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Abstract (263 words) 

 

Rationale 

The use of assisted ventilation in patients with acute respiratory failure may improve hemodynamics and 

oxygenation. These benefits, however, may be overshadowed by strong spontaneous inspiratory efforts 

that ultimately lead to the loss of protective mechanical ventilation, possibly causing lung injury. In this 

scenario, some may reinstate deep sedation and even neuromuscular blockade. These strategies, 

nevertheless, may have serious adverse effects 

 

Objectives 

To evaluate both in an animal model and in patients with acute respiratory distress syndrome (ARDS) the 

feasibility and safety of phrenic nerve blockade with the administration of perineural lidocaine under 

ultrasound guidance in order to reduce tidal volume and peak transpulmonary pressure in spontaneously 

breathing patients. 

 

Methods 

An established animal model of ARDS was used first in a proof-of-concept study. We then tested the effect 

of the technique in nine mechanically ventilated patients under pressure support with a driving pressure 

greater than 15 cmH2O or a tidal volume (VT) superior to 10 ml/Kg of predicted body weight. An ultrasound 

and a nerve stimulator were used to identify the phrenic nerve. Perineural lidocaine was administered, 

and subjects were followed until return to baseline. 

 

Measurement and Main Results 

Bilateral phrenic nerve block significantly reduced VT (9.7±2.8 to 6.7±1.5 ml per kg of predicted body 

weight, p<0.01), peak transpulmonary pressure (28.0±12.0 to 20.1±6.2 cmH2O, p<0.05), driving pressure 

(29.1±11.8 to 19.9±6.9 cmH2O, p<0.01), as well ΔPes and electrical activity of the diaphragm. All variables 

returned to baseline after 763 [399-821] minutes.  

 

Conclusions 

Phrenic nerve block is feasible, lasts around 12 hours, and reduces tidal volume and driving pressure in 

patients under assisted ventilation.  

 



 

Figure – Progress of respiratory variables in patients on pressure support ventilation 
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Introduction 

Extrapulmonary manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection are widely recognized and have important clinical implications. However, 

the association of SARS-CoV-2 with respiratory muscle has not been studied.  

 

Methods 

Diaphragm specimens of critically ill patients with Covid-19 (COVID-19-ICU, n = 26) and of 

critically ill patients without Covid-19 (Control-ICU, n = 8) were collected at autopsy. 

Angiotensin-converting enzyme 2 (ACE-2) expression, total RNA from the diaphragm tissue 

were determined and the viral RNA was localized using RNA in situ hybridization. Gene 

expression and pathways activation in diaphragm tissue were determined by RNA 

sequencing. Serial cryosection of diaphragm were analyzed to study pathological changes.   

 

Results 

Patient characteristics were comparable between groups (table 1). ACE-2 was expressed 

predominantly at the myofiber membrane, and SARS-CoV-2 viral RNA was detected in the 

diaphragms of 4 COVID-19–ICU patients (15.4%). Several genes that were differentially 

expressed in COVID-19–ICU patients were related to muscle regeneration and fibrosis. 



Compared to Control-ICU patients, fibrosis was > 2-fold higher and the cross-sectional area 

of slow-twitch myofibers was ~ 1.5-fold larger in COVID-19–ICU patients. Diaphragm 

myofibers with many central nuclei and myofiber splitting were observed in four of COVID-

19–ICU patients, but not in Control-ICU patients. 

 

Conclusions 

This study provides unique evidence for ACE-2 expression and SARS-CoV-2 viral infiltration 

in the human diaphragm. Distinct gene expression and myopathic features in the diaphragm 

indicate a different phenotype of diaphragm injury in patients with COVID-19, which may 

contribute to the persistent dyspnea and fatigue in those patients. 

  



 

Table 1. Summary of the demographic and clinical characteristics 

Characteristic 
COVID-19–ICU  

(n = 26) 

Control-ICU  

(n = 8) 
P-Value 

Sex, male (%) 21 (81) 6 (75) 1.000 

BMI, kg / m2  27 [25 – 31] 24 [21 – 28] 0.018 

Duration ICU stay, days 13 [8 – 25] 12 [9 – 12] 0.352 

Duration of IMV, days 12 [6 – 25] 10 [6 – 12] 0.254 

Duration of NMB 

administration, hours  

0 [0 – 100] 84 [0 – 240] 0.445 

Systemic steroid 

administration, n (%)  

11 (44) 7 (88) 0.046 

Maximal CRP, mg/L  331 [259 – 394] 321 [276 – 453] 0.717 

Data are expressed as median [interquartile range] or percentage (n, (%).  P-values were 

obtained from Mann-Whitney test or chi-square test. BMI, body mass index; ICU, 

intensive care unit; IMV, invasive mechanical ventilation; NMB, neuromuscular blocking 

agents; CRP, C-reactive protein. 
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Abstract 

Objective:  

Prone position (PP) is used in acute respiratory distress syndrome (ARDS) and in COVID-19 (C-ARDS). 

