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Valutazione clinica

* Confort, tolleranza dell’ interfaccia

* Dispnea e uso dei muscoli accessori

* Coscienza-sensorio (GCS, Kelly-Matthay score)
» (Capacita di protegegre le vie aeree

* Distensione gastrica

e Scorse di valutazioen della sedazione e del

delirio(RASS, SAS, RSS)

* Score di gravita (SAPS Il APACHE II)
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Kelly—Matthay score (KMS)

Grade 1 = alert, follows complex 3-step command
Grade 2 = alert, follows simple commands

Grade 3 = lethargic, but arousable and follows
simple commands

Grade 4 = stuporous (only intermittently follows
simple commands even with vigorous attempts to
arouse the patient)

Grade 5 = comatose, brain stem intact

Grade 6 = comatose with brain stem dysfunction



Noninvasive Versus Conventional

Mechanical Ventilation
An Epidemiologic Survey
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and the SRLF Collaborative Group on Mechanical Ventilation

Paris A1l Université, Department of Biostatistics, Medical Intensive Care Unit, Institut Mational de la Recherche et de la Santé Medicale U 492,
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A prospective survey was performed over a period of 3 wk among
42 intensive care units to assess the incidence of use and effective-
ness of noninvasive mechanical ventilation (NIV) in clinical prac-
tice. All patients requiring ventilatory support for acute respira-
tory failure (ARF), either with endotracheal intubation (ETI) or
NIV, were included. Ventilatory support was required in 689 pa-
tients, 581 with ETI and 108 {16%) with NIV {35% of patients not
intubated on admission). Reasons for mechanical ventilation were
coma (30%), cardiogenic pulmonary edema (7%%), and hypoxemic
(48%) and hypercapnic ARF (15%). NIV was never used for pa-
tients in coma (who were excluded from further analysis), but was
used in 14% of patients with hypoxemic ARF, in 27% of those with
pulmonary edema, and in 50% of those with hypercapnic ARF. NIV
was followed by ETI in 40% of cases. The incidence of both noso-
comial pneumonia (10% wersus 19%, p = 0.03), and mortality
(22% wersus 41%, p < 0.001) was lower in NIV patients than in
those with ETI. After adjusting for differences at baseline, Simpli-
fied Acute Physiology Score (SAPS) Il (odds ratio [OR] = 1.05 per
point; confidence interval [Cl]: 1.04 to 1.06), McCabe/Jackson
score (OR = 2.18; CI: 1.57 to 3.03), and hypoxemic ARF (OR =
2.30; CEk 1.33 to 4.01) were identified as risk factors explaining
mortality; success of NIV was associated with a lower risk of pneu-
monia (OR = 0.06; Cl: 0.01 to 0.45) and of death {(OR = 0.16; Cl:
0.05 to 0.54). In NIV patients, SAPS Il and a poor clinical tolerance
predicted secondary ETL Failure of NIV was associated with a
longer length of stay. In conclusion, NIV can be successful in se-
lected patients, and is associated with a lower risk of pneumaonia
and death than is ETL

TABLE 2. COMPARISON OF SUCCESS AND FAILURE OF NONINVASIVE
VENTILATION IN UNIVARIATE ANALYSIS

Success Failure*
(n = 65) (n=43) p Value
Age, yr 62 £ 16 66 =15 n.s.
SAPS Il 30 £ 11 45+ 27 < 0.005
ABG before ventilation
Pacg, mm Hg 54 + 23 63 = 30 n.s.
pH 7.36 +0.09 7.30 = 0.10 < 0.01
PaOZ/Floz, mm Hg 227 £ 79 206 = 119 n.s.
ABG at Day 1
Pacg,, mm Hg 5719 60 =+ 31 n.s.
pH 7.37 +0.08 7.34 + 0.09 n.s.
PaOZ/Floz, mm Hg 232+ 92 200 £ 115 n.s.
Copious secretions, yes/no’ 9/55 14/27 < 0.05
Encephalopathy (no or
moderate/pronounced)* 43/17 18/19 < 0.01
Tolerance, good/poor 59/6 27/16 < 0.001
Leaks, minor/large 59/6 31/12 < 0.004
Mask, facial/nasal 56/9 40/3 n.s.

Definition of abbreviations: ABG = arterial blood gases; Fip, = fraction of inspired ox-
ygen; Paco, = arterial carbon dioxide tension; SAPS = Simplified Acute Physiology
Score.

* Failure = need for endotracheal inubation.

" Three missing values.

* Eleven missing values.



Scarsa tolleranza alla NIV

e Rassicurare il paziente

e Scegliere correttamente tipo e dimensioni dell’interfaccia

e Controllare la tenuta, regolare la tensione dei sistemi di ancoraggio
(maschera ) o delle cinghie (casco)

e Ottimizzare il supporto ventilatorio ( pressioni ||riduce le perdite)

Valutare una lieve sedazione

G.e m el I i 16/03/2023



Sedation agitation scale

Score

7

6

State Behaviors
Dangerous Pulllng at ET tube, climbing over bedrail, striking at staff,
Anitati hi At ik
g
VeryAgitated  DO®snotcaimdespite frequentverbalr Richmond Agltatlon Sedation Scale (RASS)
requires physical restraints Target RASS RASS Description
Agitated ::\:n:r::ar :::ﬂy agitated, attemptingtc | 4 4 Combative, violent, danger to staff’
+ 3 Pulls or removes tube(s) or catheters; aggressive
Camand oy awakens easily, follows -
Cooperative 4 LA +2 Frequent nonpurposeful movement, fights ventilator
Difficultto arouse, awakens to verbal st Anxious, apprehensive , but not aggressive
Secdec shakingbutdrifts off +1 —
lert and calm : B heet
VerySedated | Arousesto physicalstimulibutdoes nc 0 Confusion Assessment Method for the ICU (CAM-ICU) Flows
v follow commands o | awakens to voice (eye opening/contact) >10 sec
T, o g " - - - - Acute Mental Status: =
Unarotsatie ornoresp & -2 light sedation, briefly awakens to voice (eye b Shenge "nm::' cw':;o' g Qﬁ. RSN CAM-ICU miqdr(;\-’f}
communicate or follow commands opening/contact) <10 sec . ::.mmnul:mmm m“;uwmmmumnv NO DELIRIUM
o moderate sedation, movement or eye opening. No eye VYES
contact 2
4 deep sedation, no response to voice, but movement or Ve > S
- : s e : e B e L 0-2 CAM-ICU negative
eve opening to physical stimulation Readheelowig semence o ietars SAVEAWARRT [ > (NI
-5 Unarousable, no response to voice or physical
smlation « If unable to complete Letters > Pictures.

Lung (2012) 19(:597-603
DOI 10.1007/s00408-012-9403-y

Noninvasive Positive Pressure Ventilation for Acute Respiratory
Failure in Delirious Patients: Understudied, Underreported,
or Underappreciated? A Systematic Review and Meta-analysis

Michael Charlesworth - Mark W. Elliott -
John D. Holmes

> 2 Errors

3. Altored Level of Consciousness RASS other CAM-ICU positive
Current RASS level than zero DELIRIUM Present

§ RAsS =zer0 /

4. Disorganized Thinking:
1. Will a stone float on water?
2. Are there fish in the sea?
3. Does one pound weigh more than two?
4 CUywm-mhmudam

>1 Error

<.

