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MF.cH,~n~ Am to ventilation can be applied in two general forms: ventilatory 
~Lssistance and ventilatory control? Although pure v entilatory assistance requires 
apparatus not available commerciaUy, 2 the use of inte~nittent positive pressure 
breathing (IPPB, patient-triggered, pressure-limited) apparatus without auto- 
matic cycling and the more recently developed patient-triggered external 
respirator, 3 also ff used without automatic cycling, can best be classified' under 
this general heading. Ventilatory control can be aeh:ieved in relatively pure form 
with the use of a fixed-cycle piston pump with leak4rlee connections to the pat~ient; 
the EngstrSm respirator 4 embodies these concepts. 

The designer of a ventilator may attempt to flier 
of his machine by making it capable of function 
controller. The importance of this effort does not l/q, 
number of types of equipment which a hospital shoul 

ease the potential usefulness 
dthe:r as an assistor or as a 

principally in reducing the 
d have available for different 

types of patients. Its real value lies in the possibility, even a probability, iof .a 
change occurring in the status of a patient from a problem best treated with 
assistance to one requiring controlled ventilation Or vice versa. This happens 

i when a tachypnoeic patient is first connected to a ventilator. Initially a sensitive 
device is required to respond to the patient's efforts; at a later time, a device 
which ensures a minimum number of breaths pel!' minute may be necessary. 
Exactly the reverse may occur as the patient recovers and demands the sudden 
changes of ventilation characteristic of the conscious State. 

The principle of guaranteed minimum respiratory frequency represents such 
an effort to introduce flexibility and has been employed extensively in the United 
States. It was introduced by the manufacturers when it became apparent thai: the 
pressure-lknited ventilator was being used in situations where more was required 
than assistance of the patients' own efforts. It is ~ha effect whenever an IPPB 
machine is attached to a patient and regulated so that the automatic cycling 
system is functioning and yet the machine is still capable of being triggered by 
the patient or when the automatic cycling system is "!standing by" and the patient 
is triggering the valve. When such a machine is applied to the patient, further 
regulation, at least in theory, involves mainly a selection of the recycling pressure 
and o:f the  peak inspiratory flow rate. The widespr,ead popularity of equipment 
embodying these features can be partly explained by this incorporation of flexi- 
bihty into the determination of the respizatory frequency. 

~From the Department of Medicine, State University of New York Upstate Medical C_~mter, 
Syracuse, New York. This study was supported_in part by U.$. ]?ublie Health Service Grant 
PN-2014 and by a grant from the Hendficks Fund. 
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A decided disadvantage of ventllatory assistance in i ts  pure form or with 
pressure-limited apparatus is the ha~tabihty of the ventilatmn actually achieved 
in the patient. This problem was first m:pted when mechanical aid to ventilation 
was employed during anaesthesia, .~-8 
mechanical aid to ventilation may be taki 
of patients have disease of the thorax 
conspicuous when measurements of vc 
primarily a disadvantage because the c[ 
a change in the condition of the patien 
change is usually downward and leads | 
hypoxaemia, and because the change m 
detected and treated. One of the most 
accumulation of secretions beyond reac 
sequent development of hypoventilation 
a result of this type of di~culty there h~l 
of ventilator which delivers a constant v 

It is possible to devise a machine wh 
terrnined amount of air to the patient on 
of strokes is governed by the principle, c 
respiratory frequ'ency. This combination 

ut its occurrence during all forms of 
~n fox" granted at a time when a majority 
or :its contents. It becomes extremely 

atilation are made continuously. 9 It is 
ange of ventilation is usually caused by 
~'s airway, lungs, or thorax, because the 
:o hypoventilation with hypercapnia and 
ay not be easily reversed unless quickly 
serious examples of this problem is the 
h of the suction catheter with the sub- 

ate][ectasis, and secondary infection. As 
s been an increasing interest in the type 
Jlume on each cycle. 
ich delivers through a bellows a prede- 
each stroke and in which the frequency 

[iscussed above, of guaranteed minimum 
of ~eatures is more commonly found in 

machines designed for use in anaesthesia than ha those intended by the manu- 
f * �9 �9 �9 acturer for use outside of the operating room. When such a machine is to be 
used with an open or non-rebreathing ctircuit , a problem arises as to the design 
of the intake (that portion of the m~chine at which inspired air enters for 
pressurization) and the control of the p~edetermined volume, The intake can be  
constructed so as to be open to the atmosphere at some point; the volume of the 
bellows must then be limited within the housing of the ventilator by a tray or 
other device. This is the usual arrangement when such a machine is used in a 
non-rebreath~r~g or "anaesthesia" circuit, i Sud~ a machine is commonly referred to 
as a volume-lhnited ventilator or one which delivers constant volume. Alterna- 
tively, the intake may be closed to the atmosphere and the internaJ limiting device 
removed. Under these conditions, a measured quantity of ventilation can be 
created by the use of compressed gases '.and flow meters with nebul~zers added to 
provide humidification. If the patient increases his respiratory frequency under 
such an arrangement, the tidal volume diminishes. Such a machine (at this point 
an idea rather than an accepted device) can properly be referred to as a 
ventilation-limited ventilator or one which  delivers constant ventilation. From 
these considerations, it is apparent tha t tflae availability of a guaranteed minimum 
frequency has presented a choice not iavailable to the designer of a machine 
powered by a fixed-cycle pump. A machine which can furnish either constant 
volume or constant ven~ation depending on its settings can be s!aid to have both 
a volume-lhnited mode and a ventilation-limited mode of operation. Since the 
physician rarely wishes to impose an arbiitrary upper limit on the  value of 
ventilation, there would not appear to be a I~eat need for the wentilation-limited 

