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Когда может возникнуть 
несинхронность?

The use of guidelines, standards, and protocols for as-
sessing and treating disease states improves patient out-
comes.3 Similarly, a standard approach to analysis of ven-
tilator waveforms should improve patient comfort, reduce
work of breathing (WOB), and perhaps improve outcomes.
Evaluation of patient-ventilator synchrony can be broken
down into 4 phases (Fig. 2): evaluation of triggering; eval-
uation of adequate flow delivery; evaluation of breath ter-
mination; and evaluation of intrinsic positive end-expira-
tory pressure (auto-PEEP), which is the primary clinical
complication associated with the expiratory phase. For or-
ganization purposes and as a methodical approach for cli-
nicians to use at the bedside, the present article is orga-
nized according to these 4 phases.

Trigger Asynchrony (Phase 1)

Definition: Trigger. “The trigger variable is defined as
the variable that is manipulated to deliver inspiratory flow.”4

“Although triggering composes only a small part of the entire
inspiratory cycle, inappropriate setting or design may increase
the patient’s effort and inspiratory muscle work.”4,5

“In a demand-flow system (pressure-trigger), the trig-
ger variable is a set pressure that must be attained at the
onset of inspiration for the ventilator to deliver fresh
gas into the inspiratory circuit.”4 Most microprocessor-
based ventilators use pressure-triggering to initiate both
the mandatory breaths (assist-control and synchronized
intermittent mandatory ventilation) and spontaneous
breaths (continuous positive airway pressure, synchro-
nized intermittent mandatory ventilation, pressure sup-
port ventilation).4

Definition: Trigger Asynchrony. This term has been
defined as “muscular effort without ventilator trigger.”6

Though this definition describes the problem when patient
effort fails to trigger the ventilator, we will also discuss
several additional triggering problems: double-triggering,

Fig. 2. Airway pressure (top), flow (middle), and volume (bottom) waveforms from a normal subject during synchronized intermittent
mandatory ventilation with pressure support. The 4 phases of the breath are numbered. Phase 1 is the initiation of patient effort, which
indicates achievement of the trigger threshold (2 cm H2O) that opens the inspiratory valve. Phase 2 represents the relationship between flow
delivery, as determined by the ventilator’s flow algorithm, and the patient effort (the first and third breaths are pressure support breaths,
in which flow is partially dependent on patient effort, and the second breath is the mandatory breath, which has a constant-flow pattern).
Notice the scooped-out appearance of the pressure waveform during the mandatory breath, which indicates that the inspiratory flow was
inadequate. Phase 3 is the breath-termination point, which varies based on the type of breath; for the middle breath the inspiratory time
is set on the ventilator, but the inspiratory time for the pressure support breath is based on the termination criterion, which in this case is
5% of the peak flow. Phase 4 is the expiration portion of the breath. During this phase the breath should be inspected for evidence of
intrinsic positive end-expiratory pressure (auto-PEEP). This expiratory flow waveform returns to zero prior to the next breath, which
indicates the absence of auto-PEEP.
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Неэффективное 
тригирование
Попытка пациента сделать вдох, не 
приводящая к тригеру респиратора

Fig. 9. Flow, airway pressure (Paw), and esophageal pressure (Pes) in a patient with severe chronic obstructive pulmonary disease and
ventilated with pressure support. The dotted lines indicate the beginning of inspiratory efforts that triggered the ventilator. The thin, black
arrows indicate nontriggering inspiratory efforts. Notice the time delay between the beginning of inspiratory effort and ventilator triggering.
Ineffective (nontriggering) efforts occurred during both mechanical inspiration and expiration. Those ineffective efforts can easily be
identified on the flow waveform; ineffective efforts during mechanical inspiration abruptly increase inspiratory flow, whereas during expi-
ration they result in an abrupt decrease in expiratory flow (open arrows in the flow waveform). The set respiratory frequency is 12
breaths/min, but the patient is making 33 inspiratory efforts per minute. (From Reference 2, with permission.)

