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BACKGROUND: In pressure support ventilation (PSV), ventilators terminate their flow when the
inspiratory flow decays to a certain flow (flow criteria) or when the airway pressure rises a certain
amount above the set pressure support level (pressure criteria). There are significant differences among
intensive care unit ventilators in regard to these termination criteria. PURPOSE: In this adult simula-
tion study, we investigated if the termination criteria used in intensive care unit ventilators affect the
lpatient-ventilator synchrony in the transition to exhalation. METHODS: A two-compartment lung
model was used to simulate spontaneous breathing of the patient with high demand (peak flow of 60
L/min) or low demand (peak flow of 30 L/min). Three ventilators with different flow criteria and
pressure criteria in the inspiratory termination were alternately attached to the test lung: the Nellcor
Puritan Bennett 7200ae (NPB7200ae), the Siemens Servo300 (SV300), and the Newport Wave E200
(E200). During testing, the PSV level was set at 10 cm H2O with positive end-expiratory pressure of 0
or 5 cm H2O. The termination delay time, termination type, inspiratory muscle work, plateau and peak
inspiratory pressures, and inspiratory area percent were measured. The tests were conducted at the
compliance of 20, 40, and 80 mL/cm H2O, with a resistor of R5 or R20. RESULTS: In most of the
experimental settings, all three ventilators terminated their flow within 0.1 second before or after the end
of the 'patient' inspiratory effort. In the 'patient' with long time constant, termination criteria in the
SV300 delayed the inspiratory termination by 0.5 second. In all settings in the NPB7200ae and some
settings in the E200, the ventilator flow was terminated by the pressure criteria, not by the flow criteria.
The NPB7200ae showed pressure undershoot during the first half of the inspiration and required the
highest patient work in all settings, especially at high patient demand. In the SV300, the actual support
level was higher than the set level. Its peak inspiratory airway pressure was also the highest among the
three ventilators. There was a trigger dyssynchrony in the E200 at high demand with high resistance/
high compliance. CONCLUSION: In most settings, the termination criteria used in PSV in the three
ventilators provided a relatively reasonable patient-ventilator synchrony in the transition to exhalation.
The marked delay in the ventilator inspiratory termination may occur under the conditions of long time
constant with low demand in the SV300, which resulted mainly from the combination of the inappropriate
pressure criteria and flow criteria. [Respir Care 1998;43( 12): 1048 -1057] Key words: mechanical ventila-
tion, pres.l'ure support, work of breathing, ventilators, patient-ventilator synchrony.

Background ventilator inspiratory termination timing.' Studies on the

ventilator trigger response and the pressure rise rate in

Pressure support ventilation (PSV) has been one of the

most frequently applied modes. There are several factors

that determine the performance of PSV: ventilator trigger

response, pressure rise rate (or slope) upon trigger, and
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PSV have clearly shown the importance of their roles in

decreasi~g the patient work of breathing and improving
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EFFECTS OF PRESSURE SUPPORT TERMINATION ON PATIENT-VENTILATOR SYNCHRONY

Purpose

The purpose of this study was to investigate, under dif-

ferent combinations of respiratory resistance and compli-

ance, whether the termination criteria used by ICU venti-

lators affect the patient-ventilator synchrony in the

transition to exhalation in an adult lung model. The pa-

tient-ventilator synchrony was evaluated by the termina-

tion delay time (ie, time from the end of the 'patient'

inspiratory effort to the end of ventilator inspiratory flow).

Since the termination of the inspiration may be affected by

a ventilator's control of the flow delivery during inspira-

tion with the same termination criteria, the performance

characteristics of the ventilators during the inspiratory phase

were evaluated as well. The NPB7200ae, the SV300, and

the E200 were used to represent ventilators with different

termination criteria.

patient-ventilator synchrony .:!--0 It has been suggested7 that

ventilator inspiratory termination may also be important:

Premature termination may increase inspiratory muscle

work, and delayed termination may increase the load on

expiratory muscles. In a lung model study, Bunburaphong

et alx evaluated expiratory delay time in nine noninvasive

pressure ventilators together with one intensive care unit

(ICU) ventilator. They demonstrated that there were great

differences in the termination delay time among the non-

invasive pressure ventilators. With regard to ICU ventila-

tors, Maclntyre and Ho-+ evaluated the termination criteria

at 25C/c and 50C/o of peak flow and found that changing

termination criteria in PSV from 50% to 25% of peak flow

had minimal effect on the ventilatory pattern or patient-

ventilator synchrony in clinically stable patients using a

modified BEAR-3 ventilator.'i'

