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Setting positive end-expiratory pressure: does the
‘best compliance’ concept really work?

Luca S. Menga®®?, Carles Subira>>®%, Alfred Wong™®, Mayson Sousa™"
and Laurent J. Brochard™®

Table 1. Summary of the advantages and disadvantages of the different techniques to assess recruitment and overdistention in
ARDS patients

Pressure-volume loops - Yields insights into quasi-static lung mechanics at - Necessitates offline analysis unless equipped with
different pressure-volume stages specific software or ventilators
- Helps establish the pressure range to maintain - Interpretation can be challenging
recruitment without causing overdistenfion
Recruitmentto-inflation ratio - Allows for a comparative analysis of recruitment - Generally, provides data at the extremes of a 10
and inflation (therefore also overdistention) cmHzO range, lacking detailed information
between two PEEP levels - Results can be influenced by airway closure, if
- No special equipment required present

- Simple to execute at the bedside
- Compatible with any ventilator

Nitrogen wash-in/wash-out - Accurately determines actual lung volume - Needs to be associated with another calculation
technique - Enables examination of lung volumes at varying to understand recruitment vs. inflation
PEEP levels - Precision may diminish with small PEEP steps
- Convenient to carry out at the bedside - Susceptible to inaccuracies due to leaks,

especially at high pressures
- Specific ventilator required for the procedure

Electrical impedance - Gives insights into recruitment and overdistention - Information is relative to the extreme PEEP values
tomography (EIT) during a PEEP frial of the trial
- Provides collapse and distension curves in a few - Some detailed pixellevel analysis necessitates
minutes offline processing
- Can offer pixellevel data, potentially - EIT machines are not available in all ICUs

- Easily conducted at the bedside

ARDS, acute respiratory distress syndrome; P-V loops, pressure-volume loops; PEEP, positive end-expiratory pressure.
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Lung Recruitment Assessed by Electrical Impedance

Tomography (RECRUIT)

A Multicenter Study of COVID-19 Acute Respiratory Distress Syndrome
@ Annemijn H. Jonkman'?3*, Glasiele C. Alcala**, Bertrand Pavlovsky>*®, Oriol Roca”®, Savino Spadaro®°,
Gaetano Scaramuzzo®'°, Lu Chen'2, Jose Dianti®'?, Mayson L. de A. Sousa'?* Michael C. Sklar'2,

Thomas Piraino’, Huiging Ge'2, Guang-Qiang Chen'3, Jian-Xin Zhou'3, Jie Li'*, Ewan C. Goligher®>'":15,

Eduardo Cosla“, Jordi Mancebomf, Tommaso Mauri”*, Marcelo Amato‘”, and Laurent J. Brochard1’2*; for the
Pleural Pressure Working Group (PLUG)

Step 2: Decremental
PEEP trial

Step 1: Incremental
PEEP steps

Baseline
I Arterial blood gas
I Respiratory mechanics, hemodynamics

I Low-flow inflation maneuver

& min

PEEP (cm H,O)

clinical o
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10 min -
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; ] - -rlm'E-‘
clinical ' VCV.emlkgPBW ! e VCV, 5 mi’kg PBW
I - H

7 60000000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

L1%6;ﬂ’§9d Am ] Respir Crit Care Med. 2023 Jul 1;208(1):25-38. SOHSHN

Asan Medical Center



23 rtmaven.com

“ IBW & NE Vent Ratio — POCC PMI BICYCLE

Welcome to
Respiratory Calc

Online calculators for advanced respiratory
monitoring. Use the calculators or create an account
for access to a more advanced assessment form.

This site is totally free to use without an account,
you do NOT need to create an account or login to
simply use the calculators, just click the menu
button and use the calculator you need. Click 'Learn
more' to see what options you have when creating

an account.

Learn mor

This calculator is ideal for education and simulation purposes. It DOES NOT replace clinical or professional judgement. Use at your own discretion.

