A NEW VENTILATOR DESIGNED TO MEET THE PRESENT-DAY NEEDS
OF MECHANICAL AID TO VENTILATION IN THE TREATMENT | OF
RESPIRATORY FAILURE*®

]. HowraND AucHINCLOSS, JR., M.D.

MECHANICAL AID to ventilation can be applied in two general forms: ventilatory
assistance and ventilatory control.! Although pure ventilatory assistance requires
apparatus not available commercially,? the use of intermittent positive pressure
breathing (IPPB, patient-iriggered, pressure-limited) apparatus without auto-
matic cycling and the more recently developed patient-triggered external
respirator,® also if used without automatic cycling, can best be classified under
this general heading. Ventilatory control can be achieved in relatively pure form
with the use of a fixed-cycle piston pump with leak-free connections to the patient;
the Engstrom respirator* embodies these concepts.

The designer of a ventilator may attempt to increase the potential usefulness
of his machine by making it capable of function either as an assistor or as a
controller. The importance of this effort does not li¢ principally in reducing the
number of types of equipment which a hospital should have available for different
types of patients. Its real value lies in the possibility, even a probability, of 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
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 per 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 that the
pressure-limited ventilator was ’bemg used in situations where more was required
than assistance of the patients’ own efforts. It is in 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 of the peak inspiratory flow rate. The ‘Wldespnbad popularity of equipment
embodying these features can be partly explained by this incorporation of flexi-
bility into the determination of the respiratory frequency.

*From the Department of Medicine, State University of New York Upstate Medical Cﬁ'nter,
Syracuse, New York. This study was supported in part by U.S. ]Pubhc Health Service srant
PN-2014 and by a grant from the Hendricks Fund.
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machines designed for use in anaesthesia than in those intended by the manu-
facturer for use outside of the operating room. When such a machine is to be
used with an open or non-rebreathing circuit, a problem arises as to the design
of the intake (that portion of the machine at which inspired air enters for
pressurization) and the control of the predetermined 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 arrangelrchent when such a machine is used in a
non-rebreathing or “anaesthesia” circuit. Such a machine is commonly referred to
as a volume-limited ventilator or one which delivers constant volume. Alterna-
tively, the intake may be closed to the atmosphere and the internal limiting device
removed. Under these conditions, a measured quantity of ventilation can be
created by the use of compressed gases and flow meters with nebulizers 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 that the availability of a guaranteed minimum
frequency has presented a choice not available to the designer of a machine
powered by a fixed-cycle pump. A machine which can furnish either constant
volume or constant ventilation depending on its settings can be said to have both
a volume-limited mode and a ventilation-limited mode of operation. Since the
physician rarely wishes to impose an arbitrary upper limit on the value of
ventilation, there would not appear to be a great need for the ventilation-limited
mode. However, in patients with profound hypercapnia it is often desirable to
increase the ventilation in a slow and deliberate fashion, and a direct way in
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which to accomplish this objective is to design the ventilator so as to make
ventilation a controlled quantity. The designer, at least, cannot excludie a prioriqthe
possibility that a ventilation-limited mode has usefulness, and it should be
furnished as an option. |

