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Abstract. The inspiratory work exerted by an elec- 
tromechanical lung model in drawing a 500 ml breath, 
was assessed by planimetry of pressure/volume loops 
for six commercial demand valve CPAP devices (Servo 
B and C from Siemens, EVA and UV-2 from Dr~tger, 
the Puritan Bennett 7200 and the EngstrOm ERICA) 
and compared to the loading of a conventional high 
flow CPAP system. The effect of trigger sensitivity 
and inspiratory pressure support on inspiratory work 
was also investigated in some cases. The lung model 
allowed for calibrated changes in compliance and air- 
way resistance. In the non-assisted CPAP mode, all 
machines required slightly larger amounts of in- 
spiratory work than the continuous flow CPAP 
system. Most machines were comparable in perfor- 
mance but the ERICA and the Servo B required up to 
22% more work than the continuous flow CPAP 
system and represented the maximal increase of total 
work due to any given machine. The greater part of 
total inspiratory work was due to lung compliance and 
airway resistance, factors external to the machines. 
Halving compliance doubled the work and exchanging 
a 7 for a 9 mm i.d. endotracheal tube in the circuit in- 
creased work by about 3°/0 regardless of machine. 
Decreasing trigger sensitivity from 0 to 2 cm H20 for 
the Servo B increased work by up to 240/o. Using 5 cm 
H20 of inspiratory pressure support decreased work 
for all machines up to 36% maximally. In conclusion, 
under the chosen experimental conditions the in- 
spiratory work of breathing was only minimally in- 
creased with the following demand valve systems in 
comparison to a continuous flow CPAP system: Servo 
C, EVA, UV-2, and Bennett 7200. The remaining re- 
quired additional work could be eliminated by using 
inspiratory pressure support. However, triggering ef- 
fort remains the unavoidable additional load of de- 
mand valve CPAP systems. 
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The use of continuous positive airway pressure 
(CPAP) for the weaning of patients from mechanical 
ventilation has been well established [1-  3]. Recently 
considerable attention has been focused on the 
necessity of minimizing the work of breathing im- 
posed on a patient by the various CPAP delivery 
systems [4-12]. In addition, demand valve devices 
have been compared unfavorably with continuous 
flow CPAP in that the former have been considered to 
require greater breathing effort than the latter [4, 5]. 
Most studies in humans as well as with mechanical 
lung models relied on airway pressure recording as op- 
posed to pleural pressure hence assessing the changes 
in additional resistive but not in total work due to the 
system. As will be shown, additional resistive work ex- 
aggerates the differences between machines and does 
not provide an optimal basis for comparing them. 

Furthermore, studies involving human subjects 
precluded breath to breath reproducibility, thus we 
decided to employ a servocontrolled electromechani- 
cal lung model to compare the performance of six de- 
mand valve devices with a continuous flow "standard" 
CPAP system. Due to its reproducible breathing char- 
acteristics the lung model obviated statistical analysis 
and allowed calibrated changes in lung compliance 
and airway resistance. Variations in trigger sensitivity 
and inspiratory pressure support, available as options 
on some of the demand valve machines, were also 
studied in some instances. The results showed that 
under these experimental conditions some of the de- 
mand valve devices tested, performed almost as well as 
the standard continuous flow CPAP system. 
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Fig. 1. Semischematic representation of the experimental set-up. Concertinal bellows with all servo loop components is shown on the left. 
Besides feedback from the displacement transducer the servo-control electronics also get a forcing waveform labeled "pleural pressure signal" 
from a waveform generator. The square pulses of the generator are shaped by the RC low pass filter to yield exponentially rising and falling 
flanks. Either this signal or that from an airway pressure transducer are applied to the X axis of the X/Y plotter whereby the Y axis is driven 
by the volume signal from a pneumotachograph-integrator system. Between the pneumotachograph and the bellows there was always interpos- 
ed an endotracheal tube and a calibrated airway resistance as shown. The respirator or device under test (D.U.T.) was attached to the 
pneumotach either through two 30 cm lengths of corrugated respirator tubing as shown or through a patient circuit with in-line humidifier 
(not shown). A representative set of pressure-volume loops are shown for a given machine at three different tidal volumes 