However, it is unclear how responders may be identified and whether an oxygenation response 

translates into improved outcomes. The objective of this study was to quantify response to PP in C-

ARDS, describe the differences between C-ARDS and ARDS, and explore variables associated to 

survival. 

Design: retrospective, observational, multicentre, international cohort study 

Setting: Seven ICUs in Italy, UK and France. 

Patients: 376 adults (220 C-ARDS and 156 ARDS)  

Intervention: None 

Measurements and main results:  

Pre-proning, a greater proportion of C-ARDS had severe disease (53% vs 40%)- PaO2/FiO2 (13.0 

[IQR:10.5-15.5] vs 14.1 [IQR:10.5-18.6] kPa; p=0.017) but greater compliance (38 [IQR:27-53] vs 31 

[IQR:21-37] ml/cmH2O; p<0.001). Patients with C-ARDS had a longer median time from intubation to 

PP (2.0 [IQR: 0.7-5.0] vs 1.0 [IQR: 0.5-2.9] days; p=0.03).  

The proportion of responders (increase in PaO2/FiO2 ≥ 2.67 kPa (20mmHg) or ≥ 20%) was similar (ARDS 

79% vs C-ARDS 76%;p=0.5). Responders had earlier PP [1.4 [IQR:0.7-4.2] vs 2.5 [IQR:0.8-6.2] 

days;p=0.06)]. PP <24 h achieved greater improvement in oxygenation (11 kPa [IQR: 4-21] vs 7 kPa 

[IQR: 2-13]; p=0.002).  

The variables independently associated with ‘responder’ category were: PaO2/FiO2 pre-proning (OR 

0.89 [95%CI 0.85-0.93]; p<0.001); earlier proning (OR 0.94[0.89-0.99];p=0.019, per day). 

The overall mortality was 45%. Responders with C-ARDS showed a trend for lower mortality (39% vs 

54%; p=0.07). Variables independently associated with mortality were: age (OR 1.04 [95% CI 1.02–

1.06]; p<0.001); disease severity (OR 1.01 [95% CI 1.00–1.02]; p=0.007), later proning (OR 1.06 [95%CI 

1.0 –1.13]; p=0.04, per day); delta-PaO2/FiO2 prone-supine (OR 0.97 [95% CI 0.95 – 0.99]; p=0.002).  

Conclusions 

Prone position, particularly when delivered early, achieved a significant oxygenation response in ~80% 

of C-ARDS, similar to ARDS. Response to prone position was independently associated to improved 

survival.  

  

Key words: adult; coronavirus disease 2019; intensive care units; prone position; respiratory 

distress syndrome;  
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Background  

The relevance of partitioned respiratory mechanics in patients with ARDS was addressed 
as follows: 1) is DPL , the lung driving pressure using transpulmonary pressure better associated 
with outcome than airway driving pressure (DPaw). 2) Is ventral end-inspiratory PL (using the 
elastance ratio) better associated with outcome than dorsal end-expiratory PL (using absolute 
value of esophageal pressure)? 3) Is the Oxygenation-stretch index (OSI), a composite variable 
using P/F ratio divided by DPaw, better associated with outcome than DPaw ? 4) Is there an 
interaction between lung recruitability and PEEP regarding outcome. 
 
Methods 

Prospective, observational, international study (Toronto, Rome, Anger, Beijing, and 
Buenos Aires) of patients with ARDS within first week of intubation with respiratory mechanics 
measured in a standard way (1). The outcome is 60-day survival.  

We used thresholds from the literature (11 cmH2O for DPL, 15 for DPaw, 24 for end-
inspiratory ventral PL, 0 for end-expiratory dorsal PL, 10 for OSI) (1-4). Kaplan-Meier survival 
curves were compared by unadjusted log-rank test. Cox regressions included both continuous 
and discrete variables. Adjusted Cox models used age and SOFA. Goodness-of-fit of Cox models 
were compared through Akaike information criterion (AIC). 

Matched recruitability-PEEP was defined by high recruitability (R/I ratio ≥ 0.5) and high 
PEEP (≥ 12), or poor recruitability (R/I < 0.5) and low PEEP (< 12). Mismatched were opposite 
combinations.  
 



Results 
 385 patients were enrolled, measured at 2 [1-4] days from intubation and 60d Mortality 
was 37.7%. 302 patients had esophageal pressure and 264 lung recruitability measurements.  
 A lower 60-day survival probability existed in patients with high DPaw, high DPL, high 
end-inspiratory ventral PL, and low OSI. Cox regressions showed that these parameters 
remained associated with 60-day survival after adjustment by age and SOFA. There was no 
difference between positive and negative end-expiratory dorsal PL (Figure 1). DPaw had the best 
goodness-of-fit (lowest AIC) among all tested parameters. Chest wall elastance correlated with 
severity. Recruitability matched with PEEP was associated with higher survival (unadjusted log-
rank: 0.029). 
 
