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BACKGROUND: Technological advances have increased ventilator mode complexity and risk of
operator error. OBJECTIVE: To compare differences in volume control (VC) ventilation with
set-point and dual targeting. Two hypotheses were tested: tidal volume (V) delivery is different
with VC using set-point versus dual targeting during active versus passive breathing; VC with dual
targeting delivers V. similar to pressure support ventilation (PS) with active breathing. METH-
ODS: The Ingmar Medical ASL 5000 lung model simulated pulmonary mechanics of an adult
patient with ARDS during active and passive ventilation. Resistance was standardized at 10 cm H,O/
L/s and compliance at 32 mL/cm H,0. Active breathing was simulated by setting the frequency
(f) = 26 breaths/min, and adjusting the muscle pressure (P,,,.) to produce a V of 384 mL. VC was
initiated with the Puritan Bennett 840 (set-point targeting) and the Servo-i (dual targeting) at
Vi = 430 mL, mandatory f = 15 breaths/min, and PEEP = 10 cm H,0. During PS, cycle threshold
was set to 30% and peak inspiratory pressure adjusted to produce a V. similar to that delivered
during VC. Expiratory V was collected on 10 consecutive breaths during active and passive
breathing with VC and PS. Mean V., differences (active vs passive model) were compared using
analysis of variance. Statistical significance was established at P < .05. RESULTS: The mean *= SD
Vdifference varied with targeting schemes: VC set-point = 37.3 = 3.5mL, VC-dual = 77.1 = 3.3mL,
and PS = 406.1 = 1.5 mL (P < .001). Auto-triggering occurred during VC set-point with the active
model. CONCLUSIONS: Dual targeting during VC allows increased V, compared to set-point, but
not as much as PS. Key words: targeting scheme; mode of ventilation; breath sequence; mechanical
ventilator, tidal volume; simulation; taxonomy. [Respir Care 2012;57(8):1297-1304. © 2012 Daedalus
Enterprises]

Introduction

The respiratory therapist plays a vital role in the initia-
tion and management of mechanical ventilation. The abil-
ity to support the work of the respiratory system and safely
and effectively improve gas exchange has been substan-
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tially influenced by the variety of options available to
deliver ventilatory support.! However, lack of standard-
ized nomenclature, innovative marketing strategies, and
technological advancements complicate the process of de-
termining ventilator output and mode capability. It is dif-
ficult for the clinician to have a comprehensive under-
standing of mode capability when ventilator manufacturers
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coin unique names for different modes of ventilation or
identical names for different modes.?

The problem is wide in scale and affects not only prac-
ticing clinicians, but educators and students as well. The
confusion promulgated by ventilator manufacturers, pub-
lished in textbooks? and found in the literature,* ¢ makes
learning difficult, encumbers teaching and competency
assessment,’ and increases the propensity for medical er-
rors.3 The literature does offer a viable solution to deter-
mine mode identification. This systematic method uses 3
essential components to classify a mode of ventilation; the
control variable, breath sequence, and targeting scheme.'?

The control variable describes how the ventilator man-
ages pressure, volume, and flow during a breath. Since
a ventilator can control only one variable at a time, the
control variable represents that which is independent of
the patient’s lung mechanics (including effort) during
breath delivery. Volume control (VC) ventilation implies
a preset tidal volume (V) and inspiratory flow waveform.
During VC ventilation the shape of the volume and flow
waveforms are not affected by the patient’s respiratory
system mechanics. Pressure control (PC) implies a preset
inspiratory pressure and inspiratory time. During PC ven-
tilation the shape of the pressure waveform is not affected
by the patient’s respiratory system mechanics.

The breath sequence is a particular pattern of mandatory
or spontaneous breath delivery (Table 1). A spontaneous
breath is one for which inspiration is both triggered (ini-
tiated) and cycled (ended) by the patient. Any other com-
bination of patient and machine trigger and cycle events is
considered a mandatory breath (ie, patient triggered and
machine cycled, machine triggered and patient cycled, and
machine triggered and machine cycled).

