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o T e Main goals of mechanical ventilation

Tidal volume

Wori of preath"®

Ventilation modalities, Analgesia, Sedation
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Low-Tidal-Volume Ventilation in the Acute Respiratory Distress

Syndrome

Atul Malhotra, M.D.
N Engl J Med. 2007 September 13: 357(11): 1113-1120.

Sutherasan et al. Critical Care 2014, 18:211
http://ecforum.com/content/18/2/211
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Protective mechanical ventilation in the
non-injured lung: review and meta-analysis

Yuda Sutherasan', Maria Vargas?, Paolo Pelosi*™*

Risk factors

Biotrauma

Mechanotransduction General anesthesia

Endothelial, epithelial, ECM injury T'a;f:;:ms
Cytokines to systemic circulation Restrictive lung

Brain injury

Thoracic, vascular, abdominal surgery

Mechanical ventilation

Protective ventilation
V; 6 mi/kg PBW
Pplateau < 20 emH,0
PEEP 6-12 cH,0
Recruitment maneuver

Physical injury
Vaolutrauma
Barotrauma

Atelectrauma

Fluid balance
Restrictive transfusion
Sepsis management
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The NEW ENGLAND
JOURNAL of MEDICINE
ORIGINAL ARTICLE E ) . .
The NEW ENGLAND JOURNAL DfMEDICINE "E 0.30+ ____J_iﬂEl‘i&CEgEEI'E_tIO:
z |
E 0.20 - _|
r - . B
ORIGINAL ARTICLE E | Lung-protective ventilation
0.10 ,I__,;_'—'
. . M 0.00 1 T T 1
A Trial of Intraoperative Low-Tidal-Volume 13 7 15 %
Ventilation in Abdominal Surgery N Days since Randomization
0. a 15
CONCLUSIONS Monprotective 200 182163 145 142 142
ventilation
As compared with a practice of nonprotective mechanical ventilation, the use of Lung—pll'otecthre 200 192184 179 176 175
ventilation

a lung-protective ventilation strategy in intermediate-risk and high-risk patients
undergoing major abdominal surgery was associared with improved clinical out- l Figure 2. Kaplan—Meier Estimates of the Probability of the Composite

comes and reduced health care utilization. (IMPROVE ClinicalTrials.gov number, [§ Primary Outcome.
NCTO12829%) Data for the Kaplan—Meier estimates of the probability of the composite

primary outcome of major pulmonary or extrapulmeonary complications
were censored at 30 days after surgery. Major pulmonary complications
included pneumonia or the need for invasive or neninvasive ventilation for
acute respiratory failure. Major extrapulmonary complications were sepsis,
severe sepsis, septic shock, and death. P<0.001 by the log-rank test for the
between-group difference in the probability of the primary outcome.

Days after Randomization

Mo, AT RISK

Protective 29 25 20 18
Conventional 24 1 9 7
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L Lancet 2014 Aug % 384(3942).435-303. doi: 10.1016/50140-6736(14)80418-5. Epub 2014 Jun 2

High versus low positive end-expiratory pressure during general anaesthesia for open abdominal
surgery (PROVHILO frial): a multicentre randomised controlled trial. Optimal airway

E FINDINGS: From February, 2011, to January, 2013, 447 patients were randomly allocated to the higher PEEP group and 453 to the PIESSUNES
o, 1OWEr PEEP group. Six patients were excluded from the analysis, four Decause they withdrew consent and two for violation of inclusion

De cntena Median levels of positive end-expiratory pressure were 12 cm H20 (IQR 12-12) in the higher PEEP group and 2 cm H20 (0-2) (@) pti mal PEEP
in the: lower PEEP group. Postoperative pulmonary complications were reported in 174 (40%) of 443 patients in the higher PEEP and

o, Qroup versus 172 (39%) of 449 patients in the lower PEEP group (relative risk 1-01; 95% Cl 0-86-1-20; p=0-86). Compared with P

« patients in the lower PEEP group, those in the higher PEEP group developed infraoperafive hypotension and needed more vasoactive

\ drugs.