Create an account (optional)

Created by Thomas Piraino RRT in collaboaration with Lu Chen MD, Michele Bertoni MD and Ewan Goligher MD PhD
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JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Biomarker-Guided Antibiotic Duration for Hospitalized Patients
With Suspected Sepsis
The ADAPT-Sepsis Randomized Clinical Trial

Figure 3. Kaplan-Meier Curves for Probability of Antibiotic Duration and Mortality to 28 Days

E Probability of total antibiotic duration (primary effectiveness outcome) All-cause mortality up to 28 days (safety outcome)

-
=
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Log-rank test P=.01 (standard
care vs daily PCT-guided protocol)
P=.89 (standard care vs daily
CRP-guided protocol)

Log-rank test P= .67
Cox proportional hazard, P=.09

=
o
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= 0.6 _"g"-‘
g = 0.804
m
g 0.4 % 0.75 -
oy & 0.70- —— Daily PCT-guided protocol
E 0.2+ ———— Daily CRP-guided protocol
S Cox proportional hazard, P=.74 0.65 Standard care
= 0 , . ; . ; . 0.60 . , : , ; , .
] 4 8 12 16 20 24 0 4 8 12 16 20 24 28
Total antibiotic duration, d Time, d
Mo. at risk Mo. at risk
Guided protocol Guided protocaol
Daily PCT 897 713 438 280 163 99 61 Daily PCT a17 837 a7 768 742 722 709 695
Daily CRP 891 703 488 313 197 128 80 Daily CRP 923 831 783 742 720 710 701 691
Standard care 904 737 491 339 199 119 78 Standard care 918 238 784 769 744 728 715 708

The medians of the total antibiotic treatment duration up to 28 days for each of the 3 groups are 7.8 (IQR, 4.5-13.6) days for the daily procalcitonin (PCT)-guided
protocol, 8.9 (IQR, 4.5-14.9) days for the daily C-reactive protein (CRP)-guided protocol, and 9.0 (IQR, 4.7-14.6) days for standard care.

MSoprrga JAMA. 2024 Dec 9. doi: 10.1001/jama.2024.26458
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1. Electrical Impedance Tomography

Bioimpedance

The voltage response of biological tissue to an externally applied

alternating electric current (AC)

Table 1. Electrical resistivity of thoracic tissues.

Tissue Resistivity (€2-cm)
Blood 150
Lungs, inspiration 2400
Lungs, expiration 700
Heart muscle, longitudinal 125
Heart muscle, transversal 1800
Skeletal muscle, longitudinal 160-575
Skeletal muscle, transversal 420-5200
Fat 2000-2700
Bone 16,600

.................................................................................................................................................................................................................................................................
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1. Electrical Impedance Tomography

Right Lung Left Lung




1. Electrical Impedance Tomography

Ventilation map Aeration change map

Crit Care Med. 2009 Feb;37(2):713-24.



1. Electrical Impedance Tomography

a0
=) d
2 20
N0 -
< ]
|::|_.
~ 35 [~
Q,
I+ 30 -
E 25
= 20 — -
o 15 - | APEEP
| | I |
0 10 20 30

.................................................................................................................................................................................................................................................................



1. Electrical Impedance Tomography

TN B

44

Distribution of ventilation depending ; 56
on prespecified ROI

60« | 40 : ‘ Dynamic image: real
time distribution of
tidal volume over time

Tidal image: distribution of tidal
volume over the last breath, with
selected region of interest

.................................................................................................................................................................................................................................................................
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1. Electrical Impedance Tomography

AirTom

A bedside continuous regional lung ventilation monitor

- Real time, Noninvasive, Radiation free
1) An Electrode sensor with up to 16 sensors around
the patient’s thorax
2) The system measures the change of electrical impedance x4

creating 100 real images per second

.................................................................................................................................................................................................................................................................
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1. Electrical Impedance Tomography

EIT Monitor

Mechanical Ventilator

Electrodes

Ventilator-EIT connectivity

.................................................................................................................................................................................................................................................................

xgoparued Crit Care Med. 2022 Aug 1;50(8):1210-1223.  =oHi=tm
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1. Electrical Impedance Tomography
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PulmoVista500
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1. Electrical Impedance Tomography
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1. Electrical Impedance Tomography

AirTom E-pad
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1. Electrical Impedance Tomography

PulmoVista500
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1. Electrical Impedance Tomography

AirTom E-pad

System Setup

Epad Position & Direction

: A U ‘ 4‘ A
Back/Up One Lung Left
Epad /
Sensor

o * B R 2

U-shape Front/Down Front/Down Right lateral/Down Back/Down One Lung Right

............................................................................................................................................................................................................................................................
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1. Electrical Impedance Tomography