\ CAM-ICU negative
NO DELIRIUM

Copyight © 2002, E Wasley iy, MO, MPH md Vanderti! Ushversty, o1 nights ressrved

Delitium No delinium Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-M Fined, 95% O Year MM, Fined, 95% O
Cartucci 2001 19 1 61 779% 1.7911.09. 2 94) 2001
Campo 2010 “ 9 s I 2% 1.28(1.60,.6.73) 2010 ——
Total (95% C 45 79 1000% 2121141, 318) -
Total events 28 23

Meterogeneity Chi’ « 187, A« 1 P = 017V w47
Test for overall effect 7 « 162 (F « 0.0000)

02 o©0% 1 2 5
Favours dehinum §avouts no delinium

Fig. 2 Forest plot demonstrating the pooled risk ratio for delirium and NPPV failure in acute respiratory (ailure, Values on the right indicate that

delirtum has an unfavourable outcome




Intensive Care Med (2006) 32:1756-1765 -
DOI 10.1007/s00134-006-0324- 1 ORIGINAL

plexandre Demoule Benefits and risks of success or
Jean-Christophe Richard failure of noninvasive ventilation

Solenne Taille
Laurent Brochard

Variable Adjusted Odds Ratio Adjusted Odds Ratio
(95% CI) (95% CI)
NA

(|

MNosocomial pneumonia 3.54 (1.21-10.38)

: l 3.24 (1.616.53)

NIV failure ( > 1.18 0.49.2.81)

i 0.05 {0.01.0.42)

Davinr\- qw'success 40— > 0.03 0.010.24)

()

Chronic
. | 2.25 (1.09 4.66)
Acute Immunosuppression 0 1.51 0.524.40)
(e IRNNN
| 1.38 {0.80 2.40)
McCabe scoref m 3.79 (1.50 9.57)

i nx i 3.05 (1.72 5.42)
High SAPS I O 1.7 {0.52 2.66)
) - 1.28 (0.73 2.26)
Older age NA
| | | | | | | | | | | |
0.01 0.1 05 1 5 10 100

Gem reduces risk of death increases risk of death
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ORIGINAL

Predictors of failure of noninvasive
positive pressure ventilation in patients
with acute hypoxemic respiratory failure:

a multi-center study

Table 2 Univariate and multivariate analysis of the risk factors for failure of noninvasive ventilation

Variables Mo, of Failuresftotal (%) Linivanate analysis Multivariate analysis
OR 959% I OR 95% CI

Reaszon Tor HOLU admission

Medical SRR (27) 1.0

Surgicalftrauma S0F136 (37) 1.9 1.11-3.45
Age, years

=) 1893 (19.4) 1.0

= 40 9261 (34.5) 2.19 1.19-4.06 1.72 0.92-3.23
SAPSI

=15 S50 (23.3) 1.6 1.0

=15 53118 (44.9) 268 1.63-4.42 1.81 1.07-3.06
Underlying disease

Mone or none of the following WA (29) 1.0}

Diabetes 11721 {52) 247 1.06-5.74
Etinlogy of respiraiory [ailure

Mone of the following 427225 (18.6) 1.0 1.04)

ARDS, CAP /129 (51.1) 4.77 286796 3.75 225624
Respiratory raie at baseline, hreaths/min

<38 TOFRS (277 1063

= 38 29164 (42) 1.89 1.06-3.37
PaO2: 102 alier 1 h ol NPPY

= 146 0di20d" (24.2) 1.06) 1.0

<146 4489 (49.4) 2006 1.79-5.21 2.51 1.45-4.35
Sepsis on admission

Mo TI95 (26.1) 1.0

Yes /549 (52.5) 313 170574

" For one patienl PaO2:FO2 value 1 h alter NIV was missing



I Review

Non-invasive ventilation in acute respiratory failure

Stefano Nava, Nicholas Hill

Parametri fisiologici

Panel 4: How to apply NIV during first few hours

* Sa02 - Explain technique to patient (if competent)
. - +  Choose corect interfaces and size
° Frequenza re5p|rat0r|a = Sof pressures starting from low levels (ie, pressure support about & cm H,0 and
extennal PEEP 4-5 cm H,0)
* EGA (pH, PaCOz2, Pa0O2) - Place interface gently over face, holding it in place and start ventilation
° TCOZ «  When patient tolerant, tighten straps just enough to avoid major leaks, but not too tight
« 5et O, on ventilator or add low-flow cxgygen into the drcwit, aiming for 50,>90%
e End-tidal CO2 «  Set alarms—low pressure alarm should be above PEEP level

= Bemindfid of and try to optimise patent’s comfort
+  [Reset pressunes {pressure support increased to get expired tidal volume & mil (kg or
higher—raise PEEP external to get oxtygen saturation 90% or higher).
= [Protect site of skin pressura from the interface (ie, artificial skin, wound-care dressing,
on rotating interfaces)
= Consider use of mild sedation if patient is agitated
|:>- Monitor comfort, respiratory rate, cxygen saturation, and dyspnoea every 30 min for
6-12 hthen hourly
|:> - Measure arterial blood gases at baseline and within 1 h from start
»  Humidification advised for applications longer than & hours

Gemelli

NN=non-imree wentilation: PEEP-end-expimtory positive pressuns; A0 =fradion of irspined oxygen: S00-osygen saturation.
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Transcutaneous Pco, Monitoring During
Initiation of Noninvasive Ventilatiol

Jan H. Storre, MD); Boris Steurer, MD: Hans-Joachim Kabitz, MD;
Michael Dreher, MD; and Wolfram Windisch, MD

Background: To assess the efficacy of transcutaneocus PO0, ( PteCo,) measurements for monitoring
alveolar ventilation in patients requiring noninvasive positive-pressure ventilation (NPPV).
Methods: In a prospective study on method agreement pairs of Paco, and Pteco, (SenTec Digital
Monitor; SenTec AG; Therwil, Switzerland). measurements were performed every 10 min during
the establishment of NPPV over a 4-h period in 10 patients (8 patients with COPD) presenting
with acute-on-chronic hvpercapnic respiratory failure, thus providing 250 pairs of measurement.
Results: Mean (£ SD) PacD, decreased from 67.2 = 11.9 mm Hg (PteCo,, 65.5 £ 13.9 mm Hg) to
54.6 £ 8.8 mm Hg (Ptcco,, 47.8 £ 5.5 mm Hg). and mean pH increased from 7.36 £ 0.03 to
7.44 = 0.04. Following Pteco, assessment, PteCo, in the ensuing 2-min period was the strongest
predictor for Paco, compared to Pteco, in the ensuing 5-min period and to real-time measure-
ments. PteC0; was highly correlated with Paco, (r = 0.916; p < 0.001). as determined by linear
regression analysis. The mean difference between Paco, and Preco, was 4.6 mm Hg, and the
limits of agreement (bias £ 1.96 SDs) ranged from -3.9 to 13.2 mm Hg. following the Bland and
Altman analysis. Retrospective drift correction prndu:m:l an even higher correlaton (r = 0.956;
p < 0.001) with lower limits of agreement (—1.7 to 7.5 mm Hg]'

Conclugions — ’ T

monitoring  PtCCO2 measurements prowde a sensitive, contlnuous and

wuﬂ“ noninvasive method for monitoring alveolar ventilation in pts
Pieco, value WNO are receiving short-term NPPV therapy

cannot be excmomen.