* 
] " mode�9 However, in patie.nL, with profound hypercapnia it s olFten .deslrab|e to 

increase the ventilation m a slow and deliberate fashion, and !a direct way 
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which to accomplish this objective is to design tl~ ventilator so I as to make 
ventilation a controlled quantity. The designer, a~ leaslt,! cannot exclude a priori]the 
possibility that a ventilation-lhnited mode has us,l~lness, and !t should be 
furnished as an option. 

A deficiency of  almost all ventilators used hal open c./rcuits is the absence; of 
automatic monitoring systems for immediate recogpitio:n of leakage. Leakage 
can indeed by  identified indirectly by use of pressure a][arrn systems, as ha 1the 
case of ~ e  Claude Bernard respirator and the resptr~tor of Van Bergen 1~ 0r it 
can be identified directly but discontinuously by manual operation of a sp!iro- 
meter, as in the case of the Engstr6m respirator. 4 To elate, the author knows of no 
machine which has a leak-detection system emph~ying volumetric principles 
integrated into its design and functioning at all times. Prompt detection of leakage 
is particularly hnportant when volume-limited o r  Ventilation-limited machines 
are used, since these devices cannot compensate for that portion of the inspiration 
lost in the leak. 

The simplest problems in the mechanical, design of: such a ventilator are those 
~ast There can be no a - around which much discussion has occurred in the 1: . ~gu 

ment today that some ability to vary the insp/ratory ~ow rate and thus to control 
the duration of inspiration, protect/on of the patient aga/nst excessive pressure as 
a secondary, limiting factor, unrestricted selection of a/r-oxygen ratios, and 
achievement of full saturation of the inspired air with water vapour are i all 
necessary. I believe that most physicians who frequ~mtly admhaister mechanical 
aid to ventilation encounter patients, at least occasionally, in whom it is desirable 
to observe the effect of and, perhaps, to  use an a~dded, completely optional 
negative phase. Controversy on this issue has per:ifisted for so long that !the 
question of whether or not the negative phase should be incorporated into 
ventilators as an option seems insoluble by the methods of formal research and 
must be solved by the accumulation of broadly based experience. 

These remarks might be summarized by saying that fmther refinements ha the 
" h design of ventilators should be concerned not so mu~h ~ t h  t e problem of the 

pressure pulse but with the problem of reconciling ~olutions to problems of a 
diverse population of patients who must be cared ]for wherever they pres)ent 
themselves and who may change without notice from one treatment category to 
another. The problem of pulsing air into the trachea has long been solved in the 
mechanical sense. The contemporary problem of adapting this pulse to the 
control system of the patient while at the same time contesting the progression 
of thoracic disease and guaranteeing the patient a minimum level of ventilation t 

" ' " " " h still justifies further efforts in design. The further problem of ehmmating It e 
�9 / . . 

element of human skill from the detection of leaks, so necessary m hospitals 
where personnel changes frequently, has also not been solved on a broad scale. 
An attempt to solve all of these problems of necessity'! results ha, the creation Of a 
new design, actually a design of a circuff rather than one of a pump. Sinc e a 
circuit can be constructed without the aid of a pneumatic engineer, the solut'on 
can be attempted wffh a minimum of special equipment. 

The ventilator to be presented can be described as a constant-volume or 
constant-ventilation ventilator with patient triggerhag, guaranteed minimum rate, 
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automatic measurement of expired air t aal  v01ume on a breath,~o-breath bdsis, 
and optional negative phase when ~sed on t]he constant-ventilatibn mode. S ~ c e  
it is designed for use in patients with ve:atilat0ry faflube, it has ~n open or non- 
rebreathing circuit. It is entirely mechanical and pneumatic in operation except 
for the heaters in the nebulizers and the suction pump providin~ energy for the 
n " i , . egative phase. It can be constructe d out: of commercmlly avadable components, 
with 9 e  exception of a few parts which !nust be specially fabricated. Use of the 
machine has demonstrated that it performs t]he functions which ff  was designed 
to accomplish. 