There are two primary methods to terminate the venti-

lator flow delivery in ICU ventilators during PSV: flow

criterion and pressure criterion. As regards the flow or

pressure level at which the ventilator flow is terminated,

significant differences exist among ICU ventilator manu-

facturers and even among different model ventilators of

the same manufacturer.'J.lo By flow criteria, ventilator flow

will be terminated when the inspiratory flow has decayed

to a certain flow. This flow can be either a fixed absolute

flow (eg, 5 L/min in the Nellcor Puritan Bennett 7200 and

4 L/min in the Infrasonics Adult Star), a fixed rate based

on the peak inspiratory flow (eg, 5°/(1 of peak inspiratory

flow in the Siemens Servo300 and 25°/(1 of peak inspira-

tory flow in the Siemens Servo 900 and Bird 8400ST),

or variable termination flow based on both peak inspira-

tory flow and the elapsed inspiratory time (Ti) (such as

in the Newport Wave E200). By pressure criteria, the

ventilator flow is terminated when the airway pressure

rises a certain amount above the set pressure support

level. This pressure criteria above the set pressure level

can be + 1.5 cm H2O (in the Nellcor Puritan Bennett

7200 [NPB7200aeJ), +2.0 cm H2O (in the Newport

Wave E200 [E200]), +3.0 cm H2O (in the Siemens

Servo 900), or +20 cm H2O (in the Siemens Servo300

[SV300]). Until now, there has been no objective evi-

dence as to whether these different termination criteria

affect the patient-ventilator synchrony. Moreover, it also

was not known if the patient-ventilator synchrony using

each termination criterion was affected by patient char-

acteristics, because patient mechanics (eg, resistance

and compliance) may exert influence on the airway flow

change during the inspiratory phase.

Method~

Model

Spontaneous breathing was simulated using a two-com-

partment mechanical lung model (Michigan, TTL model
1600) (Fig. I ). The left side of the lung model was con-

nected to the tested ventilator; the right side was connected

to and driven by a BEAR-5 ventilator using a sinusoidal

flow wave pattern. The model in this study differs from
that used by other researchers, 11.12 in that it used a metal

connector to completely connect both sides of the model.

This connection allowed the two compartments to behave

like compliances in series. Because of this connection, if

the flow termination of the tested ventilator comes after

the end of the inspiration of the driving lung, the elastic

recoil force from the driving lung impacts the tested lung

and causes an airway pressure elevation. This model sim-

ulates the interactive relationship between a ventilator and

a patient who does not exhibit active expiratory effort.

When the compliance of the driving side lung is set to the

chest wall compliance, the pressure in the driving side

lung during the driving phase can be taken as the inspira-

tory muscle pressure. The integration of the volume change

and pressure change during the driving phase is taken as

the work of inspiratory muscles (Wmus).I.1.14 After the

driving phase, the pressure or flow information of the

driving side in this model cannot be used for analysis of

the Wmus because the driving compartment at this time

communicates with the atmosphere through the open ex-

halation valve of the driving ventilator.

Setup

The compliance of the driving lung was set at 200 mL/cm

H2O to simulate chest wall compliance. A hot wire flow

transducer (Minato, Model RF-L) and a pressure trans-
"'Supplier, (1f commercial produ{;t.o;are identified in the Product Source,

,ection at the end of the text.
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Fig. 1. Schematic representation of the lung model.

ducer (Heise, 901A) were connected to the inlet of the

driving lung. The left lung (tested lung) was connected to

each of the tested ventilators through a standard adult

breathing circuit with no humidifier attached (circuit com-
pliance = 0.98 mL/cm H2O). The pressure and flow at the

airway opening were measured by the same types of trans-

ducers that were used at the driving side. The signals of

pressure and flow transducers at both the driving side and

tested side were digitized at 100 Hz and recorded on a

computer recorder (Data Translation, DT2831 ). To simu-

late the respiratory system resistance, a parabolic resistor

of R5 or R20 was placed between the tested lung and the

breathing circuit. The compliance of the tested lung was

adjusted to 20, 40, or 80 (C20, C40, or C80) mL/cm H2O.