<30 cmH,0

plat

INTERPRETATION: A strateqy with a high level of positive end-expiratory pressure and recruiment manoeuvres during open abdominal

Bai

no SUrgery does not protect against postoperative pulmonary complications. An infraoperafive profective ventilation strategy should

Include a low fidal volume and low positive end-expiratory pressure, without recruitment manoguvres.
. _._.__._._.._.,____._7_.—7.—,____‘&
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Darren Markland
https://youtu.be/BYH6sldk3zU N

Effects of higher PEEP and recruitment
manoeuvres on mortality in patients with
ARDS: a systematic review, meta-analysis,
meta-regression and trial sequential \

analysis of randomized controlled trials
| Lorenzo Ball'**'®, Ary Serpa Neto®*, Valeria Trifiletti’, Maura Mandelli', lacopo Fimpo', Chiara Robba?, ”O pe n the

. .
5 367 il 12 - 8 1,2
Marcelo Gama de Abreu‘, Marcu; J.‘Schu\tz , Nicold Patroniti %, Patricia R. M. Rocco®, Paolo Pelosi ™ and For the 0 ptl m a I a I rway
PROVE Network: PROtective Ventilation Network d k
Ball et al. Intensive Care Medicine Experimental 2020, 8(Suppl 1):39 n gs a n e e p
https://doi.org/10.1186/540635-020-00322-2 p re s s u re S

| h Z
Intervention Control e m o e n
Study Events Total Events Total Maortality RR 95%-Cl Weight
Higher PEEP alone
Brower 2004 76 276 68 273 —a 111 [0.83; 1.46] 13.4%
Talmor 2008 5 30 12 01 @ — 0.43 [0.17;1.07]  1.9%
Mercat 2008 107 385 119 382 —= 0.89 [0.721.11] 17.7% o
Subgroup 188 691 199 686 —e 0.91 [0.68; 1.23] 33.1% O tl m a P E E P
Hetaragensity: I° = 53%, 1° = 0.03, p = 0.12
Test for effect in subgroup: z = —0.60 (p = 0.55)
Higher PEEP and recruitment manoceuvres A I ve o I a r
Meade 2008 135 475 164 508 —=r 0.88 [0.73; 1.06] 20.2% |
Huh 2008 12 30 a 27 —_—] 1.20 [0.60;2.39] 3.3% |
Hodgson 2011 3 10 2 10 1.50 [0.32; 7.14]  0.7% [
Kacmarek 2016 22 a9 27 101 —_— 083 [0.51; 1.36] 5 8%
Cavalcanti 2017 277 501 251 508 — 1.12 [1.00; 1.26] 27.5%
Hodgson 2018 14 57 15 58 E— 0.92 [0.48;1.72] 39% P < 3 0
Subgroup 463 1172 468 1211 B 1.01 [0.89; 1.16] 61.4% c m
Heteragensity: i = 17%, 1 = < 0.01, p = 0.30 plat 2
Test tor effect in subgroup: = = 0.20 (p = 0.B4) a noe uvres
Recruitment manoeuvres alone
Xi 2010 16 55 24 55 —_—r 0.67 [0.40; 1.11] 5.5% a n
Subgroup 16 55 24 55 —_— 0.67 [0.40; 1.11] 5.5%
Heterogeneity: not applicable
Test for sifect in subgroup: z = —1.56 (o = 0.12)
Random effects model 667 1918 691 1952 - 0.96 [0.84; 1.09] 100.0% d P < 1 5 c m H 0
Hetaragensity: ¥ = 35% 1 =001, p=0.12 f T T 1 | 2
| Test for overall effect: z = —0.68 (p = 0.50) 0.2 0.5 1 2 5
Test for subgroup ditferences: 32 = 2.85, df = 2 (p = 0.27) Favours intervention  Favours control 1
Fig. 2 Forest plot for mortality (collapsed at 28 days, ICU discharge, hospital discharge or 60-days). Studies
4| are stratified according to whether higher PEEP and recruitment manoeuvres were used separately or as a
bundle of interventions. ICU, intensive care unit PEEP, positive end-expiratory pressure




Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and
Septic Shock 2021

Critical Care Medicine 49(11):p e1063-e1143, November 2021.
DOI: 10.1097/CCM.0000000000005337
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51. For adults with moderate to severe sepsis- Weak, moderate-quality evidence
induced ARDS, we suggest using higher
PEEP over lower PEEP.

52. For adults with sepsis-induced respiratory Weak, low quality of evidence
| failure (without ARDS), we suggest using
low tidal volume as compared with high tidal
volume ventilation.

{ 53. For adults with sepsis-induced moderate- Weak, moderate-quality evidence
severe ARDS, we suggest using traditional
recruitment maneuvers.