AirTom E-pad

Electrodes

Dynamic

Red: All electrodes

Standby
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1. Electrical Impedance Tomography
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1. Electrical Impedance Tomography
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1. Electrical Impedance Tomography
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1. Electrical Impedance Tomography

BELT POSITIONING

- Beltin 4-5" intercostal space, transverse plane

- Prior size selection (i.e, vendor tables)

- Placement over intact skin =i
- Ensure good electrode-skin contact (e, water/US gel} [
- Mark belt position for repeated measurements iy

CAUTIONS/CONSIDERATIONS (expert consensus)

- Pneumothorax or subcutaneous emphysema impact data quality, warranting caution with interpretation
- With rib fractures, ensure belt size is appropriate to avoid excessive pressure
\ - There are no known contraindications for EIT examination during pregnancy
"lli - Avoid electricity-conductive fluids (sweat, saline) as they impact electrode-skin contact and thus EELI
' - If other belt position is needed (e.g., chest tubes, bandages) use a higher position to avoid diaphragm artifacts

o— Avoid rapid fluid changes

Simultaneous recording recommended
[connected to EIT device)

| A EIT INITIATION
= . - Start recordings after 1) calibration, 2) signal
T 11 quality check and 3) 1-min signal stability

- -, u u - AEELI comparisons (in ALL) over long or
‘ multiple recordings are highly uncertain
= o _.
o | BED FACTORS
- No pulsating mattress |
- Keep bed/body position similar H H

Reference electrode on shoulder or
abdomen (15-20 cm away from belt)




2. ARDSCIAM EIT

CONFERENCE REPORTS AND EXPERT PANEL

ESICM guidelines on acute respiratory
distress syndrome: definition, phenotyping
and respiratory support strategies

— ] 0" - r T N N 4 C N _ 7
Giacomo Grasselli'? , Carolyn S. Calfee”, Luigi Camporota®™, Daniele Poole®, Marcelo B. P Amato’,

We are unable to make a recommendation for or against rou- We are unable to make a recommendation for or against PEEP
tine PEEP titration with a higher PEEP/FIO, strategy versus a lower titration guided principally by respiratory mechanics, compared to
PEEP/FIO, strategy to reduce mortality in patients with ARDS. PEEP titration based principally on PEEP/FO, strategy, to reduce
No recommendation; high level of evidence of no effect. mortality in patients with ARDS.

This statement applies also to ARDS from COVID-19. No recommendation; high level of evidence of no effect.

No recommendation; moderate level of evidence of no effect for This statement applies also to ARDS from COVID-19.

indirectness. No recommendation; moderate level of evidence for indirectness.

7 66600000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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2. ARDSCIAM EIT

An Update on Management of Adult Patients with Acute Respiratory

Distress Syndrome
An Official American Thoracic Society Clinical Practice Guideline

a Nida Qadir*, Sarina Sahetya®, Laveena Munshi*, Charlotte Summers®, Darryl Abrams, Jeremy Beitler, Giacomo
Bellani, Roy G. Brower, Lisa Burry, Jen-Ting Chen, Carol Hodgson, Catherine L. Hough, Francois Lamontagne,
Anica Law, Laurent Papazian, Tai Pham, Eileen Rubin, Matthew Siuba, Irene Telias, Setu Patolia, Dipayan
Chaudhuri, Allan Walkey*, Bram Rochwerg?, and Eddy Fan*; on behalf of the American Thoracic Society Assembly
on Critical Care

Uncertainties and research priorities.
'The optimal strategy for setting PEEP in
patients with ARDS remains uncertain. None

Question 4: Should Patients with
ARDS Receive Higher Compared with

Lower PEEP{ with or w"hnmr LH":‘E? of the included RCT's incorporated

Rﬂf: ?mrr_imdﬂrmn. We suggest using h]gh::{' assessments of lung “recruitability” in

PEEP without LRMs rather than lower PEEP response to higher PEEP strategies.

in patients with moderate to severe ARDS Validating strategies to assess for lung
(conditional recommendation, low-moderate recruitability at the bedside, such as the use
certainty). We recommend against using of nx}rgenatmn re*-:pnnse (gg qung
prolonged (PEEP =35 cm H,0 for =60 s) .
LRMs in patients with moderate to severe ratio 34} stress index (85), or electrical
ARDS (strong recommendation, impedance tomography (86), may help guide

moderate certainty). individualized PEEP titration. A large

.................................................................................................................................................................................................................................................................