With the Ti set to 1.0 second, the peak flow of the BEAR-5

ventilator was adjusted to provide the peak inspiratory

flow of 30 L/min and 60 L/min at the airway opening of

the tested side when the tested lung was not connected to

a ventilator. These flow rates simulated low and high pa-

tient inspiratory efforts. During the evaluation of the tested

ventilators, the 3 tested ventilators set in the spontaneous

mode were connected to the tested lung alternately. The

positive end-expiratory pressure (PEEP) was set at 0 or 5

cm H2O and pressure support was set at 10 cm H2O.

Pressure trigger of -0.5 cm H2O was used in all 3 venti-

lators. In the SV300, the inspiratory rise time was adjusted

to I %. In the E200, the bias flow was set at 5 L/min, as

recommended by its operating manual. 15 The 4 transduc-

ers used in the study (2 for pressure and 2 for flow) were

calibrated immediately before the experiment with a cal-

ibration analyzer (Allied Healthcare Products, RT200).

Measurements and Data Analysis

The following parameters were measured from the com-

puter records: termination delay time and termination type,

Wmus expressed as J/L during the driving phase at the

driving side, plateau and peak inspiratory pressures at the

tested side, and inspiratory area percent (Area-I%) of

the pressure at the tested side.

The termination delay time was defined as the time

between the end of the inspiration of the BEAR-S and the

return of the inspiratory flow of the tested ventilator to

zero (Fig. 2). The end of the inspiration of the BEAR-S was

calculated as follows: The inspiratory onset of the BEAR-S

during each test was read from the flow waveform of the

driving compartment; the Ti of the BEAR-S was measured

from the flow waveform of the driving compartment when

no tested ventilator was attached to the tested lung com-

partment (the variation of the TI of the BEAR-S was con-

firmed to be::; 20 millisecond in all experimental settings

in the preliminary experiments); and timing of the end of

the inspiration of the BEAR-S when a tested ventilator was

being evaluated was then BEAR-S'S inspiratory onset tim-
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Area.

Airway Pressure

-..

Airway Flow

pressed volume in the model. The plateau inspiratory air-

way pressure at the tested side was read if the airway

pressure did not change 0.5 cm H2O within a 150-milli-

second period during the inspiratory phase. The Area-I0/c

was calculated using the method introduced by Bunbura-

phong et al.8 The Area-I% was the ratio of the area of the

pressure-time tracing above and below baseline during the
driving phase at the tested side to the ideal area (Fig. 2).
The ideal area was defined as the rectangle created by T I

and the maximal pressure at the tested side above the

baseline pressure.

All pressure values in this study are presented as value.'i

above PEEP. Three breaths were analyzed for each exper-

imental setting after a 2-min stabilization period. Because

all parameters among the three breaths showed negligible

variation, 'only mean values are presented in this report.
low of Drive Lung

1.- b
Results

I dl' termination delay time
a c

Fig. 2. Calculations of the termination delay time and the inspira-
tory area percent of airway pressure. The termination delay is
defined as the time between the end of the inspiration of the drive
ventilator (c) and the return of the inspiratory flow of the tested
ventilator to zero (d). The mandatory inspiration of the drive ven-
tilator starts at "a" and lasts for the duration of "b," which is taken
when no ventilator is connected to the tested lung. The inspiratory
area percent of airway pressure is the ratio of the line-shaded
areas (Area-l, the areas of the pressure-time tracing above and
below baseline during the inspiration) to the dot-shaded rectangle
area (ideal area).

Ventilator Inspiratory Termination (Table 1

All three ventilators terminated their flow delivery within

0.1 second before or after 'patient'-stopped inspiratory

effort in most experimental settings. The termination was

delayed by 0.5 seconds in the SV300 in the 'patient' with
long time constant (R20, C80) and low inspiratory effort
(peak inspiratory flow = 30 L/min) (Fig. 3). The inspira-

tion in the NPB7200ae was always terminated by its pres-

sure criterion, while inspiration was terminated by the flow

criterion in the SV300. In the E200, if the 'patient' de-

mand was low, inspiration was terminated by its flow

criterion, but it was terminated either by its flow criterion

or by its pressure criterion in the high-demand 'patient.'

The termination delay is not consistently affected by PEEP;

however, administration of PEEP slightly prolonged the
termination delay time when airway resistance was high

(R20) in most of the settings in all ventilators.

ing plus BEAR-5's TI, To identify whether the ventilator

flow was terminated by the flow criterion or pressure cri-

terion, the time point when the airway pressure at the

tested side reached the pressure criterion level was read.