A deficiency of almost all ventilators used in open circuits is the absence of
automatic monitoring systems for immediate necoénition of leakage. Leakage
can indeed by identified indirectly by use of pressure alarm systems, as in ithe
case of the Claude Bernard respirator and the respirator of Van Bergen'®!! or it
can be identified directly but discontinuously by manual operation of a spiro-
meter, as in the case of the Engstrom respirator.* To date, the author knows of no
machine which has a leak-detection system emplﬂLying volumetric principles
integrated into its design and functioning at all times. Prompt detection of leakage
is particularly important when volume-limited or ‘Tenti]lation-]imit_ed 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
around which much discussion has occurred in the past. There can be no argu-
ment today that some ability to vary the inspiratory ﬂow rate and thus to control
the duration of inspiration, protection of the patient against excessive pressure as
a secondary, limiting factor, unrestricted selection of air-oxygen ratios, and
achievement of full saturation of the inspired air with water vapour are all
necessary. 1 believe that most physicians who frequently administer mechanical
aid to ventilation encounter patients, at least occasionally, in whom it is desirable
to observe the effect of and, perhaps, to use an added, completely optional
negative phase. Controversy on this issue has persisted 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 further refinements in the
design of ventilators should be concerned not so much with the problem of the
pressure pulse but with the problem of reconciling rsolutions to problems of a
diverse population of patients who must be cared for wherever they present
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
still justifies further efforts in design. The further problem of eliminating the
element of human skill from the detection of leaks, so necessary in 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 in the creation of a
new design, actually a design of a circuit rather than one of a pump. Since a
civcuit can be constructed without the aid of a pneumatic engineer, the solut‘on
can be attempted with a minimum of special equipment.

The ventilator to be presented can be described as a constant-volume or
constant-ventilation ventilator with patient triggering, guaranteed minimum rﬁate,
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automatic measurement of expired air tidal volume on a breath-to-breath basis,
and optional negative phase when used on the constant-ventilation mode. Since
it is designed for use in patients with ventilatory failufe, it has an open or non-
rebreathing circuit, It is entirely mechanical and pneumatic in operation except
for the heaters in the nebulizers and the| suction pump providing energy for the
negative phase. It can be constructed out of commercially available components,
with the exception of a few parts which must be specially fabricated. Use of the
machine has demonstrated that it performs the functions which it was designed
to accomplish.

DEsIGN AND CONSTRUCTION
Power Unit (IPPB, Fig. 1)

This is primarily a commercially available, pressure-limited ventilator® (minus
external connections) with patient triggering, optional guaranteed minimum
rate, inspiratory nebulization, and optional negative phase. It was found to be
more economical to buy a pleural suction pump for the actual development of
negative pressure than to use the venturi provided by the manufacturer. 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 the power unit
(“Negative phase feedback,” Fig. 1), and therefore to use a pressure-limited
ventilator of the type which has optional negative phase if a negative phase is
incorporated into the machine. The nebulization should be inspiratory only

and not continuous, because if this out
shown in Fig. 1, it gives the operator c

let is piped into the power circuit, as
onsiderable control over the inspiratory

flow rate. It is therefore labelled “Insp.

Flow Rate C” in Figure 1. I have not

found it necessary to add a flow-rate limiting device to the powej unit, probably’
because the bellows and valves to be described act in this capacity. Indeed, the
problem is to maintain as high an inspiratory flow rate as desired in some patients,
and the nebulization control, as renamed in Figure 1, has been useful in the
capacity. |

The power unit is usually operated
Such a high pressure is essential to the
ventilation or constant-volume machine

at 40 cm. peak pressure, rarely higher.
function of the ventilator as a constant-
. No internal modifications in the unit
used were necessary to obtain 40 cm., but it was modified to be capable of
reaching 60 cm. in case the need for this 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 boxt enc].‘osing two bellows and connected to the
outlet of the power unit. During inspiri‘tion air-enters the box from the power
unit because the expiratory manifold, EM2, is closed as a result of pressurization
of its rubber diaphragm. Both bellow% are then evacuated, the box pressure
rises to its recycling pressure (40 cm. water) and then falls to atmospheric

®Bennett model PR-IN or PR-24 Emerson Respirator Company,

Cambridge, Mass.,
tAqua Instruments, Syracuse, New York.
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Ficure 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 pressure applied to bellows (usually 0—40 cm. water, occasionaily negative during expiration).
SPG = gauge used in 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 patient 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.

P}z)tieni circutt (unshaded). “O,” and “Air” designate nebulizer—flow meter assemblies. RI = 2 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. RE =
reservoir in expiratory circuit. IB and EB = inspiratory bellows and expiratory bellows, respectively.