Fig. 10. The upper panel shows waveforms of esophageal pressure (Pes in cm H2O), pressure at the airway opening (Pao in cm H2O), and
flow (in L/min) from a tracheostomized patient with trigger asynchrony during flow-controlled, volume-cycled (assist/control) ventilation. The
patient’s inspiratory efforts are identified by the negative Pes swings. The positive end-expiratory pressure (PEEP) is set at zero. Pao

appropriately drops to zero during expiration, indicating little circuit or valve resistance. Trigger asynchrony is evident; there is one triggered
breath (white arrows) for every 3–4 inspiratory efforts (black arrows point to nontriggering efforts). Prolonged expiratory flow is due to airflow
limitation. Pes swings have little effect on retarding the expiratory flow and even less effect on Pao, depending on the phase of expiration.
In the lower panel, PEEP was increased to 10 cm H2O, so Pao during expiration is 10 cm H2O. There is persistent flow at end-expiration,
which indicates auto-PEEP. Trigger asynchrony has improved; there is one triggered breath for every 2–3 inspiratory efforts. There is less
limitation of expiratory flow, and the Pes swings are more effective in retarding the persistent expiratory flow. Peak inspiratory pressure and
Pes have slightly increased (compared to the waveforms in the upper panel), which probably indicates a higher end-expiratory lung volume
and total PEEP level. (From Reference 6, with permission.)

USING VENTILATOR GRAPHICS TO IDENTIFY PATIENT-VENTILATOR ASYNCHRONY

RESPIRATORY CARE • FEBRUARY 2005 VOL 50 NO 2 209

понедельник, 12 ноября 12 г.



Причины неэффективного 
тригирования

Недостаточная чувствительность 
тригера

AutoPEEP

Избыточный уровень поддержки

понедельник, 12 ноября 12 г.



Чувствительность 
тригера

Неэффективное 
тригирование

Автотригирование

понедельник, 12 ноября 12 г.



понедельник, 12 ноября 12 г.



понедельник, 12 ноября 12 г.



понедельник, 12 ноября 12 г.



понедельник, 12 ноября 12 г.



понедельник, 12 ноября 12 г.



АвтоПДКВ, что делать?

Оптимизация I:E

Оптимизация инспираторного потока

Оптимизация переключения с вдоха 
на выдох

Внешний PEEP

понедельник, 12 ноября 12 г.



Подбор PEEP  8. 15 

 7.15 

 8.30 

 5.50 

 8.00 


11

.7
0 


6.

40
 


5.

70
 


0.

45
 


0.

30
 


5.

90
 


6.

40
 


11

.7
0 

 9.00 

 9.00 

 7.00 

PEEP adjustment in COPD patients: the problem of intrinsic PEEP 

понедельник, 12 ноября 12 г.



Подбор PEEP
Fig. 9. Flow, airway pressure (Paw), and esophageal pressure (Pes) in a patient with severe chronic obstructive pulmonary disease and
ventilated with pressure support. The dotted lines indicate the beginning of inspiratory efforts that triggered the ventilator. The thin, black
arrows indicate nontriggering inspiratory efforts. Notice the time delay between the beginning of inspiratory effort and ventilator triggering.
Ineffective (nontriggering) efforts occurred during both mechanical inspiration and expiration. Those ineffective efforts can easily be
identified on the flow waveform; ineffective efforts during mechanical inspiration abruptly increase inspiratory flow, whereas during expi-
ration they result in an abrupt decrease in expiratory flow (open arrows in the flow waveform). The set respiratory frequency is 12
breaths/min, but the patient is making 33 inspiratory efforts per minute. (From Reference 2, with permission.)

Fig. 10. The upper panel shows waveforms of esophageal pressure (Pes in cm H2O), pressure at the airway opening (Pao in cm H2O), and
flow (in L/min) from a tracheostomized patient with trigger asynchrony during flow-controlled, volume-cycled (assist/control) ventilation. The
patient’s inspiratory efforts are identified by the negative Pes swings. The positive end-expiratory pressure (PEEP) is set at zero. Pao

appropriately drops to zero during expiration, indicating little circuit or valve resistance. Trigger asynchrony is evident; there is one triggered
breath (white arrows) for every 3–4 inspiratory efforts (black arrows point to nontriggering efforts). Prolonged expiratory flow is due to airflow
limitation. Pes swings have little effect on retarding the expiratory flow and even less effect on Pao, depending on the phase of expiration.
In the lower panel, PEEP was increased to 10 cm H2O, so Pao during expiration is 10 cm H2O. There is persistent flow at end-expiration,
which indicates auto-PEEP. Trigger asynchrony has improved; there is one triggered breath for every 2–3 inspiratory efforts. There is less
limitation of expiratory flow, and the Pes swings are more effective in retarding the persistent expiratory flow. Peak inspiratory pressure and
Pes have slightly increased (compared to the waveforms in the upper panel), which probably indicates a higher end-expiratory lung volume
and total PEEP level. (From Reference 6, with permission.)
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Уровень поддержки