54. When using recruitment maneuvers, we rec- Strong, moderate-quality
ommend against using incremental PEEP evidence
titration/strategy.
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Lung-protective ventilation for the surgical patient: international
expert panel-based consensus recommendations

Christopher C. Young™**, Erica M. Harris®, Charles Vacchiano™, Stephan Bodnar”,
Brooks Bukowy’, R. Ryland D. Elliott?, Jaclyn Migliarese®, Chad Ragains?, Brittany Trethewey”,

Amanda Woodward®, Marcelo Gama de Abreu’, Martin Girard®, Emmanuel Futier’, Jan P. Mulier®,
Paolo Pelosi®' and Juraj Sprung®’

Question  Statement/recommendation Strength of
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Risk factors

Biotrauma Thoracic, vascular, abdominal surgery Phvsical iniu
Mechanotransduction General anesthesta ' ‘ g:Iunaurrfa ¥
Endothelial, epithelial, ECM injury - Tﬂ;f:;:}m Barotrauma
Cytokines to systemic circulation Restrictive lung Mtelectrauma
Brain injury

Mechanical ventilation

Sutherasan et al. Critical Care 2014, 18:211
http//ccforum.com/content/18/2/211
‘c: CRITICAL CARE ARDS

/ Protective mechanical ventilation in the l'

non-injured lung: review and meta-analysis No Imonary organ failure
Yuda Sutherasan', Maria Vargas?, Paolo Pelosi**
Small intestine, kidney
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Journal of Cardiothoracic and Vascular Anesthesia
Volume 31, Issue 1, February 2017, Pages 61-68

Association Between Arterial Carbon Dioxide
Tension and Outcome in Patients Admitted to the
Intensive Care Unit After Coronary Artery Bypass
Surgery

Jeong-Hyun Choi MD *, Eun-Ho Lee MD T, Myung-Soo Jang MD", Dae-Hee Jeong MD *

, Mi Kyeong Kim MD *
https://doi.org/10.1053/}jvca.2016.05.003

5.0 6.5

4.5
E 4.0+
= 354
o
i a0
%25
8
& 2.0+
$ 151
! 1.0 1

0.5+

0.0 T T T T T T T T T

3 4 5 6 7 8 9 10 11 12
Paco, air (kPa)
Ahmadi et al. Respiratory Research 2014, 15:30
http://respiratory-research.com/content/15/1/30
I '
1.00+m=—=q~ o ___ -
' [ e
= : 1
Z o985
Z v
= H -
w H =k= Normocapnia
= 0.964 ' =d= Hypocapnia
K= H -4 Hypercapnia
b [ -4- Dual Exposure
s 0.94- H
£ z
0.924
0 5 10 15 20 25 30

Time to Death (day)

J-H. Chei et al. / Journal of Cardiothoracic and Vascular Anesthesia 31 (2017) 61-68

Main goals of personalized vent:

Ind

S
2 :
o oxygenation
o
S
~—
q

eliminating CO,

Ventilation modalities, Analgesia, Sedation
o i

Alveolus

Arteriole

Alveolus

Pulmonary
artery

Alveolus

Zone Il
Pa = PA > Py

Pulmonary
vein

Zone lll
Pa > Pv > PA

McCance KL, Huether SE, editors: Pathophysiology: the
biologic basis for disease in adults and children, ed 4, St.

Louis, 2020, Mosby
L PaD, =130
apex P,CO, = 30
ung
P.0, = 80
P,CO, = 42
base o
Ventilation V/Q Ratio

or

Venous Blood

0,=40 CO, =45 0, =150 CO, =0

Esm sion https://pathwaymedicine.org I

Inspired Air

CO, = 45 CO; =40 CO, =0
v 0, = 100 w

ViQ=20 ViQ=1
R-L Shunt Normal

V[Q = o0
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Personalized Mechanical Ventilation in ARDS

REVIEW

ersona
respiratc

aolo Pelosi'?” Lon
1Sharon Einav'?, Lug
arcus J. Schultz'

Low AP
patienty

13 cmH,0) is a target in most
AP could help individualize V,
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Individually Assess
optimal recruitability
PEEP

Highest Cstat / Cdyn Hysteresis
Lowest Vds/VT Lung US
Plexpi = 0-5 cmH,0 EIT

Highest EELV X-ray / CT scan
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Wit PEEP titration based on FiO,

FiO_/PEEP index: a simple tool for opitimizing ventilator settings
D Trasy, M Nemeth, K Kiss, Z Till, Z Molnar