Control circuit (black). Small-bore tubing connecting EM1 and EMZ2 to proper opening on power
unit (IPPB).

levels. During exhalation both bellows descend by gravity (assuming normal
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 positive-
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 is truly optional in that the operator, in order to
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introduce it, need only turn the switch and regulate the rheostat 0 the suctlon

pump. Weighting of the bellows in order to achieve a negative Phase is therefore
not needed.

Patient Circuit

Inspired air is generated in the two flow meter-nebulizer systems labelled
“O.” and “Air” shown in the lower right-hand corner of Figure 1, The patient
is assured of humidification, since heaters are employed,'? and the physician
controls both the value of ventilation and the concentration of oxygen. The recent
availability to us of an air compressor which is both quiet and of sufficient power
makes it readily possible to employ constant ventilation with room | air. Figure 1
shows the unit on the “constant-ventilation” mode. It can be converted to the
“constant-volume” mode in a few seconds by (1) disconnecting one of the
nebulizers from the circuit and thereby opening that portion of the circuit to the
atmosphere; (2) setting the other nebulizer to furnish the desired gas mixture
at an excessive flow rate, usually by employing the venturi in the O, nebulizer
which is furnished by the manufactureg for delivery of 40 per cent or 70 per cent
oxygen; and (3) setting the volume-limiting tray beneath the inspiratory bellows
(1B, Fig. 1) so as to deliver the chosen volume. The ventilator thereby furmshes
minimum guaranteed ventilation rather than constant ventilation.

A 2 litre anaesthesia bag (RI, Fig, 1) serves as a storage area for inspired
gas flowing from the nebulizers during the inspiratory time period when the
constant-ventilation mode is in use. It fills during inspiration and empties through
valve V1 into the bellows during expiration. The bellows fill from above down-
ward by virtue of their own weight, so that air from the nebulizers cannot pass
through V2 until the following inspiration, RI has no function during operation
on the constant-volume mode, because that portion of the inspiratory circuit is
then under atmospheric pressure throughout the entire respiratory|cycle.

The rubber portion of the bellows employed is identical with that used
in the Jefferson ventilator.” The bottom of the bellows, however, has been fabri-
cated as a removable disk, shaped like a watch glass, with a small plate
valve (shown diagramatically in Fig. 1 but not labelled) in the centre placed
so as to allow water of condensation to drain from the bellows. This valve in no
way influences the performance of the ventilator and is of great importance
during continuous operation on patients.

The inspiratory portion of the patient circuit contains also a connection with
the “manometric shunt,” V8 (to be discussed later), a water lock set usually
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, flexible connections to the patlent
corrugated tubing and an exhalation manifold without a side-arm for a medlqa-
tion nebulizer are now employed, obviating the need for a supporting bracket.
Removal of condensate at this point is a nursing respon51b111ty, accomphsh¢d
by separating and reattaching the connections, whereas elsewhere in the patient

# Air Shields, Hatboro, Pa.



J. H: AUCHINCLOSS, JR.: A NEW VENTILATOR 17

7

| \
Ficure 2. Frontal view of ventilator. High-pressure connections \ to power
1

unit and nebulizers have been removfd far illustrative purposes, Volume-

limiting tray is in position under inspiratory bellows.

circuit it requires no manipulation. Connections are colour-coded in order to
ensure proper reattachement. |
Although EM1I is a standard collecting exhalation manifold, 'the monitoring
action of this machine critically depends on a property of such a manifold which
will go unrecognized in ordinary use: namely, its ability to pass air in exhalation
around the unpressurized diaphragm only when there exists a positive pressure
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in the inspiratory circuit. This property is readily demonstrated if one sucks
on the exhalation port of such a collecting manifold when the diaphragm is
unpressurized. The negative pressure created by sucking merelyl expands the
diaphragm and seals it tightly against the rim ¢f the manifold. No air can pass.
This is in extreme contrast to the very low resistance found when one breathes
out through the same manifold in the usual direction. This feature results in the
ability of the machine to detect leaks in the inspiratory circuit when the positive-
only mode of operation is employed, since the air leaking duru{lg inspiration
cannot create pressure and therefore be represented in the expirate. When the
positive-negative mode of operation is employed, the ability to detect leaks is
theoretically lost, since the rubber diaphragm is then retracted away from the
rim of the manifold as a result of the negative pressure existing at that time in
the control circuit. However, under these circumstances a leak can in actual
practice usually be recognized by observing a rapid and obviously excessive
descent of the expiratory bellows as a result of an inward leak, e.g. air entering
the patient circuit from the outside as a result of the negative pressure in the
circuit.