Am J Respir Crit Care Med. 2024 Jan 1;209(1):24-36. S0HsHn



2. ARDSCIAM EIT

Pre-MV mv : Spontaneous Breath
\ J PEEP Titration e \ J VV ECMO and PP y 4 and Weaning
_ _ \ 4
JL

"‘ —> _“ '“

Pendelluft
Applications ‘ ) Detect: Isovolumetric changes in ventilation distribution

4 ) Manage: 1) Optimize PEEP (1) 2) Use proportional modes? (NAVA, PAV+) 1|

Flow titration for _Assess Recruitability
optimizing ventilation » Recruitable If T in PEEP induces: » Predict response to PP

» 1 in dorsal ventilation not T in ventral. | » Note: Recruitment is less
» 1 ODCL reliant on PEEP during PP

Assess response to

awake PP 9
~ Set the “Ideal” PEEP* i
Monitor for large Vt » PEEP selection based on: » Predict Failure

(P-SILY) 9 1. 1 ODCL » Dorsal collapse - SBT
: 2. T Homogeneity: Lowest GI/RVD/Silent spaces or CoV closest to midline » Assess PEEP required for
3. 1 Regional compliance post-extubation NIV? |

Hemodynamic Monitoring w/ POCUS 1| e
» Adjust PEEP considering RV function, particularly if T PEEP = | BP ot

CII>

.................................................................................................................................................................................................................................................................
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2. ARDSCIAM EIT

Early management of ARDS Potential use of EIT

- To individualize ventilation settings

- To monitor prone positioning effects

- To monitor lung ultra-protective ventilation
on VV-ECMO

- To follow ventilation/perfusion ratio

- To identify patient-ventilator
dyssynchronies

PaO,/FiO, < 80 Consider VV -ECMO

Neuromuscular blockade

Pa0,/FiO, < 150 Prone positioning

- To identify optimal PEEP

- To identify patient-ventilator
dyssynchronies (Pendelluft effect, Breath
stacking...)

- To detect airway opening pressure

High level of PEEP if improves oxygenation and/or

Pa0,/Fi0, < 200 lung mechanics

Confirmed
ARDS

.................................................................................................................................................................................................................................................................
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2. ARDSCIAM EIT

Table 2 EIT parameters and their applications in different ventilation conditions, for clinical and/or scientific purposes (as per current
evidence) as well as bedside availability has been noted

Ventilatory mode Purpose Availability Comments
Controlled Assisted MNon-intubated Clinical Research Bedside Offline
VT distribution + + + - - - +
EELI distribution + + + +/— - - + EELI dependent
Dorsal fraction of ventilation  + + + - - - -
CoV + + + - - - +
Global Inhomogeneity +/- +/ - +/- +/— +/- - +
OD-CL + +f— +/- + + + + Meeds standardization
Regional PV-curve - - - +/— - +/— - Low-flow insufflation
RVD, RVDi - - - +/ - - - - Low-flow insufflation
Silent spaces + + +/— - - - -
Time constant + +/—- +/- - + - +
ElT-based R/l ratio + +/- +/- +/— + + + EEL| dependent
V/Q matching + +/— +/— +/ - - +/ - + MNeeds saline bolus
Volurme estimation in 5B NA NA + - - +/— +
Pendelluft detection + + + +/— + +/— +

+, the expert panel recommend the use of this parameter in this condition; 4 / =, the expert panel cannot state any recommendation in this condition; =, the expert
panel does not recormmend the use of this parameter in this condition

Abbreviations: NA, not applicable; CoV, center of ventilation; EELI, end-expiratory lung impedance; CL, lung collapse; OD, nverdistensi_nn: P¥-curve, pressure-volume
curve; R/l ratio, recruitment-to-inflation ratio; RVDV), regional ventilation delay (index); SB, spontaneous breathing; VT, tidal volume; V/Q, ventilation-perfusion

Msguysd Crit Care. 2024 Nov 19:28(1):377.
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Table 2 EIT parameters and their applications in different ventilation conditions, for clinical and/or scientific purposes (as per current
evidence) as well as bedside availability has been noted