The pressure criterion level was taken as 11.5 cm Hp

above PEEP in the NPB7200ae. 30.0 cm H2O above PEEP

in the SV300, and 12.0 cm H2O above PEEP in the

E200.'),IO,J.~ The patient airway flow at this time point was

measured and compared with the flow criterion. If it was

higher than the flow criterion, the inspiration was thought

to be terminated by the pressure criterion; otherwise. the

inspiration was considered to be terminated by the flow

criterion. The inspiration was always considered to be ter-

minated by the flow criterion if the airway pressure never

reached the pressure criterion level during inspiration.

The Wmus was calculated as the integral of the pressure

at the driving side with regard to the volume at the tested

side during the driving phase. The volume at the tested

side was obtained by integrating the flow signal of the

tested side over time. The intention of using the volume at

the tested side {instead of using the volume at the driving

side) in the calculation of the Wmus was to simulate a

clinical situation and to eliminate the effect of the com-

The Work of the Inspiratory Muscles (Table 2)

The Wmus in the NPB7200ae was always higher than

that in the other 2 ventilators. The Wmus in the SV300

was the lowest among the 3 ventilators, although the dif-

ferences between the SV300 and the E200 were negligible.

Plateau Inspiratory Pressure, Peak Inspiratory
Pressure, and Inspiratory Area Percent (Tables 3-5)

The NPB7200ae consistently displayed an undershoot

of airway pressure during the first half of inspiration, es-

pecially in high-demand conditions (peak inspiratory
flow = 60 L/min) (Figs. 3 & 4 ). The significant pressure

undershoot waveform in high-demand conditions in the

NPB7200ae did not allow a stable plateau pressure segment
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Table Termination Delay Time (in Seconds) f(Jr Three Pressure Support Ventilutors Set at Positive End.

Expiratory Pressure of O or S cm H2O (PEEP-O or PEEP-S) und Tested at Compliul1ce or :!0.40.

or tlO (C20. C40. C80) and Purabolic Resistance of S or 20 (RS. R20).

High Demand (60 L/min)

JO SV~()()NPB72( E:?OO

PEEP-O

R5, C80

R5, C40

R5, C20

R2(), C80

R2(), C40

R20, C20

PEEP-5

O.()4'P'

0.0 I

0.01

O.O5'P)

0.09'PJ

0.04

0.02'1

0.02'1

0.03'1

0.07'1

().07'1

0.03'1

0.0511'1

0.0311"

-O.U4'I"

0.()6'1"

0.07'1"

0.04""

0.09

0.05

0.0 I

0.10

0.10

0.05

0.06

0.01

0.07

0.56

0.05

0.06

0.02

0.02

O.{XJ

0.01().()4

O.(KJ'P)

O.O)'P)

O.()4IPI

O.14'PI

O.IO'P)

O.O5't')

R5.

R5.

R5.

R20

R20

R20

0.06

0.05

0.04

0.19

0.13

0.0l!

0.04

o.()()

0.03

0.1 1'1"

0.09'1',

0.05

).0!,PJ

[).()(),PI

[).03'PI

[).04'PI

[).04'PJ

[).06'PI

0.09

0.08

0.02

O.S7

:J.()4

:).02

[).O4

:J.04

:1.02

[1.02o.o~

..IWU-"'.l11p"'1111"rn lul1g 111",1,,1 w", "",d ") ,iI11UI"I" 'p'I11I"."'U"' nre"lning ur p,,'i"I11' wilh nigh
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meeting our plateau pressure definition. When comparing

the plateau inspiratory pressure with the target pressure

level ( 10 cm H2O above PEEP), the plateau pressure was

1-2 cm H2O lower in the NPB7200ae and 1-2 cm H2O

higher in the SV300 than the target pressure: The under-

shoot airway pressure in the NPB7200ae also resulted in

the lowest Area-l % among the 3 ventilators. rn the con-
dition of high demand (peak inspiratory flow = 60 L/min)

with long time constant (R20, C80), the E200 showed a

double-cycled pressure waveform because of the initial

pressure overshoot (Fig. 4). This double-cycled waveform

caused a low Area-l% in this condition in the E200. Sim-

ilar to the differences of plateau pressure among the three

ventilators, the peak inspiratory airway pressure was al-

ways the highest in the SV300, followed by the E200 and

then the NPB7200ae. The peak inspiratory pressure be-

came elevated as the resistance increased and the compli-

ance decreased. It was as high as 12 cm H2O above the

target pressure in R20, C20 with high-demand condition in

the SV300.

