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• Recognize various forms of patient-ventilator 

asynchrony in the VC-AC mode of ventilation using 

widely available scalar waveforms 

 

• Discuss the physiologic causes and clinical 

implications of various forms of uncorrected patient-

ventilator asynchrony 

 

• Recommend potential ventilator parameter changes to 

correct recognized asynchronies   

Objectives 



There are four distinct parts to each 

breath, mandatory or spontaneous  

patient-ventilator 

asynchrony 



trigger 

The trigger is how the breath is initiated 

(or what turns inspiration on) 



….and there are 

physiologic variables 

that are dependent or 

variable 

trigger 

breath 

delivery 

During breath delivery there are physiologic 

variables that are set by the clinician…. 

Those physiologic 

variables that are set 

and dependent are 

determined by the 

control variable 

selected by the 

clinician 



trigger 

breath 

delivery cycle 

The cycle is how the breath is ended 

(or what turns inspiration off) 



trigger 

breath 

delivery cycle 

exhalation 

Exhalation (on behalf of the ventilator) 

is passive 



patient-ventilator 

asynchrony 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 



VC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

PC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

VTPC*-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

*volume-targeted 

pressure control 

Continuous Mandatory Ventilation 



PS 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

VTPS* 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

*volume-targeted 

pressure support 

Continuous Spontaneous Ventilation 



VC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

ineffective trigger 

auto trigger 



Trigger Dysynchrony 

Recognizing ineffective efforts 

Ineffective trigger occurs 

when the patient’s 

inspiratory effort fails to 

trigger the ventilator and 

the patient is not 

rewarded with a breath 

Ineffective trigger is also 

referred to as ineffective 

efforts or untriggered 

breaths 



The expiratory flow also goes 

towards the inspiratory scale 

When the patient begins the 

inspiratory effort, the pressure 

decreases slightly. 



The expiratory flow also goes 

towards the inspiratory scale 

The ventilator doesn’t detect the 

drop in pressure to initiate an 

assisted breath, observed by a lack 

of inspiratory flow 

When the patient begins the 

inspiratory effort, the pressure 

decreases slightly. 



When the patient finishes the inspiratory 

effort and effectively exhales out, the 

pressure begins to increase 

Flow exits the patient’s lung and travels 

towards the expiratory valve, observed as 

a re-acceleration on the expiratory arm of 

the flow-time scalar  



Ineffective trigger 



– Ineffective efforts result in an increased work of breathing on 

the patient’s behalf 

– This is due to the patient’s employment of muscles of 

inspiration to expand the thoracic cage in an effort to 

initiate a breath 

 

– Ineffective efforts can also result in a phenomenon of 

breathlessness and agitation because of the undelivered 

breath 

Clinical implications of ineffective trigger 

Trigger Dysynchrony 
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The ventilator’s trigger mechanism is mathematically / 

numerically based on the actual PEEP setting and that 

sensitivity which is set 

PRESSURE 

2 

PEEP 

5 

Trigger Dysynchrony 

Correcting ineffective efforts 



The ventilator’s trigger mechanism is mathematically / 

numerically based on the actual PEEP setting and that 

sensitivity which is set 

PRESSURE 

2 
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5 



The ventilator’s trigger mechanism is mathematically / 

numerically based on the actual PEEP setting and that 

sensitivity which is set 

PRESSURE 

2 

PEEP 

5 

trigger threshold 



Ineffective efforts often come in the presence of unintentional 

PEEP or auto-PEEP because the ventilator “does not know 

about the auto-PEEP” and still requires the patient to alter the 

pressure to the “pre-auto-PEEP levels” to trigger a breath 

PRESSURE 

2 

PEEP 

5 

trigger threshold 

PEEPTOT 

10 



Ineffective efforts often come in the presence of unintentional 

PEEP or auto-PEEP because the ventilator “does not know 

about the auto-PEEP” and still requires the patient to alter the 

pressure to the “pre-auto-PEEP levels” to trigger a breath 

PRESSURE 

2 

PEEP 

5 

trigger threshold 

PEEPTOT 

10 

7 



Ineffective efforts occur when utilizing a flow trigger 

much the same way except….. 