Conclusions 
 DPL did not present better association with outcome than DPaw, which may be explained 
by the correlation of chest wall elastance with severity. End-inspiratory ventral PL (risk of 
distension) was better associated with outcome than end-expiratory dorsal PL. Matched 
recruitability and PEEP settings was associated with better outcome.  
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1. Chen L, Chen GQ, Shore K, Shklar O, Martins C, Devenyi B, Lindsay P, McPhail H, Lanys A, 
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Talmor D, Blanch L, Amato M, Chen L, Brochard L, Mancebo J, Group PLpw. Esophageal 
and transpulmonary pressure in the clinical setting: meaning, usefulness and 
perspectives. Intensive Care Med 2016; 42: 1360-1373. 
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Figure 1: Kaplan-Meier plots for patients grouped by DPaw, DPL, end-inspiratory ventral PL, and 
end-expiratory dorsal PL, respectively. 
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 Rationale 

Respiratory mechanics and potential for lung recruitability of COVID-19 related acute 

respiratory distress syndrome (C-ARDS) have been variably reported in small series. As their 

knowledge may provide valuable information to guide ventilation personalization, we aimed at 

describing respiratory system characteristics in a larger cohort of intubated patients with C-

ARDS and identifying factors associated with recruitability. 

 Patients and Methods  

This is a multicenter observational study performed in 6 ICUs in France. We included intubated 

C-ARDS patients. Within 72 hours after intubation, respiratory mechanics, lung recruitability 

and airway opening pressure (AOP) were collected. Low respiratory system compliance was 

define as < 40 ml/cmH2O. Lung recruitability was assessed using recruitment-to-inflation ratio 

(R/I), obtained with a drop in PEEP over a single breath maneuver, as previously described [1]. 

Patients were deemed high recruiters if R/I > 0.5. AOP was assessed with a low-flow inflation. 

 Results 

A total of 190 patients were included, 78% were men, with a mean (SD) age of 61 (13), BMI 

of 29.7 (6.2) kg/m², SAPS2 of 41 (15), and SOFA of 6 (3). Their median [IQR] duration of 

invasive ventilation was 14 [9;27] days and 57% were discharged alive from the ICU. A total 

of 103 patients (55%) exhibited a low respiratory system compliance and an AOP above 5 

cmH2O was retrieved in 40 (23%) patients. A total of 102 patients (54%) were high recruiters 

with a R/I above 0.5. Comparisons between high recruiters and low recruiters are shown in the 

table. The mean expired volume in a single breath maneuver was 1061 (289) mL and did not 

differ between the two groups (p=0.103). There was no statistical difference except absolute 

tidal volume being lower and PEEP set higher in the recruiters. When tidal volumes were 

standardized to predicted body weight, the difference was no longer significant. 

 



 

All patients 

  N=190 

Low 

recruiters 

 N=88 

High 

recruiters   

N=102 

p-

value 

pH 7.35±0.08 7.36±0.08 7.34±0.08 0.184 

PaCO2, mmHg 44±8 44±8 43±8 0.297 

PaO2/FIO2, mmHg 147±78 141±57 152±92 0.309 

Tidal volume, mL 403±50 412±49 396±51 0.035 

Tidal volume per kg  

of predicted body weight, 

mL/kg 

6.1±0.5 6.1±0.5 6.1±0.5 0.885 

PEEP, cmH2O 14.5 [11;16] 13 [10;15] 15 [13;16] 0.002 

Plateau pressure, cmH2O 25 [22;27] 24 [21;26] 25 [23;28] 0.007 

Driving pressure, cmH2O 11 [90;13] 10 [90;13] 11 [90;13] 0.918 

Respiratory system 

Compliance, mL/cmH2O 
36.5 [30;47] 38 [31;47] 36 [29;47] 0.536 

Respiratory system 

Compliance<40 mL/cmH2O 
103 (55) 46 (52) 57 (56) 0.732 

R/I 0.52 

[0.33;0.75] 

0.32 

[0.23;0.41] 

0.72 

[0.59;0.88] 
<0.001 

AOP>5 cmH2O 40 (23) 20 (24.7) 20 (21.5) 0.751 

AOP value, cmH2O 8 [7;10] 9 [7;10] 8 [7;9] 0.449 

 

Table 1 : characteristics of the patients according to recruitability.  

Data are shown as mean±SD, median [IQR] or n (%).  

 Conclusion 

In a cohort of 190 C-ARDS patients receiving invasive mechanical ventilation, approximately 

half were deemed highly recruitable and 23% presented an AOP>5cmH2O within 72 hours after 

intubation. We could not identify specific parameters associated with recruitability. This 

emphasizes the importance of measuring respiratory mechanics and assessing recruitability to 

personalize mechanical ventilation in this population. 
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Background: Increased pleural pressure affects the mechanics of breathing of subjects 
with class III obesity [body mass index (BMI)>40 kg/m2]. In this population, there are 
limited data on the effects on cardiopulmonary function of continuous positive airway 
pressure (CPAP) titrated to match pleural pressure.  