The targeting scheme is a model of the relationship
between operator inputs and ventilator outputs to achieve
a specific ventilatory pattern. The targeting scheme is a
key component of a mode description. There are 6 basic
targeting schemes used on commercially available me-
chanical ventilators (Table 2).!! A “target” is a predeter-
mined goal of ventilator output. Targets can be viewed as
the parameters of the targeting scheme. Within-breath tar-
gets are the parameters of the pressure, volume, or flow
waveform. Between-breath targets are used with more ad-
vanced targeting schemes, where targets act over multiple
breaths.

The mode called “Volume Assist/Control” on the
Covidien PB 840 ventilator is an example of VC ventila-
tion with set-point volume targeting. Set-point targeting is
a control system for which the operator sets all parameters
of the pressure waveform (PC modes) or volume and flow
waveforms (VC modes). Advanced VC modes actually
allow the ventilator to make small adjustments to the set
inspiratory flow to compensate for such factors as patient
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Current knowledge

Volume control ventilation implies a preset tidal vol-
ume and inspiratory flow waveform. During volume
control ventilation the shape of the volume and flow
waveforms are not affected by the patient’s respiratory
system mechanics.

What this paper contributes to our knowledge

During volume control ventilation, dual targeting, com-
pared to set-point targeting, allowed an increased tidal
volume and avoided double-triggering. However, tidal
volume and flow increased with dual targeting, allow-
ing tidal volumes greater than set. These findings have
important implications to the clinical practice of lung
protective ventilation.

circuit compliance.'? From an engineering point of view,
this is adaptive feedback control, but from a ventilator
mode taxonomy point of view, such adjustments are better
seen as a way of implementing operator preset values, and
thus classified as set-point targeting.

The mode called “Volume Control” on the Maquet
Servo-i is an example of VC with a dual targeting scheme.
Dual targeting in this case means that each breath starts
out in VC, but if the patient makes an inspiratory effort
sufficient to decrease airway pressure by 3 cm H,O, the
ventilator switches to PC within the breath. Depending on
the intensity of the inspiratory effort, the ventilator may
switch back to VC with a volume cycle criterion or end
inspiration in PC with a flow cycle criterion, similar to a
pressure support breath. In fact, the Servo-i operator’s man-
ual (V3.1, page 36) actually says “. . . if a pressure drop of
3 cm H,O is detected during inspiration, the ventilator
cycles to Pressure Support with a resulting increase in
inspiratory flow.”

The aforementioned ventilator manufacturers have pro-
prietary algorithms for breath delivery. Superficially, these
2 modes may appear to be forms of VC continuous man-
datory ventilation (VC-CMYV), particularly in passive pa-
tients or those making very small inspiratory efforts (eg,
just enough to trigger the breath). But the different target-
ing schemes make them respond very differently to large
inspiratory efforts. “Volume Assist/Control” on the Covi-
dien PB 840 is classified as VC-CMV. However, “Volume
Control” on the Maquet Servo-i is classified as VC-IMV.
The reason is that the dual targeting scheme allows the
patient’s inspiratory effort to change what would have
been a mandatory VC breath into a spontaneous PC breath.

RESPIRATORY CARE ¢ AucuST 2012 VoL 57 No 8



Table 1.

THE EFFECT OF TARGETING SCHEME ON TIDAL VOLUME DELIVERY

A Description of the 3 Breath Sequences Used to Classify Modes

Breath Type

Definition

Examples

Continuous Spontaneous Ventilation (CSV)

Intermittent Mandatory Ventilation (IMV)

Continuous Mandatory Ventilation (CMV)

Every breath is spontaneous, that is, initiated
and ended by the patient. Spontaneous
breaths may be unassisted or assisted.

CPAP provides no assistance (inspiratory
muscle unloading). It merely provides a
constant distending pressure that is used to
prevent alveolar collapse at end-expiration.