Ventilatory mode Purpose Availability Comments

Controlled  Assisted Mon-intubated Clinical Research Bedside Offline

VT distribution +

EELI distribution + EELI dependent
Dorsal fraction of ventilation -

CoV +

Global Inhomogeneity +/- +/ - +/- +/— +/— - +

OD-CL + +f— +/- + + + + Meeds standardization
Regional PV-curve - - - +/— - +/— - Low-flow insufflation
RVD, RVDi - - - +/ - - - - Low-flow insufflation
Silent spaces + + +/— - - - -

Time constant + +/—- +/- - + - +

ElIT-based R/l ratio + +/— +/— +/— - + - EELI dependent

V/Q matching + +/— +/— +/ - - +/ - + MNeeds saline bolus
Volurme estimation in 5B NA NA + - - +/— +

Pendelluft detection + + + +/— + +/— +

+, the expert panel recommend the use of this parameter in this condition; 4 / =, the expert panel cannot state any recommendation in this condition; =, the expert
panel does not recormmend the use of this parameter in this condition

Abbreviations: NA, not applicable; CoV, center of ventilation; EELI, end-expiratory lung impedance; CL, lung collapse; OD, nverdist&nsi_nn: P¥-curve, pressure-volume
curve; R/l ratio, recruitment-to-inflation ratio; RVDV), regional ventilation delay (index); SB, spontaneous breathing; VT, tidal volume; V/Q, ventilation-perfusion

.................................................................................................................................................................................................................................................................
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Table 1. Definition, Clinical Application, and Limitations of the Most Commonly Used EIT Indices in Patients with Hypoxemic
Respiratory Failure

EIT Indices Definition Potential Applications Limits
TIv Variation of impedance values [ Reflects global and regional » Cannot be used for detailed
between end of inspiration relative distribution of VT in anatomic diagnosis

and end of expiration

(amplitude of plethysmogram

signal) pleural effusion, pneumothorax,
endotracheal tube malposition,
pendelluft

+ Only relative distribution of V1

EELI Regional lung impedance at
end of expiration

Affected by factors other than

lung volume (inflatable

" mattress, fluid infusion)
derecrmtment

» Contributes to identification of

pneumothorax

Center of ventilation Describes geometrical center of fle Reflects global ventilation « Reflects ventilation shifts but

homogeneity to guide and not their origin

Dorsal fraction of ventilation per ge monitor impact of mechanical » Imprecise interpretation of
ventilation management or ventilation distribution
adjunct therapies (i.e., prone (ventilation on one side can

itioni be compensated by other
N side).
{e g., malpnsmumng of s Setting PEEP aiming for
endotracheal tube or =50% dorsal distribution
development of pneumothorax) could imply overdistension of
whole lung

Definition of abbreviations: AP = driving pressure; ECMO = extracorporeal membrane oxygenation; EELI = end-expiratory lung impedance;
EELV = end-expiratory lung volume; EIT = electrical impedance tomography; PEEP = positive end-expiratory lung pressure; TIV =tidal impedance

A variation.
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Case 1: Male/75 yr

Main problem: ARDS d/t Inf A pneumonia
- Comorbidity: s/p KT (14YA), cIPF
> Ventilator: PC mode FiO2 50% RR 20
Driving Pressure 20 cmH20

PEEP 4 cmH20

.................................................................................................................................................................................................................................................................
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Case 2: Male/72 yr

Main problem: PTE s/p OP (POD#9)
- Comorbidity: Recurred lung cancer at Rt.pleura
> Ventilator: PC mode FiO2 50% RR 26

Driving Pressure 17 cmH20

PEEP 10 cmH20
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Table 2 EIT parameters and their applications in different ventilation conditions, for clinical and/or scientific purposes (as per current
evidence) as well as bedside availability has been noted

Ventilatory mode Purpose Availability Comments

Controlled  Assisted Mon-intubated Clinical Research Bedside Offline

VT distribution + + + - - - +
EELI distribution + + + +/— - - + EELI dependent
Dorsal fraction of ventilation  + - - - + + +

Global Inhomogeneity +

OD-CL + + Meeds standardization
Regional PV-curve - - - +/— - +/— - Low-flow insufflation
RVD, RVDi - - - +/ - - - - Low-flow insufflation
Silent spaces + + +/— - - - -

Time constant + +/—- +/- - + - +

ElIT-based R/l ratio + +/— +/— +/— - + - EELI dependent

V/Q matching + +/— +/— +/ - - +/ - + MNeeds saline bolus
Volurme estimation in 5B NA NA + - - +/— +