Methods: We enrolled 6 subjects with BMI within normal range (controls, group I) and 
12 subjects with class III obesity (group II) divided into subgroups, IIa) BMI 40-50 Kg/m2 

and IIb) BMI>50 kg/m2. The study was performed in two phases: phase 1, subjects were 
supine and spontaneously breathing at atmospheric pressure; phase 2, subjects were 
supine and breathing with CPAP titrated to match the subject’s end-expiratory 
esophageal pressure in the absence of CPAP. Respiratory mechanics, esophageal 
pressure, and hemodynamic data were collected, and right heart function was evaluated 
by transthoracic echocardiography.  

Results: The levels of CPAP titrated to match pleural pressure in group I, subgroup IIa 
and subgroup IIb were 6±2 cmH2O, 12±3 cmH2O and 18±4 cmH2O, respectively. In both 
subgroups IIa and IIb, CPAP titrated to match pleural pressure decreased minute 
ventilation (IIa: P=0.03; IIb: P=0.03), improved peripheral oxygen saturation (IIa: 
P=0.04; IIb: P=0.02) improved homogeneity of tidal volume distribution between ventral 
and dorsal lung regions (IIa: P=0.22 IIb: P=0.03), and decreased work of breathing (IIa: 
P<0.001; IIb: P=0.003) with a reduction in both the work spent to initiate inspiratory flow 
as well as tidal ventilation (Figure 1). In 5 hypertensive subjects with obesity, blood 
pressure decreased to normal range, without impairment of right heart function.  

Conclusion: In ambulatory subjects with class III obesity, CPAP titrated to match 
pleural pressure decreased work of breathing and improved respiratory mechanics 
while maintaining hemodynamic stability, without impairing right heart function.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Analysis of tracings of airway pressure, esophageal pressure and airflow during titration 
of CPAP in a subject with normal BMI (panel A) and BMI>50 kg/m2 (panel B). The red dotted line 
indicates the zero-flow level. Abbreviations: EP, esophageal pressure; EPE0, esophageal 
pressure at the end of exhalation during spontaneous breathing; CPAP: continuous positive 
airway pressure; EPECPAP, esophageal pressure at the end of exhalation during CPAP; EPI0, 
esophageal pressure at the end of inspiration during spontaneous breathing; EPICPAP, esophageal 
pressure at the end of inspiration during CPAP; EPS0, esophageal pressure at the start of 
inspiration during spontaneous breathing; EPSCPAP, esophageal pressure at the start of inspiration 
during CPAP. SwingAOP (swing needed to reach the opening airway pressure, i.e. the onset of 
inspiratory flow) is defined as the difference EPE0 -EPS0 at atmospheric pressure and as the 
difference EPECPAP – EPSCPAP while on CPAP. SwingTV (esophageal pressure change during the 
generation of a tidal volume) is defined as the difference EPS0 -EPI0 at atmospheric pressure and 
as the difference EPSCPAP – EPICPAP while breathing with CPAP. SwingTOT (total swing) is the sum 
of the two previous components.  
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Effects of prone positioning on lung aeration, ventilation and perfusion in intubated patients 
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Tommaso Fossali1, Riccardo Colombo1, Davide Ottolina1, Maria Cristina Basile1, Antonio Castelli1, Roberto Rech1, 

Beatrice Borghi1, Ines Marongiu2, Bertrand Pavlovsky2, Elena Spinelli2, Tommaso Mauri2 

 

1. ASST Fatebenefratelli Sacco, Milan, Italy 

2. Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy 

 

Background: Previous studies showed beneficial effects of prone position in intubated patients with COVID-19 Acute 

Respiratory Distress Syndrome (C-ARDS) in terms of improved oxygenation (Weiss, Brit J Anesth 2021) and decreased 

mortality (Mathews, Crit Care Med 2021). However, improved oxygenation is not normally correlated with lung 

protection (Spinelli, Minerva Anest 2021). We explored the physiological mechanisms that may underlie lung protection 

by prone position in C-ARDS. 

 

Methods: Ten intubated, paralyzed patients with moderate-to-severe C-ARDS, without evidence of additional hospital-

acquired infection, admitted to the ICU of Sacco Hospital, Milan, Italy were enrolled between October 2020 and March 

2021. Clinical and demographic characteristics were recorded at enrollment. After obtaining informed consent following 

local regulations, patients were transported to the CT-scan facility in the prone position. Then, whole thorax scans were 

performed in the prone and supine position at end expiration, with pressure of 10 cmH2O (time between scans 30-60 

minutes). Back to the ICU, electrical impedance tomography (EIT) monitoring was started and lung ventilation and 

perfusion (end-inspiratory 10 ml 5% saline bolus method) (Mauri, Crit Care Med 2020) recordings were acquired in the 

supine and prone position (time between EIT recordings 30-60 minutes). Patients were ventilated with Vt of 6-8 ml/kg 

PBW, PEEP 10 cmH2O and respiratory rate to correct pH. Gas exchange and respiratory mechanics were recorded at the 

same timepoints. Quantitative CT scan data were measured as previously described (Chiumello, Intensive Care Med 

2021). A novel EIT-based regional dynamic atelectrauma index was computed as the impedance slope index (b-

coefficient). Briefly, the impedance-time inspiratory regional curve was fitted with the equation: 

y = a*tb + c 

where b is the coefficient of the curve concavity: higher b value indicates larger regional intra-tidal alveolar opening. 