DESIGN AND (~ONS'ITIUCTION 

Power Unit ( IPPB, Fig. 1 ) 
This is primarily a commercially avaik 

external connections) with patient! tri 
ble, pressure-limited ventilator* (minus 
;gering, optional guaranteed minimum 

rate, inspiratory nebulization, and optic aal negative phase. It was found to be 
more economical to buy a pleural Suctkm pump for the actual ~evelopment of 
negative pressure than to use the venturi provided by the manufagturer. Whether 
or not this is done, it is still necessary in order to avoid premature cycling to have 
a feedback from the exhalation manifold of the power circuit to 
("Negative pha~e feedback," Fig. 1), and therefore to use a 
ventilator of the type which has option, d negative phase if a n~ 
incorporated into the machine. The n 
and not continuous, because if this out 
shown in Fig. 1, it gives the operator c 
flow rate. It is therefore labelled "insp. 
found it necessary to add a flow-rate lirn 
because the bellows and valves to be de 

the power unit 
pressure-limited 
;gative phase is 
nspiratory only ~bulization should be 

let is piped into the power circuit, as 
~nsiderable control over the inspiratory 
Flow Rate C" in Figure 1. I have not 

iting device to the powe unit, probably' 
scribed act in this capac ty. Indeed, the 

problem is to maintain as high an inspira~ory.flow rate as desired i n some patients, 
and the nebulization control, as renamed m Figure 1, has been useful in the 
capacity. 

The power unit is usually operated ~t 40 cm. peak pressure, rarely higher. 
Such a high pressure is essential to the function of the ventilator as a constant- 
ventilation or constant-volume machine No .internal modificatit~ns in the unit 
used were necessary to obtain 40 cm., but it was modified t~ be capable of 
reaching 60 cm. in case the need for th s pressure should arise/No other modi- 
fications were made, and it is therefore reasonable to state that the power unit 
could be used effectively as supplied by the manufacturer. 

Power Circuit 

This consists of a plexiglass box~ end 
outlet of the power unit. During inspirl 
unit because the expiratory manifold, E] 
of its rubber diaphragm. Both bellows 
rises to its recycling press~tre (40 cm. 

osing two bellows and Connected to the 
Ltion air  enters the box :from the power 
/12, ~s dosed as a result of pressurization 

are then evacuated, the box pressure 
water) and then falls to atmospheric 

eBennett model PR-IN or PR-2+ Emerson Respirator Company, Cambridge, Mass. 
~Aqua Instruments, Syracuse, New York. 
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Fmm~. 1. Circuit diagram. 

Power unit (IPPB). ACC --  automatic cycling control for setting minimum respiratory frequency. 
PC = control determining the peak pressure applied to the bellows. CPG -- gauge indicating instan- 
taneous ressure ap lied to bellows (usually 0-40 cm water, occasionally negative during expiration). p 
SPG - -  gauge u s e F i n  setting maximum pressure applied to bellows, usually 40 cm. water. Sens. 
C -- sensitivity control. Insp. flow rate C - -  control designed by manufacturer to furnish intermittent 
flow to nebulizer, here used to accelerate the inspiratory flow rate. 

Power circuit (shaded). Air in this portion of the apparatus cannot reach the pat ient  and is used only 
for creation of positive or negative pressure about the bellows. V7 prevents reflux of air from the box 
when the small bellows of V8, the "manometric shunt," expand in response to an inspiratory effort of 
the patient~ 

Patient c#cur (unshaded). "O2" and "Air" designate nebulizer-flow meter assemblies. RI -" 9~ L. 
anaesthesia bag used as inspiratory reservoir. WL -- water lock or safety valve. PG = gauge for esti- 
mating pressure applied to the airway of the patient. CC - -  collector for water of condensation, t~E -" 
reservoir in expiratory circuit. IB and EB = inspiratory bellows and expiratoary bellows, respectively. 

Control circuit (black).  Small-bore tubing connecting EM1 and EM2 to proper opening on power 
unit ( IPPB).  

levels. During exhalation both bellows descend by gravity (assuming no~xnal 
operation) and displace air through EM2, whose diaphragm is no longer pres- 
surized. The housing about EM2 with its valves is necessitated by the presence 
of the optional negative phase. The use of this arrangement plus the posil~ive- 
negative ventilator and the suction pump renders the negative phase easily 
activated or inactivated. Unfortunately, it has not yet been found to be feasible 
to design an open circuit in which the negative phase can be used on the con- 
stant-volume mode. However, when the constant-ventilation mode is in use, 
the use of the negative phase ~s truly optional in that the operator, in order to 
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introduce it, need only turn the switch and reg~ate  the rheostat 0 n t h e  Suction 
I i I 

pump. Weighting of the bellows in order t~achieve a negative phase ' ; ' ' !  " I . ~s meretore 
n o t  n e e d e d .  