Pendelluft detection + + + +/— + +/— +

+, the expert panel recommend the use of this parameter in this condition; 4 / =, the expert panel cannot state any recommendation in this condition; =, the expert
panel does not recormmend the use of this parameter in this condition

Abbreviations: NA, not applicable; CoV, center of ventilation; EELI, end-expiratory lung impedance; CL, lung collapse; OD, nverdist&nsi_nn: P¥-curve, pressure-volume
curve; R/l ratio, recruitment-to-inflation ratio; RVDV), regional ventilation delay (index); SB, spontaneous breathing; VT, tidal volume; V/Q, ventilation-perfusion

AFEH S .
Msguysd Crit Care. 2024 Nov 19:28(1):377.
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Table 1. Definition, Clinical Application, and Limitations of the Most Commonly Used EIT Indices in Patients with Hypoxemic
Respiratory Failure

EIT Indices Definition Potential Applications Limits
Sum of absolute differences » Reflects heterogeneity of » Does not reflect local
between median TIV and ventilation distribution of TIV
each pixel TIV normalized to + Does not take into account
sum of each pixel TIV overdistension, collapse, or
any other pathological
situation
Overdistension and collapse JEstimation of relative local » Selection of PEEP level that » Assumes that AP on ventilator
estimation compliance loss presented as jointly minimizes collapse and is reliable surrogate of
percentage of collapse and overdistension regional AP
overdistension during = Applicable even on venovenous e« Depends on highest and

decremental PEEP trial ECMO when VT is very low lowest values of PEEP
applied during PEEP trial

Regional ventilation delay Time between start of » |dentify recruitable lung regions e Requires a slow inflation
inspiration and aeration of and cyclic opening/closing maneuver with constant flow
lung regions phenomenon » Depends on defined threshold

+ Could be used to identify best e Does not detect not-
PEEP level with most recruitable or overdistended
homogenized tidal inflation regions

Definition of abbreviations: AP = driving pressure; ECMO = extracorporeal membrane oxygenation; EELI = end-expiratory lung impedance;
EELV = end-expiratory lung volume; EIT =electrical impedance tomography; PEEP = positive end-expiratory lung pressure; TIV =tidal impedance
variation.

Fauwa
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1. PREPARATIONS

- turn off automated mattress

- check EIT signal stability & interferances
- avoid fluid bolus & diuretics

- stabilize hemodynamics

2. PEEP INCREASE: GO S5LOW!

- max. 4 emH,0 per minute
- control hemodynamics (MAF, HR)
- stahilize at highest PEEP for 2 minutes

Global impedance

3. &M 58 A

3. DECREMENTAL PEEP TRIAL

Modez PCV (L., constant DP). or WO [anly

|. |||| 30 sec, if EIT can assess DF or DF is manually
. 10 breaths added during processing; Tplat =0.5 sec)
o
I
T
SOCCEEL R YL | I|||| |
ERRNRRELLERR ERYI I
LEEN AR LR II || |
L -.l'||:|-|ll I||II I||
BEELI by APEEP of 2-3 crriH0r o LT LR
THTERERAY L
TR
PEEF range
& =

cowtsider standardizing to 24-6 cmML0, or lower in nov-ARDSAow recruitability

Time

4, ANALYSIS & PEEP SETTING

- check EELI stability at each step

- confirm PEEP steps for computation

- check crossing point PEEP and OD & CL
values at crossing point

£ 3-
o CROESING paint ™
= A * -~
l -
1~ L __F_-.--"'.F
>
(P S e S S

#» o .| 15 12 % &
PEEP level (cmH,0)

Fig. 2 ElT-based PEEF titration: step-by-step recommendations. The PEEP selection is generally made at the crossing point of the OD and CL curves;
if the crossing point is between two PEEP levels, values are usually rounded up to the nearest integer. Abbreviations: ARDS, acute respiratory distress
syndrome; DF, driving pressure; EELI, end-expiratory lung impedance; EIT, electrical impedance tomography; HR, heart rate; CL, lung collapss;

MAP, mean arterial pressure; OD, overdistension, PEEP, positive end-expiratory pressure; PCV, pressure-controlled ventilation; Tplat, time (duration)

of plateau pressure; VCV, volume-controlled ventilation
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Case 3: FeMale/56 yr

