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• Respiratory rate
• SaO2 
• ABG (pH, PaCO2, PaO2) 
• Transcutaneous CO2 
• End-tidal CO2

Physiological parameters 



Sogeto normale 

VT 

Sforzo muscolare

L’aumento del PS aumenta il VT (VT =PS/ERS)
ma non impatta sulla pendenza 
della Relazione VT sforzo muscolare



Respir Care 2012;57(10):1548–1554.

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

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



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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HACOR scale
• Heart rate, 
• Acidosis, 
• Consciousness, 
• Oxygenation
• Respiratory Rate



HACOR score improves in pts with NIV success and 
remains unaltered in patients with NIV failure.



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).

The diagnostic accuracy for NIV failure  remained above 80% regardless of 
NIV duration, diagnosis, age, or disease severity (APACHE 2 score).



HACOR scale

• Heart rate, 

• Acidosis, 

• Consciousness, 

• Oxygenation

• Respiratory Rate

Among pts with a 
HACOR score >5,
early ETI  improved 
hospital mortality
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ASINCRONIE VENTILATORE-PAZIENTE IN 
VENTILAZIONE NON INVASIVA

• “Synchrony between the patient and
ventilator can be defined as the
adequacy of matching of patient
demand with support provided by the
ventilator in terms of synchronization
of time, volume, or flow”.

Tobin MJ – Principles and practice of mechanical ventilation



11

Gold standard
• EMG
• esophageal pressure monitoring 

Clinical practice
• Clinical examination
• Flow and pressure traces

Patient-ventilator asynchrony 
Diagnosis
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ASINCRONIE VENTILATORE-PAZIENTE IN 
VENTILAZIONE NON INVASIVA

• Several forms of asynchrony can be
identified by inspecting the airway
pressure and flow curves on
ventilators. It is often possible to rule
out the problem by modifying
ventilator settings or undertake other
remedial steps.

Tobin MJ – Principles and practice of mechanical ventilation

• Several forms of asynchrony can be
identified by inspecting the airway
pressure and flow curves on ventilators.

• It is often possible to rule out the problem
by modifying ventilator settings or
undertake other remedial steps.
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Physician's ability to align the rhythm of the 
machine with the rhythm of the patient's respiratory 
centers becomes the primary determinant of the 
level of rest accorded to the respiratory muscles. 

Ventilatory Failure, Ventilator Support, and 
Ventilator Weaning
Martin J. Tobin, Franco Laghi, Amal Jubran

Compr Phisiol. 2012 Oct;2(4):2871-921. 



Ineffecctive efforts during

mechancal expiration= abrupt

 decrease in expiratory flow

Ineffective efforts during

Mechanical inspiration=abrupt 

increase in inspiratory flow

Inspiratory efforts that 

Triggered the ventilator

Ventilatory 

rate 12/min

Patient 

RR 35/min

expiratory flow 

exhibits an initial 

spike, a sign of 

considerably

increased airflow

resistance and flow 

limitation



•Respiratory mechanics 
•resistance,
•elastance, 
•dynamic hyperinflation/PEEPi

•Minute ventilation
•Respiratory muscle capacity
•Respiratory drive

Asynchrony: patient-related factors 



•Inspiratory trigger (flow, pressure)

• Site of triggering (ventilator, trachea, NAVA); 

•Inspiratory flow delivery (flow rate and 

pattern) 
•Breath-termination (cycling criteria)

• Level and mode of ventilatory
support (pressure vs volume control);

•Applied PEEP.

•Interface 
•endotracheal tube, 
•mask 
•Helmet 

•Ventilator circuitry 
•Humidification system (HME vs 

active humifiers)

Asynchrony: Ventilator related  factors

Ventilator 



Asynchrony prevalence in NIV:

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

-9   pts (15%) double triggering

-8   pts (13%),ineffective breaths

-8   pts (13%) auto-triggering

-7   pts (12%) premature cycling

-14 pts  (23%) late cycling 

60  NIV pts (55%Hypercapnic) 

Vignaux et al., Intensive Care Med 2009; 35: 840-846



Vignaux et al., Intensive Care Med 2009; 35: 840-846

Prospective study on 60 NIV pts 

26 pts (43%) asinchrony index (AI) > 10%

Multivariate analysis associated with the presence of an 
AI>10%

the level of PS (OR: 1.32 per additional cmH2O of 
pressure support, 95% CI: 1.10–1.58; P = 0.003) 

the magnitude of leak (OR: 1.24 per additional l/min of 
leak, 95% CI: 1.03 1.48; P = 0.019) were.