Patient Circuit 

Inspired air is generated in the two ~ow meter-nebulizer syst 
"O~" and "Air" shown in the lower right-l~and corner of Figure 1 
is assured of humidification, since h a t e r  a re  employedff and !! 
controls both the value of ventilation ~ d  t~le coneen~ation of oxyge 
avaflab.ility to us of an air compressor Whic~a iis both quiet and of su: 
makes it readily possible to employ constant, ventilat~0n with room 
shows the unit on the constant-ventilation' mode. It can be con 
"constant-volume" mode in a few seconds by (1) disconnectin~ 
nebulizers from the circuit and thereby op~ning that portion of the 
atmosphere;(2)  setting the  other nel~u~z~r to furnish the desirec 
at an excessive flow rate, usually by qmplbying the venturi in the 
which is furnished by the manufacture 
oxygen; and (3) setting the volume-lh 
(IB, Fig. 1) so as to deliver the chose 
minimum guaranteed ventilation rathe~ 

A 2 litre anaesthesia bag (RI, Fig 

r for 
~itin 

vol 
thai 
1) 

gas flowing from the nebulizers during t~ 
constant-ventilation mode is in use. It fills 
valve V1 into the bellows during expiratir 
ward by virtue of their own weight, sio th~ 
through V2 until the following inspiration 
on the constant-volume mode, because th~ 
then under atmospheric pressure througho 

delivery of 40 per cent 
tray beneath the inspn 

ume. The ventilator the1 
constant ventilation. 

;erves as a storage are; 
ae inspiratory time peri 
luring inspiration and err 
n. The bellows fill from 
it air from the nebulize1 

RI has no function dm 
Lt portion of the inspira 
at the entire respiratory 

The rubber portion of the bellows employed is identical 
in the Jefferson ventilator.* The bottom of the bellows, however, h 
cated as a removable disk, shaped  like a watch glass, with 
valve (shown diagramatically in Fig. 1 but not labelled) in the 
so as to allow water of condensation to drain from the bellows. Tk 
way influences the performance of the ventilator and is of gre~ 
during continuous operation on patients. 

:ems labelled 
The patient 

he physician 
n. The recent 
[tlcient power 
air. Figure [1 
verted to the 

i 

t one of the 
circuit to the 

gas mixture 
02 nebulizer 

~r 70 per cent 
atory bellows 
eby furnishes 

t for inspired 
od when the 
Lpties through 
above down- 

s cannot pass 
ing operation 
tory circuit is 
cycle. 
th that used 
as been fabri- 
L small plate 
centre placed 
is valve in no 
tt importance 

The inspiratory portion of the patient circuit contains also a co~anection with 
the "manometric shunt," V8 (to be discussed later), a water lo~k set usuaUy 
at 30 cm., a pressure gauge, and a side-arm for collection of condensate (CC, 
Fig. 1): This last feature can be omitted, and the photograph (Fig. 2) does 
not show it. In order to achieve simple, fie:dble connections tcl the patient, 
corrugated tubing and an exhalation manifold without a side-arm for a medica- 
tion nebulizer are now employed, obviating the need for a supporting bracket. 

b 

Removal of condensate at this point is a nursing responsibility, accomplishOd 
by separating and reattaching the connections, whereas elsewhere in the patient 

*Air Shields, Hatboro, Pa. 
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F m ~  2. Frontal view of ventilator. High-pressure connections 
unit and nebulizers have been removed for illustrative purposes, 
limiting tray is in position under inspitatory bellows. 

to power 
Volume- 

c/rcuit it requ/res no manipulation. Colmections are colour-coded in order to 
ensure proper reattachement. 

Although EM1 is a standard coUecting e~daalation manifold, !the m o n i t o ~ g  
action of this machine critically depends on a property of such a ~nanifold which 
will go unrecognized in ordinary use: namely, its ability to pass air in exhalation 
around the unpressurized diaphragm oniiy when there exists a positive pressure 
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in the inspiratory e/rcuit. This property .~s readily demonstrated ff one suc~ 
on the exhalation pol~ of such a collectihg manifold when the diaphragm is 
unpressur/zed. The negative pressure created by sucking merely expands the 
diaphragm and seals it tightly against the [rim Of the manifold. No air can pass. 
This is ha extreme contrast to the verr lo w resistance found when one breathes 
out through the same manifold in the'usu~tl direction. This feature '~ results in the 
ability of the machine to detect leaks i n thqi inspiratory circuit whe n the positive- 
only mode of operation is employed; shace the air leaking dur~lg inspiration 
cannot create pressure and therefore be 1 
positive-negative mode of operation is en 
theoretically lost, since the rubber diaphr 
rim of the manifold as a result of the ne~ 
the control circuit. However, under ithes, 
practice usually be recognized by obsev 
descent of the expiratory bellows as a res~ 
the patient c/rcuit from the outside as a 
circuit. 

epresented in the expir~te. When the 
lployed, the ability to detect leaks is 
agm is then retracted a~vay from the 
ative pressure existing at that time in 

c/rcumstances a leak can In actual 
ring a rapid and ob-cio~sly excessive 
llt of an inward leak, e.g. air entering 
result of the negative pressure in the 