Materials and methods 

The  lung s imula to r  (Dr~iger AG)  consis ted  o f  a round  
conce r t ina  bellows with  re inforced a lmos t  non-e las t ic  
walls and  21 m a x i m u m  capac i ty  (Fig. 1). A servo- 
m o t o r  drove the bellows. A l inear  d i sp lacement  
t r ansducer  connec ted  to  the  bellows prov ided  a 
vo lume p r o p o r t i o n a l  servo feedback  signal.  The  gain  
o f  the  servo l oop  set the  compl i ance  o f  the bel lows-  
m o t o r  system anywhere  be tween 5 and  1 0 0 m l / c m  
H20.  The  loop  forcing vol tage de t e rmined  the 
negat ive  or  posi t ive pressure developed by the bellows, 
wi th  a sensi t ivi ty  o f  - 1 0  cm HzO for + 1 volt  devia-  
t ion  f rom zero. 

The  measured  air f low resistance o f  the  bellows 
and  its inlet  was 10 cm HzO/1/s  whereby ca l ibra ted  
fixed resistors  o f  5 and  20 cm HzO/1/s  could  be con-  
nected in series wi th  the bellows. A l t h o u g h  large, these 
resistances were somet imes  used in ten t iona l ly  to ex- 
agera te  the  differences be tween machines  which  other-  
wise would  have been  unmeasurable .  The  bel lows t ida l  
vo lume was measu red  i ndependen t ly  by  a Fleisch No. 
2 p n e u m o t a c h o g r a p h  dr iv ing  a G o d a r d - S t a t h a m  type  

17212 di f ferent ia l  t r ansducer - in tegra to r  system. The  
in tegra tor  was ca l ibra ted  with  a 500 ml  plexiglass syr- 
inge t ak ing  care no t  to  exceed 60 ml / s  f low when 
p u m p i n g  th rough  the p n e u m o t a c h o g r a p h .  The  vo lume 
signal  f rom the in tegra tor  was d isp layed on  the Y (ver- 
t ical)  axes o f  a s torage osc i l loscope  (Tektronix 564B) 
and  an X / Y  recorder  (Hewle t t -Packard  7004B with  
17178A a t t enua tors  in each channel) .  

The  X (hor izonta l )  axes o f  bo th  ins t ruments  
d i sp layed  the bellows dr iving waveform which  came 
f rom a signal  genera tor  and  was p r o p o r t i o n a l  to 
"p l eu ra l "  pressure. The  signal  genera tor  p rov ided  
square  pulses 1 s in du ra t ion  repea ted  4 / m i n  and  
m o d i f i e d  by a 1/2  s RC element  to yield exponent ia l ly  
r ising and  fall ing f lanks  (Fig. 1). The  shape  therefore  
resembled  tha t  genera ted  by a pat ient ,  r ising abrupt ly ,  
app roach ing  peak  exponent ia l ly ,  fal l ing sudden ly  
f rom peak  and  descending  to zero exponent ia l ly .  The  
amp l i t ude  o f  the  dr iv ing  waveform de te rmined  the 
vo lume p u m p e d  by the  bellows t h rough  a given 
resistance. C o m p a r i s o n  o f  this waveform with the  sig- 
na l  f rom an  equiva lent ly  ca l ibra ted  pressure t rans-  
ducer  connec ted  to measure  pressure inside the  
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bellows, yielded overlapping results. The driving 
waveform however, was preferable to the signal from 
the pressure transducer because of  high frequency tur- 
bulence oscillations in the latter which degraded 
repeatability. With this set-up loops of  volume vs. 
pleural pressure could be plotted as shown for three 
different tidal volumes in Fig. 1 yielding an estimate 
of  total inspiratory work. 