•Higher/wasted work of breathing,

•Worsen mechanics (PEEPi)

• efficiency of mechanical ventilation (gas exchange)

•Patient discomfort, 

•Sleep fragmentation

•Increased need for sedation, 

•problems during the weaning process,

•prolonged mechanical ventilation, 

•ultrastructural injury to respiratory  muscles

• ICU LOS, 

• possibly   mortality.

Patient-ventilator asynchrony adverse effects 



% of breaths that are asynchronous
Number of Asynchrony Events x 100
Total Respiratory Rate

IEE + IEI + DT + AT     
 X 100
Ventilator breaths +Ineffective efforts

Asynchrony Index ≥ 10% →High

Asynchrony Index (AI)

Vitacca, M. Chest (2004) 126: 851-859
Thille, A. Intensive Care Med (2006) 32:1515-1522



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

Patient – ventilator asincrony 

Effects on MV and prognosis

MortalityTracheostomyMV > 7 days

Asinchrony index > 10% (n°= 15)

Asinchrony index < 10%(n°=47)



Prospective noninterventional 
observational study of 50 pts
software detecting IEE, double trigger
Shorted and prolonged cycling to 

compute asynchrony index





Classificazione generale

1. Asincronie di trigger inspiratorio

2. Asincronie di ciclaggio espiratorio

3. Altre asincronie

a. Trigger delay → Sforzi inefficaci
b. Autotrigger

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

a. Flow starvation
b. Reverse triggering non armonico



Asincronie di trigger inspiratorio

Trigger delay

Il flusso inspiratorio (pos.) inizia solo 
quando il carico dato dalla PEEPi viene 

controbilanciato dallo sforzo inspiratorio
(deflessione sul tracciato Paw)  

Pmus (+ Paw) = Pres + Pel + PEEPi

= PEEPi !



Appendini L. et al.  AJRCCM 1996; 154:1301-1309

Work of Breathing for intrinsic PEEP in COPD patients



Asincronie di trigger inspiratorio

Sforzi 
inefficaci

Diagnosi: distorsione del flusso (++) o deflessione Paw (>0.5 cmH2O) 
non seguiti dall’erogazione dell’atto, FR ventilatore > FR paziente

Cause: PEEPi, ↑↑ Psupp, basso drive respiratorio, ↓↓ sensibilità 
trigger inspiratorio

Soluzioni: ↑ tempo espiratorio (↑ % trigger exp. → ↓ tempo 
espiratorio), ↓ Psupp, ↑ sensibilità trigger inspiratorio, PEEPe 80% della PEEPi?

NB: se coesistono sforzi inefficaci e doppi trigger, priorità alla correzione degli 
sforzi inefficaci (fame d’aria dovuta agli sforzi inefficaci → ↑↑ drive inspiratorio 

negli atti successivi → doppi trigger!)



Wasted 

effort

High PSV-VT

 Tinsufflation,  Texp

Incomplete expiration

(dynamic hyperinflation)

 required effort to trigger

Trigger sensitivity

 respiratory

drive

 inspiratory effort

Diaphragmatic weakness



With increasing levels of PS, the total number of inspiratory attempts decreased (p < 

0.001), whereas the number of nontriggering attemptsn increased (p < 0.001).

N°of inspiratory attempts

AM J RESPIR CRIT CARE MED 1997;155:1940-1948.



Meccanismi
• Supporto pressorio eccessivo
• Riduzione  drive ventilatorio 
      e sforzi inspiratori
• compliance 
• Resistenze
• iperinflazione
• Sforzi insp. prima della completa esp.
• Carico extra dovuto auto PEEP

Costante di tempo 

Sforzi inefficaci

8 PEEP 14 PSV

8 PEEP 8 PSV



At low level of support, the data 
points (solid dots) fall near the line of 
identity. 

With high-level PSV the data points 
(open circles) deviate from the line of 
identity in all but two patients.



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 H2O s/min 
• esophageal occlusion pressure of less than 1.5 cm H2O.

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



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 a 
RR > to 30 excluded overassistance (100% sensitivity).