University of Szeged, Hungary

Critical Care 2013, 17(Suppl 2):P90 (doi: 10.1186/cc12028)

Introduction During mechanical ventilation, oxygenation can be
dinfluenced by adjusting FiO, and positive end- expiratory pressure
(PEEP). There have been recnmmendations for how the FiO, and
PEEP should be set [1]. However, in a recent audit we found that the
compliance of doctors of these recommendations is very low [2].
Therefore we invented a simple parameter called the FiO_/PEEP index
(EPi) of which the physiologic value is <7 (that is, FiO, = 21%/PEEP =
3 cmH,0), which corresponds to the ARDSNet trial’s minimum FiO,/
PEEP settings: 35%/5 cmH.,O [2]. The aim of this case—control study
NIH N Was to investigate the impact of an FPi <7 targeted protocol on clinical

Mechanic.Rractice.

8 10 10 10 12

0.9 0.9 1.0
16 18 18-24

0.3 0.3 |04 (04 |05
12 14 14 16 16

0.8 0.9 1.0 1.0

Conclusion Implementing an FP| " <7-based alqorlthm mqmﬁcantly

reduced the FiO, and increased the PEEP applied in mechanically
ventilated within the first 24 hours. Whether this has any impact on
earlier weaning due to reaching the weaning criteria of FiO, sooner,
and as a result shortening the duration of mechanical ventilation, has

to be investigated in the future.
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Pulmonary compliance (C,,, / Cq,n)

* Target:
* highest compliance

e Method:

e decremental PEEP titration

* Measurements:
 C,..=VT/ (Pplat-PEEP)
* Cyyn = VT / (PIP-PEEP)

PEEP titration based on respiratory mechanics

[Dead space ratio (Vds/VT)

KI‘ arget:

 lowest dead space (Vds/VT)
 Method:

e decremental PEEP titration

* Measurements:
e Advanced spirometry
* (a-Et)PCO,
* Vds/VT = (a-Et)PCO, / PaCO,

o

Y
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Effects of intraoperative positive end-expiratory pressure optimization
on respiratory mechanics and the inflammatory response:
a randomized controlled trial

Zoltan Ruszkai'® . Erika Kiss? - Ildiké Laszlé? - Gergely Péter Bokrétas® - Déra Vizseralek® - [1diké Vamossy® -
Erika Surdny? - Istvan Buzogédny* - Zoltan Bajory” - Zsolt Molnar®

Journal of Clinical Monitoring and Computing
https://doi.org/10.1007/s10877-020-00519-6

CG (n=15)

S5G (n=15) P value

| Pa0,/Fi0, (mmHg) 404.15 (115.87) 451.24 (121.78) 0.005
Cstat (ml -:mHED‘]] 45.22 (9.13) 52.54 (13.539) <0.0001
Vds/Vt (%) 23.05 [20.05-25.50] 21.14 [17.94-24 93] 0.001
Raw (cmH,0 L~'s™!) 6.84 (2.39) 5.86 (1.31) < 0.0001

| P (cmH,0) 9.73 (4.02) 8.26 (1.74) <0.0001
Respiratory rate (min™") 16.04 [14.04-16.75] 17.07 [15.01-18.87] 0.0001
EtCO, (mmHg}) 37.63 [36.23-38.16] 38.00 [36.96-39.52] 0.017
{::1-E1:}P"DEIE (mmHE} 7.25 (0.92) 5.76 (1.39) 0.007

Data are expressed as mean (SD) or median [IQR]

Cstat static pulmonary compliance; Vds/Vt dead space fraction; Raw airway resistance; AP driving pres-
sure; EtC(), end-tidal carbon dioxide tension; (a-Et)PCO, arterial to end-tidal carbon dioxide difference;
| Pa0yFi0, ratio of arterial oxygen partial pressure to fraction of inspired oxygen; SD standard deviation; |
TOR interquartile range
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Individualise
surgery: a sys

Andres Zorrilla-Vac

British Journal of Anaesthei

doi: 10.1016/j.bja.2022.07.009

Study
PIF ratie {mm Hg)

Femando <3 244 - =
and caleagues 218 6160 (4138, 5192) 1436

hang and caleagues 67 &7 —_1 1000 (—4.58, 2458 16.14
L 3]