Immediately after passing the diaphragm of EM1 the expired air passes through 
valve V4, which insures that there will 
retrograde movement of air in the expirat 
expiratory circuit is v/rtua]ly identical w/t] 
reservoir, RE, corresponds to RI. Its func 
expirate until the expiratory bellows can 
as shown in Figure 1, the resistance to it 
of expiration, whose velocity is relativel 
valves V5 and V6 prior to the readiness c 

be no rebreathing, sini:e it prevents 
ory arm of the circuit. Thereafter the 
a the Inspiratory circuit. :An expiratory 
~on is to store the first portion of the 
[escend. By constructing the reservoir 
filling is so low that the first portion 
high, will not sweepl through past 

,f the bellows and therefore be lost to 
measurement. The patient circuit ends at valve V6. i 

The entire patient circuit including the bellows and bellows holders can be 
disassembled for cleaning and sterilizatk 

The manometric shunt, labelled V8 in 
neet/on between the power circuit and 
circuit. It consists of a small bellows, app 

Figure 1, is, ha effect, ia partial con- 
:he inspiratory portion of the patient 
'oximately 2 era. ha diameter, mounted 

in a valve housing, as shown ha Figure 1. "llaese bellows tend to assume a position 
of collapse during expiration because of t~heu: natural shape and because of the 

at this time. When the patient inhales, the4 sliglht negative pressureJ m the patient 
circuit tends to draw the bellows of V8 into a position of Inflati6n. A valve in 
the power circuit, VT, prevents retroffade movement of air from the box; there- 
fore, air must come from the power unit; which is thereby activated. When the 
power unit discharges, air cannot pass through the shunt bei,,ause V8 is a 
bellows and not a true valve. It is a simple matter to show that thJts arrangement 
greatly Increases the ability of the ventilator to respond to the insp/ratory efforts 
of the patient. 

Valves VI and V5 are j valves ~ ha specially fabricated housin~s.~ The use of 

~Warren E. Collins, Bosten, Mass. 
~Aqua Instruments, Syracuse, N.Y. 
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"]" valves is nqcessitated by the requirement of 
permit rapid bellows filling without recourse t, 
are also used on the housing of EM2, since re 
must also be minimized. At other points small p 
be inserted ~nto the Tygon tubhag out of whi~ 

veer low i resistm. 
) th6 !use of we] 
dst~v 
late 
h m  

constructed. Condensate drains through such valves, 

1 9  

ghtl "j" valves 
ace. to airflm ~ at this point 
valw~s* are tsed which lean 
)st o,f the. p~tient circui t is 
andwith thi type-of instal- 

lation their function can be verified by inspection. 
The control circuit (black, Fig. 1) consists O f small-bor.e tubing connecting 

the diaphrag'ms of EM1 and EM2. It has the usual funcbon of sealing these 
openings during haspiration. 

. :P~'Or~MANCE OF ~ VE~T~ATOn u~D~.~ L.,,Bg~.~TORY Corn 
t 

The ventilator was set to deliver a volume Of .500 m]. at a fr 
breaths per minute and thereafter connected m :succession 
containers whose volume was 59, 89, and 20 litres respectively. "1 
of these containers is equal to 9.95, 9.08, and 9.02 litres/cm. 

)ITIONS 

equency of 20 
:o three r~gid 
he compliance 
water. Similar 

COMPLI ANCE 

NORMAL INCREASED 
.05 D8 

._ LITERS o 

FLOW I.o 
L./Sec. 0 ~ / ~ r  

V 
:t -,.o 

cm.H,o J ~ ,  

LITI RS/~:rn.H20 

DEC, REASED 

//I" 
I 

o ; 

~ TIME in Seconds 
FIcu~  :3. Tracings from oscillographicJ recordings 

showing pressure, flow, and volume relatior~ships when 
ventilator, set on volume-limited mode, is egrmected to 
containess of 50 L., 89 L., and 20 L. eapaeitlles. Pressure I 
varies according to degree of elastic resistance. / 

determinations have been made by Elder et aLlZ accordhag tO the metLod 
described by E|am et aL 14 in order to compare the action of differc~nt ventilators. 
The results are shown ha Figure 3. Tidal volume r gmains essentially consttmt 
despite variations in compliance, and, of equal importance, there is no pFo- 
longat:ion of the haspiratory time period. Inspiration! occupies bet a, een 0.3 alnd 
0.4 of the respiratory cycle ir~ each case. 

o Courtesy Bennett Respiration Products, Santa Monica, Calif. 
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In Figure 4 the machine is seen in ~ s e a s  a postive,negative 
has been set to deliver constant ventilation. A standard "test lv 
containing a foa.m rubber core) is  used to  simulate the patie 
to the triggering Impulse is indicated b~the  acceleration in resp 
and the obligatory fall m tidal volume. ~n addition.to demonstri~ 
of. the expiratory negative pressure curye, the tracing demonstx 
triggering is possible On the negatiw,~ ph~ltse.. 

i 

NEGATIVE PHASE wilh TEST 

ventilator which 
ag (rubber bar 

�9 , , ~  ! !1 " It. l n e  response 
rato y 
Ltmg the contour 
ates that patient 

LUNG 

VOLUME 

L I TE RS 

F L O W  
L./Sec. 