Trial registration: www.miklinik-freiburg.de/zkslivefuklregister/Oeffentlich.htm]  Identifier:
UKFOMIZT. (CHEST 204)7; 132:1810-1816)




Parametri ventilatori

Gemelli

Frequenza respiratoria

VTE, 'VE

Perdite

Monitoraggio curve (flusso—tempo,
pressione—tempo, capnografia)
PEEPI

Interazione paziente ventilatore



Carico dei
muscoli
respiratori

+ sforzo del paziente

e Atrofia diaframmatica
* |perinflazione
e Ciclaggio ritardato

Tachipnea e  PEEPi
discomfort « Sforzi inefficaci
ipercapnia e discomfort

Livello ottimale di
supporto pressorio

>
Livello di supporto pressorio

Jolliet and Tassaux, Crit Care 2006;10(6):236



Cicli inspiratori prolungati
PSV 15

PSV 9

Flow
(L/S)
25
Paw 5 -
(cm H,0) . | 1‘

th

Peso

(cm H,0) M\_"ﬁm

Meccanismi

Aumento del supporto pressorio
Picco di flusso elevato

Tempo di insufflazione prolungato
Elevato TV

Tempo neurale ridotto

Riduzione drive ventilatorio

e dello sforzo inspiratorio



Acute Respiratory Failure Inappropriate efforts | | Mechanical ventilation Sedation Sepsis Denutrition

# Neural drive % Neural drive

Excessive unloading
Low diaphragm activity

Insufficientunloading | e o
High diaphragm activity # Oxidative stress

: % Protein synthesis

Sarcomere

dismptinn P — ‘ Pmtein degradatinn
P (Ubiquitin proteasome, Caspase-Calpains)
: et

Injury @ “# Loss of mass |+

\ 4 \ 4

% Dysfunction # Atrophy

Diaphragm Weakness

Dres M et al ICM (2017) 43:1441-1452

Danno strutturale del diaframma + atrofia

Riduzione della capacita del diaframma di generale forza



Valutazione dello sforzo respiratorio durante ventilazione
assistita: cosa monitorare

 ventilazione in volume : curva di pressione
frequenza respiratoria

ventilazione in presssione : frequenza respiratoria

* PO.1

Gemelli



VT

__ laumento del PS aumenta il V+ (VT =PS/ERrs)

ma non impatta sulla pendenza
della Relazione V1 sforzo muscolare

Sforzo muscolare

Gemelli



Original Research

The Rapid Shallow Breathing Index as a Predictor
of Failure of Noninvasive Ventilation for Patients
With Acute Respiratory Failure

Katherine M Berg MD, Gerald R Lang RRT, Justin D Salciccioli, Eske Bak,
Michael N Cocchi MD, Shiva Gautam PhD, and Michael W Donnino MD

An a RSBI of> 105 is associated
with need for intubation and
increased in-hospital mortality.
Whether pts with an elevated
aRSBI could also have benefitted
from an increase in NIV settings
remains unclear

00
f/Vy 50

volume

f/Vy 150

o

'4—10 sec —>|

RR 25 breaths/min Vt tidal 250 mL/breath RSBI of
(25 breaths/min)/(0.25 L) = 100 breaths/min/L

Table 2. Mullivarnate Analysis for afSBI a5 a Predictor of
Intubation*
Intubation
Odds Ratio 5% Cl1 P
aRSBI = 105 3.70 1.14-11.9% 03
Age 0.96 0.930.99 02
Preumaomnia 356 1.38-9.18 00
COPD exacerbation 0.23 (060,88 03
* Yariables were included in mulivarnle saabysas i mivanaie P < 10
altSEl — serded rapid shallow breathng index
Table 3. Multivarnate Analysis for af53B1 a5 a Predictor of
In-Hospital Mortaliy®
In-Hospital Mortality
Odds Ratio 5% Cl1 P
aRSBI = 105 4.51 1.19-17.11 03
Age 1.06 1.0O1-1.11 03
Sopsis 110 O.68-14.13 14

* Warinblos were included in multivrmile snahysis if mirniage P < 00
5Bl — serded rapid shallow breathng indox

Respir Care 2012;57(10):1548-1554.



Response of Ventilator-dependent Patients
to Different Levels of Pressure Support and
Proportional Assist

ELENI GIANNOULI, KIM WEBSTER, DAN ROBERTS, and MAGDY YOUNES

Sections of Respiratory and Critical Care Medicine, Department of Medicine, University of Manitoba,
Winnipeg, Manitoba, Canada

| T T T T — 1
m B Psv -__-". b
. :
At low level of support, the 'E 40 -
data points (solid dots) fall et _
near the line of identity. % a0 L
o
With high-level PSV the data .3-
points (open circles) deviate = 20 F
from the line of identity in all %
but two patients. ® 10 L
>
u I i i L i
Gemelli v 10 2 = 40 %

Patient Respiratory Rate (min)



Accuracy of Invasive and Noninvasive Parameters
for Diagnosing Ventilatory Overassistance During
Pressure Support Ventilation*

Renata Pletsch-Assuncao, RT, PhD!; Mayra Caleffi Pereira, RT, MSc!; Jeferson George Ferreira, RT"?
Leticia Zumpano Cardenas, RT, PhD'% André Luis Pereira de Albuquerque, MD, PhD'?;
Carlos Roberto Ribeiro de Carvalho, MD, PhD!; Pedro Caruso, MD, PhD"?

Overassistance was defined as:

« work of breathing less than 0.3 J/L or >10% of ineffective inspiratory effort.
* inspiratory esophageal pressure-time product of less than 50 cm H,0 s/min
« esophageal occlusion pressure of less than 1.5 cm H,0.

9049 0 Owaserrrr
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30 -
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—@— WOB at the definiton

10 1 Q-+ PTP at the definiton
0 - - ¥~ PO0.1es at the definiton

rercentage of patients overassisted

L) Ll LJ L) AJ L L) Al

Baseline 20 17 14 1 8 5 2
Pressure level (cmH.O)

elli #»
PIetschGAssuncao @Critical Care Medicine: March 2018 - Volume 46 - Issue 3 - p 411-417



Accuracy of Invasive and Noninvasive Parameters
for Diagnosing Ventilatory Overassistance During
Pressure Support Ventilation*

Renata Pletsch-Assuncao, RT, PhD!; Mayra Caleffi Pereira, RT, MSc!; Jeferson George Ferreira, RT"?
Leticia Zumpano Cardenas, RT, PhD'% André Luis Pereira de Albuquerque, MD, PhD'?;
Carlos Roberto Ribeiro de Carvalho, MD, PhD'; Pedro Caruso, MD, PhD"?
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In all definitions, the RR had the greatest accuracy for diagnosing
overassistance
(ROC area = 0.92; 0.91 and 0.76 for work of breathing, pressure-time product and
esophageal occlusion pressure in definition, respectively) and always with a

cutoff of 17 incursions per minute.

In all definitions, a RR < 12 confirmed overassistance (100% specificity), whereas
A2 DD £t+a. 2N Bvrl#moad Aviaraccictanca (1NNOL cancitivitu)

Pletsch-Assuncao, R. Critical Care Medicine: March 2018 - Volume 46 -

Issue 3-p 411-417



Accuracy of Invasive and Noninvasive Parameters
for Diagnosing Ventilatory Overassistance During

Pressure Support Ventilation*

Renata Pletsch-Assuncao, RT, PhD!; Mayra Caleffi Pereira, RT, MSc!; Jeferson George Ferreira, RT"?
Leticia Zumpano Cardenas, RT, PhD'% André Luis Pereira de Albuquerque, MD, PhD'?;

Carlos Roberto Ribeiro de Carvalho, MD, PhD!; Pedro Caruso, MD, PhD"?
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In all definitions, the RR had the greatest accuracy for diagnosing
overassistance
(ROC area = 0.92; 0.91 and 0.76 for work of breathing, pressure-time product and
esophageal occlusion pressure in definition, respectively) and always with a

cutoff of 17 incursions per minute.