Yoon and coleagues 30 30 ——————————»  B400(2575, 14235) 543

il 4
Van Hacke

—42.30 (-90.18, 5.58)

and caleagues 2019
Li and colaagues 30 30 —_— 300(-1244, 1844) 1589
2002 (WC)
Li and eoasgues 30 30 —E 1500 (739, 2261) 1786
2002 (PC)
Rusricai and coleagues 15 15 = 893(-24.34,4220) 1038
2001
Peng and coleagues 20 20 = 3600 (11.18, 6082) 1291
001
Subtetal {F=80 7%, P=0.000) e 20.76 (464, 36.89) 100,00
T T T T T T T T T T T T T T
70 -60 -50 40 -30 20 40 0 10 20 30 40 5 80 70
Favours fixed PEEP Favours individ ualised PEEP
b
Study Intervention Control M (95% CI) Weig It (%)
L5 {pg "}
Femandez-Bustamanie 16 13 * 4T A0 (-2587, 1206T) 048
and caleagues 2020
Li and collangues 30 30 —— —380 (-1253, 493) 3107
2002 (WC)
Li and eolasgues 30 30 — 1 620 (-16.94, 454) 2115
2002 (PC)
Peng and coleagues 20 0 —— -950 (-16.49, -271) 4730
il
Subletal {F=6 2%, P=0.362) il —-6.80 (—1190, -1.71) 100.00
CC18 ng mi™)
Fernander-Bustamarnte 16 13 —_— 100 (-10.86, 1268 538
and cdleagues 2020
Li and collaagues 30 — -760 (-1329, -1.91)
2002 (WC)
Li and coleagues 30 —— —-6.30 (—-12.12, —0.48)
2002 (FC)
Peng and coleagues 20 = —6.26 (—10.06, —2.46)
pi
Subtalal (F=0.0%, P=0537) &» —6.18 (-2.88, -3.48)
NOTE: Waights as Wom randem aiects andysis
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T T
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-70 -80 -50 -4 -0 -0
Faveurs individualised PEEP

-0 0 10 20 W N D

Faveurs fixed PEEP

Fig 4. Second ary outcomes Forest plots for cxygenation and systemic inflammation in patients receiving individualised PEEP vs fived PEEP
in abdominal surgery. (a) Cxygenation, (b) Systemic inflammation: CC16, club cell pratein- 16, IL-6, interleukin-6. CI, confidence interval

L
in abdominal

Gyorgy Frendl"
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Individualized Positive End-Expiratory Pressure Setti Reduce the Incidence of
Postoperative Pulmonary Complications: A

Full Tite:

Short Tithe:
Article Type:

Anesthesiology

Randomized Controlled Trials

—-Manuscript Draft--

Individualized Positive End-Expiratory Pressure Settings Reduce the Incidence of
Postoperative Pulmonary Complications: A Systematic Review and Meta-Analysis of

Randomized Controlled Trials
Effects of titrated PEEP setting, a meta-analysis
Original Investigation: Perioperative Medicine

Zsolt Molnar, MD, Ph.D
Pecsi Tudomanyegyetem Altalanos Orvostudomanyi Kar
Pécs, HUNGARY

Pecsi Tudomanyegyetem Altalanos Orvostudomanyi Kar

Csenge Erzsébet Szigetvary, MD

Csenge Erzsebet Szigetvary, MD
Gergd Vilmos Szabo, MD

Fanni Dembrovszky, MD
Klementina Ocskay, MD

Laszlé Szabo

Fadl Kobeissi

Tamas Terebessy, MD, Ph.D
Péter Hegyi, MD, Ph.D, DSc
Zoltan Ruszkai, MD, Ph.D
Zsolt Molnar, MD, Ph.D

Systematic Review and Meta-Analysis of
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PEEP TIT

Basic principles

Transpulmonary pressure (P, ) is
responsible for maintaining alveolar
inflation

P.<0 cmH20 - alveolar collapse

Adjusting PEEP to achieve positive
end-expiratory transpulmonary
pressures (P,....= 0-5 cmH20)

expl
prevents collapse




Mechanical Ventilation Guided by Esophageal Pressure in Acute
Lung Injury

Pest Megyei
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Daniel Talmor, M.D., M.P.H., Todd Sarge, M.D., Atul Malhotra, M.D., Carl R. O’Donnell,