PRESSURE 

cm. H:,O 

1.0 

.5 

0 

-I0 L 

L J : 

0 I 2 3 

j -.4, 
tTRIGGE R.J  

| 

~0 It 

TI ME in Seconds 

FzctraE 4. Pressure, flow, and volume relationships during operation of ventilator 
al!e set on constant-ventilation mode with negative phase. The first t:Wo breaths 

activated by machine; the last two are triggered by manual compresslon and decom- 
pression of a "test lung," e.g. a rubber t~ag with a foam rubber core. 

Figures 5 and 6 demonstrate the response of the ventilab 
positive-only ventilator, to triggering impulses when set on th~ 
tion mode (Fig. 5) and the constant-volume mode (Fig. ( 
breath is smaller than its predecessorl with constant ventilati 
size to its predecessor with constant volume. The pressure 
mask during the triggering process is minus 4 cm. of water. In se 
t_ions with a test lung, the triggering p~essure was found to be 

fj ~; minus 1.5 cm. of water, a gure w~!ch appeared to be qu: 
view of the fact that the . i power umt ~litself, when tested with 
gauge and recording system with only minimal external ci 
about minus 0.7 cm. of water. Accor 
shunt and inspiratory circuit added sli t 
required for triggering. Therefore, at 
pressure of minus 4 cm. of water obt~ 
subject displayed in Figures 5 and 6 can 
of air in the initial phase of inspirat: 

ling to this experiment 
ihtly less than 1 cm. extI 
,out 2.5 cm. of the apl 
ined during the experin 
be explained by a relati~ 

on. The effect can also 

,r, now set ias a 
t 

constant-ventfla- 
�9 The triggered 

: g  ~ered at the 
3arate determina- 
slightly less! than 
te acceptal~le in 

b . the same strata 
rcuitry, reqhired 
the manometric 

a to the pressure 
3arent triggering 
ient on a normal 
,ely slow delivery 

be seen in the 
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VENTILATION 

SETTINGS 

UTERS/MIN.  

0 2 - AIR 

20 

18 

16 

14 

12 

IO 

8 

6 

4 

2 

0 

I ASO - POST-OP 

2 MI -POST-OP 

3 CPE -PERMANENT TRACHEOSTO~f 

4 CRUSHED CHEST 

5 CPE -CO 2 P~ARCO$1S 

6 CPE-CO 2 ~.~ARCOSIS 

ARTERIAL 602 TENSION mmoHg 

Fiouem 7. Relationship between flow meter settings and PaCO 2 values in six patients studied ~or 
short intervals while attached to the ventilatorl; the latter has been set on the constant-ventilation 
mode. ASD --~ atfia~ septal defect foHowir~g opIIm rep.air. MI _-- mitral _insufflciency', Patient was 
studied foUowing va|ve replacement. CPE --chro 'mc pulmonary emphysema. 

therefore by no means a consistent fir~ding. No effort was made to control the 
respiratory frequency except to maintain it at a minimum level of about 15 

�9 i I breaths per minute. The machine was used as a posltwe-on!y ventilator with 
100 per cent oxygen or air-oxygen mixt~ res and was set on the constant-ventilation " 
mode. Blood samples were drawn fi:om indwelling arterial needles at times 
when no leaks were present as iudge~ by equal descent of the inspiratory and 
expiratory bellows. Under these conditions it was logical to assume that the 
flow-meter settings were equal to the v~ntilation of the patient and that changing 
the ventilation should change the arte: ial carbon dioxide tension (PaCO2). The 
downward slope of the lines connecting the points representing all six patients 
shows that such is the case. Thus the physician with such a ventilator has con- 
siderable control over the PaCO2 to the extent that he can change ventilation 
and eliminate ]eakage. By the same ~oken it is obvious that iconsiderable care 
must be taken in arriving at the proper settings. In th~s connection the values 
of Figure 7 should be regarded as tri;~fl settings only, since they were not used 
in these patients for sustained therap 

The effectiveness of the negativel 
Increases in cardiac output with its u,i 
so far studied in whom circulatory d, 

T =  

phase is currently under investigation. 
e have been observed in the two patients 
;pression existed, but there was no effect 

on cardiac output in a third patient wh o did not have circulatour depression. 
In applying the ventilator to patients for the first time the author's current 

practice is to set the machine as a positive-truly ventilator on the constant-ventila- 
tion mode at 5 or 19 litres per minute of 100 per cent oxygen and a minimum 
respiratory frequency of about 15 breaths per minute. This setting is instantly 
changed if it ~s ~?elt to be incorrect. If the setting is too lo w, the respiratory 
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frequency of the patient remains essentially u~alte~'ed, regardless of whet]~er 
each inspiration triggers the machine, and the t~ach~al pressure gauge fails to 
register significantly positwe values during msplratvc)n. If, on the other ha td, 
the ventilation imposed is excessive, the tracheal ~ ressure rises rapidly to 30 cm. 
of water and the ventilator pumps off the e x c 2  through the water lock�9 The 
proper setting of ventilation in the first hours of usle of a constant-ventilatlon 
ventilator is a question to which no simple answer !can 'be given. However, it 
should, in the author's opinion, involve some awa~ene~s of the level of ventilation 
prior to the application of the ventilator, regardlesslof whether this awareness 
is precisely quantitative or not. The application Of a ventilation-limited, patient- 
triggered ventilator, set at a low or conservative val~e of ventilation with sub- 
sequent elevation of ventilation ha the ensuing l seconds or minutes to higher 
values if obviously indicated would seem to be a Safe and effective way o f  
approaching the problem. In this way the physician can begin to relieve the 
patient of the respiratory work load and to reduce thr PaCO2 (if it is elevated) 
without suddenly imposing a drastic and dangerous change of ventilation. Duripg 
this period of time he is only required to manipulat,!~ one control. When, w!th 