(high metabolic rate, high PaCO2
, reduced sedation, reduced

ventilatory assistance), then both the rate of increase in
Pmus and peak Pmus will increase, allowing synchrony.2,21

During intermittent mandatory ventilation with pressure
support, a comparison of the patient effort exerted during
the mandatory, ventilator-delivered breath (mandatory
breath) and during the intervening pressure support breath
indicates a unique (but perhaps not surprising) relation-
ship: the effort during the intervening breaths is carried
over to the mandatory breaths (Fig. 8).21 This raises a
fundamental problem with the intermittent nature of inter-
mittent mandatory ventilation. Patients have difficulty al-
tering their respiratory drive between supported and un-
supported breaths. Their respiratory effort seems to be
equivalent for both the ventilator-assisted breath and the
intervening unassisted breaths.

ventilator assistance was decreased, PTP/breath and PTP of the
post-trigger phase of both the mandatory and intervening breaths
increased, whereas PTPtrigger remained the same. For a given level
of intermittent mandatory ventilation with pressure support, PTP/
breath was similar for the mandatory and intervening breaths. (From
Reference 21, with permission.)

Fig. 6. Pressure-time product (PTP) of the trigger phase (PTPtrigger)
(black portions of the bars), post-trigger phase (white portions of
the bars), and total PTP/breath (the sums of the black and white
portions of the bars) during graded levels of pressure support (PS).
As the level of ventilator assistance was decreased, PTP/breath
and the PTP of the post-trigger phase increased, whereas PTPtrigger

remained the same. The middle panel shows the PTPtrigger (black
portions of the bars), the PTP of the post-trigger phase of the
mandatory breaths (hatched bars), and the PTP of the intervening
unassisted breaths (white portions of the bars) during intermittent
mandatory ventilation (IMV) without pressure support. Total
PTP/breath is represented by the sums of the black and white (or
hatched) portions of the bars. As the level of ventilator assistance
was decreased, PTP/breath and PTP of the post-trigger phase of
both the mandatory and intervening breaths increased, whereas
PTPtrigger remained the same. For a given level of intermittent man-
datory ventilation (without pressure support), PTP/breath was sim-
ilar for the mandatory and intervening breaths. The lower panel
shows PTPtrigger (black portions of the bars), PTP of the post-
trigger phase of the mandatory breaths (hatched portions of the
bars), and the intervening breaths (white portions of the bars) dur-
ing intermittent mandatory ventilation with pressure support of
10 cm H2O. Total PTP/breath is represented by the sums of the
black and white (or hatched) portions of the bars. As the level of

Fig. 7. Graded increases in pressure support cause a decrease in
respiratory drive (dP/dt), which is associated with considerable
increase in the triggering time. (From Reference 2, with permis-
sion.)
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 Двойное тригирование

Fig. 13. Double-triggering seen in flow and volume waveforms from volume-controlled ventilation. Continued subject effort during the
second breath causes the airway pressure to drop below the trigger threshold, which initiates an additional “stacked” breath. Note the large
increase in peak airway pressure caused by the stacked breath and the high peak expiratory flow following the stacked breath.

Fig. 14. Inadequate flow and volume result in double-triggering during volume-controlled ventilation. During the first breath, slow valve-opening
(#1, as seen early in the flow waveform) and inadequate peak flow cause the dished-out appearance of the pressure waveform (#2). In the second
breath, again the valve-opening is too slow (#2) and inadequate peak flow results in additional gas being pulled through the demand valve (#3),
as seen by the appearance of the flow bump near the end of the flow waveform and the additional tidal volume beyond the set volume (in the
volume waveform). Continued inspiratory effort by the subject results in a second trigger and a stacked breath (#4). The subject was breathing
through a mouthpiece and filter, and was disconnected following the stacked breath, as seen in the volume waveform.
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Двойное тригирование
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Автотригирование
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Автотригирование
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Асинхрония потока

Fig. 20. Two-breath sequence during volume-controlled ventilation. The first breath is passive. During the second breath the subject exerted
additional inspiratory effort, which scooped out the airway pressure waveform.