Sc.D.,MP* . d Stephen
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Esophageal Pressure Versus Gas Exchange to Set PEEP During
Intraoperative Ventilation
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Gianmaria Cammarota, Gianluigi Lauro, Ilaria Sguazzotti, lolanda Mariano, Raffaella Perucca,
Antonio Messina, Marta Zanoni, Eugenio Garofalo, Andrea Bruni, Francesco Della Corte,
Paolo Navalesi, Elena Bignami, Rosanna Vaschetto, and Francesco Mojoli

|
- T J
s04{A 4 g 259D .
o o

g £ %7 Table 3. Arterial Blood Gases
) 30,5,
T ﬁf 15
E g 10 Parameters Randomizaton  At60Min At 120 Min

6‘: 154E 0.50 = 0.06 047 006 048 =007 048 = 0.08
— = 047 = 0.05 042 007 041 2007 041 =007
2 g
o] ~ 10
T E 471 £ 4.6 440+ 20 423 22091 420 3.2
g o 445 + 6.1 427 +51 41.1 £ 39 406 = 3.7
= ﬁ 5

Drata are presented as mean = S

10 1 ¥ V{'ﬂ_*_su_.jgd vy Vpﬁ,gmdgd (P < 05).
T vs randomization (F < 05).
W asguigea = comventional low-tidal ventilation with PEEP set according 1o gas exchangs
5 -

Y s guidea = low tidal ventilation tiloring PEEP according to esophageal pressure

Lung Pasing (cm HZ0)

P, (Fig, = ratio of atterial partial pressure of oxygen to the fraction of inspired oxygen
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Bergez et al. Ann. Intensive Care
https://doi.org/10.1186/513613-019-0554-3

Table 2 Measurements of respiratory function and hemodynamics (n=19)

(2019) 2:81

PEEP titration in moderate to severe ARDS:
plateau versus transpulmonary pressure

Marie Bergezl, Nicolas Fritsch', David Tran-Van', Tahar Saghiz,Tan Bounkim?, Ariane Gentile', Philippe Labadie’,
Bruno Fontaine!, Alexandre Ouattara™ and Hadrien Roze"'®

Protocols

PEEPD\ISEIII‘IE

Express protocol

'PLE'IP‘

p value

PEEP (cmH.0)

70118

142436

16.7 (5.9)*

< 0.0001

EEEI (cmH,0)

208+£40

2BBE20%

3394+ 106%

< 0.0001

P o (cmH;0)
P\ g (cmH,0)
PLHD, (cmH,0)

70£59
153+£49)
— 26452

119+£62*
205+47*%
14£51*

155+85*
24341144
33+16*

00013
0.0025
<0.0001

EELV (ml)

1546+ 634

2067 £924*%

2287 4+ 045*

0.001

DP,,, (cmH,0)
DR {cmH,0)
DP, g (emH;0)
Crs (ml/fcmHL0)
E o (omHL O/
E, {cmH;0/)
FIO; (%)
Pa0./Fi0,

130£39
aot44
75+£43
333%158
B7X27
260+£119
800£217
9124312

142£50
106+56
B14+56
300%107
96+34*
2804159
B06x 212
13404+ 67.2%

16478
123483
85481
2834132
109143
33243251
B1.1x216
1527 +80.1%

017
0.20
0.30
0.17
0.03
0.25
046
0.01

pH
PaCO, (mmHag)
MAP (mmHg)

Heart rate (beats/min)

Lactates (mmol/1)

7312017

452104

B20£134
99427
161089

730017
465106

TATE£1289
102426
15408

731x012
453+110
757120
107+ 28
15408

0.08
0.26
0.06
0.19
0.27

Results are expressed as mean £ standard deviation

Poiar plateau pressure; P, end-expiratory transpulmonary pressure; DP: transpulmonary driving pressure; Py g : relative end-expiratory pressure; Py ..: absolute
inspiratory transpulmonary pressure; DP_: airway driving pressure; DP,: transpulmonary driving pressure, DP, g : transpulmonary elastance-related driving pressure;
E,: lung elastance; EELV: end-expiratory lung volume; E_: elastance chest wall; Crs: compliance respiratory system; MAP: mean arterial pressure. p value refers to
repeated measures ANOVA. *p <0.05 of Express and P\, groups versus baseline group. 8p <0.05 of Express versus P expi groups
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Turk J Anaesthesiol Reanim. 2018; 44(4). 161-162 | DO 10.5152/TJAR.2016.001

