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ONLINE supplement:  

 

 

DETAILED SEMIOLOGY 

This section includes figures and comments which illustrate the following items: 

 

Figure S1: Step-by-step analysis of a polygraphy under NIV: illustrative tracings p 2 

Figure S2: Criteria to distinguish assisted from controlled cycles.   p 3 

 

1) Rate asynchronies 

Figures S3: Double triggering (patient and bench tracings)    p 4-5 

Figures S4: Auto triggering        p 6-7 

Uncoupling: comment         p 8 

Figures S5: Uncoupling         p 9-10 

Figure S6: Reverse triggering        p 11 

Ineffective efforts: comment                        p 12 

Figures S7: Ineffective effort                      p 12-13 

Figure S8: Prolonged uncoupling       p 14 

 

2) Intracycle asynchronies        p 15 

Underassistance: comment        p 15 

Figure S9a: Underassistance during the whole cycle                                                    p 16 

Figure S9b:   Underassistance in the middle of the cycle     p 17 

Overshoot: comment         p 18 

Figures S10: Overshoot         p 18-19 

Delayed cycling: comment        p 20 

Figure S11a:  Delayed cycling with expiratory effort     p 21 

Figure S11b:  Delayed cycling with passive inflation     p 22 

Figure S12: Premature cycling         p 23-24 

 

3) References          p 25  
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Figure S1: Step-by-step analysis of a polygraphy under NIV: illustrative tracings. P: pressure; F: flow. 
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Figure S2: Criteria to distinguish assisted from controlled cycles. 1: When time span between cycles is 

equal to (60/BURR), cycle is most probably controlled; 2: Flow is decreased when cycles are 

controlled, because there is no inspiratory effort provided by the patient (Peak Flow Criterion); 3: 

Negative deflexion results from inspiratory effort. BURR: Back Up Respiratory Rate  
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1) RATE ASYNCHRONIES 

Figure S3: Double triggering in a patient (from top to bottom: pressure, flow, thoracic and abdominal 

belts) and reproduced on the bench (from top to bottom: pressure, flow and simulated inspiratory 

effort). The ventilator initiates two assisted cycles for one prolonged demand of the patient. 

Two cycles are noted on the pressure and flow curves,[1] while there is only one on the abdominal 

belt[2]; there is a characteristic “M” form[2] on the thoracic belt without return to expiratory level 

between cycles[2] 

Classically:  

 the second cycle is shorter[3];  

 the peak flow of the second cycle is lower than the first but never flat:[4] 

 when expiratory flow tracing is available, the negative flow between both cycles 

should be less negative than the reference expiratory flow (due to patient’s persisting 

inspiratory effort between the two cycles).[5] 
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Figure S4: Auto triggering in a patient (from top to bottom: pressure, flow, thoracic and abdominal 

belts, EMG: parasternal muscles electromyography), reproduced on the bench (following page: from 

top to bottom: pressure, flow and simulated inspiratory effort). The ventilator initiates two or more 

cycles at a rate that is higher than the patient’s. 

During bursts of auto-triggered cycles, pressure and flow curves are similar[1], while the 

thoraco/abdominal belts tracings are at a lower respiratory rate (synchronized or not)[2]; the EMG 

confirms that patient’s inspiratory efforts are not synchronized with the ventilator pressurizations[3] 
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Uncoupling:  

Uncoupling is a mismatch between the back-up rate of the ventilator and the patient’s spontaneous 

respiratory rate. It can only occur if there is a back-up rate. Usually appears as two cycles, the first 

cycle controlled (initiated by the ventilator) without any movement of the belts and the second assisted 

(i.e. with an inspiratory effort). We noted 2 variants :  

1."isolated uncoupling"(figure S5): an isolated ineffective controlled cycle is followed by an effective 

assisted cycle. Reported as “double trigger-premature termination” by Mellot and coll[1] or 

“autocycling” by Ramsay and coll.[2]   

2.  “Reverse triggering”[3]: a controlled cycle produces a movement of the thorax that generates an 

assisted cycle induced by a contraction of inspiratory muscles. Inspiratory efforts occurred near the 

end of each mechanical inspiration in a repetitive and consistent manner 
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Figure S5: Isolated uncoupling, in a patient (from top to bottom: pressure, flow, thoracic and 

abdominal belts), and reproduced on the bench (from top to bottom: pressure, flow and simulated 

inspiratory effort). 

The ventilator initiates a controlled cycle,[1] unexpected by the patient, which induces only a small 

expansion of the thorax/abdomen.[2] The patient is perfectly synchronized during the assisted 

cycles[3]. The time span between the controlled and assisted cycles is variable.[4]  
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Figure S6:  

Reverse triggering in a patient (from top to bottom: pressure, flow, thoracic and abdominal belts). 

Reverse triggering cannot be reproduced with the bench simulator because the mechanism is linked to 

the patient. The ventilator initiates a controlled cycle[1] which expands the thorax[2]; this triggers an 

assisted cycle[3]. The time span between the controlled and assisted cycles is always the same:[1-3]. 