In all definitions, a RR < 12 confirmed overassistance (100% specificity), whereas
a2 DD £+a. 2N Bvrlmad Aviaraccictanca (1NNOL cancitivit)

Pletsch-Assuncao, R. Critical Care Medicine: March 2018 - Volume 46 - Issue 3 - p 411-417



Intensive Care Med (2017) 43:192-199
DOI10.1007/500134-016-4601-3

Methods: The test cohort comprised 449 patients with hypoxemia who were receiving NIV. This cohort was used

to develop a scale that considers heart rate, acidosis, consciousness, oxygenation, and respiratory rate (referred to as
the HACOR scale) to predict NIV failure, defined as need for intubation after NIV intervention. The highest possible
score was 25 points. To validate the scale, a separate group of 358 hypoxemic patients were enrolled in the validation

o

Assessment of heart rate, acidosis,
consciousness, oxygenation, and respiratory
rate to predict noninvasive ventilation failure

in hypoxemic patients

Jun Duan’, Xiaoli Han, Linfu Bai, Lintong Zhou and Shicong Huang

cohort.

66+ 17
161 (75%)

6517
153 (65%)

.51
0.03

67 £17
90 (70%)

65+ 17
156 (72%)

038
0.81

Age (years)
Male gender (%)

0.86
0.70

Pneumonia 104 (48%) 141 (60%) 001 74(53%) 132 (61%) 013 043
ARDS 61 (28%) 24 (10%) <001 27 (19%) 18 (8%) <001 002
Pulmonary cancer 30 (14%) 16 (7%) 0.02 21 (15%) 16 (7%) 003 =099
Pulmonary embolism 6(3%) 15 (6%) 008  3(2%) 12 (6%) 018 0.86
Heart failure 2(1%) 13 (6%) <001 4(3%) 16 (7%) 010 0.16
Others 12 (6%) 25(11%) 025 12(9%) 23 (11%) 0.59 046

APACHE Il score 19+6 16+5 <001 18&x5 14 +4 <001 <001

Systolic blood pressure 131+ 25 1324325 065 133128 134 + 30 077 020
{mmHag)

Diastolic blood pressure 79417 BO+15 035 7917 8017 0.85 085
(mmHag)

Heart rate (beats/min) 124+ 24 110+ 24 b <001 12023 113+ 24 <001 067

Respiratory rate (breaths/ 3418 307 <:] <001 3447 N7 <001 085
min)

pH 7404011 744+ 008 @ <001 74230710 743 + 008 009 053

FaCO; (mmHQg) 38+17 3B+13 077 37+13 3712 057 019

Pa0,/FiO, 137 £ 65 179+ 83 146 + 68 165 =+ 63

GCS 144+ 1.7 1481+ 08 143+ 16 148 £ 06

Heart rate, Acidosis (pH), Consciousness (GCS), Oxygenation, and Respiratory rate
(HACOR) were independent predictors of NIV failure in the test cohort.
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Varlables Category () Assigned
o points
Heart rate, £120 0
beats/min 2121 1
pH 27.35 0
Assessment of heart rate, acidosis, L e sl
consciousness, oxygenation, and respiratory HACOR scale <2.25 4
rate to predict noninvasive ventilation failure - = ¢
opilin, s amg * Heart rate, w2
ypoxemic patients 9 o 1-12 5
Jun Duan’, Xiaoli Han, Linfu Bai, Lintong Zhou and Shicong Huang > AC I d O S I S’ o S;gx ;0
. 2
* Consciousness, . 6200 2
H 151-175 3
*  Oxygenation 126150 4
101-125 5
£100 6
Respiratory rate, <30 ]
Hacor > breaths/min 31-35 1
36-40 2
e pri O
100.0% Aty Rl
95 8%
L 91.0% bwﬂ% ) 909%  90.3%
74.1%
g 7% - g 75% |
- =
E =
5 0% 31.8% f 50% r 34.7%
z | , o L
2% [ g3 10T 5% [ 930, I
oo Lmm . . J . . 1o | , | |
-1 2.3 4-5 6-7 39 10-11 =12 0-1 2-3 4-5 67 §-9 10-11 =12
Number of pts 180 168 157 118 78 48 &0 Mumber of pts 201 135 124 83 EE) 3l 49
HACOR score at 1 h of NIV HACOR score at 12 h of NIV
Hacor > 5 Hacor > 5
00).0%%
100% - 926%  92.0% 1 , ,
C d 100% 83.9% 100.0% 96.2%
73.7%
s 5% 64.9% g 7% |
= =
; 50% 41.4% & s0% | 40.0%
-
25% - 16.7% ‘ £ aguy | 17.3%
719, 7.6% .
1% = ) ) ) . ) 0% I . . . . .
01 2.3 45 6.7 8.0 10-11 =12 -1 23 4-5 6-7 -9 10-11 =12
Number of pts 206 108 a9 57 27 25 13 MNumber of pts 170 110 (1] k1] 18 16 26

HACOR score at 24 h of NIV HACOR score at 48 h of NIV
Fig. 1 Noninvasive ventilation (NIV) failure rate in patients with different HACOR (heart rate, acidosis, consciousness, oxygenation, and respiratory
rate) scores at 1,12, 24, and 48 h of NIV



Variables Category (j) Assigned

paints
Assessment of heart rate, acidosis, i ::::;:,: ‘::g g
consciousness, oxygenation, and respiratory oH :, 15 o
rate to predict noninvasive ventilation failure 730734 2
in hypoxemic patients 7.25-7.29 3
Aun Duan’, Xiack Han, Linfu Bal, Lindong Zhou and Shicong Huang <7.25 3
GCS 15 0
13-14 2
11-12 5
510 10
Pa0,/FI0; 2201 0
176-200 2
151-175 3
126-150 4
101-125 5
<100 3
Respiratory rate, 230 [
breaths/min 31-35 1
. . . 36-40 2
HACOR score improves in pts with NIV success and a1-a5 3
. . . . . 246 4
remains unaltered in patients with NIV failure.
—8&—NIV failure Test cohort *p <0.01 between groups Validation cohort
—O=—NIV success * * *
4 * * " * * *
12+ * I 2y % ‘ ‘ ‘
10 + o 10}
% 8 | L J § 81 I—— L
g 6 § 6t
2t ' - 2 | o
o LT o T
_2 1 L L 1 _2 | | L 1
HO H1 HI12 H24 HO Hl HI12 H24 H48
Time from initiation to 48 h of NIV Time from initiation to 48 h of NIV
Fig. 2 The HACOR score in patients with NIV failure and success from initiation to 48 h of NIV
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Assessment of heart rate, acidosis,
consciousness, oxygenation, and respiratory
rate to predict noninvasive ventilation failure
in hypoxemic patients

The diagnostic accuracy for NIV failure of a HACOR score > 5 at 1 hour of
NIV was 81.8% (test cohort) and 86% (validation cohort).