Mrtinann DEED Nurina Anacthacia and in Thtansiu

* Distribution of ventilation is heterogenous
 elastic properties of the lungs

* vertical gradient of transpulmonary pressure A . T -
* Excurison of the diaphragm changes during T Coant T

e VV/Q mismatch e —
* extent atelectasis in the dependent lung regions 'fr I
»

%ﬁ)ptimal PEEP changes during time -=

-_Overr'nﬂation | Normally aerated - Atelectasis

0 trend
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Titrating PEEP and assessing recruitability applying LUS

|
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A - profile
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{uppar and lowar BLUE-points)

Lung sliding
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l ~ + Non-invasive
* Radiation-free
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Thrombosed
vein

l

PULMONARY
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€ - profile
|

TM

Free vein
Stage 3
{PLAPS-paoint] “
¥
PLAPS no PLAFS
l 1|r

COPD or
PNEUMONIA ASTHMA

[ : 1
without y
lung point ||

l l

* Reproducible

e Rapid and real-time assessment
e Etiology

s * Result of interventions

 PEEP titration
e Alveolar recruitment

* Intermittent

Thoracic ultrasonography: a narrative review
PH. Mayo‘“@, R. Copetﬂz, D. Fe\ler—Kopmam3, G. Mathis” E. Maurys's‘:’, S. Momgod'\a, F. Mojolia, G. Volpicellig
and M. Zancbetti'®

Intensive Care Med (2019) 45:1200-1211
https://doi.org/10.1007/500134-019-05725-8
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b rerrorane o Lung Ultrasound Score (LUS)

Lung Ultrasound, Clinical and Analytic Scoring Systems as Prognostic Finding
Tools in SARS-CoV-2 Pneumonia: A Validating Cohort

' Diagnostics 2021, 11(12), 2211; https:/idoi.org/10.3390/diagnostics 11122211

by

normal aeration

N~
«:_“_‘__\}_} moderate loss of aeration

Left side

Right side ! } ! Right side . .
AI 1 7 58 9} 11! k F * multiple spaced B lines

* lung consolidation defined as a tissue pattern
with or without air bronchogram




Ultrasonography for the assessment
of lung recruitment maneuvers

Gerardo Tusman’, Cecilia M. Acosta and Mauro Costantini
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(D Check lung asration

Il

Tusman et al. Crit Ultrasound J (2016) 8:8
DOI 10.1186/513089-016-0045-9

Hesp probeclive

wentilation E

Iﬁ @- Check hemodynamics

8 :
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> @ Find lung's opening

and closing pressures

Warify the effect of RM on lung
asration and hamodynamics
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Lung Recruitment Guided by Ultrasonography
in Unilateral Lung Injury

Roosevelt Santos Nunes’, Larissa Christina Pires Barrientto, Viviane Barbosa Silva, Kamila
da Grazia lazzetta, Taiana Bertacini Almas de Jesus and Gil Cezar Teixeira Alkmin
Y [ 1

PEEP Titration
guided by Ultrasonography
\
2 min «—

| ld—'b-
PEEP = 20 PEEP =20
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after PEEP Titration
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* Non-invasive
 Radiation-free
e Continuous, real-time

assessment of distribution of
ventilation

* Etiology

 Result of interventions

* PEEP titration
* Alveolar recruitment / Pendelluft

e EIT can also track the
distribution of pulmonary
blood flow



Electrical impedance tomography in acute
respiratory distress syndrome

M Consuelo Bachmann'~, Caio Morais”, Guillermo Bugedo'”, Alejandro Bruhn'?, Arturo Morales®, Jodo B Borges™”,
Fduardo Costa® and Jaime Retamal™
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Bachmann et al. Critical Care (2018) 22:263
https://doi.org/10.1186/513054-018-2195-6
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Electrical impedance tomography in acute
respiratory distress syndrome

M Consuelo Bachmann', Caio Morais”, Guillermo Bugedo'~, Alejandro Bruhn'?, Arturo Morales®, Jodo B Borges™,
Fduardo Costa® and Jaime Retamal'*

Pest Megyei
Flor Ferenc Kérhaz

Bachmann et al. Critical Care (2018) 22:263
https://doi.org/10.1186/513054-018-2195-6

PEEP = 5 cmH,0
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Electrical impedance tomography in acute

respiratory distress syndrome

~ 0 1,2 ~_. . 4 - o 12 gl o D 12 g . 3 2D DArmaetd
M Consuelo Bachmann ', Caio Morais ', Guillermo Bugedo -, Alejandro Bruhn =, Arturo Morales”, Joao B Borges