Moreover, the Global Inhomogenity index (GI) was calculated as previously described (Zhao, Intensive Care Med 2009). 

From EIT perfusion data, regional distribution and % of unmatched V/Q units (i.e., non-ventilated perfused + ventilated 

non-perfused units) were assessed. 

 

Results: Median age was 66 [59-71] years, BMI was 26.7 [25.3-30.3] kg.m-2 and SOFA score 5 [4-7], median CRP was 

185 [79-212] mg.L-1. Patients were intubated from 3 [1-4] days.  

We confirmed that C-ARDS patients, in the supine position, are characterized by near normal respiratory system 

compliance, high normally aerated lung weight fraction and low non-aerated fraction, despite moderate-severe 

impairment of oxygenation (Table 1).  

Recruitment induced by the prone position was large and significant (Table 1). Recruitment was localized only in the 

dorsal region of the lungs, while ventral regions suffered de-recruitment, albeit by smaller extent. Interestingly, 

recruitment had no effect on global lung strain (Vt/EELV ratio) due to opposite changes at the regional level, while 

reduction of the global dynamic atelectrauma index was significant, as it decreased in the dorsal lung and didn’t change 

in the ventral region.  

Ventilation homogeneity wasn’t improved by prone position, distribution of lung perfusion remained mostly 

gravitationally-dependent, in contrast with previous study (Perier, AJRCCM 2020), but the fraction of V/Q unmatched 

units didn’t decrease (Table 1).  

 

Conclusions: Prone position may enhance lung protection by recruiting the dorsal lung region, yielding decreased 

regional strain and lower regional and global atelectrauma. 
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Table 1 

 

Supine Prone p-value 

Gas exchange    

PaO2/FiO2, mmHg 126 (±45) 240 (±104) .007 

PaCO2, mmHg 52 (±7) 54 (±9) .274 

pH 7.41 (±0.07) 7.39 (±0.07) .395 

Respiratory mechanics    

Total PEEP, cmH2O 11 (±1) 11 (±1) .758 

Plateau pressure, cmH2O 21 (±4) 21 (±4) .916 

Driving pressure, cmH2O 11 (±4) 11 (±5) .956 

Respiratory system compliance, ml/cmH2O-1 54 (±17) 56 (±22) .620 

CT scan    

Lung weight, g 1487 (±470) 1433 (±473) .103 

Hyperinflated, % of lung weight 1.6 (±1.1) 1.4 (±0.9) .005 

Normally aerated, % of lung weight 30.2 (±9.4) 35.7 (±10.4) .005 

Poorly aerated, % of lung weight 35.5 (±6.3) 33.8 (±5.2) .190 

Non aerated, % of lung weight 32.7 (±11.7) 29.1 (±10.4) .050 

Recruitment, % of lung weight - 4.7 (±5.6) .027 

Ventral de-recruitment, % of lung weight - -6.2 (±5.4) .006 

Dorsal recruitment, % of lung weight - 10.3 (±8.5) .004 

Vt/EELV 0.33 (±0.15) 0.31 (±0.12) .323 

Ventral Vt/EELV 0.29 (±0.15) 0.35 (±0.18) .007 

Dorsal Vt/EELV 0.37 (±0.16) 0.28 (±0.13) .005 

EIT    

Dynamic atelectrauma index 1.31 (±0.16) 1.19 (0.10) .020 

Ventral Dynamic atelectrauma index 1.33 (±0.19) 1.26 (±0.11) .080 

Dorsal Dynamic atelectrauma index 1.31 (±0.15) 1.13 (±0.16) .008 

GI, % 56 [51-68] 52 [51-70] .779 

Vt ventral, % 49 (±9) 43 (±12) .126 

Vt dorsal, % 51 (±9) 58 (±12) .126 

Vt ventral/dorsal, % 1.01 (±0.31) 0.82 (0.44) .215 

Perfusion ventral, % 42 (±8) 54 (±4) <.001 

Perfusion dorsal, % 58 (±8) 46 (±4) <.001 

Perfusion ventral/dorsal, % 0.74 (±0.23) 1.17 (±0.20) <.001 

Unmatched V/Q units, % 27 (±9) 33 (±11) .250 
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Background: Monitoring the inspiratory effort of patients under assisted mechanical ventilation 

allows to assess patient ventilator interaction and to recognize over and under assistance. The 

standard reference for measuring the inspiratory effort is based on the respiratory muscle 

pressure (Pmus) derived from esophageal pressure measurement, which requires the positioning 

and calibration of an invasive esophageal catheter. Surface electromyography (sEMG) of the 

respiratory muscles represents a non-invasive and straightforward alternative for monitoring 

patient activity.  