Discussion

Our results demonstrated that in most of the experimen-

tal settings, all 3 ventilators that we tested terminated their

flow in PSV within 0.1 second before or after the end of

the 'patient' inspiratory effort, suggesting a relatively rea-

sonable patient-ventilator synchrony in the transition to

exhalation. In the low-demand 'patient' with long time

constant (R20, C80), termination criteria in the SV300

delayed the ventilator inspiratory termination by 0.5 sec-

onds (Table I, Fig. 3). In all settings in the NPB7200ae

and in some settings in the E200, inspiration was termi-

nated by the pressure criteria instead of flow criteria.

In order for airway pressure to remain at the target level

during the inspiration of PSV, ventilators decrease their

flow as the patient effort decreases. With an ideal pressure

control system, in order to maintain the t,\rget pressure

level. the ventilator tlow would be O when the patient

completely stops his effort. Therefore. the flow criterion of

the inspiratory termination in an ide,\1 pressure control

system would be set close to O L/min. In reality, however,

there are inherent delays in the pressure control feedback

loop, and the pressure control algorithm more or less lacks

precision in all ventilators. As a result, in order to termi-

nate their flow to synchronize with the patient. commercial

ventilators are designed to have a termination flow of

slightly higher than 0 L/min. The ventilators are designed

to terminate their flow when the inspiratory flow drops to

either a fixed flow (eg, 5 L/min in the NPB7200ae), a

percent,\ge of the peak delivered flow (eg, 50/c in the SV300),

or a vari,\ble termination tlow (eg, in the E200).

In addition to termination of flow according to these

flow criteria, the ventilators also terminate their flow by

the pressure criteria (ie, when airway pressure reaches 1.5

cm H2O above the target pressure level in the NPB7200ae,

20 cm H2O above the target pressure level in the SV300,

98 VOl 43 No 121052 RESPIRATORY CARE. DECEMBER
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Fig. 3. The pressure waveforms in low demand. Patient demand: 30 Umin; compliance: 80 mUcm H2O; resistance: RS (upper)
(lower). NPB7200 = Nellcor Puritan Bennett 7200ae; SV300 = Servo 300; E200 = Wave E200.

1d R21

or 2.0 cm H2O above the target pressure level in the E200).

These pressure criteria serve as a backup measure to the

flow criteria. The results in our study showed that the

pressure criteria in the SV300 (20 cm H2O above the target

pressure) did not activate termination in any setting: The

ventilator flow was terminated by the flow criterion. This

may partly explain why the peak inspiratory airway pres-

sure in the SV300 can be as high as 12 cm H2O above the

target pressure (Table 4 ). The fact that inspiration in the

NPB7200ae was always terminated by the pressure crite-

rion suggests that the flow criterion of 5 L/min used in the

NPB7200ae is not high enough to terminate its flow at

the proper time at the applied settings. In other words, the

flow criterion of 5 L/min in the NPB7200ae has not func-

tioned in the ventilator inspiratory termination. Because

the termination in the NPB7200ae was not markedly de-

layed even though the ventilator flow was always termi-

nated by the pressure criterion, it can be inferred that the

pressure criterion in the SV300 is the major reason for the

significant termination delay that occurred in the SV300.

The termination delay in the SV300 may also be attributed

to the lower flow criterion because the highest peak flow

recorded in the SV300 study was 76 L/min (which was

converted to 3.8 L/min of flow criterion in ventilator in-

spiratory termination).

In the E200, ventilator flow was terminated by the flow

criteria without significant delay or prematurely in low-

demand conditions. This indicates that relating the flow

criteria with the elapsed Ti in addition to peak flow may

result in better patient-ventilator synchrony than using only

peak flow. In the E200, termination is based on the fol-
lowing equation: termination flow = (a + /3 X TI) X PFY,

where TI is the elapsed Ti from the onset of the ventilator

flow, PF is the peak inspiratory flow, and a, /3, and 'Y are

constants. t With this flow criterion, the longer the elapsed

Ti' the higher the termination flow criteria, and vice versa.