Fig. 19. These waveforms represent relaxed, passive breathing by a subject connected to a Bear 100 ventilator during intermittent
mandatory ventilation plus 2 cm H2O continuous positive airway pressure (PEEP). The circled breath is a mandatory volume breath with a
constant-flow pattern.
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Асинхрония потока

Fig. 23. Evaluation of trigger threshold and patient effort. Progressive increases in patient effort are evidenced by the increasingly scooped
appearance of the airway pressure waveform (downward arrows). Trigger synchrony is evaluated by interpreting the beginning of the flow
waveform, and by the time relationship to the initiation of patient effort in the airway pressure waveform (upward arrows at the beginning
of the constant-flow pattern). Even though inspiratory effort progressively increased, the valve correctly opens after a small drop in airway
pressure. Inadequate peak flow, however, causes the dished-out appearance of the airway pressure waveform, as the patient exerts more
effort.

Fig. 24. Comparison of peak flow during a constant-flow mandatory breath (circled) and during pressure support breaths during synchro-
nized intermittent mandatory ventilation. The peak flow of the mandatory breath is substantially less than the peak flow associated with the
patient-oriented pressure support breath. The inadequacy of the ventilator peak flow is evidenced by the scooped-out appearance of the
airway pressure waveform (arrow) and the additional flow that the patient pulls through the demand valve in excess of the constant-flow
setting (bump in the middle of the constant-flow waveform).
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 Pressure Time Product

Fig. 21. Two-breath sequence during volume-controlled ventilation, created in a laboratory setting, using a Servo 300A ventilator and a
Michigan Instruments test lung. Effort during the second breath was created by manually lifting the test lung. The shaded area represents
the pressure-time product associated with the additional simulated inspiratory effort.

Fig. 22. Three-breath sequence obtained with a Bear 1000 ventilator connected to Michigan Instruments test lung during volume-controlled
ventilation. Progressive increases in patient effort during breaths 2 and 3 were created by manually lifting the test lung. The dished-out
appearance of the airway pressure waveform illustrates the changes from the passive breath when flow does not meet patient demand.
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Асинхрония потока

ventilator fails. In addition, some ventilators (eg, Bear
1000 and Servo 300A) allow the patient to draw additional
flow when the patient’s flow demand exceeds the venti-
lator flow settings.

Several studies indicate that the descending-ramp flow
pattern with volume-controlled ventilation, or the variable
descending-ramp flow pattern with pressure-controlled
ventilation, is preferable for patients with COPD and pro-
vides better ventilator mechanics, lower peak airway pres-
sure, better gas exchange, and less patient work.30,31 In
some respects the descending-ramp flow pattern is similar
to a pressure support breath: it has a high initial peak flow,
followed by a decrease to some terminal flow point. How-
ever, unlike the pressure support breath, in which the flow
adjusts to patient demand, the descending-ramp flow pat-
tern with volume control is fixed and therefore needs to be
carefully monitored for flow adequacy. The upper panel of
Figure 25 illustrates a patient condition in which the initial
peak flow setting under volume control was inadequate
and resulted in a concave appearance during the descend-
ing-ramp portion of the flow waveform. A subsequent
increase in the peak-flow setting (lower panel of Fig. 25)
improved the appearance of the flow waveform.

Though changes in flow pattern influence flow syn-
chrony, they also have secondary effects on other portions
of the breath and may create additional types of asyn-

chrony. Figure 26 illustrates how a simple alteration in
flow pattern can create auto-PEEP. In this case the change
in the flow pattern from constant to descending ramp
slightly increased inspiratory time. With a fixed cycle time,

Fig. 25. These waveforms illustrate inadequacy of ventilator flow while using the descending-ramp flow pattern. Upper panel: As flow decreases
during the latter portion of the breath, the patient demand for flow results in scooping of the airway pressure waveform (arrow). Lower panel: The
ventilator peak-flow setting was increased from 60 L/min to 120 L/min, which eliminated the scooped appearance of the airway pressure
waveform. P ! airway pressure. (Courtesy of Kenneth D Hargett RRT, The Methodist Hospital, Texas Medical Center, Houston, Texas)

Fig. 26. These waveforms show a situation in which a change in the
ventilator flow pattern caused positive end-expiratory pressure (auto-
PEEP). During the initial 3 breaths the constant-flow pattern gave
sufficient time for the patient to complete the exhalation to functional
residual capacity (note the return of expiratory flow to zero prior to the
subsequent breath). After the change to the descending-ramp pat-
tern, inspiratory time increased to accommodate the set tidal volume,
because of the reduced flow over time, which reduces expiratory
time, and the patient developed auto-PEEP, as seen by failure of the
expiratory flow waveform to return to zero at the ends of those breaths.
Also note the increase in peak airway pressure, which indicates the
development of trapped gas. (Courtesy of Kenneth D Hargett RRT,
The Methodist Hospital, Texas Medical Center, Houston, Texas)
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Раннее переключение

remaining portion of the breath to consider is the expira-
tory time and the potential clinical consequences of short-
ened or prolonged expiratory time.