To make results comparable to a previous study [8] 
however, volume vs. airway pressure was also plotted. 
These loops estimated the additional resistive work 
due to a given CPAP system. For these, airway 
pressure was measured as in Fig. 1 between the 
pneumotachograph and the device under test by a 
Hewlett-Packard type 270 airway pressure transducer 
and a 78205B carrier amplifier calibrated for 
1 V/i0 cm H20. 

The basis for comparison with the commercial de- 
mand valve devices was a "standard" high flow CPAP 
system composed of  a 25 1 latex rubber bag (com- 
pliance 1 1/cm H20 at 10 cm H20 filling pressure) fed 
by compressed air at 401/min, connected in parallel 
through T pieces and corrugated tubing (2.3 cm i.d.) to 
the lung model and a 10 cm H20 PEEP (Positive End 
Expiratory Pressure) load. This latter consisted of  
equal bore stand pipe submerged under 10 cm of  water 
in a beaker. Total tubing length did not exceed 2 m. Six 
demand valve machines were tested in two separate 
series due to the availability of  the machines at dif- 
ferent times and are tabulated as follows: 

Series I: Puritan-Bennett 7200, Dr~iger EVA, 
EngstrOm ERICA; 
Series II: Siemens Servo B, Siemens Servo C, Dr~ger 
UV-2. 

All machines were tested with two different sets of  
connecting tubing: the first with commercially avail- 
able standard patient circuit and in-line humidifier 
and the second with two 30 cm lengths of  corrugated 
tubing and Y piece as in Fig. 1. Trigger sensitivity 
variations were systematically investigated for the Ser- 
vo B. In addition, 5 cm H20 of  inspiratory pressure 
support were tested for the EVA, the Bennett 7200, 
the Servo C, and the ERICA. Inspiratory pressure 
support is a feature that upon triggering delivers 
enough additional flow during inspiration to raise and 
maintain airway pressure a specified amount  (here 
5cm  H20 ) above PEEP level (here always 10cm 
H20). 

Pressure/volume loops were recorded for each ma- 
chine and condition with volume on the Y axis and 
either the driving waveform as "pleural" pressure 
analog or airway pressure from the transducer on the 
X axis. After connecting the given CPAP device to the 
simulator, the amplitude of the driving waveform was 

adjusted to yield 500 ml of inspiratory volume at the 
point of occurrence of  peak pressure. The stability and 
reproducibility of  the loop were monitored on the 
storage scope, and a single loop was written on the 
X /Y  recorder. The spatial resolution of the X /Y  
records was 2.5 cm H20 of  pressure per linear cm on 
the X axis and 50 ml of volume per linear cm on the 
Y axis. The area enclosed by the inspiratory or ascend- 
ing leg of each loop and the Y axis was obtained by 
planimetry using a Haf t  No. 317 planimeter with a 
minimum resolution of 0.1 cm 2, and the inspiratory 
work of  breathing for each single breath thus derived, 
was expressed in Newton-meters or joules. 

Results 

Figures 2 and 3 summarize the results for the total in- 
spiratory work of breathing. The figures display the 
curves of  the standard high flow CPAP system (la- 
belled 1); curves of each individual machine operated 
without the pressure support option activated, and the 
trigger set at maximal sensitivity (0.5 cm H20 ) (la- 
belled 2); curves for 5 cm H20 pressure support for 
the machines with this provision (labelled 3); and 
finally curves for the Servo B with trigger set at - 2 cm 
H20 (labelled 4). All curves were obtained using a 
9 mm i.d. endotracheal tube in the circuit and with 30 
and 60 ml/cm H20 lung compliance in the top and 
bottom of  the figures respectively. 

