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OBJECTIVES

• Look at ventilator graphics.

• Analyze normal and abnormal ventilator 
waveforms

• Discuss abnormal waveforms and detect 
asynchronies

• Implications of asynchronies with a literature 
review.



What mode is this..?



VOLUME VS PRESSURE TARGETED 

MODES



BASIC BREATH TYPES ON 

MECHANICAL VENTILATION



Pre-Requisite Checklist

• Make sure tubing/circuit is checked

• Check the flow meter

• Oxygen calibration

• Inline suction, nebulizer and capnography etc. 



ASYNCHRONIES

• Mismatch between the patients(neuronal 
inspiratory/expiratory) and ventilator expiratory and 

inspiratory times and drives.

• Important to recognize the correct clinical context.

• Treatment has been shown to decrease sedation requirements, 
and decrease days of mechanical ventilation and one study 

showed a short-term mortality benefit.



ASYNCHRONY IN DIFFERENT PHASES



Patient Ventilator Asynchrony

• Under-recognized problem- Up to 93% patients have 
some form of asynchrony.

• Studies have shown that when the asynchrony index
>10% then there is an increased need for sedation.

• Studies show that most clinicians readily miss 
asynchronies



TRIGGER ASYNCHRONY

• Most common type of asynchronies.

• The trigger is the variable that is manipulated to deliver 
the flow/ pressure

• Two types of triggers, flow/pressure. 

• Look at the trigger settings-enough so they don’t have 
missed trigger but not too much so that they don’t trigger.



Ineffective Triggering

• Causes of Ineffective Triggering
- High Intrinsic PEEP - Muscle Weakness(steroids/paralytics)    

- Oversedation - Trigger settings

• Inappropriate Triggering
- Autotriggering falls under this category

- Causes include Shivering, Cardiac Oscillations, Hiccups and Condensation

• Some clues to diagnosis will be

- Look at the preceding tidal volume

- Look at the preceding expiratory volume



EXAMPLES

TRIGGER ASYNCHRONY- DOUBLE TRIGGER





NOT AN ASYNCHRONY- REDUCING PEEP 

SMOOTHENS THE WAVEFORM



Treating Trigger Dysynchrony

• If there is ineffective triggering, find out the 
cause.

If due to High Intrinsic PEEP
1) Extrinsic PEEP          2) Increase Expiratory Time      3) Bronchodilators

• If due to Respiratory Muscle Weakness, check 
NIF(decrease threshold)

• If autotriggering then detect and treat underlying 
problem

• Some newer modes like NAVA.



Guesses…?



Reverse Triggering

• Any Guesses to what this is..??

Ventilator Insufflations during passive lung 

inflation triggers diaphragmatic contractions at 

the end of inspiration

First breath in a reverse triggering event is a 

ventilator programmed breath not triggered by 

patient



Reverse Triggering

• Believed to be oversedation and overdistension

• Stretch receptors in the lungs are stimulated

• Reduce sedation



Flow vs Pressure Triggers

NOT translated into  

significant 

differences in 

patient outcomes 





Examples



FLOW ASYNCHRONY

• Simpler to understand- Primarily of two types.

• Look at pressure curve



Understanding Flow Asynchrony

• If the curve is shifted downward, especially during the 
inspiratory rise phase.

-It means patient is air hungry, so treat by increasing 
inspiratory flow/volume or switch to a pressure mode.

-If the curve is shifted upward(more common in pressure 
mode) then consider switching to volume mode or adjust 
the rise. 



Cycling Asynchrony



Understanding what cycles a 

vent..?

• In Assist Control- Volume: It is the volume.

• In Assist Control- Pressure: It is time. 

• In Pressure Support: It is the trigger 
threshold usually set at 25% of the peak 

inspiratory flow. 



Premature Cycling

• Ventilator Ti is too short relative to Patient 

Ti

• How to Treat this

-Increase Tidal volume

-Increase Ti(If pressure control mode)

-If pressure support(increase pressure support 

or lower the cycling off threshold)



Cycling Off in Pressure Support

Look at the graphic and see when he is 

cycling off to. Make sure you see when 

he is cycling off and adjust. 



Food For Thought

• Patient is on Pressure Support and he is on 
settings of 18/5 and therefore you are giving him 
more tidal volume.

• Theoretically if you keep him on these settings and 
don’t check his tidal volumes you can possibly 
worsen his asynchrony.

• You can induce more diaphragmatic weakness- so try 
and reduce the pressure support as much as 
possible.



Question…

• Can anybody tell me what other asynchrony can 
premature cycling lead to..??

DOUBLE TRIGGERING!



Delayed Cycling

• The mechanical/ventilator Inspiratory time is 

> than neuronal inspiratory time

• So abrupt increase in pressure curve(like 
mickey ears)



Delayed Cycling During Pressure 

Support



Effects of Delayed Cycling

Decrease lung emptying so potentially can 

increase the intrinsic PEEP which can lead 

to 

-Trigger Delay/Ineffective triggering

-Missed Triggering 

-Increased Respiratory Muscle Workload



Correcting Cycling Asynchrony

• Decrease inspiratory time- If Pressure control

• Decrease Tidal Volume/flow in VC

• Increase the cycling threshold or decrease 
Pressure support in PS mode



Bonus Points- What have I done 

here..??

Checking for leak. Watch expiratory limb of 

the volume curve.



The Dreaded Literature Review 



Methods

• 62 patients were prospectively monitored for  
asynchrony.

• Outcomes studied included duration of mechanical 
ventilation, tracheostomy and mortality.

• Noted  asynchrony by inspecting continuous waveform 
patterns. 



Results

• Defined an asynchrony index of greater than 
10%.

• The most notable asynchronies were ineffective 
triggering and double triggering. 



Results-Contd

Factors associated with double triggering included 

were worse hypoxia, AC as the mode, a high PEEP.

Factors with ineffective triggering included COPD, 

alkalosis and the male sex.



Study#2



Conclusions

• May be associated with longer duration of 
mechanical ventilation

• Higher ICU and hospital mortality

• Multiple confounding factors



Study 3



Ways to detect asynchrony

• NG tubes with monitoring of diaphragmatic amplitude

• Diaphragmatic ultrasound 

• Promising software that allows for real time 
monitoring



Conclusions

• Look at the waveforms carefully during both mechanical 
ventilation and weaning to look for asynchrony.

• Reducing asynchrony can definitively decrease the need 
for sedation. Address that before adjusting sedation

• More RCTs are needed in this direction to assess 
mortality etc. 



Test Questions

There are 2

asynchronies in the 

waveform here…find 

them.



Take Home Points

• Recognize asynchronies and treat them rather than 
just sedation

• Understand asynchronies in conjunction with the 
phase of the respiratory cycle

• Consider esophageal probes if occurring frequently.

• Other wise between sedation boluses and restraints 
the nurses will…





Thanks

• A special thanks to Jackie- Tireless effort in 
organizing all of this and also for bringing us to 
Seaside!!

• To my fiancé Kelly for driving so I could snooze in the 
car!

• And to my ass#$le dog Chipson- who makes everything a 
little bit better





Questions..??
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