Methods: In this work we present preliminary results of study data recorded on 42 patients 

scheduled for elective bronchoscopy with endotracheal flexible intubation and assisted 

mechanical ventilation. Airway flow and pressure, esophageal/gastric pressure and sEMG of the 

diaphragm and intercostal muscles were recorded during pressure support ventilation at four 

levels of ventilatory assistance. Patient efforts were quantified both via the Pmus pressure time 

product (PTP) and via the sEMG time products (ETP) of the two available channels and the 

correlation between the three measures of patient effort was calculated. A simple strategy was 

investigated for selecting the more informative of the two channels based on the signal-to-noise 

ratio. Finally, the inspiratory effort was derived from the selected EMG channel using a 

neuromuscular scaling factor estimated during end-expiratory occlusions.  

Results: Results are reported as mean±standard deviation. ETP was well correlated with PTP 

(R=0.77±0.26 and R=0.82±0.19 for the two channels) and the channel selection approach led to a 

higher correlation (R=0.86±0.10). The occlusion-based method for deriving PTP from ETP showed 

a breath-wise deviation to PTP of 0.25±2.04 mbar*s across all datasets.  

Conclusions: These results support surface electromyography as a non-invasive alternative for 

monitoring the inspiratory effort of patients under assisted mechanical ventilation. 
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Objectives To characterize clusters of double triggering and ineffective inspiratory efforts 

throughout mechanical ventilation and investigate their associations with mortality, ICU length 

of stay and time on mechanical ventilation.  

Design Registry-based, real-world study. 

Setting Asynchronies during invasive mechanical ventilation can occur as an isolated event or 

in clusters and might be related to clinical outcomes. 

Subjects Adults requiring mechanical ventilation >24 hours with ≥70% of ventilator 

waveforms available 

Interventions We characterized clusters of double triggering and ineffective inspiratory efforts 

in terms of power and duration. Fine-Gray’s model for competing risk data was used to analyze 

effects on ICU discharge status, and generalized linear models for duration of mechanical 

ventilation and ICU stay.  

Measurements and main results We analyzed 58,625,796 breaths from 180 patients. All 

patients had clusters [mean/day, 8.2(5.4–10.6); mean power, 54.5(29.6–111.4); mean duration, 

20.3(12.2–34.9) minutes]. Clusters were less frequent during the first 48 hours [5.5(2.5–10) vs. 

7.6(4.4 – 9.9) in the remaining period (p=0.027)]. Total number of clusters/days was positively 

associated with the probability of being discharged alive considering the total period of 

mechanical ventilation (p=0.001). Power and duration were similar in the two periods. Power 

of clusters was associated with the probability of being dead at discharge (p=0.03), longer 

mechanical ventilation time (p<0.001) and, together with cluster’s duration, with longer ICU 

stay (p=0.035 and p=0.027 respectively). 

Conclusions Clusters of double triggering and ineffective inspiratory efforts could be 

considered a common unrecognized phenomenon of patient-ventilator interaction however, 

Increased power and duration are associated with worsen clinical outcomes. 
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OBJECTIVE: (I) To determine the changes in driving pressure (DP) in response to 
supine versus prone positioning in patients with severe COVID-19 at different levels of 
positive end-expiratory pressure (PEEP).  
(II) To assess the impact of supine versus prone positioning on regional lung ventilation 
and the relationship between changes in DP and changes in the distribution of 
ventilation in the dorsal lung. 
 
METHODS: We studied a cohort of patients with COVID-19 related ARDS undergoing 
invasive mechanical. The study was approved by the local IRBs. Patients were 
ventilated with a tidal volume of 5-6 mL/Kg predicted body weight. A decremental PEEP 
trial was performed and airway pressures and flow were recorded in supine and prone 
position. Ventilation distribution was measured by electrical impedance tomography 
(EIT) in three gravitational regions (ROI). Compliance of lung (CL) and chest wall (CCW) 
were calculated by esophageal manometry (EM). 
 
RESULTS: We included 14 patients with COVID-19 related ARDS. The cohort’s median 
age was 65 years (IQR 59-69) with a BMI of 32.5 (IQR 28-35). After 24 hours of 
intubation, median PaO2/FIO2 was 151 mmHg (IQR, 105-170) and PEEP was 10 cmH2O 
(IQR, 10-14).  
Figure 1 A-B: In 7 patients, as PEEP decreased during the decremental PEEP trial, DP 
increased in supine position and decreased in prone. In the remaining 7 patients, lung 
compliance did not improve after prone positioning. In a subsample of patients 
monitored with EM (n=6), an improvement in lung compliance was observed with 
decreasing PEEP in prone position. No differences in chest wall compliance was 
observed between prone and supine positions in these 6 patients.  
Figure 1-C: In 9 patients at least at one PEEP level prone positioning reduced delta 
driving pressure (DDP = DPProne-DPSupine). Ventilation distribution was greater in the 
dorsal region in comparison the ventral region in prone position at PEEP for minimum 
DP (35±7.4 vs 10.9±10.3, P < 0.05).  