This might compensate the slower decay of the inspiratory

flow at long time constant and low demand. In the high

demand, this compensation with the elapsed T I is not

enough, as demonstrated by the pressure-cycled breath at

high demand and high resistance in the E200.

Jubran and co-workers have studied the effect of PSV in

chronic obstructive pulmonary disease patients.'" In their

study, they ventilated chronic obstructive pulmonary dis-

ease patients with PSV by use of the Servo 900C ventila-

tor. As a result, the patients with higher time constants

displayed lower bounds of expiratory pressure time prod-

MillerRI lewport Medic In!;tru-tPersonal communication, CyndJ
ments Inc, Costa Mesa CA.
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inll,-lting the thor,-lx. Because th~ Servo<)OOC utilizes a Ilow

criterion of 25'k of the peak flow anJ a pr~s.'iUre criterion

of 3 cm H2O:'.lo th~ ventil,-ltor inspiratory l~rmin'-lti()n
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SOIne newly rcleaseJ ICU vcntil,-ltills (eg. NPR X40.

H,-lmilton G,-llileo) all<)w manual sclcl:tion (Jf th~ t~rmina-

lion tlow perccntage ( now critL'rion ). This is J~signcJ to
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vation of' the airway pr~ssurc wav~I(Jrm at b~Jsidc anJ

may be impossiblc when wavcf(Jrm an,-llysis i'i unavail-

able.H MilleOver, Ihc patienl cfl()rt anJ m~chanil:.'i m'-ly
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EFFECTS OF PRESSURE SUPPORT 'ERMINATION ON PATIENT- VENTILATOR SYNCHRONY

able 4. Peak Inspiratory Airway Pressure (in cm "20) for Three Pressure Support Ventilators Set at
Positive End-Expiratory Pressure of 0 or 5 cm "20 (PEEP-O or PEEP-5) and Tested at
Compliance of 20, 40, or 80 (C20, C40, C80) and Parabolic Resistance of 5 or 20 (R5, R2G
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R5, CBO

R5, C40

R5, C20

R20, CBO

R20, C40

R20, C20

PEEP-5

R5, CBO

R5, C40

R5, C20

R20, C80

R20, C40

R20, C20

13

14

14

16

19

II II
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1312
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14
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1?
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14
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)5 13

13

13
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mpartmenl lung model wa' u,ed to ,imulale 'pontaneou, brellthing of putient' with high- or low-demllnd pellk flow All pre"ure, Ilr

ve PEEP level. Ventilator, Nellcor Puritan Bennett 7200ae (NPB7200), Siemen, )00 (SV)00), Newport Wave E200 (E200,

lble Inspiratory Area Percent (Area-I%) of Airway Pressure for Three Pressure Support Ventilator
Set at Positive End-Expiratory Pressure of 0 or S cm H2O (PEEP-O or PEEP-S) and Tested at
Compliance of 20, 40, or 80 (C20, C40, C80) and Parabolic Resistance of S or 20 (RS, R20).
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R5,

R5,
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R5,

R5,

R5,
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33
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46
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69

70
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56

56

65

69

66

67

66

73
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43

48
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38
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52

61
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65

36

70
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63

59

65

64

62
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65
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67

66
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64
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56

59
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A ,wo-"ompurtment lung m(Jdel wu, u,ed to ,imulute 'pontuneou, breutbing of putient' witb higb- or low-demund

Ne!l"or Puritun Bennett 7200ue INPB7200). Siemen, 300 ISV300). Newpo'1 Wuve E200 (E200).

The Wmus is a function of the trigger delay, actual

pressure support level, and termination synchrony (prema-

ture termination or delayed termination). In this study, the

calculation of the Wmus used only the pressure and vol-

ume of the driving phase; therefore, the delayed termina-

tion will not affect the appropriateness of the calculation

of the Wmus. While there was not marked premature ter-

mination (Table I) and the Wmus corresponding to the

trigger phase only accounts for a minimal part of the total

Wmus (data not shown), the difference in the Wmus mainly

represents the difference of the inspiratory output of the

ventilators.