The pressure signal shows two cycles and the abdominal/thoracic belts show two synchronized 

movements.[4] 
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Ineffective efforts (also referred to as unrewarded efforts): One or several inspiratory efforts of the 

patient are not followed by assisted cycles. The same mechanism (non detection or late detection of 

inspiratory effort) can cause a delayed triggering, i.e. a variable lag time between onset of inspiratory 

effort on the thoracic and/or abdominal belts and pressurization. This can also be detected on the flow 

tracing as a small positive deflection prior to the delivery of assisted breath (delta sign). 

 

Figures S7: Ineffective effort, in a patient (from top to bottom: pressure, flow, thoracic and abdominal 

belts), and reproduced on the bench (from top to bottom: pressure, flow and simulated inspiratory 

effort). An inspiratory effort is not followed by an assisted cycle of the ventilator. 

There is a movement of the belts 1] +  and the flow curve 2] not followed by an assisted cycle on the 

pressure and flow curves.[3] 

In one cycle, the effort starts just before the cycle, there is a sudden reduction in expiratory flow 

generating a “delta sign”.[4] 
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Prolonged uncoupling is a prolonged and complete dissociation between the patient and the ventilator. 

Respiratory rate of the ventilator and that of the patient are clearly different but are not a multiple of 

each other.  

 

Figures S8: prolonged uncoupling in a patient and (from top to bottom: pressure, flow, thoracic and 

abdominal belts) and reproduced on a bench (from top to bottom: pressure, flow and simulated 

inspiratory effort).. The pressure signal and the belts are completely dissociated.  
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2) INTRACYCLE ASYNCHRONIES  

 

Intracycle asynchronies appeared as distortions of the flow and pressure curves, during inspiration 

and/or expiration (flow asynchrony).  

 

Figures S9: Underassistance in a patient (from top to bottom: pressure, flow, thoracic and abdominal 

belts), and reproduced on the bench (from top to bottom: pressure, flow and simulated inspiratory 

effort). The overall mechanism is that the patient’s demand is not met by the ventilator flow. 

S9a. Underassistance during the pressurization phase and the whole cycle. The flow curve presents a 

high peak flow and an abrupt fall[1]; there is simultaneously a decreased slope in the ascending 

portion of the pressure curve[2], reaching later the IPAP value. In this case, the cycle does not achieve 

the set IPAP level, indicating that the cycle is flow-limited. 

S9b With underassistance in the middle of the cycle, the flow waveform shows a positive wave in the 

second half of the inspiratory cycle[3] whereas the pressure waveform shows a small negative (level 

below IPAP) deflection in the second half of the inspiratory cycle (corresponding to the inspiratory 

effort of the patient).[4] 
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Figure S9a: Underassistance during the whole cycle  
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Figure S9b: Underassistance in the middle of the cycle 

 

 

 

 

 

 

  

Patient tracing

Bench tracing



 18 

 

 

 

Overshoot: with some devices, in case of a high inspiratory effort from the patient, a pressure-

overshoot can occur. (due to a too high answer of the turbine) 

Figure S10: Overshoot in a patient on the upper panel (from top to bottom: pressure, flow, thoracic 

and abdominal belts) and reproduced on the bench on the lower panel (from top to bottom: pressure, 

flow and simulated inspiratory effort). 

A transient increase is seen at the beginning of the cycle both on the pressure (above the set pressure = 

overshoot)[1] and the flow[2] curves due to patient's effort. 
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Delayed cycling also called « long cycle » or « late cycling » 

Delayed cycling, also called « late cycling », in a patient, and reproduced on the bench (from top to 

bottom: pressure, flow and simulated inspiratory effort). Patient’s demand or patient’s Ti (Tip) is 

shorter than the Ti of the ventilator (Tiv). When Tiv exceeds Tip, there are two different possibilities.  

Figure S11a: (from top to bottom: pressure, flow, thoracic and abdominal belts): the patient’s 

expiration starts when the ventilator remains still in inspiration [1]. The active expiration of the patient 

decreases inspiratory flow until the cycling-off criterion is reached and normal expiration begins.[2] 

Sometimes, if the expiratory effort is hard enough, a pre-expiratory peak can be seen in pressure-time 

curve.[3] 

Note : here, one of the mechanisms leading to delayed cycling is a delayed triggering. 

Figure S11b: (from top to bottom: pressure, flow, thoracic and abdominal belts): In case of passive 

inflation of the thorax, 2 time constants in the flow waveform within the same cycle may be identified; 

the first half (“effort dependent”) has a more pronounced slope[4] than the second half (“non effort 

dependent”) and there is no negative deflection in the plateau of pressure/time curve (compared with 

intracycle effort: Figure S9b). [5] The end of inspiration in belts in both cases is synchronous with the 

end of ventilator cycle.[6] 
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Figure S11a : Delayed cycling with expiratory effort 
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Figure S11b: Delayed cycling with passive inflation 
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Premature cycling  

Figures S12: Premature cycling in a patient (from top to bottom: pressure, flow, thoracic and 

abdominal belts), and reproduced on the bench (from top to bottom: pressure, flow and simulated 

inspiratory effort). In case of premature expiratory cycling, the demand of the patient continues as the 

ventilator has already cycled into expiration. Thoraco-abdominal band movement continues outwards 

[1] the Ti on the pressure and flow curve [2]. A smaller second positive flow can appear just after the 

first flow [3]. Note: a double triggering (empty circle) appears on the same trace. 
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