Figure 1-D: Changes in ventilation distribution in the dorsal lung were related to 
changes in DP after pronation (r = -0.69, P < 0.05). 
 
CONCLUSION: In a cohort of mechanically ventilated patients with severe COVID-19 
related ARDS, a subset of patients demonstrated a marked improvement in lung 
mechanics after pronation, with a resultant best PEEP for the lowest DP being lower in 
prone versus supine. Ventilation distribution was shifted to dorsal-predominant from 
ventral-predominant in prone position, and correlates with changes in DP. These results 
suggest that PEEP titration would be prudent to perform after prone positioning. 
 

 
Figure 1. (A-B) Driving pressure (DP) in prone (dotted line) and supine (continuous line) 
positions during a decremental PEEP trial in two representative patients. C) Delta driving 
pressure (DDP = DPProne-DPSupine) during a decremental PEEP trial. A negative change in DDP 
pressure indicates reduction in DP in the prone position. D) Correlation between changes in DP 
and changes in the distribution of dorsal lung ventilation after prone positioning. 



RELATION BETWEEN CHEST WALL ELASTANCE AND TOTAL LUNG CAPACITY 

VARIATION AFTER LUNG TRANSPLANTATION FOR PULMONARY FIBROSIS. 

 

Hadrien Rozé1,2,; Matthieu Thumerel2,3,; Xavier Demant4,; Eline Bonnardel1,; Arnaud Rodriguez3,; 

Elodie Blanchard4,; Alexandre Ouattara1,5,; Jacques Jougon3  

 

1CHU Bordeaux, South Department of Anesthesia and Critical Care, Magellan Medico-Surgical Centre, 

F-33600 Pessac, France 

2Univ. Bordeaux, INSERM, UMR 1045, Centre de Recherche Cardio-Thoracique de Bordeaux, F-

33600 Pessac, France 

3 CHU Bordeaux, Department of Thoracic Surgery, Magellan Medico-Surgical Centre, F-33600 Pessac, 

France 

4 CHU Bordeaux, Department of Respiratory Diseases, F-33600 Pessac, France 

5Univ. Bordeaux, INSERM, UMR 1034, Biology of Cardiovascular Diseases, F-33600 Pessac, France 

  



Background. Patients with end-stage idiopathic pulmonary fibrosis (IPF) have lung retraction and small 

thoracic cavities. Size mismatching assessed by predicted total lung capacity (pTLC) ratio between 

donor and recipient is associated with a poor outcome post-transplantation.  

Objective: To measure chest wall elastance (Ecw) just before transplantation and assess if it is correlated 

to the ratio of donor transplanted lung volume (TLCtransplanted) / recipient predicted Total Lung Capacity 

(pTLC)? 

Methods. This observational study measured perioperative respiratory mechanics using esophageal 

pressure. Surgeons selected lung donor size according to recipient CT scans and TLC, with a target 

between actual TLC (aTLC) and pTLC.  

Results. Eigtheen IPF patients were included. Pre-transplantation, mean (± SD) aTLC/pTLC ratio was 

54.6 ± 8.6% and was not correlated with Ecw (R2=0.06, p=0.311).  

TLCtransplanted / pTLC was significantly correlated with Ecw (R2=0.43, p=0.003). Patients with lobar 

transplantation or atypical peripheral lung resection had similar median pre-transplantation aTLC/pTLC 

ratio to patients with full lung transplantation (53.0% [IQR: 50.0-66.0] vs. 53.0% [IQR: 47.2-61.5], 

respectively), but had significantly higher median Ecw (18.4 [IQR: 14.3-19.2] vs. 10.2 [IQR: 7.7-12.7] 

cmH2O/L, respectively; p=0.005). Mean time between first respiratory symptoms and lung 

transplantation was 1709 [IQR: 925-2104] days and was not correlated with Ecw (R2=0.22; p=0.383). 

Conclusion. Unlike pre transplantation aTLC, Ecw reveals chest retraction and could predict 

TLCtransplanted. It might help to select donor lung size in order to fit chest cavity size once fibrotic lungs 

have been removed.  

  



Table 1: Respiratory mechanics under sedation and myorelaxant with a closed chest,  

Pre (before incision) and post-lung transplantation (H+1).  