Shortened expiratory time has major clinical implica-
tions because of the risk of causing auto-PEEP. Prolonged
expiratory time is of little consequence, unless the expi-
ratory time is so long as to cause hypoventilation. Expi-
ratory asynchrony can occur in conditions in which there
is delay in the relaxation of the expiratory-muscle activity
prior to the next mechanical inspiration47 or overlap be-
tween expiratory and inspiratory muscle activity,56–58 but
those conditions are verified with neural measurements
and are beyond the scope of our discussion about use of
the standard ventilator waveforms to evaluate patient-ven-
tilator synchrony.

Shortened expiratory time creates the potential for air
trapping and auto-PEEP, which can cause trigger asyn-
chrony because of the additional effort required to pull
through the auto-PEEP to reach the trigger thresh-
old.21,47,59,60 Breaths preceding missed breaths typically
have longer inspiratory times and shorter expiratory times,
and are associated with auto-PEEP. In completing the breath
analysis it is perhaps circuitous to note that the final con-
sideration of auto-PEEP has as one of its main impacts the
creation of trigger asynchrony, and that each of the fol-
lowing portions of the breath (inspiratory flow and termi-
nation) also have as a consequence of asynchrony the cre-
ation of auto-PEEP. In other words, flow patterns that
increase inspiratory time (eg, lower peak flow during con-
trol ventilation, switch from constant-flow to descending-

Fig. 47. Left Panel: Flow (V̇), volume (V), airway pressure (Paw), and esophageal pressure (Pes) waveforms with termination criteria (TC) of 5% and
35% of peak flow, during ventilation with pressure support of 10 cm H2O. With TC 5% the breathing pattern was regular. Tidal volume was 390
mL and respiratory frequency was 17 breaths/min. The negative deflection of Pes during inspiration was minimal. With TC 35%, tidal volume
decreased to 281 mL, and respiratory frequency increased to 23 breaths/min. The inspiratory flow terminated despite continuous negative
deflection of Pes. Work of breathing increased from 0.20 J/L with TC 5% to 0.32 J/L with TC 35%. The arrows indicate continued patient
inspiratory effort on the expiratory flow waveform (convex pattern) and the airway pressure waveform (concavity). Right panel: TC 5% versus TC
45% during ventilation with pressure support of 10 cm H2O, with case 2. With TC 5%, inspiratory flow terminated simultaneously with the
cessation of the patient’s inspiratory effort, estimated by Pes. In contrast, premature termination with double-breathing (circled) occurred with TC
45%. Work of breathing also increased, from 0.42 J/L with TC 5% to 0.64 J/L with TC 45%. Note the larger Pes deflection during TC 45%. Also
during TC 45% note the more pronounced changes (arrows) in the expiratory flow curve and the expiratory portion of the airway pressure
waveform, caused by continued patient inspiratory effort despite early termination of the mandatory breath. (From Reference 55, with permission.)
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Позднее переключение

gram recordings) to evaluate expiratory-muscle activity.
Parthasarathy et al47 used electromyography to confirm
similar observations in normal subjects.

Delayed termination generally results in dynamic hyper-
inflation, which causes trigger-delay and increases the num-
ber of missed trigger attempts. Though there may be differ-
ences between patient groups, most patients seem to have
rather weak compensatory responses to acute delays in breath-
termination52,53 and generally do not make acute changes in
their expiratory timing following a single inspiration.

Even in normal healthy subjects the effects of delayed
termination can be assessed by carefully evaluating the
pressure and flow waveforms. Figure 44 illustrates pres-
sure and flow waveforms during pressure support ventila-
tion of a healthy respiratory care student. Those wave-
forms demonstrate the same delayed breath-termination
characteristics as in the COPD patient noted above. There
is an obvious pressure spike near the end of the breath,
which coincides with a rapid decline in flow, indicating
the subject’s attempt to exhale. A similar pattern is seen in
the waveform in Figure 45, which was obtained during
pressure-regulated volume-control ventilation (on a Servo
300A ventilator). Again, there is an obvious pressure spike
at the same time as the zero-flow plateau in the flow
waveform. The zero-flow plateau indicates achievement of

the target pressure and the end of mechanical inflation. In
pressure-controlled modes, however, the inspiratory time
is set by the clinician. In this case, subsequent reduction in
inspiratory time removed the pressure spike and the zero-
flow plateau. Figure 46 illustrates another case study in-
volving delayed termination in the pressure-control mode.
Inspiratory time is prolonged excessively, and the pressure
waveform illustrates repeated expiratory attempts by the
patient.