Immediately after passing the diaphragm of EM1 the expired air passes through
valve V4, which insures that there will be no rebreathing, sinf[:e it prevents
retrograde movement of air in the expiratory arm of the circuit. Thereafter the
expiratory circuit is virtually identical with the inspiratory circuit. An expiratory
reservoir, RE, corresponds to RI. Its function is to store the first portion of the
expirate until the expiratory bellows can descend. By constructing the reservoir
as shown in Figure 1, the resistance to its filling is so low that the first portion
of expiration, whose velocity is relatively high, will not sweep through past
valves V5 and V6 prior to the readiness of the bellows and therei ore be lost to
measurement. The patient circuit ends at valve V8,

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

The manometric shunt, labelled V8 in| Figure 1, is, in effect, ﬁa ‘partial con-
nection between the power circuit and the inspiratory portion of the patient
circuit. It consists of a small bellows, approximately 2 cm. in diameter, mounted
in a valve housing, as shown in Figure 1. These bellows tend to assume a position
of collapse during expiration because of their natural shape and because of the
general absence of positive pressure in the power circuit tending to inflate them
at this time. When the patient inhales, the slight negative pressure in the patient
circuit tends to draw the bellows of V8 into a position of mﬂah¢n A valve in
the power circuit, V7, prevents retrograde 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 passw through the shunt because V8 is a
bellows and not a true valve. It is a simple matter to show that this arrangement
greatly increases the ability of the ventilator to respond to the inspiratory efforts
of the patient.

Valves V1 and V5 are ] valves® in specially fabricated housings.} The use of

*Warren E. Collins, Boston, Mass.
{Aqua Instruments, Syracuse, N.Y.
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Ficure 7. Relationship between flow meter settings and PaCO, values in six patients studied for
short intervals while attached to the ventilator; the latter has been set on the constant-ventilation
mode. ASD = atrial septal defect following open repair. MI = mitral insyfficiency. Patient was

studied following valve replacement. CPE = chronic pulmonary ‘emphysema.

therefore by no means a consistent finding. No effort was made to control the
respiratory frequency except to maintain it at a minimum. level of about 15
breaths per minute. The machine was used as a positive-only ventilator with
100 per cent oxygen or air-oxygen mixtures and was set on the constant-ventilation -
mode. Blood samples were drawn from indwelling arterial needles at times
when no leaks were present as judged 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 ventilation of the patient and that changing
the ventilation should change the arterial carbon dioxide tension (PaCO;). 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 PaCOs, to the extent that he can change ventilation
and eliminate leakage. By the same token it is obvious that considerable care
must be taken in arriving at the proper settings. In this connection the values
of Figure 7 should be regarded as trial settings only, since they were not used
in these patients for sustained therapy.

The effectiveness of the negative| phase is currently under investigation.
Increases in cardiac output with its use have been observed in the two patients
so far studied in whom circulatory depression existed, but there was no effect
on cardiac output in a third patient who did not have circulatory depression.