Eduardo Costa” and Jaime Retamal ™~

Bachmann et al. Critical Care
https://doi.org/10.1186/s13054-018-2195-6
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(2018) 22:263
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Electricimpedance tomography-guided
PEEP titration reduces mechanical power
in ARDS: a randomized crossover pilot trial

Jose Victor Jimenez', Elizabeth Munroe', Andrew J. Weirauch?, Kelly Fiorino?, Christopher A. Culter?,
Kristine Nelson', Wassim W. Labaki’, Philip J. Choi'?, Ivan Co', Theodore J. Standiford', Hallie C. Prescott’ and
Robert C. Hyzy!"
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Jimenez et al. Critical Care (2023) 27:21
| https://doi.org/10.1186/s13054-023-04315-x

Table 2 Comparison of changes in ventilator parameters with EIT vs tables, for all participants,n=12

Change with EIT* Change with tables™* 95% Cl of mean difference p value

Mechanical Power', J/min — 250+£3.70 187161 — 436 (— 677, — 1.95) 0.002
AAP 4+ RR Index, J/min — 680+936 4624625 — 1142 (— 1901, — 3.82) 0.007
Elastic—static pDWE'rE, J/min — 1374211 0.19+228 — 156 (— 3.71,058) 0.138
Elastic—dynamic power?, J/min — 113+ 166 0484088 — 161 (— 299, —0.22) 0.027
Resistive power®, J/min 0.01+330 1.15+ 248 (— 4.59, 2.30)

RR, breaths/min — 054235 —075+273 (— 2.71,3.21)

PaO2/FiO2 ratio 25142701 — 0.89+60.05 (— 1601, 68.06) 0.2




o Farone ki Assessing recruitability




/

6‘(( Pest Megyei

apble lung

A hon-recruit

o/ FI6r Ferenc Kérhaz

4

2023 .Jan
Serles #

CT Tudo

497109




Pest Megyei 1
Flor Ferenc Koérhaz Wea n I ng




’/

O Titrating Tidal Volume

* In ARDS patients, lung volumes do not correlate closely with PBW due
to heterogeneous distribution of lung disease

* Measuring EELV or IC is not so simple at the bedside and requires
special equipment / CT scan
 Safety limits of mechanical ventilation

* Driving pressure <15 cmH,0
* Plateau pressure < 30 (25) cmH,0

* P..o, <20 (25) cmH,0

Linsp
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Paolo Pelosi'?’, Lorenzo Ball'?, Carmen S.V. Barbas™ Rinaldo Bellomo®®/8° Karen E. A. Burns'®',
Sharon Einav'?, Luciano Gattinoni >, John G. Laffey', John J. Marini'®, Sheila N. Myatra'®,
Marcus J. Schultz'’?%?1, Jean Louis Teboul'® and Patricia R. M. Rocco'®

Personalized Mechanical Ventilation in ARDS

Future aspects

RATIONALE
ALVEOLAR RECRUITMENT
Regulate ventilatory parameters based on The identification of recruitable patients
mwnmmmmﬂ and estimation of recruitment are essential
I"'ll“"- inter 'mlﬂlli-t responses to individualize recruitment strategies.
TIDAL VOLUME
o, Gas-exchange including oxygenation i
i Low V;(4-6 mliKg PBW) is a standard of mm;mt-mmh :
. care. Personalized targeting requires However, dead space, ventilatory ratio and |
" evaluation of EELY and IC, Al and closed-loop oxygen transport should be considered.
- systems may provide better monitoring. |
4
LUNG IMAGING
DRIVING AND PLATEAU PRESSURE
Low AP (< 13 cmH;0) is a target in most e
pationts. AF could halp lndivismalias ¥y Hﬂﬁlmmtmn
and PEEP levels. Prus should be kept oromaing Nedslde tosls
below 27 cm0. - :
TRANSFULMOMARY PRESSURE PHENOTYPES
P, estimated on esophageal pressure can be Patient stratification according to
used to titrate ventilation, but requires biological phenotypes is promising, but
correct physiological interpretation. translation into clinical practice
requires further research.
LIMITS OF PHYSIOLOGICAL GAIN
MECHANICAL POWER hysiological -
Mechanical power Is » summary variable mmmmm !
SAERER FREDEMae Hetaramatts 0T HILE the uncertainty surrounding their effect
on patient-centered outcomes
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