Main problem: Weaning failure
- Comorbidity: Post-liver transplantation status (#POD 6)
> Ventilator: PC mode FiO2 60% RR 15
Driving Pressure 13 cmH20

PEEP 10 cmH20

.................................................................................................................................................................................................................................................................
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Case 4: FeMale/63 yr

Main problem: IPF AE
- Comorbidity: DM
> Ventilator: PC mode FiO2 45% RR 16

Driving pressure 20 cmH20 PEEP 5 cmH20

>VV ECMO: Fem-Jug Flow 3.8 L/min (95%) Gas 3.5 L/min

.................................................................................................................................................................................................................................................................
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Respiratory Calc

Online calculators for advanced respiratory
monitoring. Use the calculators or create an account
for access to a more advanced assessment form.

This site is totally free to use without an account,
you do NOT need to create an account or login to
simply use the calculators, just click the menu
button and use the calculator you need. Click 'Learn
more' to see what options you have when creating

an account.

Learn mor

This calculator is ideal for education and simulation purposes. It DOES NOT replace clinical or professional judgement. Use at your own discretion.
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Lung Recruitment Assessed by Electrical Impedance

Tomography (RECRUIT)

A Multicenter Study of COVID-19 Acute Respiratory Distress Syndrome
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Case 5: Male/57 yr

Main problem: Chronic lung allograft dysfunction
- Comorbidity: COPD s/p LTPL #2 (2024.4, 2024.5)
> Ventilator: PC mode FiO2 40% RR 20
Driving Pressure 18 cmH20

PEEP 8 cmH20

.................................................................................................................................................................................................................................................................
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Case 6: Male/62 yr

Main problem: Fungal pneumonia
- Comorbidity: s/p LT (3YA), h/o organizing pneumonia
> Ventilator: PC mode FiO2 40% RR 22
Driving Pressure 10 cmH20

PEEP 10 cmH20

.................................................................................................................................................................................................................................................................
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Table 2 EIT parameters and their applications in different ventilation conditions, for clinical and/or scientific purposes (as per current
evidence) as well as bedside availability has been noted

Ventilatory mode Purpose Availability Comments

Controlled  Assisted MNon-intubated Clinical Research Bedside

Offline
VT distribution + + + - - - +
EELI distribution + + + +/— - - + EELI dependent
Dorsal fraction of ventilation  + + + - - - -
CoV + + + - - - +
Global Inhomogeneity +/- +/ - +/- +/— +/- - +
OD-CL + +f— +/— + + + + Meeds standardization
Regional PV-curve - Low-flow insufflation
RVD, RVDi - Low-flow insufflation
HET [ — . & 1 1 +
Time constant + +/—- +/- - + - +
ElIT-based R/l ratio + +/— +/— +/— - + - EELI dependent
V/Q matching + +/— +/— +/ - - +/ - + MNeeds saline bolus
'olyme estimation in B 3 g 2

Pendelluft detection

+, the expert panel recommend the use of this parameter in this condition; 4 / =, the expert panel cannot state any recommendation in this condition; =, the expert
panel does not recormmend the use of this parameter in this condition

Abbreviations: NA, not applicable; CoV, center of ventilation; EELI, end-expiratory lung impedance; CL, lung collapse; OD, nverdis.t&nsi_nn: P¥-curve, pressure-volume
P curve; R/l ratio, recruitment-to-inflation ratio; RVDV), regional ventilation delay (index); SB, spontaneous breathing; VT, tidal volume; V/Q, ventilation-perfusion

.................................................................................................................................................................................................................................................................
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Table 1. Definition, Clinical Application, and Limitations of the Most Commonly Used EIT Indices in Patients with Hypoxemic
Respiratory Failure

EIT Indices Definition Potential Applications Limits
Global inhomogeneity index  Sum of absolute differences » Reflects heterogeneity of » Does not reflect local
between median TIV and ventilation distribution of TIV
each pixel TIV normalized to + Does not take into account
sum of each pixel TIV overdistension, collapse, or
any other pathological
situation
Overdistension and collapse  Estimation of relative local » Selection of PEEP level that » Assumes that AP on ventilator
estimation compliance loss presented as jointly minimizes collapse and is reliable surrogate of
percentage of collapse and overdistension regional AP
overdistension during = Applicable even on venovenous e« Depends on highest and

decremental PEEP trial ECMO when VT is very low lowest values of PEEP
applied during PEEP trial