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

RR RR RR



12 ETI pts with >10% of 

ineffective breaths in PSV

To decrease ineffective triggering the 

following ventilator setting adjustments 

were randomly adjusted: 

•PS reduction, 

•insufflation time reduction, 

•change in end-expiratory pressure.

eliminated ineffective triggering in 

2/3  of pts with weaning difficulties 

and a high percentage of ineffective 

efforts

no influence on asynchrony





Asincronie di trigger inspiratorio

Autotrigger

Diagnosi: atto inspiratorio meccanico erogato senza 
essere preceduto da deflessione negativa Paw

Cause: oscillazioni cardiache, condensa, 
perdite, ↑↑ sensibilità del trigger inspiratorio

Soluzioni: rimuovere condensa dai tubi (modificare 
sistema di umidificazione?), correggere le perdite, 
↓ sensibilità del trigger inspiratorio



1 L/min                    4L/min

Patient who underwent mitral valve 
replacement and tricuspid annuloplasty

Trigger sensitivity 

Imanaka H. Critical Care Medicine: 28 :2 402-407 2000



Asincronie di trigger espiratorio

Diagnosi: 
Ciclaggio espiratorio precoce: distorsione delle tracce di flusso e Paw, Tinsp < ½ Tinsp medio (Tinsp 
medio = tempo durante il quale il flusso è positivo, calcolaro su 30 atti)
Doppi cicli: due atti meccanico separati da un Texp < ½ Tinsp medio

Cause: ↑↑ drive/sforzo inspiratorio, ↓↓ Psupp, ↑↑ % trigger exp. (inspirazione meccanica 
troppo corta), ciclaggio a tempo con un tempo inspiratorio massimo troppo basso, ↓↓ costante di 
tempo del sistema respiratorio, cause cliniche neurologiche (encefalopatia/respiro di Kussmaul)

Soluzioni: esclusione cause neurologiche, ↑ Psupp se sospetta sotto-assistenza (↓Vt), ↑ % trigger 
exp. (allungamento inspirazione meccanica), ↑ tempo inspiratorio massimo (0.8 - 1 sec)

NB: se segni di ↑↑ 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)

Diagnosi:
Ciclaggio espiratorio tardivo: Tinsp > 2*Tinsp medio
Ciclaggio a tempo: segnalato dal ventilatore

Cause: perdite!!, ↓↓ % trigger exp. (inspirazione meccanica 
troppo lunga), ↑↑ costante di tempo del sistema respiratorio

Soluzioni: correggere le perdite, ↑ % trigger exp. (idealmente 
sopra il flusso delle perdite; accorciamento inspirazione 
meccanica), settare un tempo inspiratorio massimo di 0.8-1 sec, 
passare a una modalità ciclata a tempo (++ PACV) 



Altre asincronie

Flow starvation

Pham et al – Crit Care Clin 2018

Cause: insufficiente flusso inspiratorio (i centri bulbari sono soddisfatti dal flusso; ++ se ↓ Vt), ↑↑ 
drive/sforzo inspiratorio (++ se ↑ Vt)

Soluzioni: ↑ flusso inspiratorio vs. ↓ drive respiratorio / ventilazione meccanica protettiva 
controllata?

PSV/PACV: ↑ Psupp / Pinsp

VACV: ↑ Flusso o Vt vs. passare a 
modalità pressometrica assistita, dove lo 
sforzo muscolare del paziente concorre a 
determinare il picco di flusso inspiratorio



Altre asincronie

Reverse triggering non armonico

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

Cause: ++ sedazione profonda, ↓ FR impostata

Conseguenze: ventilazione non-protettiva (↑↑ 
Vt!), variabilità Pplat (monitoraggio), attività 
muscolare respiratoria non controllata (consumo di 
O2, citochine, effetti emodinamici)

Soluzioni: ↑ FR impostata, ↓ sedazione e 
passaggio a modalità assistita se possibile, paralisi 
neuromuscolare se modalità assistita non sicura, ↓ 
sensibilità del trigger inspiratorio (non risolve le 
conseguenze dell’attività muscolare respiratoria 
incontrollata!)



Reverse triggering in ACV.
Indirect evidence of patient inspiratory activity during mechanical inflation is the flow distortion (grey shaded 
area) and the disappearance (blue arrows) of plateau airway pressure (Paw) in the flow-time and Paw-time 
waveform, respectively. 

Reverse triggered breath was strong enough to trigger the ventilator at the end of the mechanical inspiration, 
causing breath stacking (red shaded area). V) during breath stacking increased from 444 ml to 800 ml



PSV with helmet vs face mask

Racca F et al. J Appl Physiol 2005;99:1262-71



PSV

Patient-ventilator interaction with helmet PSV is poor

Racca F et al. J Appl Physiol 2005;99:1262-71
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