Pressure support ventilation is a form of
assisted spontaneous breathing.

Mandatory breaths are delivered at a preset rate
and spontaneous breaths are possible between
mandatory breaths.

Mandatory breaths are delivered at a preset rate
and spontaneous breaths are not possible
between mandatory breaths. Patient-triggered
mandatory breaths may occur between
machine-triggered breaths.

Continuous Positive Airway Pressure (CPAP)

Pressure Support Ventilation (PSV)
Automatic Tube Compensation (ATC)
Proportional Assist Ventilation (PAV+)

Neurally Adjusted Ventilatory Support (NAVA)

Volume Control SIMV

Pressure Control SIMV

BiPAP S/T

Airway Pressure Release Ventilation (APRV)
Mandatory Minute Ventilation (MMYV)
Volume Control Assist/Control

Pressure Control

Pressure Regulated Volume Control (PRVC)

Table 2.

Glossary of Ventilator Targeting Scheme Terms and Definitions

Targeting Scheme

Definition

Examples

Set-point

The operator sets all parameters of the pressure waveform
(pressure control modes) or volume and flow
waveforms (volume control modes).

Conventional Volume Assist/Control (Covidien PB 840)
or Pressure Control

Dual

Servo

Adaptive

Optimal

Intelligent

The ventilator will switch between volume control and
pressure control during a single inspiration, according
to operator set parameters.

Targeting system for which the output of the ventilator
automatically follows a varying input (eg, pressure is
proportional to patient inspiratory effort).

One target (eg, inspiratory pressure) is automatically
adjusted over several breaths to maintain a different
operator selected target (eg, volume).

Advanced form of adaptive targeting, in which the
ventilator automatically selects parameters to minimize
or maximize some performance variable (eg, work
rate).

Targeting strategies that use artificial intelligence

Volume Control (Maquet Servo-i)

Pmax (Dréger Evita XL)

Volume Control Assist/Control with Machine Volume
(CareFusion Avea)

Flow-Trak (Philips Esprit)

Automatic Tube Compensation (Dréiger Evita XL)

Proportional Assist Ventilation (Covidien PB 840)

Pressure Regulated Volume Control (Maquet Servo-i)
Mandatory Minute Ventilation (Dréiger Evita XL)

Adaptive Support Ventilation (Hamilton G5)

SmartCare (Dréger Evita XL)

algorithms

Such a breath is almost identical (with a large patient
effort, low set V-, and short inspiratory time) to PC con-
tinuous spontaneous ventilation (PC-CSV) (ie, pressure
support, which is certainly counter-intuitive for a mode
called “Volume Control”). The differences between these
2 modes may have clinically important effects on V. de-
livery and patient-ventilator synchrony. Indeed, one would
expect that was the reason for the design differences. The
purposes of this study were to use a mechanical lung model
to determine if there are differences in delivered Vi be-
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tween set-point targeting and dual targeting, and to eval-
uate V. delivery during dual targeting and pressure sup-
port ventilation (PSV). Two hypotheses were tested:

e V. delivery is different with VC using set-point versus
dual targeting, when comparing active versus passive
breathing.

e VC with dual targeting delivers V.. similar to PSV with
active breathing.
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Sinusoidal Waveform
Sinusoidal Half-Wave

Fig. 1. Screen capture of the parameter settings for muscle pres-
sure (P, during active breathing.

Methods
Lung Model

The ASL 5000 (Ingmar Medical, Pittsburgh, Pennsyl-
vania) is a sophisticated device comprised of a piston
driven by a motor that is controlled by software based on
LabView, a graphical programming environment created
by National Instruments. The piston movement is gov-
erned by the equation of motion for the respiratory system,
such that the distance and speed traveled simulate com-
pliance (C) and resistance (R), respectively. Both of these
parameters may be modeled as either linear or non-linear.
The models may also be programmed to change from breath
to breath in a scripted fashion. The user interface allows
the operator to create both active and passive lung models
and gives precise control over the simulated muscle pres-
sure function (P, ie, patient effort for both inspiration
and expiration). It is important to note that, by definition,
P, 1S always positive during inspiration. However, the
ASL depicts it as a negative value during inspiration, to
unclutter the waveform displays.