The Figures confirm that without pressure support 
all demand valve machines require more total in- 
spiratory work than the standard CPAP system. The 
pressure-volume areas within the curves of  each device 
under test are larger than those of  the corresponding 
standard CPAP curves. However, with the more 
recently developed machines, e.g. Bennett 7200, EVA, 
Servo C and UV-2, the overall increase in total work 
compared with the standard CPAP is small remaining 
below 9%. The slightly older machines such as the 
ERICA and the Servo B required up to 22% more in- 
spiratory work than the standard CPAP. It was also 
noted that lung compliance and resistance, factors ex- 
ternal to the machines, had a profound influence on 
inspiratory work in all the systems studied including 
the standard CPAP system. Reducing the compliance 
by half doubled the work and changing from a 9 to a 
7 mm i.d. endotracheal tube (not shown) increased the 
work by about 3 %o on the average. Switching from the 
commercially available patient circuit with humidifier 
to the two 30 cm lengths of  corrugated tubing (Fig. 1) 
however, had no discernible effect on the inspiratory 
work in any of  the machines. Activation of  5 cm H20 
of  inspiratory pressure support in the machines equip- 
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Fig. 2. Pressure-volume areas for three different ventilators or devices under test (D. U. T.) as labeled, compared to a continuous high flow 
CPAP system. The latter is represented by a thick line in each case labeled with the numeral 1. The numeral 2 refers to the curve of each 
D. U.T. operated in passive CPAP mode while the numeral 3 refers to the curves of  the same machines but with 5 cm H20 of  inspiratory 
pressure support. The upper half refers to a lung compliance of  30, while the bottom to 60 ml/cm Ha0, In all cases a 9 mm I.D. endotracheal 
tube was used. Only the inspiratory leg of  the curves is shown since the expiratory leg would unnecessarily confuse the pictures. Note the 
large decrease in work from top to bot tom half due only to doubling of compliance irrespective of  machine. Note the relatively small dif- 
ferences in work between the high flow CPAP system and each D. U. T. and the large reduction in work upon use of  inspiratory pressure sup- 
port  

ped with this option, produced the curves labelled 
with the numeral 3 in the Figures. The support 
pressure is subtracted from the pleural pressure effort 
thereby substantially reducing the inspiratory work. 
The extent of  this reduction is presented in Table 1 for 
the machines involved. 

Figures 2 and 3 also show that for the higher com- 
pliance (60ml/cm H20 ) all machines exhibited an 
isovolemic pressure excursion at the beginning of the 
breath because of  the triggering effort which is not as- 
sociated with a volume shift until the machine is ac- 
tivated. The phenomenon is most pronounced for the 
Servo B and the ERICA. The curves labelled 4 in 
Figure 3 for the Servo B were obtained with the trigger 
set at - 2  cm H20 as opposed to all the other curves 
in Figures 2 and 3. The decrease in trigger sensitivity 
raised the total work of  inspiration by 15O7o at 30 and 

by 24% at 60 ml/cm H20 compliance in this par- 
ticular instance. 

In order to demonstrate the additional work of in- 
spiration due to the resistance of the tested device, air- 

Table  1. Inspiratory work of  breathing performed by the lung 
simulator with and without 5 cm HzO inspiratory pressure support 
for four demand valve machines. The column on the right shows 
the percent decrease in inspiratory work under pressure support 

Pressure support Pressure support Decrease in 
0 cm H20 5 cmH20 insp. work 
(Nm) (Nm) (%) 

Bennett 7200 0.613 0.542 11.6 
EV-A 0.617 0.407 34.0 
Servo-C 0.498 0.321 35.6 
Erica 0.665 0.580 12.8 



636 

U V - 2  

L. F. Samodelov and K. J. Falke: Work of breathing demand valve vs. continuous flow CPAP 

S E R V O  C S E R V O  B 

Compliance: 30ml/cm H20 , ~ . . . . . . . . . . . . . . .  _ / - ~ f _ ~  

, 1:1.014 Nm -/~ 500 r-1--1.-O-1-.4-~lm . . . . . .  ~ 500 r 1:1.014 Nm 7-/--1 
', 2:1.059 Nm I/ ', 2:1.055 .m I/ ', 2:1.140 .m / / / 