In applying the ventilator to patients for the first time the author’s current
practice is to set the machine as a positive-only ventilator on the constant-ventila-
tion mode at 5 or 10 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 is felt to be incorrect. If the setting is too low, the respiratory
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frequency of the patient remains essentially udaltered, regardless of whether
each inspiration triggers the machine, and themjrach al pressure gauge fails to
register significantly positive values during msglratm)n If, on the other hand,
the ventilation imposed is excessive, the tracheal pressure rises rapidly to 30 cm.
of water and the ventilator pumps off the excess through the water lock. The
proper setting of ventilation in the first hours of use of a constant-ventllatmon
ventilator is & question to which no simple answer can be given. However, it
should, in the author’s opinion, involve some awareness of the level of ventilation
prior to the application of the ventilator, regardless jof whether this awareness
is precisely quantitative or not. The application of a ventilation-limited, patient-
triggered ventilator, set at a low or conservative valyie of ventilation with syb-
sequent elevation of ventilation in the ensuing secgnds or minutes to higher
values if obviously indicated would seem to be a safe and effective way of
approaching the problem. In this way the physician can begin to relieve the
patient of the respiratory work load and to reduce thf PaCO, (if it is elevated)
without suddenly imposing a drastic and dangerous change of ventilation. During
this period of time he is only required to manipulate one control. When, with
the aid of clinical observation, measurement of vital signs, and such laboratcpry
information as is available, he decides that the correct ventilation has been
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.

Lowne-TeErRM ExPERIENCES WITH THE USE OF THE VjNTILATOP. ON PATIENTS

The ventilator was used by the author as the ventilator of choice in six patlents
requiring mechanical aid to ventilation. Diagnosis, duration of use of the
machine, and lowest PaCO, value achieved during use of the machine are listed
in Table 1. In general the ventilator demonstrated the features previously dis-
cussed during this prolonged use. 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 inflation 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 prq»b-
lems have diminished with progressive refinement of tl{)e circuit, so that reliability

in recent use has been satisfactory. Reliability is, no doubt, improved by ﬂhe
isolation of the cycling valve from the humidified air in the patient circuit ‘so
that moisture cannot enter the valve and cause sticking. |
As part of the use of the ventilator on patients for prolonged periods of time
an intensive effort was made to inform the special care nursing personnel of its
action and purpose. Nurses were requxre&” 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 these readings at appropriate intervals
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furnished evidence that the ventilation of the pati
levels. Since no manipulation of controls was involy
change of nursing personnel presented minimal ¢

The ventilator was used as a constant-volume
patients after the desired or accepted level of ve
practice was initiated prior to the availability of a
it was well suited to the problem of easily available
pressed air. It meant that the patient received hum
a minimum ventilation but could increase the ven
or she could trigger the machine and thereby incr
inhalations each minute. In the event that the mac

patient’s inspiratory effort (and no patient-trigger

every effort), it did not contest the effort, since

circuit is open to atmosphere on such a setting,

increase progressively the tidal volume setting in
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ent was maintained at (i;wen
/ed in making these readings,
hﬂiculty

ventilator for all six of the
ntilation was achieved. This
good air compressor because
oxygen and unavailable com-
idified 40 per cent oxygen at

tilation to the extent that he

ease the number of powered
hine failed to respond tp the
ed machine can respond to
the intake of the inspiratory
Every effort was made to
accordance with the concept

of developing adequate regional lung inflation.!
were achieved in some patients. It is the author’s
volumes given at slow respiratory frequencies mr
substitution for occasional deep breaths. Even w
pressed air the use of 40 per cent oxygen, const
minimum respiratory frequency represents settings

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

Tidal volumes of 1000 c.c.
belief that such large tidal
1ay constitute an accegtable
7ith the availability of com-
ant volume, and guaranteed
applicable to many patients.

capacity was accomplished by

and V2. This changed the
th a patient-triggered, | 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 qmte frequently. The
usefulness of the negative phase is under investigation, and in this study 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
economy. Ideally, the negative phase should be|available on both con:}:tant—
ventilation and constant-volume modes; however, patients in whom the use
of the negative phase is to be considéred are usually very ill and physically
quiet and can be managed by the use of constant ventilation. i