N=18 Pre-transplantation Post- 

transplantation 

P 

VT (ml) 409 ± 48  392 ± 49 0.105 

VT (ml/kg PBW) 5.9 ± 0.9 5.6 ± 0.6 0.108 

Pplat (cmH2O) 23.2 ± 6.7 23.6 ± 4.3 0.958 

PEEPtot (cmH2O) 4.5 ± 2.5 9.4 ± 2.0 <0.0001 

CRS (ml.cmH2O
-1) 23.6 ± 6,5 29.9 ± 8,9 0,048 

DP (cmH2O) 18.1 ± 6.5 14.2 ± 4.1 0.035 

PL,EL (cmH2O) 17.0 ± 7.7 15.4 ± 4.2 0.360 

EL (L/cmH2O) 33.8 ± 16.4 24.1 ± 10.5 0.080 

ECW (L/cmH2O) 11.9 ± 4.4 12.7 ± 5.2 0.071 

ECW/ERS  0.30 ± 0.85 0.29 ± 0.13 0.240 

 

All values shown are mean ± standard deviation. 

VT: tidal volume; Pplat: plateau pressure; PEEP tot: total positive end expiratory pressure; CRS: 

respiratory system compliance; DP: driving pressure; Pes: end inspiratory esophageal pressure; PL,EL: 

end inspiratory elastance related transpulmonary pressure; EL: lung elastance; ECW: chest wall elastance; 

ERS: respiratory system elastance. Statistical analysis with a paired t Test. 

  



 

Figure 1: Correlation between Chest Wall elastance and the ratio of transplanted lung volume / 

predicted Total Lung Capacity.   

This figure illustrates the significant correlation between chest wall elastance (ECW) and the amount of 

lung volume transplanted represented by the ratio of transplanted donor TLC with recipient predicted 

TLC in %. In blue patients with full lung donor transplanted, in red patients with lung resection. 

 

 



Loading of right ventricular ejection by lung inflation during assisted mechanical 

ventilation 
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Abstract 

 

Rationale: During passive mechanical ventilation, West zone 1 and 2 (non-zone 3) conditions 

raise the downstream pressure opposing right ventricular (RV) ejection. We have previously 

demonstrated that non-zone 3 conditions are prevalent during the inspiratory phase of passive 

mechanical ventilation at a tidal volume greater than 6 ml/kg predicted body weight (PBW). The 

prevalence of non-zone 3 conditions and the magnitude of the resulting increase in RV afterload 

during passive (pressure support) ventilation is unknown. 

 

Objectives: Determine the prevalence of non-zone 3 conditions and magnitude of right 

ventricular afterload during the inspiratory phase of assisted (pressure support) ventilation 

across a range of pressure support levels in spontaneously breathing patients. 

 

Methods: We conducted a prospective, observational study of 22 postoperative cardiac surgery 

patients with pulmonary artery and esophageal catheters in place. Hemodynamic, airway and 

esophageal pressures were measured throughout the respiratory cycle, including during an end-

inspiratory breath hold maneuver. Measurements were taken while patients were breathing 

spontaneously with a PS of 0, 6, 12, 18 and 24 cmH2O. As previously described, two clinical 

definitions of non-zone 3 conditions were used. Definition 1 defines a non-zone 3 condition as a 

change in pulmonary artery occlusion pressure (Ppao) that exceeds the change in esophageal 

pressure during inspiration. Definition 2 defines a non-zone 3 condition when the plateau 

pressure exceeds the expected end-inspiratory Ppao estimated as the end-expiratory Ppao plus 

the change in esophageal pressure during inspiration. In this study, the change in esophageal 

and hemodynamic pressures were calculated as the difference between the value measured 

during an inspiratory breath hold and the end-expiratory value. The plateau pressure was the 

airway pressure measured during an inspiratory breath hold. These measurements were only 

considered valid if there was no evidence of forced expiration by clinical examination and the 

waveforms rapidly reached a stable plateau when the breath hold maneuver was performed.  

 

Measurements and Main Results: Plateau pressure and hemodynamic pressures were 

reliably measured during an inspiratory breath hold in the vast majority of patients. There was a 

linear relationship between PS level and the prevalence of non-zone 3 conditions according to 

both definitions. There was also a linear relationship between PS level, tidal volume and plateau 

pressure.  

 

During unassisted breathing at a PS of 0 cmH2O, 50% of patients developed a non-zone 3 

condition according to definition 1 and 26% according to definition 2. This corresponded to a 

mean tidal volume of 7.5 (SD 2.8) ml/kg PBW and a plateau pressure of 16 (SD 3.5) cmH2O.  

 



According to definition 1, the prevalence of non-zone 3 conditions was greater than 50% at 

every PS level except 6 cmH2O. According to definition 2, the prevalence exceeded 50% at a 

PS greater than 12 cmH2O.  

 

According to definition 1, the prevalence of non-zone 3 was 55% at a driving pressure greater 

than 10 cmH2O, corresponding to a mean tidal volume of 8.5 (SD 2.5) ml/kg PBW. At a driving 

pressure of greater than 15 cmH20, the prevalence was 65% according to definition 2.  

 

Conclusion: Non-zone 3 conditions are frequent during assisted ventilation. These results are 

consistent with our previously reported findings observed during passive mechanical ventilation. 

The hemodynamic consequences of non-zone 3 conditions may explain some of the adverse 

outcomes associated with breathing at higher VT and driving pressure, even during pressure 

support ventilation.  

 

 

 

 

 