" �9 " , .  h the aid of Clinical observation, measurement of vital Isign.,, and suc laboratory 
information as is available, he decides that the correct ventilation has b~en 
achieved, he should have assurance that this ventilation will be maintained; and 
this assurance can only be furnished if the ventilator used is designed with 
this need in mind. 

LONG-TEmv~ EXPgRmNCE$ WXTH THE USE OF THE VENTILATOR ON" PATIENTS 

The ventilator was used by the author as the ventilator of choice in six patients 
requiring mechanical aid to ventilation. Diagnosis~, duration of use of ~he 
machjrae, and lowest PaCO2 value achieved during usg of the machine are listed 
in Table I. In general the ventilator demonstrated the features previously dis- 
cussed during this prolonged use�9 The leak detection feature was utilized 
frequently, both in detecting leaks in the connections leading to the patient and 
as an aid to determining the correct degree of in flatiol.l of the cuffs of tra- 
cheostomy and' endotracheal tubes. The patient-triggering feature could ,be 
observed to be in use on numerous occasions. Malfunction of certain components 
occurred on various occasions, but in each instance the failure was detected, 
the machine was removed from the patient prior to any appreciable injury and 
was restored to use by replacement of the appropriate component. These pr0b- 
1eros have diminished wffh progressive refinement of d~e circuit, so that reliabiliity 
in recent use has been satisfactory. Reliability is, n o doubt, improved by ~he 
isolation of the cycling valve from the humidified aJtr in the patient circuit iso 
flint moJisture cannot enter the valve and cause sticking, i 

I prolonged periods of time As part of the use of the ventilator on patients for 
an intensive effort was made to inform the special care nursing personnel of ~ts 
action and purpose. Nurses were require~ to read the flow-meter settings, 
inspired volume, expired volume, and maximum tracheal pressure as well as/to 
record the usual vital signs. A record of t.hese readings at appropriate intervals 
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furnished evidence that the ventilation of th~patiient 'was maintained at ~iven 
levels. Since no manipulation of controls was ~ ~invol red i n  making these readings,~' ," 
change of nursing personnel presented minimal lifl~culty. 

The ventilator was used as a constant-volume 
patients after the desired or accepted level of w 
practice was initiated prior to the availability !of a 
it w a s  well suited to the problem of easily availablei 
pressed air. It meant that the patient received hurt  
a minimum ventilation but could increase thel ven 
or she could trigger the machine and therebyl incr 
inhalations each minute. In the event that the i mac 
patient's inspiratory effort (and no patient-trigge'J 
every effort), it did not c o n t e s t  the effort, since 
circuit is open to atmosphere on such a setting 
increase progressively the tidal volume setting in 
of developing adequate regional lung inflation. 15 

ventilator for all  six of the 
i This :ntila.tion was achieved. 

good air compressor because 
oxygen and unavailable icom- 
idified 40 per cent oxygen at 
tilation to the extent that he 
ease the number of poWered 
hine failed to respond tO the 
'ed machine can respond to 
the intake of the inspiratory 
, Every effort was made to 
accordance with the concept 
Tidal volumes of 1000 c.c. 

were achieved in some patients. It is the author's belief that such large ltidal 
volumes given at slow respiratory frequencies n Lay constitute an acceptable 
substitution for occasional deep breaths. Even v 
pressed air the use of 40 per cent oxygen, eonst 
minimum respiratory frequency represents settings 

Measurement of unassisted ventilation or vital c 
disconnecting the inspiratory ch'cuit between V1 
ventilator into an unpowered open circuit wi 

,ith the availability of icom- 
ant volume, and guaranteed 
applicable to many patients. 

apacity was accomplished by 
and V2. This changed the 

.~h a patient-triggered, i self- 
emptying spirometer (EB) in the expiratory limb of the circuit. EB evacuates 
when the power unit is triggered by the manometric shunt or by manual activa- 
tion ,of the cam on the cycling valve. This manoeuvre furnishes information 
about the patient's own ventilatory ability which has been found to be of  :great 
value in predicting the need for continued mechanical assistance to ventilation. 