Table 4 Predictive power of noninvasive ventilation failure diagnosed by the HACOR score assessed at 1 h, 12 h, 24 h
and 48 h of NIV

1 h of NIV (N = 807) 0.89 (0.87-091) >5 739 914 87.1 816 83.7 854 029
12hof NIV(N=667) 087 (0.85-090) >5 66.9 923 85.0 810 823 872 036
24 h of NIV (N = 555) 088 (0.85-090) >5 615 934 83.1 82.1 823 930 041
48hof NIV(N=438) 087(083-090) >5 60.3 956 86.7 835 84.2 138 042

HACOR heart rate, acidosis, consciousness, oxygenation, and respiratory rate, AUC area under the curve of receiver operating characteristics, C/ confidence interval,
SE sensitivity, SP specificity, PPV positive predictive value, NPV negative predictive value, LR+ positive likelihood ratio, LR— negative likelihood ratio, NIV noninvasive
ventilation

The diagnostic accuracy for NIV failure remained above 80% regardless of
NIV duration, diagnosis, age, or disease severity (APACHE 2 score).
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Intensive Care Med (2017) 43:192-199
DOI 10.1007/500134-016-4601-3

Assessment of heart rate, acidosis, @

consciousness, oxygenation, and respiratory

rate to predict noninvasive ventilation failure HACOR scale
in hypoxemic patients * Heart rate,
Jun Duan’, Xiaoli Han, Linfu Bai, Lintong Zhou and Shicong Huang ° ACidOSiS,

* Consciousness,
* Oxygenation
* Respiratory Rate

Table 5 Early versus late intubation in patients with a HACOR score of >5 at 1 h of noninvasive ventilation

HACOR score at NIV initiation 89+39 77 +£30 <(0.01
HACOR score at 1 h of NIV 1144+40 88 +31 <0.01
HACOR score before intubation 122447 114450 022
Time from NIV initiation to intubation (h) 2) <0.01
Hospital mortality 138 (79%) 0.03

Values in table are presg—*--' -~ -~ —--— ' M k- —---—Ag 2R in parenthesis, or as a number w

HACOR heart rate, acido  AMong pts with a | respiratory rate, NIV noninvasive ventilation

e in parenthesis, as appropriate

HACOR score >5,
early ETI improved
hospital mortality
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Parametri ventilatori

* Frequenza respiratoria

 VTE, 'VE

* Perdite

* Monitoraggio curve (flusso—tempo,
pressione—tempo, capnografia)

* PEEPi

* Interazione paziente ventilatore

Gemelli



Monitoring of patient’s volume and flow is impossible
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* Helmet volume

* Helmet rigidity
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Failure of Noninvasive Ventilation for De Novo Acute
Hypoxemic Respiratory Failure: Role of Tidal Volume*

Guillaume Carteaux, MD?% Teresa Millan-Guilarte, MD?; Nicolas De Prost, MD, PhD"*?

Keyvan Razazi, MD"*% Shariq Abid, MD, PhD?; Arnaud W. Thille, MD, PhD>;

Frédérique Schortgen, MD, PhD"? Laurent Brochard, MD**’; Christian Brun-Buisson, MD"*% %

Armand Mekontso Dessap, MD, PhD"*? T
14— s

Distribution of mean Vte

100,

©
<
-
N
|

=)
-

S
-

Mean Vte (ml/kg)
=)
1

proportion of patients (%)

)
s
)
|

L) L L)
Overall Mild hypoxemia Moderate to
population severe
hypoxemia 6t

[ Mean Vte > 6 and < 8 ml/kg PBW
[ MeanVte > 8 and < 10 mlkg PBW
@@ Mean Vte > 10 and < 12 mlkg PBW
@R Mean Vte > 12 mlkg PBW | |
Mild hypoxemia Moderate to severe
hypoxemia

O NIV success
@ NIV failure
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Failure of Noninvasive Ventilation for De Novo Acute
Hypoxemic Respiratory Failure: Role of Tidal Volume*

Guillaume Carteaux, MD"*; Teresa Millin-Guilarte, MD* Nicolas De Prost, MD, PhD

Keyvan Razazi, MD"*; Shariq Abid, MD, PhD’; Arnaud W, Thille, MD, PhD?;

Frédérique Schortgen, MD, PhD'?; Laurent Brochard, MD**"; Christian Brun-Buisson, MD'*%;
Armand Mekontso Dessap, MD, PhD

Adjusted Hazard Ratio

Risk Factors Unadjusted Hazard Ratio (95% CI) (95% CI)?

Simplified Acute Physiology Score Il (30) 1.026 (1.008-1.043) 0011 1.024 (1.007-1.041) 0013
Immunosuppression 2207 (1.054-4.622) 0.045 1.351 (0.5698-3.056) 0.476
Pao,/Fio, before NIV 0.995 (0.990-1.001) 0.114 0.995 (0.989-1.001) 0.109
Mean expired tidal volume during NIV, per 1.318 (1.109-1.667) 0.002 1.286 (1.069-1.547) 0.008

mL/kg predicted body weight

NIV = noninvasive ventilation.
*Adjusted hazard ratio obtained by Cox regression.

Gemelli ®
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Failure of Noninvasive Ventilation for De Novo Acute
Hypoxemic Respiratory Failure: Role of Tidal Volume*

Guillaume Carteaux, MD23 Teresa Millan-Guilarte, MD%; Nicolas De Prost, MD, PhD"?3;
Keyvan Razazi, MD">% Shariq Abid, MD, PhD?; Arnaud W. Thille, MD, PhD%;

Frédérique Schortgen, MD, PhD"?; Laurent Brochard, MD**7; Christian Brun-Buisson, MD"*%
Armand Mekontso Dessap, MD, PhD">?

Ventilatory and Homodynamic Data NIV Success (n = 30) NIV Fallure (n = 32) p
Fositive end-expiratory pressure, cm H,0
During NIV 5 (5-5) 5 (5-5) 060
After intubation MA, 10 (5-14)
Pressure support level, cm H,0 PIP 13 CmHZO
Duning MV 78 (72-9.3) 75 (70-83) 0.98
NIV H1 8.0 (7.0-105) 8.0 (70-100) 0.07
Before intubation NA 80 (70-8.0)

During NIV 85 (76-102) 106 (9.6-12.0) 0.001

Respiratory mechanics after intubation 742/27 + PEEP= 32 CmHZC

Static compliance of the respiratory MA 97 (18-36)
system, mLsem H,0

100 — 100

Intensive Care Med (2016} 42:1865-1876
DOI 10.1007/500134-016-4571-5

80

80

SEVEN-DAY PROFILE PUBLICATION

Potentially modifiable factors @
contributing to outcome from acute respiratory
distress syndrome: the LUNG SAFE study

John G. Lalfey"*"®, Glacomo Bellani**, Tal Pham®®/, Eddy Fan®”, Fablana Madotto'®, Ednan K. Bajwa'’,
Laurent Brochard*", Kevin Clarkson™, Andres Fsteban ™, Luciano Gattinoni'®, Frank van Haren'’,

Leo M. Heunks'®, Kiyoyasu Kurahashi'®, Jon Henrik L.aake™, Anders Larsson?', Daniel F. McAuley™,

Lia McNamee™, Nicolas Nin'®, Haibo Qiu*, Marco Ranieri®*, Gordon D. Rubenfeld®, B. Taylor Thompson'!,
Hermann Wrigge®, Arthur S. Slutsky'1#27, Antonio Pesenti®®** and The LUNG SAFE Investigators and the
ESICM Trials Group

60 60

|

40 — 40

20 20

Proportion of deaths in hospital (%) @
Proportion of deaths in hospital (%) O

| | 1 T 1 T T | | 1 T T
10 20 30 40 0 5 10 15 20 25 30 3¢
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Parametri ventilatori

 VTE, 'VE

* Frequenza respiratoria

* Perdite

* Monitoraggio curve (flusso—tempo,
pressione—tempo, capnografia)