Data from diseased subjects, with a variety of disorders,
indicate that inspiratory times are often in the range of 1
second or less.54 Though there are clearly instances in
which variations occur, the less-than-1-second guideline
should be used as an approximate starting point for eval-
uating and setting inspiratory time.47,54 During pressure-
controlled ventilation the initial inspiratory time can be set
with the less-than-1-second guideline, and then subsequent
adjustments should be based on the time for the inspiratory
flow waveform to decay to zero, but not beyond, and to
prevent a pressure spike near the end of inspiration. Dur-
ing pressure-support ventilation the expiratory sensitivity
can be adjusted within this range, while fine tuning can
occur in 2 directions: if the breath is too long, there will be
a pressure spike near the end of the breath; if the breath is
too short, the patient may continue to inhale, resulting in

Fig. 44. These waveforms illustrate a subject being ventilated with a pressure support of 5 cm H2O. The subject’s neural timing precedes
the end of mechanical inflation and results in a pressure spike (large arrow) on the airway pressure waveform. Also note the rapid decline
in the inspiratory flow waveform near the end of the breath (small arrows) as a result of the subject’s expiratory effort.
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double-triggering (also known as a “stacked breath”; see
the section below on early termination). During volume-
controlled ventilation the less-than-1-second guideline can
be used to determine the peak inspiratory flow necessary
to achieve the desired VT while keeping inspiratory time
around 1 second. Subsequent fine-tuning should be based
on interpretation of the pressure waveform.

Premature Termination

Premature breath-termination also has deleterious ef-
fects and causes asynchrony in patients with acute respi-
ratory distress syndrome. Tokioka et al55 evaluated the

effects of different inspiratory termination criteria (1%,
5%, 20%, 35%, and 45% of peak flow) during pressure
support ventilation. In Figure 47 the waveforms in the
upper 2 panels were obtained with the 5%-of-peak-flow
termination criterion, and the waveforms in the lower 2
panels were obtained with the 35% (left) and the 45%
(right) criteria, both of which cause earlier termination
than the 5% criterion. Note several differences between
the waveforms. In the flow waveform, earlier termination
causes an abrupt initial reversal in the expiratory flow
waveform (the expiratory flow slope has a rapid return to
zero), indicating the continuation of patient effort. Evalu-
ation of the airway pressure waveform also indicates an
abrupt drop from the peak pressure toward baseline, again
associated with the continuation of patient inspiratory ef-
fort (concave appearance rather than a normal gradual de-
cay). Similarly, there is a continued drop in the esophageal
pressure waveform, even after inspiratory flow termina-
tion, which indicates that muscular effort has not yet
stopped. During the exaggerated condition (termination at
45% of peak flow) the continued patient inspiratory effort
results in 1 incidence of double-triggering (the circled
breaths in Fig. 47). Analysis of the waveform (Fig. 48)
indicates that early termination substantially reduced VT,
increased respiratory rate, decreased inspiratory time, and
increased WOB.

Expiratory Asynchrony (Phase 4)

We have discussed termination asynchrony as a sepa-
rate consideration to emphasize the importance of per-
forming a stepwise analysis of the breathing pattern. The

Fig. 45. Waveforms from a normal subject ventilated with pressure-regulated volume control on a Servo 300A ventilator. The subject’s
expiratory effort begins just prior to the end of the mechanical inspiratory time, which causes pressure spikes (arrows). Also note the small
inspiratory zero flow plateau at the end of the inspiratory flow waveform, which indicates that flow into the lung has stopped just prior to
mechanical expiration. In pressure-controlled modes the inspiratory time is set on the ventilator, and in this instance the ventilator
inspiratory time setting needs to be reduced slightly.

Fig. 46. Airway pressure and flow waveforms from a patient ven-
tilated with a Puritan Bennett 7200 ventilator, in pressure-control
mode. Note the multiple pressure spikes (arrows), which indicate
expiratory efforts, and the appearance of the zero-flow plateau
beginning at mid-inspiration. The initial inspiratory-time setting on
the ventilator was far in excess of the patient’s neural timing, and
was subsequently reduced. Paw ! airway pressure. PCV ! pres-
sure control ventilation. (Courtesy of Kenneth D Hargett RRT, The
Methodist Hospital, Texas Medical Center, Houston, Texas)
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