 

If there is no drop in airway/lung pressure when the 

patient initiates the inspiratory effort then there will 

not be flow reversal and flow into the patient 

FLOW 

2 

PEEP 

5 



1) If ineffective efforts are due to air trapping and the 

development of auto-PEEP, then the cause of air trapping 

(obstruction to expiratory flow or inappropriate ventilator 

settings) must be identified and corrected 



2) Correcting ineffective 

efforts due to 

inappropriate trigger 

setting  



2) Correcting ineffective 

efforts due to 

inappropriate trigger 

setting  



Ineffective trigger versus active exhalation 



Ineffective trigger versus active exhalation 

active exhalation 

ineffective trigger 



Ineffective trigger versus active exhalation 

active exhalation ineffective trigger 



VC-AC 

Trigger 

asynchrony 

ineffective trigger 



VC-AC 

Trigger 

asynchrony 

ineffective trigger 

auto trigger 



VC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 
inadequate flow 

excessive flow 



Inspiratory Dysynchrony in VC-AC 

Recognizing inadequate flow 

There should be an exponential rise in 
airway pressure (that does not decrease 

at any point), forming a nearly square 
pressure waveform 









Applied equation of motion in VC-AC 

PAW =   flow x resistance +                     +   PEEP 
compliance 

volume 

these are set this is variable 
these are fixed once 

inspiration starts 



Paw +  Pmus =   flow x resistance +                     +   PEEP 
compliance 

volume 

When a patient is interacting with the 

ventilator an additional variable is added 



Increased 

WOB 

The clinical implication of continued inadequate 

flow is an increased WOB on the patient’s behalf 
(the area under the reference curve) 

Clinical implications of inadequate flow 

Inspiratory Dysynchrony in VC-AC 



Increased 

WOB 

There may be a feeling of 

breathlessness and agitation or anxiety 

The clinical implication of continued inadequate 

flow is an increased WOB on the patient’s behalf 
(the area under the reference curve) 

Clinical implications of inadequate flow 



Correcting inadequate flow 

Inspiratory Dysynchrony in VC-AC 

If inadequate flow is recognized 

in the VC-AC mode, it is 

corrected by increasing the 

peak inspiratory flow rate 



If inadequate flow is recognized 

in the VC-AC mode, it is 

corrected by increasing the 

peak inspiratory flow rate 



If inadequate flow is recognized 

in the VC-AC mode (with a 

TINSP control), it is corrected by 

decreasing the TINSP 



VC-AC 

Inspiratory 

asynchrony 

inadequate flow 



VC-AC 

Inspiratory 

asynchrony 

inadequate flow 

excessive flow 



VC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

premature cycle 

delayed cycle 



Premature cycling or “double-triggering” 

Caused by a dysynchrony between the patient’s neural 

inspiratory time and the ventilator’s inspiratory time 

the ventilator delivers 

the set volume  

the patient continues to inspire and expand their 

thoracic cage 

ventilator cycles / ends inspiration 

pressure / flow decrease in circuit 

Cycle Dysynchrony in VC-AC 

Recognizing premature cycling 



Premature cycling or “double-triggering” 

Caused by a dysynchrony between the patient’s neural 

inspiratory time and the ventilator’s inspiratory time 

the ventilator delivers 

the set volume  

the patient continues to inspire and expand their 

thoracic cage 

the ventilator delivers 

the set volume  

ventilator cycles / ends inspiration 

the patient exhales 

(two inspiratory 

breathes from the 

ventilator within one 

inspiratory effort from 

the patient) 

the expiratory valve 

opens and allows for 

exhalation 



the exhaled VT will read 0 ml for 

the breaths that were not exhaled 



This is immediately followed by a 

“doubled volume” as the patient exhales 

two set inspiratory volumes that were 

delivered on top of each other 



severe cycle dysynchrony 



moderate cycle dysynchrony 



mild cycle dysynchrony 



severe cycle dysynchrony 

mild cycle dysynchrony 

moderate cycle dysynchrony 



The clinical implication 

of severe cycle 

dysynchrony can be 

profound if the intention 

is to volume limit a 

patient who has ARDS 

6 ml/kg IBW 

12 ml/kg IBW 

12 ml/kg IBW 

Cycle Dysynchrony in VC-AC 

Clinical implications of premature cycling 



The clinical implication of moderate or minimal cycle 

dysynchrony is an increased WOB on the patient’s behalf  
(the area under the reference curve) 