Lung Model Settings

The Ingmar Medical ASL 5000 lung model was pro-
grammed to simulate the pulmonary mechanics of an adult
patient with ARDS during active and passive ventilation.'3
Resistance was standardized at 10 cm H,O/L/s and com-
pliance at 32 mL/cm H,O for all experimental conditions.

Active breathing was simulated by adjusting P, on the
ASL 5000 to produce a Vi of 384 mL.!3 This adjustment
was made prior to connecting the lung model to the ven-
tilator with a standard adult circuit. During active breath-
ing, P, settings were as follows: P . 15 cm H,O, In-
crease 30%, Hold 0%, and Release 25% (Fig. 1). The
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Table 3.  Ventilator Settings Used to Test Differences in V.
Delivery With Set-Point and Dual Targeting During
Volume Control Ventilation

Ventilator and Mode

Servo-i PB 840
Volume Control Volume Assist/Control

Operator Set Parameters

Set frequency (breaths/min) 15

Peak flow, L/min 45
Flow waveform Constant
Inspiratory time, s 0.6

PEEP, cm H,O 10 10
Vo, mL 430 430
Inspiratory rise time, s 0 0
Flow trigger, L/min -3 -3
Fio, 0.21 0.21

Vr = tidal volume

model breathing frequency was set to 26 breaths/min. A
passive model was also used with the same settings for
resistance and compliance but P, set to zero.
Ventilator Settings Used for Determining Differences
in V. Delivery With VC Using Set-point Versus
Dual Targeting

Two ventilators, Puritan Bennett 840 (Covidien, Mans-
field, Massachusetts) and the Servo-i (Maquet, Wayne,
New Jersey) were used to evaluate VC ventilation with
set-point and dual targeting, respectively. The ventilator
settings for the VC modes are found in Table 3.

Ventilator Settings Used for Determining Differences
in V; Delivery Between VC With Dual Targeting
and PSV With an Active Breathing Model

The Servo-i was used to evaluate the effect of VC
with dual targeting and PSV on V. delivery during active
breathing. PC-CMYV was used with the passive lung model
to determine the inspiratory pressure setting needed to
achieve the target exhaled V of approximately 430 mL.
These settings (shown in Table 4) were used during PC-
CSV (ie, Pressure Support) with the active lung model to
test the second hypothesis.

Experimental Procedures
Each mode was evaluated using passive and active lung
models. The change in average values for V., inspiratory

time, and mean airway pressure between passive and ac-
tive models were calculated and compared.

RESPIRATORY CARE ® AucusT 2012 VoL 57 No 8
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Table 4. Ventilator Settings During Pressure Control Ventilation
With the Servo-i

Ventilation Mode

PC-CMV PSV

Operator Set Parameters

Set frequency, breaths/min 15
Inspiratory pressure above PEEP, cm H,O 26 26
Inspiratory time, s 0.7
PEEP, cm H,O 10 10
Pause time, %/s 0
Inspiratory rise time, s 0 0
Cycle threshold, % 30
Flow trigger, L/min -3 -3
Fio, 0.21 0.21

PC = pressure control
CMV = continuous mandatory ventilation
PSV = pressure support ventilation

Data Collection and Analysis

Exhaled V-, inspiratory time, and airway pressure were
collected on 10 consecutive breaths during each experi-
mental condition. Data were entered into data analysis and
graphing software (SigmaPlot 12.0, Aspire Software In-
ternational, Ashburn, Virginia) for analysis. Differences
(active minus passive model) in mean V-, inspiratory time,
and mean airway pressure were compared using analysis
of variance. Values for peak inspiratory flow rate were
collected over 20 breaths during VC with set-point and
dual targeting and Pressure Support using the active lung
model. Differences in mean inspiratory flow were com-
pared using analysis of variance. Statistical significance
was established at P < .05. The ASL 5000 software was
used to capture representative pressure and volume wave-
forms with the active and passive lung models during VC
with set-point and dual targeting, as well as PC-CMV and
Pressure Support.