DISCUSSION 

The features and performance of this ventilator have been presented, and it 
has been used sufficiently to demonstrate that these features, with the possible 
exception of the negative phase, are called into action quite frequently. The 
usefulness of the negative phase is under investigation, and in this studyi it is 
desirable to define its effects when ventilation is constant. Its non-availability when 
the constant-volume mode is in use represents a concession to simplicity and 

i 

economy. Ideally, the negative phase should be available on  both con~;tant- 
ventilation and constant-volume modes; however ! patients in whom th~ use 
of the negative phase is to be consid,~red are usually very ill and physically 
quiet and can be managed by the use of constant venti][ation, i 

The number of features and the flexibility of thins ventilator result in a device 
which is undeniably more complicated than other machj[nes which might b~ said 
to perform the basic function of rh)echmic inflation of: the chest equally well. 



9.6 CAN~tDL~N Ar~Tm~TISTS' ~ JOtmNAL 

This creates problems in training arid in  maintenance. As l 
complexities do not have to be fully urtderstood by physi~ 
involved with the care of the patient except in the case of the 
sible for regulating the machine. For example, the author spr 
nurses to maintafla and not to m0dify the settings on the power unit and 
meters. These settings are indicated b~r markings as well as by written ord 
the nurse decides ~a t  the machin e is t~mctioning improperly arid that the p~ 
is not receiving the ventilation which vas ordered, she is empowered to re 

regards :, training, 
Sans and fiurs~s 
physician respon- 
;cifieally instructs 

flow 
er. I f  
~tient 
move 

it from the patient and attach anoflaer ventilator ~nd call a physician. A pre~;sure- 
limited ventilator is kept on "stanidby' ]' for such circumstancesi The infreql~eney 
of such circumstances does not remove the necessity of preparation for: theiri 
occurrence. The point of importance/is that the number of rules relatin~ to a 
ventilator must be kept to a minimum.! if c]hanges in nursing personnel arelto be 
dealt wath easily, and it is highly desirable to have sufficient automation s o that! 
regulation of the machine is so infr~ quently necessary that it need not be a 
nursing responsibility. Failure of  the ventilator should be identifiable indepen- 
dently of any change in the status of the patient. Detection of failure should not 
involve manipulations but should be possible by viewing its performance! 

The extra components employed in ~lS ,ventilator are, by and large, extreme|y 
reliable and are readily replaced when they become defectivb. The power refit 
is the .only part of the machine whic h has required a specialized repair service 
and this is readily supplied by the manluf.acturer, since it is a standard item. Every 
effort has been made to avoid electrgmc control systems, both because of the 
explosion hazard and because of the difficulty of the repair problem which must 
result when such systems are used in community hospitals. Iti may then be said 
that this ventilator represents a compromise between simplicity and complexity, 
and that the compromise is mainly .~n the side of simplicity if it is compared 
with other devices which attempt to combine both therapeutic and monitoring 
functions. 

SUMM2kRY 

A description is presented of an ~gternal ventilator which has the following 
features: (1) patient-triggering with guaranteed minimum frequency; (2) con- 
stant volume or constant ventflatlon as determined by the pihysician; (3) con- 
tinuous, automatic monitoring of expired air tidal volume; (4) optional negative 
phase when ventilation is maintained at constant levels; (5) clmtrol over inspira- 

has oeen tested under tory flow rate and air-oxygen ratiGs. The ventilator 
laboratory conditions and in separate serie.s of short-term and long-term applica- 
tions, and has been found useful because it provides the ~esponsiveness and 
flexibility of patient-triggered apparatus, the basic security Of constant ventila- 
tion or guaranteed minknurn ventilation, and an automated system for monitoring 
ventilation. The rationale for design of a ventilator with tl~ese refinements is 
discussed and relates to the present population of patients requiring mechanical 
aid to ventilation. 
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l ~ t r ~  

On pr6sente la description d'un ventilateur interne qui a les earact6ristlques 
suivantes: 

( 1 ) d~denchement par le malade avec un m~irnt~m garanti de fr6quenee; 
(21) un volume constant ou une ventilation con~tante tel que  prescrit par le 

m~decin; 
(3) un contr61e cont~nuel, automatique du volump d'air courant expir6; 
(4) une phase n4gative facultative quand la ventilation est maintenue ~ des 

niveaux constants; 
(5) un contr61e sur le riot inspiratoire et sui 
Le ventilateur a ~t6 6prouv$ en laboratoire et el 
long et ~ court terme, et il a 4t4 trouv$ utile pa 

flexibilit6 d'un appareil d6clench6 par le malade; fl 

]es rapports air/oxyg6ne. 
~e ,p "m~"  I * �9 �9 . �9 P L serlLes a appncauon separees 

rce qu'fl a la sensibilit6~et la 
arantit la s6curit6 primordiale 

d'une ventilation constante ou d'une ventilation ndnimale, et il est muni d'un 
syst6me automatique pour contrhler la ventilation 

La raison d'4tre d'un appareil posstdant tous ces rafllnements est d6montr4e, 
et Yon rappelle le nombre de malades qut peuvent b6n6ficier d'une! aide 
m6canique ~ la ventilation. 
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