Our results showed that the Wmus (J/L) was the highest

in the NPB7200ae among all tested ventilators. This is the

result of the insufficient initial flow delivery from the

NPB7200ae. The insufficient initial flow delivery also
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EF ~CTS OF PRESSURE SI 'PORT TERMINATION ON PATIENT-VENTILATOR SYNCHRONY
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Fig. 4. The pressure waveforms in high demand. Patient demand: 60 Umin; Compliance: 80 mUcmH20; resistance: RS (upper) and R20
(lower). NPB7200 = Nellcor Puritan Bennett 7200ae; SV300 = Servo 300; E200 = Wave E200.

causes pressure undershoot during the first half of the

inspiratory phase.6,18 This is consistent with the finding

that the Area-[% in the NPB7200ae was also markedly

lower than that in the other two ventilators. On the other

hand, the Wmus in the SV300 was always the least among

all tested ventilators due to the higher actual support pres-

sure level. Although the pressure support level in the three

ventilators was set at 10 cm H2O, the actual plateau pres-

sure was 1-2 cm H2O higher than the set pressure support

level in the SV300, suggesting excessive support. We set

inspiratory rise time to 1% in the SV300 in order to shorten

the negative airway pressure period because in our pre-

liminary experiments we found a longer negative airway

pressure period at a higher inspiratory rise time. Mean-

while, this fast pressurization did not cause pressure over-

shoot even in high resistance/low compliance conditions.

The significant high peak inspiratory airway pressure in

the SV300 appeared around the end, not the start, of in-

spiration. The high peak inspiratory airway pressure re-

sulted from high pressure criterion ( +20 cm H2O above

the target pressure) and low flow criterion (5% of peak

flow). The trigger dyssynchrony in the E200 in high de-

mand with long time constant conditions resulted from the

initial pressure overshoot, suggesting the insufficient ini-

tial flow control algorithm under this condition.

Since our data are based on a lung model, careful con-

sideration should be taken when extrapolating it to the

clinical setting. In addition, there are several limitations in

the design of our study. First, the 'patient' cannot actively

exhale in our lung model. In clinical sites, active exhala-

tion from the patient expiratory muscle activity may cause

inspiratory flow decline quicker than it did in this study.

This may shorten the ventilator inspiratory tennination

delay time; however, it would be at the cost of the patient
expiratory muscle work.1 n Second, the pressure and flow

signals used for analyses in this study were measured at

the place between the tested ventilator and the tested lung.

The flow and pressure signals used for the control of the

flow delivery in the 3 ventilators are actually measured

within ventilators, except that in the E200, the pressure is

measured at the patient circuit proximal wye connector.

This difference in the measurement locations may intro-

duce some degree of error due to the breathing circuit.

Last, we only simulated the patient T I of 1.0 second. Shorter

or longer patient TI may change the termination delay time

quantitatively. These limitations should be taken into ac-

count when interpreting the results of this study for clin-

ical purposes. It should also be noted that the patient-

ventilator synchrony in the transition to exhalation may

not be solely the result of termination criteria. The timing
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EFFECTS OF PRESSURE SUPPORT TERMINATION ON PATIENT-VENTILATOR SYNCHRONY

of flow termination in a ventilator is also related to that

ventilator's inspiratory output. Therefore, the results in

this study may not be directly extrapolated to other ven-

tilators using the same termination criteria.

Conclusion

In conclusion, the termination criteria used in PSV in

the 3 ventilators provided a relatively reasonable patient-

ventilator synchrony in the transition to exhalation in most

settings. The marked delay in the ventilator inspiratory

termination may occur under the conditions of long time

constant with low demand in the SV300, which resulted

mainly from the combination of the inappropriate pressure

criteria and flow criteria. Although the pressure criteria are

designed as a backup measure to the flow criteria in the

inspiratory termination, it consistently functions as a pri-

mary mechanism in the NPB7200ae.

PRODUCT SOURCES

Ventilators

Nellcor Puritan Bennett 7200,-le, Mallinckrodt Inc, Pleas-

,-mton CA

Servo 300, Siemens Medical Systems Inc, Iselin NJ

Wave E200, Newport Medical Instruments Inc, Costa

Mesa CA

BEAR-S, Thermo Respiratory Group. Palm Springs, CA

Flow Transducer

Model RF-L, Minato Medical Science Co. Ltd., Osaka,

Japan

Pressure Transducer

Heise 90 I A, Dresser Industries Inc, Stratford CT

Data Acquisition System

DT2831 and Global Lab, Data Translation Inc, Marl

borough MA

Lung Model

TTL Model 1600. Michigan Instruments Inc. Grand Rap-

ids MI
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