Regional ventilation delay Time between start of e |dentify recruitable lung regions Requires a slow inflation
inspiration and aeration of and cyclic opening/closing maneuver with constant flow

lung regions phenomenon » Depends on defined threshold
+ Could be used to identify best e Does not detect not-
PEEP level with most recruitable or overdistended
homogenized tidal inflation regions

Definition of abbreviations: AP = driving pressure; ECMO = extracorporeal membrane oxygenation; EELI = end-expiratory lung impedance;
EELV = end-expiratory lung volume; EIT =electrical impedance tomography; PEEP = positive end-expiratory lung pressure; TIV =tidal impedance
variation.
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Fig. 12 Regional ventilation delay (RVD). Ventral region. Patient in mechanical ventilation. Slice 1, ventral region; Slice 2, central ventral; Slice 3,
central dorsal; Slice 4, dorsal region. A anterior, AU arbitrary units, C central, P posterior, ROl region of interest, AZ variation of impedance.
Courtesy of Wildberg Alencar
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Case 7: Male/66 yr

Main problem: Aspiration pneumonia
- Comorbidity: s/p LTPL (4mo)
> Ventilator: PC mode FiO2 25% RR 20
Driving Pressure 12 cmH20

PEEP 5 cmH20
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Fig. 2 Schematic representation of the pendelluft phenomenon occurring during assisted mechanical ventilation. Pendelluft (black arrows) was
defined as the sum of the gas moving into early-inflating regions of interest during expiration (before the global electrical impedance tomography
value reached its minimum value, T, in the text, panel a) and the gas lost by late-deflating regions of interest during inspiration (after 7, panel b)
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Case 8: Female/88 yr

Main problem: Pneumonia with pul.edema
- Comorbidity: DM A.fib Stroke both leg necrosis
- TTE: Mild RV dysfunction
> Ventilator: PC mode FiO2 35% RR 26
Driving Pressure 16 cmH20
PEEP 6 cmH20

.................................................................................................................................................................................................................................................................

Asan Medical Center



MESorrEs

Asan Medical Center




14(6.3%)

136(60.0%)

+39(>100%)

$7(-791%)

112 04:34:54

«<a_ A
11109 09:47:52 Wa a0y
1110 22:08:01 B

112 10:28:1

h Arero

000000000000 00000000000000000000000000000000000000000000000000000000000000008000000000000800080000600000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscsesssesssssscsssscse

A{SOoparEy S0Hsn

Asan Medical Center




¥ = 20241112 10:15:40

PEEP [cmM,0)

Over-dist {%)

(2] (3]

ot hosN i N, &=

e 0800000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000N000s0N0N000s00000000000000000000000000000eN0esesseeeseeseeeseteeeeseteeteeseeeseeeeesseseetesseeesessesessessesesssssesesssssssssssssscsessnnts
A Soparsgy S0HsSHN
—_ O =

Asan Medical Center



3. &M 58 A

A B PEEP 5 PF 218

Voaeyw [epiL

Figure 4. Electrical impedance tomography-derived pressure-volume curves in a patient
undergoing invasive mechanical ventilation with unilateral left pneumonia. (A) Electrical
impedance tomography-derived pressure-volume curves of both lungs and the right and left
lungs individually in a patient with unilateral left pneumonia. This figure illustrates an airway
opening pressure (AOP) of the left lung that is not captured when both lungs are analyzed
simultaneously. (B) At a positive end-expiratory pressure of 5¢cm H,0 (i.e., lower than the AOP
of the left lung), tidal ventilation of the left lung represents only 10% of total tidal ventilation,
with the Pag /Fig, ratio at 1773mmHg. (C) At a positive end-expiratory pressure of 14cm H,O
(i.e., higher than the AOP of the left lung), tidal ventilation of the left lung increases to 20% of
total tidal ventilation, and the Pag /Fip, ratio increases to 245 mmHg. PEEP = positive end-
expiratory pressure; PF =Pag /Fip, ratio; TIV =tidal impedance variation.
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Case 9: FeMale/67 yr

Main problem: Decreased tidal volume

- Comorbidity: DM HTN A.fib Pul.HTN CPCR survivor (2da)
> Ventilator: PC mode FiO2 25% RR 16

Driving Pressure 12 cmH20

PEEP 5 cmH20
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