* PEEPi

* Interazione paziente ventilatore

Gemelli ®



Intensive Care Med (2009) 35:840-846
DOI 10.1007/s00134-009-1416-5 ORIGINAL

Laurence Vignaux Patient-ventilator asynchrony during

Frédéric Vargas

Jean Roeseler non-invasive ventilation for acute respiratory

Didier Tassaux

Arnaud W. Thille failure: a multicenter St“dy

Michel P. Kossowsky
Laurent Brochard

philippe Jolliet \/ijgnaux et al., Intensive Care Med 2009; 35: 840-846

60 NIV pts (55%Hypercapnic)

Asynchrony prevalence in NIV:

Al > 10% in 26 pts (43%) median Al 26 (15-54%)

-9 pts (15%) double triggering :>v'
-8 pts (13%),ineffective breaths :%
v

-8 pts (13%) auto-triggering
|:=>Pa‘
-7 pts (12%) premature cycling
= \
-14 pts (23%) late cycling ¥

Double triggering

I

Ineftective etforts
Auto triggering

| Préfné'fUré éycylin'g |
Late cycling and in effective triggering

Gemelli EMG, |_,.._______, T o
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Asynchrony Index (Al)

% of breaths that are asynchronous

Number of Asynchrony Events x 100
Total Respiratory Rate

|IEE + |El + DT + AT X 100
Ventilator breaths +Ineffective efforts

Asynchrony Index = 10% —>High

Vitacca, M. Chest (2004) 126: 851-859
Thille, A. Intensive Care Med (2006) 32:1515-1522
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Intensive Care Med (2006) 32:1515-1522
DOI 10.1007/500134-006-0301-8 ORIGINAL

Arnaud SBI.L‘L‘.‘!',‘ Patient-ventilator asynchrony during assisted
Belen Cabello mechanical ventilation

Francois Lellouche
Laurent Brochard

Asinchrony index > 10% (n° = 15) Il
Asinchrony index < 10%(n° =47)

MV > 7 days Tracheostomy

Gemelli .-

Thille et al. ICM 2006; 32: 1515-22



Intensive Care Med (2015) 41:633-641 . i
DOT 10, 1007/5001 34-01 5-3692-6 ORIGINAL

T Asynchronies during mechanical ventilation
Bernat Sales are associated with mortality

Jaume Montanya

Umberto Lucangelo

Manel Lujin

Oscar Garcia-Esquirol
Encarna Chacon

Anna Estruga

Joan C. Oliva

Alberto Hernandez-Abadia
Guillermo M. Albaiceta
Enrique Fernandez-Mondejar
Rafael Fernandez

Josefina Lopez-Aguilar
Jesis Yillar

Gaston Murias

Robert M. Kacmarek

Table 2 Relationship between Al and duration of MV, reintubation, tracheostomy, and ICU and hospital mortality by companng patients

Al = 10 vs Al = 10 %

Al = 10 % (n = 44) Al = 10% (n = 6) p value
Length of MV (days) 6 [5.0; 15.00 16 [9.7; 20.0] 0.061
Reintubation 9 (20 %) O (0 %) 0.57
Tracheostomy 14 (32 %) 2 (33 %) 0.999
ICL mortality 6 (14 %) 4 (67 %) o1
Haspital mortality 10 (23 %) 4 (67 %) 0.044*

Data are expressed as numbers and percentages or as medians and interquartile ranges
MV mechanical ventilation, ICU intensive care uml, Al asynchrony index
* Significant at p < (.05



CrossMark ORIGINAL ARTICLE
. NONINVASIVE VENTILATION

E RJ Efficacy of ventilator waveform observation
for detection of patient-ventilator
Ppsil asynchrony during NIV: a multicentre study

research

Federico Longhini @', Davide Colombo?, Lara Pisani®, Francesco Idone®,

Pan Chun®, Jonne Doorduin®, Liu Ling®, Moreno Alemani’, Andrea Bruni®,

Jin Zhaochen’, Yu Tao'®, Weihua Lu'®, Eugenio Garofalo®, Luca Carenzo?,
Salvatore Maurizio Maggiore". Haibo Qiu®, Leo Heunks'?, Massimo Antonelli®,
Stefano Nava® and Paolo Navalesi®

ABSTRACT The objective of this study was to assess ability to identify asynchronies during noninvasive
ventilation (NIV) through ventilator waveforms according to experience and interface, and to ascertain the
influence of breathing pattern and respiratory drive on sensitivity and prevalence of asynchronies.

35 expert and 35 nonexpert physicians evaluated 40 5-min NIV reports displaying flow-time and airway
pressure-time tracings; identified asynchronies were compared with those ascertained by three examiners
who evaluated the same reports displaying, additionally, tracings of diaphragm electrical activity. We
determined: 1) sensitivity, specificity, and positive and negative predictive values; 2) the correlation
between the double true index (DTI) of each report (ie., the ratio between the sum of true positives and
true negatives, and the overall breath count) and the corresponding asynchrony index (Al); and 3) the
influence of breathing pattern and respiratory drive on both Al and sensitivity,

Sensitivities to detect asynchronies were low either according to experience (0.20 (95% CI 0.14-0.29) for
expert versus 0.21 (95% CI 0.12-0.30) for nonexpert, p=0.837) or interface (0.28 (95% CI 0.17-037) for
mask versus 010 (95% CI 0.05-0.16) for helmet, p<0.0001), DTI inversely correlated with the Al (r*=0.67,
p<0.0001). Breathing pattern and respiratory drive did not affect prevalence of asynchronies and sensitivity.

Patient-ventilator asynchrony during NIV is difficult to recognise solely by visual inspection of

In conclusion, recognising patient—ventilator asynchrony during NIV by visual
inspection of the ventilator-displayed waveforms is difficult.

Because the use of invasive means to precisely detecting patient’s own
respiratory activity is unreasonable for most patients undergoing NIV, the
future development of dedicated tools for these purposes is advisable



Monitoraggio della pressione esofagea

The Application of Esophageal Pressure Measurement
in Patients with Respiratory Failure

Evangelia Akoumianaki', Salvatore M. Maggiore?, Franco Valenza®, Giacomo Bellani*, Amal Jubran®,

Stephen H. Loring®, Paolo Pelosi’, Daniel Talmor®, Salvatore Grasso®, Davide Chiumello®, Claude Guérin'®,

Nicolo Patroniti®, V. Marco Ranieri'’, Luciano Gattinoni'?, Stefano Nava'?, Pietro-Paolo Terragni'!, Antonio Pesenti®,
Martin Tobin®, Jordi Mancebo', and Laurent Brochard'®

Intensive Care Med {2016) 42:1360-1373
DOI 10.1007/5001 34-016-4400-x

Esophageal and transpulmonary @
pressure in the clinical setting: meaning,
usefulness and perspectives

Tommaso Mauri', Takeshi Yoshida®*#, Giacomo Bellani®, Ewan C. Goligher®”'?, Guillaume Carteaux
Nuttapol Rittayamai'®'""?, Francesco Mojoli'®, Davide Chiumello™', Lise Piquilloud'*'®, Salvatore Grasso'’,
Amal Jubran'®, Franco Laghi'®, Sheldon Magder'®, Antonio Pesenti''#, Stephen Loring®®, Luciano Gattinoni''?,
Daniel Talmor?®, Lluis Blanch?', Marcelo Amato®?, Lu Chen'"'2 Laurent Brochard''%", Jordi Mancebo®?

and the PLeUral pressure working Group (PLUG—Acute Respiratory Failure section of the European Society of
Intensive Care Medicine)
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Classificazione generale

1. Asincronie di trigger inspiratorio

a. Trigger delay = Sforzi inefficaci
b. Autotrigger

2. Asincronie di ciclaggio espiratorio

a. Ciclaggio espiratorio precoce (Short cycle) = Doppio trigger
b. Ciclaggio espiratorio tardivo = Ciclaggio a tempo (hang-up)

3. Altre asincronie

a. Flow starvation
b. Reverse triggering non armonico



Paw (emH,0)

Pes (emH,0)

Asincronie di trigger inspiratorio

Trigger delay

Pmus (+ Paw) = Pres + Pel + PEEPI

T
T
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Flow (I/see)

- 7 - .