Increased 

WOB 

The clinical implication of moderate or minimal cycle 

dysynchrony is an increased WOB on the patient’s behalf  
(the area under the reference curve) 



ventilator’s TI 

patient’s TI 

The inherent problem in a cycle dysynchrony-

premature cycle is that the ventilator’s inspiratory 

time is shorter than the patient’s inspiratory time 

Cycle Dysynchrony in VC-AC 

Correcting cycle dysynchrony 



patient’s TI 

ventilator’s TI 

The inherent problem in a cycle dysynchrony-

premature cycle is that the ventilator’s inspiratory 

time is shorter than the patient’s inspiratory time 



patient’s TI 

To correct the problem, the 

ventilator’s inspiratory time 

needs to be lengthened to 

match the patient’s neural 

inspiratory time 

1. In VC-AC, the flow can 

be decreased OR 

2. In VC-AC, the volume 

can be increased 

ventilator’s TI 



If cycle asynchrony is 

recognized in the VC-AC mode 

(with a TINSP control), it is 

corrected by increasing the 

TINSP  AND increasing the 

volume 



PP 30 

However, if the your 

intention for management 

is to limit volume (i.e 6 ml/kg 

IBW in ARDS) then increasing 

volume is NOT a viable 

option to correct cycle 

dysynchrony 



ventilator’s TI 

patient’s TI 

If increasing tidal volume is not a viable option, then the 

patient’s neural inspiratory time needs to be shortened to match 

the ventilator’s inspiratory time  

3. The patient requires increased sedation or paralysis  



premature cycle 

VC-AC 

Cycle  

asynchrony 



premature cycle 

VC-AC 

Cycle  

asynchrony 



VC-AC 

premature cycle 

Cycle  

asynchrony 



VC-AC 

premature cycle 

delayed cycle 

Cycle  

asynchrony 



VS. 

Inspiratory dysynchrony 

Cycle dysynchrony 

absent or abnormal 

expiratory flow 

normal expiratory flow 



VS. 

Inspiratory dysynchrony 

Cycle dysynchrony 

absent or abnormal 

expiratory flow 

normal expiratory flow 



VC-AC 

Inspiratory 

asynchrony 

Cycle  

asynchrony 

Expiratory 

asynchrony 

Trigger 

asynchrony 

air trapping 



Expiratory hold to measure auto-

PEEP 
 

auto-PEEP can be difficult to 

measure quantitatively in the clinical 

setting when the patient is triggering 

the ventilator above the set RR 

Expiratory Dysynchrony in VC-AC 

Recognizing air-trapping 



L/min X  sec 

L/sec X  sec 

Liters 

Area = 

Area = 

Area = 

air trapping is present if the 

area under the expiratory flow 

curve is less than the area 

under the inspiratory flow curve 

inspiratory volume 

expiratory volume 



air-trapping is present if there is persistent 

end expiratory flow or expiratory flow 

does not return to baseline  



air trapping is (most likely) 

present if there is evidence of 

ineffective triggers 

Ineffective trigger 



Air-trapping → auto-PEEP can cause:  

1) Increased work of breathing due to difficulty in triggering 

(ineffective triggering) 

2) Increased end-inspiratory alveolar pressure/volume 

(volutrauma) 

3) Increase in deadspace ventilation due to excessive 

PEEP / hyperinflation 

4) Decreased cardiac output and blood pressure 

Clinical implications of air trapping 

Expiratory Dysynchrony in VC-AC 



To correct auto-PEEP the 

expiratory time must be 

lengthened 

Decrease the TI   
(in appropriate manner dependent on the 

mode of ventilation) 

Increase TE 

Bronchodilator therapy if excessive expiratory time 

is required due to obstructed expiratory flow 

VC-AC 

1. Increase inspiratory flow 

2. Decrease tidal volume 

VC-AC 

3. If the patient is assisting above the set 

respiratory rate then pharmacological means 

may be indicated 

4. Decrease respiratory rate 

Correcting air trapping 

Expiratory Dysynchrony in VC-AC 



inspiratory 

time 

expiratory 

time 

increased flow OR decreased VT 

decreased RR 



VC-AC 

Expiratory 

asynchrony 
air trapping 
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VC-AC 

Trigger 

asynchrony 
reverse triggering 





time-triggered breath 



assisted breath 



An esophageal balloon or Edi catheter was placed 

in 8 patients and software recorded pressure, 

volume and flow. The tracings were subsequently 

analyzed for entrainment or reverse triggering  

Duration, patterns or distribution, and phase angles 

of entrainment were defined 



The diaphragmatic muscle 

contraction occurs 

towards the end of the 

inspiratory cycle and may 

trigger a second breath to 

be delivered  

Reverse triggering is 

diaphragmatic muscle 

contraction induced by 

passive insufflation of the 

lungs (a mandatory 

breath), especially in 

deeply sedated patients  









Ventilator setting adjustments were described in four of the 

study patients. Increasing the respiratory rate generally 

resulted in a cessation of neural efforts.  