I 4:1.320 Nm / / / 

250] 250 250 

ml J 

0 0 0 

6 10 20 ~0 b 10 20 3"0 6 lb 2'0 3'0 

Compliance: 60  ml/cm H20 2 
5oo r'- ........ -~' 
v ,, / /  

: /1:: 0"595 Nm 
0.605 Nm 

250., / 

m, 

0 

Pleural Pressure: cm H20 
I [__,2 

~ i  1 0.595 Nm 
0.651 Nm 
0.844 Nm t ! / 

o 

Pleural Pressure: cm H20 

1: Standard CPAP 2: D.U.T. 

I 

6 10 20 30 b 10 20 30 b 10 20 3"0 

3: D.U.T. with 5 cm H20 pressure support 4: Trigger at -2 cm H20 

Fig. 3. Pressure-volume areas for three different ventilators or devices under test (D. U. ~s) as labeled, compared to a continuous high flow 
CPAP system. The latter is represented by the thick line in each case labeled with the numeral 1. The numeral 2 refers to the curve of each 
D. U.T. operated in passive CPAP mode while the numeral 3 refers to the curves of the same machines but with 5 cm H20 of inspiratory 
pressure support. The numeral 4 indicates curves for the Servo B obtained with reduced trigger sensitivity ( -2  cm H20 ). Only the inspiratory 
leg of the curves is shown since the expiratory leg would unnecessarily confuse the pictures. Note the substantial increase in work due to 
the less sensitive trigger setting. Note the otherwise relatively small differences in work between the high flow CPAP system and each D. U. T. 
and the marked reduction in work due to inspiratory pressure support. All curves were obtained with a 9 mm i.d. endotracheal tube and a 
5 cm H20/I/s calibrated airway resistance in the circuit 

way pressure ins tead o f  p leura l  pressure was p lo t ted  on  
the  X axis in Figure  4. The  graphs  on  top  were ob ta in-  
ed wi thou t  pressure suppor t ,  while for  those  on  the 
b o t t o m  5 cm H 2 0  o f  pressure suppo r t  was used. Al l  
these loops  represent  only  the  f low resistive work  due 
to each system and  were ob ta ined  under  60 m l / c m  
H 2 0  compl iance  and  a 9 m m  i.d. endo t rachea l  tube. 
W i t h o u t  pressure suppo r t  all systems inc luding  the  
s t anda rd  high flow C P A P  al lowed the insp i ra tory  
pressure to fall  below the nomina l  10 cm H 2 0  P E E P  
because  o f  load ing  resistances. This  pressure decrease 
was smal les t  for  the  s t andard  C P A P  circuit  fol lowed 
by the E V A  and  the  Bennett ,  a t tes t ing to the  relat ively 
low internal  resistances o f  these systems. The  largest  
pressure decrease was found  with  the  E R I C A .  The  
Servo C loop  in the  t op  ha l f  shows the effect o f  a smal l  
a m o u n t  o f  pressure suppor t  which is a l ready  present  

even when this op t i on  is not  act ivated.  The  insp i ra to ry  
l imb o f  its l oop  therefore  is mos t ly  above 10 cm H20.  
As  insp i ra to ry  pressure suppor t  was increased for  the  
E V A ,  the Bennet t  7200, the  Servo C, and  the 
Engs t r6m E R I C A  in the b o t t o m  ha l f  o f  Figure  4 the  
insp i ra t0 ry  l imb o f  the  loop  was shif ted to the  r ight  o f  
the  exp i ra tory  l imb ( ideal ly  to 15 cm H20) ,  and  the 
l oop  reversed d i rec t ion  (clockwise wi thout ,  and  coun-  
terc lockwise  wi th  pressure suppor t ) .  The  flow resistive 
work  tha t  the  test lung h a d  to  do  wi thou t  pressure sup-  
p o r t  was thereby c o m p e n s a t e d  and  the  pressure sup- 
p o r t  d id  work  on  the lung to the  extent  a l ready  
presented  in Table 1. As  can  be seen all  the  machines  
p e r f o r m e d  this t a sk  more  or  less sa t i s fac tor i ly  in tha t  
they all m a n a g e d  to raise pressure well above the 10 cm 
H 2 0  P E E P  dur ing  insp i ra t ion  with  the  E V A  and  the 
Servo C coming  closest  to ma in ta in ing  the nomina l  



