sample size was calculated to be 18 patients. 

A total of 200 patients accounted for subgroup analyses 

and potential exclusions. Data were analyzed using SPSS 

v27.0. Since the Shapiro-Wilk test confirmed the non-

normal distribution of residuals, non-parametric tests 

were prioritized. Spearman’s rank was used to correlate 
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Cstat vs CMLR. Percent bias is calculated as (Cstat – CMLR) / 

Cstat. The Wilcoxon signed-rank test (paired, non-

parametric) is used to compare means of Cstat vs CMLR. 

Bland-Altman analysis was used to evaluate bias and 

limits of agreement between Cstat and CMLR. 

Results 

A total of 200 patients enrolled in the study. (Table 1) 

shows different baseline and ventilatory parameters. The 

double histogram demonstrates the right-shifted 

distribution of Cstat values compared to CMLR, reflecting 

higher absolute measurements (Figure 1). 

Table 1- Baseline and ventilatory variables. Data are 

mean ± SD with range or n(%) with 95% confidence 

interval. 

Age (year) 56 ± 22.4 18 – 99 

Male 136 (68) 61 – 74 

Female 64 (32) 25 – 38 

Vt (ml) 467 ± 136 150 – 630 

Pplat(cmH2O) 18 ± 5.2 12 – 35 

PEEP (cmH2O) 6 ± 2.7 4 – 15 

Cstat (ml/cmH2O) 58 ± 26.6 20 – 134 

CMLR (ml/cmH2O) 45 ± 22.4 11 – 136 

Though CMLR values were systematically lower than the 

Cstat values (mean difference 13 ml/cmH2O, p < 0.001), 

Spearman correlation analysis showed a very strong 

correlation between them (ρ = 0.9, p < 0.001). The 

scatterplot confirmed the linearity of the relationship 

(slope = 0.82, R² = 0.81, Figure 2). 

 

Figure 1- Shows a double histogram depicting 

frequency distribution for different values of 

compliances across two methods of measurement. 

 

 

Figure 2- Scattergram showing the relationship 

between Cstat and CMLR. Spearman ρ = 0.9, p < 0.100. 

Bland-Altman analysis showed a bias of −13.2 

mL/cmH₂ O, with 95% limits of agreement between Cstat 

and CMLR ranging from −28.1 to +1.7 mL/cmH₂ O 

(Figure 3). 

Figure 3- Bland-Altman analysis shows a strong 

correlation between Cstat and CMLR. 

Bias = −13.2 mL/cmH₂ O, 95% limits of agreement = 

−28.1 to +1.7 mL/cmH₂ O. 

Discussion 

This study demonstrated a strong correlation between 

MLR-derived and traditional static compliance 

measurements, supporting the utility of MLR for 

continuous monitoring. However, the systematic 

underestimation by MLR (−13.2 mL/cmH₂ O) highlights 

its reflection of dynamic compliance, which incorporates 

resistive and inertial forces absent in static 

measurements. MLR enables breath-to-breath 

compliance tracking without the need for extra sedation 

or ventilation disruption, ideal for guiding PEEP titration 

and recruitment maneuvers [8–12]. The consistent bias 

relative to traditional measurements suggests MLR 

values may require adjustment (e.g., +13 mL/cmH₂ O) 

when interpreting absolute compliance in protocols 
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reliant on static thresholds (e.g., ARDS Network tables) 

[13]. The lower CMLR values align with prior work 

showing dynamic compliance ≤ static compliance due to 

flow-resistive losses [14-15].  

Our findings (ρ = 0.90) mirror validations of MLR in 

smaller cohorts [14–18]. The difference between two 

methods exceeds reports using older ventilators (e.g., −8 

mL/cmH₂ O), possibly due to the higher sample size in 

the current study. 

It must be noted the generalizability of the result of this 

study may vary with ventilator brands or patient 

populations. Another limitation in this study may be the 

escape of spontaneous breathing activity due to 

inadequate sedation, which tends to increase the 

measured value of Cstat. Also, heterogeneity of patients 

enrolled in this study (ARDS vs. non-ARDS subgroups) 

may further add to the limitation of the current study. 

Future direction to validate correction factors for MLR in 

protocolized settings (e.g., PEEP trials) is recommended. 

Conclusion 

MLR is a reliable alternative for continuous pulmonary 

compliance monitoring, though its systematically lower 

values—likely reflecting dynamic rather than static 

compliance—may necessitate a correction factor. The 

method’s ability to provide breath-to-breath 

measurements offers significant clinical advantages over 

traditional intermittent assessments. 
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