VC With Set-Point Targeting VC With Dual Targeting
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Fig. 2. Pressure, and flow waveforms during volume control (VC)
with set-point and dual targeting with the passive lung model.
Black = flow. Red = airway pressure. Blue = simulated muscle
pressure.
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Results

Representative waveforms for pressure and flow for
VC with set-point and dual targeting in the passive lung
model are displayed in Figure 2. The mean V. for set-
point targeting was 402 mL, and for dual targeting 447 mL.
The mean V. for PC was 439 mL. The mean value for
inspiratory time was 0.6 second, and the average mean
airway pressure was 12 cm H,O for all 3 modes.

There was a significant difference in V., inspiratory
time, and mean airway pressure among the 3 modes during
active versus passive breathing (Table 5). Figure 3 shows
the changes in the pressure and volume waveforms that
occurred with set-point and dual targeting during VC with
simulated inspiratory efforts. Double-triggering occurred
on every fourth breath during VC with set-point targeting.
We used the breaths just before the double trigger event to
calculate mean V. for comparison with dual targeting.
Note that the airway pressure waveform was deformed
(concave upward) during inspiration with set-point target-
ing, but much less so with dual targeting, indicating that
the simulated patient received less inspiratory work un-
loading with set-point targeting.

Figure 4 compares VC with dual targeting with the pas-
sive and active lung models. It shows how a sufficient
inspiratory effort (ie, one that decreases inspiratory pres-
sure by 3 cm H,O) signals the ventilator to switch from
VC to PC, with the result that the ventilator delivers more
flow (and volume) to meet the demand.

Figure 5 shows how flow delivery during VC with dual
targeting compares to PC in the Pressure Support mode.
Statistically significant differences in mean inspiratory flow
occurred with the various targeting schemes. Inspiratory
flow did not vary from set flow during active breathing
during VC with set-point targeting. Mean inspiratory flow
was increased during VC with dual targeting (61.2 L/
min % 0.2), but not as much as with PSV (91.2 L/min = 0.2)
(P < .001) (Table 6).

Discussion

Significant differences in V and flow delivery were
found among targeting schemes. In our laboratory exper-
iment a passive lung model was used to simulate a patient
with no spontaneous inspiratory effort. During VC with
both set-point and dual targeting, if the patient (or in the
case of our experiment, the lung model) has no spontane-
ous effort, the ventilator will deliver a V at the expected
amount set by the operator. We were able to confirm the ex-
planation provided by the operator’s manual for the Servo-i.
This manual states that if a patient makes an effort that
generates a drop in pressure from baseline of < 3 cm H,0,
the ventilator will behave in a manner identical to that of
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Table 5. The Change in Expiratory Tidal Volume (Active — Passive), Inspiratory Time, and Mean Airway Pressure During Volume Control With
Set-Point and Dual Targeting Compared to Pressure Support

Ventilator PB 840 Servo-i Servo-i P
Mode name Volume A/C Volume Control Pressure Support
Mode classification VC-CMV VC-IMV PC-CSV
Targeting scheme Set-point Dual Set-point
AV, mL 373 +35 77.1 £33 406.1 £ 1.5 <.001
ATy, s 0.17 £0.0 0.15 £ 0.0 0.31 £0.0 <.001
AmP,,,, cm H,0 —-1.1£0.1 —0.3 0.0 32+0.0 <.001

+ values are mean * SD.

A/C = assist control

VC = volume control

CMV = continuous mandatory ventilation
IMV = intermittent mandatory ventilation
PC = pressure control

CSV = continuous spontaneous ventilation
Vr = tidal volume

T = inspiratory time

mP,,, = mean airway pressure

VC With Set-Point Targeting

E2ES

9 .