L. F. Samodelov and K. J. Falke: Work of breathing demand valve vs. continuous flow CPAP 637 

5 0 0 .  

v, 

[mO 

2 5 0  

0 

[cm H~O] 6 

Standard CPAP EV-A Bennett 
Press. Supp.: 0 Press, Supp.: 0 

Servo C 
Press. Supp,: 0 

,A 

EngstrSm 
Press. Supp.: 0 

1`0 1;~ 

500. 

VT 

2,50, 

EV-A 
Press. Supp.: 5 

l 

Bennett Servo C 
Press. Supp.: 5 Press. Supp.: 5 

1'0 14 6 1`0 1:4 

7 

EngstrSm 
Press. Supp.: 

10 14 

Fig. 4. Pressure-volume loops using airway instead of pleural pressure on ihe X axis. These loops represent the flow resistive additional work 
due to each machine. The top row refers to passive CPAP conditions whereas the loops in the bottom row were obtained with 5 cm HzO 
of inspiratory pressure support. During passive CPAP in all loops including the high flow standard CPAP system, the airway pressure 
decreases below the nominal l0 cm H20 during inspiration and increases somewhat above this during expiration. The width of the loop, i.e. 
its pressure excursion indicates the internal resistance of the machine in question. The wider the loop the greater the resistance, the larger 
the additional work. As inspiratory pressure support is applied, the loops reverse direction, i.e. upon triggering the airway pressure is maintain- 
ed about 5 cm H20 above CPAP (approx. 15 cm H20 ) and drops down to 10 cm H20 during expiration. Only the triggering effort remains 
negative. The magnitude of the triggering effort shows the basic trigger sensitivity of each machine. Although in all cases the triggers were 
set at maximum sensitivity the triggering efforts are distinctly different from machine to machine. For instance the Bennett 7200 at this setting 
is self triggering and requires no discernible triggering effort 

15 cm H20 during inspiration. Under pressure sup- 
port  therefore, the remaining portion of  work that the 
test lung had to do was the triggering effort seen in the 
negative pressure excursion in every curve except that 
of  the Bennett in the bottom of  Figure 4. The 
magnitude of  this triggering effort allows for the com- 
parison of  the maximal sensitivities of  the triggers of 
these machines. Despite being set as close as possible 
to 0 cm H20 none of the machines except the Bennett 
seem to trigger at that level. At its most sensitive set- 
ting ( - 0 . 5 c m  H20) the Bennett however became 
autocycling. The other machines triggered between 
- 2  and up to - 6  cm H20 (ERICA). 

Discussion 

The main goal of  this study was to measure the total 
inspiratory work required for spontaneous inspiration 
using commercial ventilators equipped with a demand 
flow device and to compare them with a continuous 

flow CPAP system. For clear cut comparisons very 
good repeatability of  breathing effort was necessary. 
Only an electromechanical lung model (Dr~iger AG, 
Liibeck FRG) with its large variability of operating 
characteristics (compliance, resistance) and a high 
degree of  reproducibility could fulfill these criteria. 

The breathing characteristics were chosen to 
simulate a weaning patient. A 500 ml tidal volume cor- 
responded to the lower limit of normal, and a 1 s in- 
spiratory duration, assuming an I:E ratio of  l : l ,  would 
simulate a frequency of  30 breaths/min, often en- 
countered clinically. Regardless of  the ventilator the 
peak flows encountered in these experiments were well 
below the region of pneumotachograph non-linearity. 