SR S - U —
E N Il flusso inspiratorio (pos.) inizia solo
SO \~<( © " quando il carico dato dalla PEEPi viene
- ~ controbilanciato dallo sforzo inspiratorio
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: Delay
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A of inspiratory effort
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1 = PEEPi |




Sforzi inefficaci

PSV 9 PSV 15

Flow
(L/S)
Meccanismi
25 - * Supporto pressorio eccessivo
20 - * Riduzione drive ventilatorio
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Conseguenze cliniche del ciclaggio prolungato
e degli sforzi inefficaci in corso di PSV

SUDDOIto Riduzione del drive Atrofia
PP . - ventilatorio e dello  ™=—) diaf :
eccessivo sforzo inspiratorio iaframmatica

Aumento

= supporto
Sforzi infefficaci Raddoppio RR ‘
Basso RR sullo » Passagoio in ,
schermo del ventilatore © riduzione Vt Ventilgéz%ione Ritardata

f controllata » estubazione

Se il clinico riduce  Reazione del clinico
il supporto



Impact of Expiratory Trigger Setting on
Delayed Cycling and Inspiratory Muscle Workload

Didier Tassaux, Marc Gainnier, Anne Battisti, and Philippe Jolliet

Medical Intensive Care, University Hospital, Geneva, Switzerland; and Medical Intensive Care, Ste. Marguerite University Hospital,
Marseille, France

=Hed MMMWMM%

ET 10 ET 25 ET 70

ET= Expiratory Trigger as % of peak inspiratory flow
Tassaux D Am J Respir Crit Care Med Vol 172. pp 1283-1289, 2005



Impact of Expiratory Trigger Setting on
Delayed Cycling and Inspiratory Muscle Workload

Didier Tassaux, Marc Gainnier, Anne Battisti, and Philippe Jolliet

Medical Intensive Care, University Hospital, Geneva, Switzerland; and Medical Intensive Care, Ste. Marguerite University Hospital,
Marseille, France

Y
[0 #]
]

16

14

12

10 -

Non-triggering breaths (n/min.

ETS 10 ETS 25 ETS &0 ETS 70

Setting expiratory trigger at a higher % of peak inspiratory flow in COPD pts
improves patient—ventilator synchrony

Tassaux D Am J Respir Crit Care Med Vol 172. pp 1283-1289, 2005



Paw (emH,0)

Flow (I/sec)

Pes (emH,0)

& = & =

Asincronie di trigger inspiratorio

Sforzi

NB: se coesistono sforzi inefficaci e doppi trigger, priorita alla correzione degli
sforzi inefficaci (fame d’aria dovuta agli sforzi inefficaci > " drive inspiratorio
negli atti successivi 2 doppi trigger!)




Flow (l/sec) Paw (cmH,0)

Pes (cmH,0)

Asincronie di trigger inspiratorio

Autotrigger




Asincronie di trigger espiratorio

Ciclaggio espiratorio precoce (short cycle) e doppi cicli

NB: se segni di P 1 drive/sforzo nel setting acuto, ventilazione protettiva controllata
vs. controllo del drive respiratorio?




Asincronie di trigger espiratorio

Ciclaggio espiratorio tardivo e ciclaggio a tempo (hang-up)

>

NN

Inspiratory flow
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2 3 4

Slow Py decay

after cycling off

'
Expiration
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0 End of muscle contraction
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Grieco et al — AJRCCM 2019



Altre asincronie

Flow starvation

PSV/PACV: 1 Psupp / Pinsp

VACV: 1 Flusso o Vt vs. passare a

~

J

FIQJZ\, SE== == ——— = ——-—— modalita pressometrica assistita, dove
S /__x\\w — ——— lo sforzo muscolare del paziente
o / == concorre a determinare il picco di
Peso‘ == ' | ' . \ flusso inspiratorio
| \ -
£ 7 7 e

Pham et al — Crit Care Clin 2018




Altre asincronie

Reverse triggering non armonico

Entrainmentduration (sec)

CHEST Original Research

il }\—}L‘/ﬂv
e s
g /S g WS ALV VVad

P
N

[3 c¢mH,0

0 cmH,0 Y
1sec

Time

© =dP / Ttot * 360°
Entrainment ratio = 1:2

CRITICAL CARE

Mechanical Ventilation-Induced
Reverse-Triggered Breaths

A Frequently Unrecognized Form of
Neuromechanical Coupling
Evangelia Akoumianaki, MD; Aissam Lyazidi, PhD; Nathalie Rey, MD;

Dimitrios Matamis, MD; Nelly Perez-Martinez, MD; Raphael Giraud, MD;
Jordi Mancebo, MD; Laurent Brochard, MD; and Jean-Christophe Marie Richard, MD, PhD
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Valutazione radiologica e ultrasonografica

* Rx torace
 Tomografia computerizzata
* Ecografia polmonare e diaframmatica

G.e m el I i 16/03/2023
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Pneumotorace

Assenza del Gliding
Comparsa di linee A
Assenza di line B

Lung Point: VPP 100%

The “lung point”: Association of absent lung sliding with “A lines”

M-mode: This sudden replacement of the physiologic granulous pattern by a horizontal pattern, at a
precise location of the chest wall, is specific to pneumothorax.
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A novel non-invasive method to detect m@
lasptee

excessively high respiratory effort and
dynamic transpulmonary driving pressure
during mechanical ventilation

Michele Bertoni'?, Irene Telias™, Martin Umer®®, Michael Long®, Lorenzo Del Sorbo™”, Eddy Fan™,

Christer Sinderby*, Jennifer Beck™, Ling Liu®, Haibo Qiu®, Jenna Wang®, Arthur §. Sutsky™”,
Niall D. Ferguson™**'% | aurent J. Brochard™ and Fwan €. Goligher*'*! g

Abstract

Background: Excessive respiratory muscle effort during mechanical ventilation may cause patient self-inflicted lung
injury and load-induced diaphragm myotrauma, but there are no non-invasive methods to reliably detect elevated

transpulmonary driving pressure and elevated respiratory muscle effort during assisted ventilation, We hypothesized
that the swing in airway pressure generated by respiratory muscle effort under assisted ventilation when the airwvay
is briefly occluded (AP} could be used as a highly feasible non-invasive technique to screen for these conditions.