40.h: il e . 1

S an =
L/ ;

RS == e
¢ m—— 7 :\V;_/ \/

Double
| Triggering /
|

Pressure (cm H20)
or Flow (L/min)

VC With Dual Targeting
60 = - -

or Flow (L/min)

Pressure (cm H20)

Time (s)

Fig. 3. Pressure and flow waveforms during volume control (VC)
with set-point and dual targeting in an active lung model. Note the
double triggering with set-point targeting. Black = flow. Red =
airway pressure. Blue = simulated muscle pressure.

a patient who makes no spontaneous effort. In the passive
lung model we observed subtle differences in the delivered
Vi during VC, despite the same V. setting. These differ-
ences may have been due to factors such as differences in
ventilator calibration and differences in patient circuit com-
pliance compensation algorithms. Also, the lung simulator
was set to record variables as measured, and did not apply
compensation for physiologic conditions (ie, body temper-
ature and pressure saturated, BTPS), but the ventilators
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Fig. 4. Pressure and flow waveforms during volume control con-
tinuous mandatory ventilation (VC-CMV) with dual targeting in the
passive and active lung models. Note the switch from VC to pres-
sure control (PC) when the active inspiratory effort decreases in-
spiratory pressure below the default threshold of 3 cm H,0O, and
the subsequent increase in inspiratory flow. Black = flow. Red =
airway pressure. Blue = simulated muscle pressure.

deliver gas corrected for BTPS. However, these factors are
irrelevant for this experiment, as each ventilator served as
its own control and we were interested only in the changes
in Vg associated with the way the targeting schemes re-
sponded to simulated inspiratory effort.

The active lung model was used to simulate an inspira-
tory effort that was large enough to cause a drop in in-
spiratory pressure of at least 3 cm H,O, triggering a man-
datory breath during CMV and a spontaneous breath during
Pressure Support. We observed that dual targeting during
VC with active breathing allowed for an increased V
(77.1 mL more than operator set V), compared to set-
point (37.3 mL more than operator set V), but not as
much as Pressure Support (406.1 mL more than operator
set Vo). A change in V; of 77 mL with dual targeting
represents an 18% increase in minute ventilation. That
could, for example, mean a difference between a PaCOZ of
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Fig. 5. Pressure and flow waveforms during Pressure Support com-
pared to volume control continuous mandatory ventilation (VC-
CMV) with dual targeting during active breathing. Although dual
targeting increases flow, compared to set-point targeting, it does
not approach the flow available in Pressure Support in this par-
ticular model. Black = flow. Red = airway pressure. Blue = sim-
ulated muscle pressure.

Table 6.  The Effect of Targeting Scheme on Peak Inspiratory Flow
During Volume Control Ventilation With Set-Point and
Dual Targeting Compared to Pressure Support in an
Active Lung Model*

Inspiratory Flow, mean * SD

mL/s L/min
Volume control set-point targeting 8222 = 34.1 493 *£2.0
Volume control dual targeting 1,019.7 £ 3.6 61.2 0.2
Pressure support 1,519.9 =28 912 =02

* Note that the ASL 5000 reports inspiratory flow in mL/s. The first column reports the data
as the investigator will view them on the ASL. The second column provides the data
converted to L/min as clinicians will view the data on a mechanical ventilator.

50 mm Hg and one of 41 mm Hg, which would probably
be considered clinically important. A larger inspiratory
effort would yield even larger effects. The increase in
volume was expected for dual targeting and for pressure
support. Figure 3 shows 4 distinct flow waveforms and
thus 4 different V. delivered by the set-point targeting
scheme, despite having operator preset values for volume
and flow. We speculate that this behavior is related to the
ventilator’s circuit compliance compensation algorithm.'?