The number of features and the flexibility of this ventilator result in a d‘evme
which is undeniably more complicated than other machines which might bq said

to perform the basic function of rhythmic inflation of the chest equally well.
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This creates problems in trainin
complexities do not have to be! full
involved with the care of the patient e
sible for regulating the machine. {For
nurses to maintain and not to modify

a

meters. These settings are indicated by
the nurse decides that the machine is fi
is not receiving the ventilation which 1

r]ud in maintenance. As regards trai

CANADIAN ANAESTHETISTS SOCIETY JOURNAL

ning

y understood by physicians and nurses
xcept in the case of the physician respon-
example, the author specifically instructs
the settings on the power unit and flow
7 markings as well as by written order. If
mctioning improperly and that the patient
was ordered, she is empowered to remove

it from the patient and attach anoﬂher ventilator and call a physician. A pressure-

limited ventilator is kept on “standby’]
of such circumstances does not remc
occurrence. The point of importance
ventilator must be kept to a minimum
dealt with easily, and it is lnghly des
regulation of the machine is so infr

for such circuamstances, The infrequency
ve the necessity of preparation for| their
is that the number of rules relating to a
if changes in nursing pd;rsonnel are to be

quently necessary that it need not be a

%rable to have sufficient automation 50 that

nursing responsibility. Failure of the lventilator should be identifiable mdepen-

dently of any change in the status of th

e patient. Detection of fallure should not

involve manipulations but should be possible by viewing its performance

The extra components employed in

is ventilator are, by and large, extremely

reliable and are readily replaced when they become defective. The power unit

is the only part of the machine whi
and this i

has required a spemah)zed repair service
item. Every

effort has been made to avoid electronic control systems, both because of the

explosion hazard and because of the

c
is readily supplied by the mar%facturer since it is a standard

ifficulty of the repair problem which must

result when such systems are used in community hospitals. It may then be said
that this ventilator represents a comptromise between simplicity and complexity,
and that the compromise is mainly on the side of simplicity if it is compared
with other devices which attempt to combine both therapeutic and monitoring

functions.

SUMMARY

A description is presented of an i

ptemal ventilator which has the following

features: (1) patient-triggering with guaranteed minimum frequency; (2) con-
stant volume or constant ventilation as determined by the physician; (3) con-

tinuous, automatic monitoring of expi

ed air tidal volume; (4) optional negative

phase when ventilation is maintained jat constant levels; (5) ci)ntrol over inspira-
tory flow rate and air-oxygen ratigs. The ventilator has been tested under
laboratory conditions and in separate; series of short-term and long-term applica-

tions, and has been found useful be

cause it provides the {esponsweness and

flexibility of patient-triggered appardtus, the basic security of constant ventila-
tion or guaranteed minimum ventilation, and an automated system for momtormg

ventilation. The rationale for design

of a ventilator with these refinements is

discussed and relates to the present populatlon of patients reﬁulrmg mechanical

aid to ventilation.
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On présente la description d'un ventilateur interne qui a les caractéristiques
suivantes: '

(1) déclenchement par le malade avec un minimum garanti de fréquence;

(2) un volume constant ou une ventilation con:ttante tel que prescrit par le
médecin;

(3) un contréle continuel, automatique du volum'e d’air courant expiré;

(4) une phase négative facultative quand la ventilation est maintenue & des
niveaux constants;

(5) un contrdle sur le flot inspiratoire et sur| les rapports air/oxygéne.

Le ventilateur a été éprouvé en laboratoire et en séries d’application séparées
a long et a court terme, et il a été trouvé utile parce qu’il a la sensibilité ‘et la
flexibilité d’un appareil déclenché par le malade; il garantit la sécurité primordiale
d'une ventilation constante ou d’une ventilation minimale, et il est muni d’un
systeme automatique pour conirdler la ventilation, |

La raison d’étre d’'un appareil possédant tous ces raffinements est démontrée,

et Yon rappelle le nombre de malades qui peuvent bénéficier d'une aide
mécanique a la ventilation.
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