Methods: Respiratory muscle pressure (P, dynamic transpulmaonary driving pressure (AP g, the difference
between peak and end-expiratory transpulmonary pressure), and AP, were measured daily in mechanically
ventilated patients in two 1CUs in Toronto, Canada. A conwersion factor to predict AP g, and Py, from AP, was
derived and validated using cross-validation. External validity was assessed in an independent cohort (Manjing,
China),

Results: Fifty-two daily recordings were collected in 16 patients. In this sample, P, and AP, were frequently
excessively high: P, exceeded 10 cm H,O on 84% of study days and AP, 4, exceeded 15 cm H,0 on 53% of
study days. &P, measurements accurately detected P > 10om HyO (AURDC 092, 95% O 0.83-0.97) and

APy gyn = 15 cm Hz0 (AURDC 093, 95% C1 0.86-0.99). In the external validation cohort (n=12), estimating Prs and
AP gy from AP, measurements detected excessively high P, and AP, 4, with similar accuracy (AURDC = 0.94),

Conclusions: Measuring AP, enables accurate non-invasive detection of elevated respiratory muscle pressure and
transpulmonary driving pressure. Excessive respiratory effort and transpulmonary driving pressure may be frequent
in spontaneously breathing ventilated patients,

Keywords: Mechanical ventilation, Artificial respiration, Acute lung injury, Myotrauma, Respiratory maonitoring

Conclusions: Measuring AP, enables accurate non-invasive detection of elevated respiratory muscle pressure and
transpulmonary driving pressure. Excessive respiratory effort and transpulmonary driving pressure may be frequent
in spontaneously breathing ventilated patients.
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Effects of Gas Leak on Triggering
Function, Humidification, and

Inspiratory Oxygen Fraction During

Noninvasive Positive Airway Pressure
Ventilation*

Eriko Mq,tc.m’m ML) Yuji Fujine, M1, Akinori Urﬁa'.glmm, M1
Takashi Mashimo, MID): and Masaji Nishimura, MDD

Objectives: During noninvasive positive pressure ventilation (NPPV). the gas leak that commonly
oceurs around the mask can remder NPPY ineffective. We evaluated the effects of gas Jeak on
inspiratory wigger fumction during NPPY with bilevel pressure and ICU ventlators. In addivon,
we evaluated the effects of gas leak on fraction of inspired oxvgen (Fioy) and humidification.
different<ize holes in the circuit. During simulated spontaneocus wie evalizied
inspiratory trigger performance of two bilevel pressure vemtilators (BiPAP Vision and BiPAP
ST-13; Respiromics; Murrysville, PA) and two ICU ventilators (Puritan-Benmen 7200ue  and
Puritan-Bennett 540; Tveo Healtheare; Mansfield, MA). Inspiratory delay time and :
mmwmmulymd.ﬁugltﬂnmnﬂ opening and mside the model were
mg;“hﬂmﬂimrw-nwmﬂndmm mmnﬂbﬁ#flﬁ,!! ll?fmdl:.!
IJ-In Hemu'ednrfgﬂ:mmmmmed mathematically predicied levels.
Finally, wsimg two heated humidifiers, we evaluated the effect of gas leak on humidification.
Resulis: The bilevel pressure vemtilators riggered properly at all levels of gas leak, and
inspiratory triggering was more effective than with the ICU ventilators. Delivered Fio, with the
BiPAFP S/T-12 ventilator was affected by Iﬂkundmﬂ:lbr mathematically umless the
gas leak was larpe. liimlnrgegulei:’ v was maintained. absolute
humidity decreased.
Conclusion: Cas leak affected wriggering of 1CU ventilaors, Fioy, of the BiIPAP ST-D ventilator,
and humidity with both types of humidifiers. (CHEST 2003; |25:369]-3658)

Ky words: gas leak; humidificstion; imspirstony fraction of onygen; nonimvssive positive: pressan: venlilstion: irigsering
Fumction

Abbroviationz: AH = aluolute  kumidity. |J‘T—I.Ir.li1l‘[ -ll.i:l_:,' time; 0, = fretiom of In:Elmd oaygen;
P—

MNPPY = rrmmm'p:ﬂm[nmwwﬂihhmﬁ 'plmn-ﬁ -qu'.linrrt'rm-r
pressure; FIF = |:l|.|:|k mepirabory pressure; RH = rolative lmr-ih I'I.H. e
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Fig. 1 Representative racings obtained duing the airway occlusion maneuver. Flow, airvay pressure (Py,), esophageal pressure (), and
diaphragm electrical activity (Eq) were recorded while a one-way end-expiratory occlusion permitting expiratory flow but not inspiratory flow
(black arrow) was applied at a random interval. Transpulmonary pressure (P,), obtained by digital subtraction of Pu, from Py, signifies the
dynamic stress applied Lo the g, Chest wall elastic recoil pressure (AP.,) was estimated by multiphying tidal volume by predicted chest wall
elastance. Inspiratory effort was quantified by the peak inspiratory muscle pressure, P, estimated as the difference between AP, and AP,
(baseling P, is 0rom Hy by definition). Mote that peak Fi did not differ between ecduded and non-occluded breaths

Ventilator Waveforms

Measure AP, every 4-8 hours
r';:ﬂll\f Pressure . x‘ (3 single-breath
Park sirwny pressuce end-expiratory ocelusions)

o '

Flow Estimate P,,,,
L W i If AP, < 0 em H;0, estimate AP,

d I / V clinical management
- J . Yes
Predicted P, > 13-15 cm H,0 OR

_ OR g Consider modifying sedation and
Computations Predicted AP, 2 16-17 cm H;0 ventilation to achieve predicted
Predicted Pmus = -3/4 x AP, | Pnus and AP, within acceprable

,', Mo limits

Predicted AP, = (Peak airway pressure - PEEP) - 2/3 x AP,
Note: AP, i always £ 0 cm HO (the magnitude of decrease in
abrway pressure from inspiratory effort during the occlusion) Target achleved
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Fig. 4 Proposed dinical algorithrm for monitoring respiratory muscle pressure () and dynamic transpulmonary pressure swings (AF) based on
the negative deflection in ainway pressure during an end-expiratony airway occlusion maneuver (AP, P, esophageal pressure
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Optimization of ventilator setting by flow and
pressure waveforms analysis during noninvasive
ventilation for acute exacerbations of COPD: a
multicentric randomized controlled trial

Fabiano Di Mar[n", Stefana Centamni‘, Andrea Bellonez, Grazia Messinesis, Alberto PES(is, Raffaele 5[3‘34‘,
Andreas Perren® and Stefano Nava®

Abstract

Introduction: The analysis of flow and pressure waveforms generated by ventilators can be useful in the
optimization of patient-ventilator interactions, notably in chronic obstructive pulmenary disease (COPD)} patients. To
date, however, a real dinical benefit of this approach has not been proven.

Methods: The aim of the present randomized, multi-centric, controlled study was to compare optimized
ventilation, driven by the analysis of flow and pressure waveforms, te standard ventilation (same physician, same
initial ventilator setting, same time spent at the bedside while the ventilator screen was obscured with numerical
data always available). The primary aim was the rate of pH normalization at two hours, while secondary aims were
changes in PaCO;, respiratory rate and the patient’s tolerance to ventilation (all parameters evaluated at baseline,
30, 120, 360 minutes and 24 hours after the beginning of ventilation). Seventy patients (35 for each group) with
acute exacerbation of COPD were enrclled.

Results: Optimized ventilation led to a more rapid normalization of pH at two hours (51 vs. 26% of patients), to a
significant improvement of the patient’s tolerance to ventilation at twe hours, and to a higher decrease of PaCO,
at two and six hours. Optimized ventilation induced physicians to use higher levels of external positive end-
expiratory pressure, more sensitive inspiratory triggers and a faster speed of pressurization.

Conclusions: The analysis of the waveforms generated by ventilators has a significant positive effect on
physiological and patient-centered outcomes during acute exacerbation of COPD. The acquisition of specific skills
in this field should be encouraged.

Trial registration: ClinicalTrials.gov NCTO1291303.

Keywords: chronic abstructive pulmonary disease, acute exacerbation, non invasive ventilation, ventilators
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Figure 1 Rate of pH normalization {pH = 7.35) and changes in actual pH values B. Vertical errar bars on data paints represent the
standard eror of the mean
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-25 -
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Figure 2 Changes in PaCO, (actual data minus baseline values). Vertical eror bars on data points represent the standard errer of the mean.
The values indicate the F of between-group Student's t-test.

-a-Standard ventilation
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