The compliances approach that of  a normal thorax 
with a relatively healthy lung (60 ml/cm HzO ) and a 
stiff lung (30 ml/cm H20 ). Using the driving voltage 
as a "pleural" pressure analog assessed total work in 
contrast to previous studies [6, 8] where airway 
pressure and therefore added resistive work alone was 
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measured. The assessment of  added work is most  sen- 
sitive to changes in inspiratory work required to over- 
come external resistances however it does not provide 
information on the magnitude of  added work as a pro- 
port ion of  total inspiratory work required to take a 
breath. For instance a 100%0 increase in added work 
may represent a change of  only 5% or less of  total in- 
spiratory work. Hence, alterations in added work 
which seem large may be a clinically insignificant pro- 
port ion of  the total inspiratory work. Therefore it is 
only by measuring total work of  inspiration that this 
study could make three main points. (1) Conditions 
external to CPAP delivery systems i.e. compliance and 
external resistance, contribute more to total in- 
spiratory work than the systems themselves. (2) Most 
demand valve devices provide an inherent means of  
compensating for added work due to their internal 
resistance, namely in~piratory pressure support.  (3) 
The setting of the trigger sensitivity determines pri- 
marily the amount  of  work added by the demand 
valve system over that of  a high flow CPAP system. 

With reference to the first point, compliance of  the 
lung and to a lesser extent loading resistance, especial- 
ly of  the endotracheal tube (7 or 9 m m  i.d.) con- 
tributed the greater part  of  the total work of breathing 
since the standard continuous flow CPAP system 
showed almost the same behavior with respect to these 
parameters as the rest of  the machines. For larger tidal 
volumes and higher flows others [9] have shown that 
endotracheal tube diameter can add up to a 154% in- 
crease in work so that it is desirable to minimize these 
external loading factors e.g. by the use of  large bore 
endotracheal tubes in the clinical setting. 

The gecond point concerns the possibility inherent 
in the design of  demand valve devices of  overcoming 
most  external loads. In a continuous flow CPAP 
system a large reservoir bag has been deemed desirable 
[10] since the larger capacitance buffers the patient 's  
flow demand maintaining a more constant inspiratory 
positive pressure which in turn is an attempt to relieve 
the patient of  some of his inspiratory effort. As an ac- 
tive breathing amplifier however, a demand valve 
device can, through pressure support,  raise inspiratory 
pressure arbitrarily above PEEP  level thereby 
theoretically relieving the patient completely of  his in- 
spiratory effort if necessary. Since the inspiratory sup- 
porting pressure is subtracted from the pleural 
pressure effort the result works like an effective in- 
crease in compliance (Figs. 2 and 3). The only remain-- 
ing investment on the part  of  the patient under these 
conditions is the triggering effort which leads to the 
last point of  discussion. 

Despite setting the triggering sensitivities at mini- 
m u m  triggering pressure the older machines needed 
considerable negative pressure to respond. Since the 

rest of  the subsequent pressure-volume excursion rides 
on the initial isovolemic pressure movement,  the trig- 
gering effort accounts in most instances for the greater 
part  of  the added work of  breathing by demand valve 
systems. A detailed analysis of  the triggering effort for 
most  of  the machines included here has recently been 
published [13] and shows that triggering sensitivity 
could be generally improved. On the other hand a 
hypersensitive trigger as we chose on the Bennett 7200 
renders the machine self triggering whereby the ma- 
chine delivers pressure support  without any initiative 
from the patient. 

In summary, under the conditions tested here by 
mimicking the function of  a continuous flow CPAP 
system the demand valve devices performed almost as 
well as a continuous flow CPAP system. The added 
work due to the demand valve devices could be traced 
to the internal and external loading resistances and to 
the triggering effort. Work due to resistive loads could 
be eliminated by proper use of  inspiratory pressure 
support.  Trigger sensitivity could be improved on most 
o f  the machines although too sensitive a trigger results 
in self triggering or mandatory  breaths. The best com- 
bination of  trigger sensitivity and pressure support  
needs more clinical testing to be determined. 
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