Along with increasing inspiratory flow and volume in
response to patient demand, both targeting schemes also
increased the inspiratory time slightly during VC. This
increase was negligible, and we speculate that it would
have little effect on patient-ventilator synchrony in the

RESPIRATORY CARE ® AucusT 2012 VoL 57 No 8

adult critical care setting. Nevertheless, auto-triggering oc-
curred with set-point targeting but not with dual targeting,
which clinically can have an important effect on patient-
ventilator synchrony. This observation demonstrates a po-
tential clinical advantage of dual targeting, in that, with
sufficient effort, the breath is patient cycled, which results
in a mechanical inspiratory time more in synch with the
patient’s neural inspiratory time. The corresponding dis-
advantage of set-point targeting is that the operator presets
arbitrary targets, including inspiratory time, that may or
may not happen to synchronize with patient demands. The
consequences of asynchrony include an increased work of
breathing, patient discomfort, increased need for sedation,
and confusion during the weaning process.'# These con-
sequences may have a negative impact on the weaning
process, which may ultimately prolong the length of ven-
tilator support, ICU and hospital lengths of stay, as well as
a potential for increased mortality.'>

The effects on inspiratory flow further exemplify how
differences in targeting schemes can influence patient-
ventilator interaction. Inspiratory flow substantially in-
creased during VC with dual targeting; more than set-point
targeting, but not as much as Pressure Support. The in-
crease in flow in Pressure Support compared to VC-CMV
occurs for at least 2 reasons. First, P, adds to the set
inspiratory pressure (P, to create a larger pressure gra-
dient between the airway opening and the lungs driving
inspiratory volume, whereas with VC the airway pressure
and hence the pressure gradient drops with inspiratory
effort (ie, P, subtracts from P, in VC modes but adds
to P, in PC modes). Second, the duration of P, is long
enough to extend the inspiratory time in Pressure Support,
compared to a preset inspiratory time with PC-CMV or
volume modes; pressure acting for a longer time produces
a larger V. Figure 5 compares Pressure Support to VC
with dual targeting. Note that while dual targeting re-
sponded to the demand for increased inspiratory flow,
under these experimental conditions Pressure Support of-
fered a higher peak flow and V. for the same inspiratory
effort. Other settings for VC would yield different peak
flow results.

One limitation of this study was that it used a simulated
patient. This simulation did not reproduce the biological
variability in resistance and compliance seen clinically
with patients. This restricts the range of results we could
measure, but, on the other hand, allowed for reproducible
measurements. Also, given the popularity (in our experi-
ence) of using a descending ramp (aka, decelerating) wave
for VC, one could question why we use a squared wave
flow pattern. We chose to use a square wave on the PB 840
because that is the only choice on the Servo-i, and we
wanted comparable results. According to the PB 840 man-
ual, “If Vrand V,__are held constant, . . . inspiratory time
approximately doubles when flow pattern changes from

mus
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square to descending ramp.” Therefore, we could expect
that, given our experimental setup, using a descending
ramp flow may have decreased the double-trigger prob-
lem, due to the even longer preset inspiratory time relative
to the simulated neural inspiratory time (ie, the P, In-
crease % setting on the ASL 5000). It is more difficult to
predict the effect on actual Vi: the pressure waveform
would have been different, and there is a complex inter-
action between pressure and volume delivery imposed by
the compliance compensation algorithm of the PB 840.12

Conclusions

In a lung model, dual targeting during VC ventilation
allowed increased V- and avoided double triggering, com-
pared to set-point targeting. Both of these effects are ex-
pected to improve patient-ventilator synchrony during ac-
tual clinical use. Although V. and flow increased with
dual targeting, it was not as profound as that seen with
PSV under these particular simulated conditions. Evaluat-
ing the manner in which the targeting scheme affects breath
delivery may have important implications for clinical prac-
tice. An understanding of how a breath is delivered with
different targeting schemes may assist practitioners in un-
derstanding how alterations in respiratory drive, timing,
respiratory muscle pressure, and respiratory system me-
chanics influence the interaction between the patient and
the ventilator.
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