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Demand Valve Improperly Set Resulting in Pulmonary Barotrauma

MICHAEL J. BANNER, R.R.T.,* AND PHILIP G. BOYSEN, M.D.§

Demand valves are incorporated into intermittent
mandatory ventilation (IMV) and continuous positive air-
way pressure (CPAP) systems to provide intermittent,
high flow during spontaneous inhalation. The high flow
serves to reduce spontaneous inspiratory work and main-
tain high inspiratory positive airway pressure during
CPAP.!

A correctly set demand valve should provide an in-
termittent and not a continuous rate of flow in an IMV—
CPAP system, i.e.,, only during spontaneous inhalation
should gas flow from the demand valve. However, if the
demand valve is set improperly, flow will be continuous.
During mechanical inhalation (IMV), the continuous flow
from the demand valve may augment the ventilator tidal
volume (V).2

We report on a consequence of an improperly set de-
mand valve used in an IMV-CPAP system that can be
hazardous to patients.

REPORT OF A CASE

The trachea of a 73-kg adult with a diagnosis of acute respiratory
failure secondary to infection was intubated and the tube was attached
to an Emerson 3-PV IMV ventilator incorporating an adjustable de-
mand valve. Mechanical V; was set at 950 ml and IMV at 6
breaths- min~' with CPAP of 15 cmH,0. The inspiratory time was
set at approximately 2 5. The peak inflation pressure (PIP) during
IMV was approximately 45 cmH,0. Effective compliance was calculated
at 0.03 I-cmH,O™'. The reference pressure control of the demand
valve was adjusted so that flow was intermittent and occurred only
when the patient initiated a spontaneous breath. During spontaneous
inhalation, airway pressure decreased from 15 to 11 cmH,0, which
indicated that flow from the demand valve was adequate to maintain
CPAP.

Later in the day the patient became tachypneic (spontaneous
breathing increased from 15 to 40 breaths - min~") and, during spon-
taneous inhalation, airway pressure decreased from 15 to 4 cmH,0.
The reference pressure control of the demand valve was then set at
maximum, which produced a continuous rate of flow high enough to
raise airway pressure from 4 to 12 cmH,0 during spontaneous in-
halation. Then during IMV the PIP suddenly increased to 80 cmH,O.
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Subsequently, the patient became hypotensive (65,/40 mmHg) and a
pneumothorax resulted.

The patient was disconnected from the ventilator and ventilated
with a self-inflating bag, and a chest tube was inserted immediately.
Lung expansion later was confirmed by roentgenographic examination.
Subsequently, ventilation was provided by another ventilator; the
tient recovered uneventfully.

METHODS

Y wouy papeojuiEbaS

To duplicate this complication, we attached an Emersch
3-PV IMV ventilator with a demand valve CPAP systegn
to a test lung (Michigan Instruments, Inc.). The test lux%
was set at a compliance of 0.03 1 - cmH,O™" and at normg
airway resistance. A pneumotachograph attached to @
differential pressure transducer and a separate airwz§/
pressure transducer were connected to an amplifier—ig
tegrator-recorder system to measure real-time waveforngs
ofairway flow, V1, and PIP during mechanical ventilatioti.
All measurements were made at the connection betwees
the endotracheal tube and the ventilator circuit.
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FIG. 1. A. Airway pressure (Paw), tidal volume (V), and inspiratory
flowrate (V,nsp) were measured with the ventilator attached to a test
lung. The test lung was set to mimic the patient’s effective compliance

(0.031/cm H,0). Ventilator V. and inspiratory time (flow rate) controls
were set at 950 ml and 2 s, respectively. The demand valve was set

and used in combination with a water-weighted expiratory pressure
valve (threshold resistor) to maintain a continuous positive airway

pressure of 15 cmHy0. (These were the same settings as previously
applied to the patient.) B. The reference pressure control of the demand
valve was set improperly at the maximum position, which resulted in

a continuous rate of flow (all other ventilator settings remained con-
stant).
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The ventilator was adjusted to the exact settings used
for the patient, i.e., V- 950 ml, CPAP 15 cmH,0, and
mechanical inspiratory time 2 s, and airway flow, V-, and
PIP were measured. The reference pressure control on
the demand valve then was set at maximum while keeping
all other ventilator settings constant and measurements

were repeated.

RESULTS

When the demand valve was set properly, the peak
flow rate generated by the ventilator during mechanical
inhalation was 56 1- min™'; total peak flow rate measured
during mechanical inhalation when the demand valve
was improperly set was 82 1-min~'. Under the latter
condition, V- and PIP increased to 1700 ml and 84
cmH,0, respectively (compare figs. 1A and B).

DISCUSSION

Spontaneous inhalation with a demand valve IMV-
CPAP system (as in the Emerson ventilator) is possible
when a one-way valve separates the mechanical ventilator
and a demand valve opens to permit flow to the patient.
When CPAP is used, the spontaneous inspiratory effort
required to open the one-way, and demand valves, ideally,
should be minimal, i.e., the reference pressure setting of
the demand valve should be the same as the expiratory
pressure level during CPAP. Thus, the pressure differ-
ential across the one-way valve is negligible before in-
halation. At the beginning of spontaneous inhalation, as
airway pressure decreases, the pressure on the patient’s
side of the one-way valve decreases, which causes it and
the demand valve to open immediately. The demand
valve then should accelerate flow sufficiently to meet the
patient’s requirements for inspiratory flow and to maintain
positive airway pressure. During exhalation, airway pres-
sure increases. At end-exhalation there is no pressure
gradient across the one-way valve and, thus, flow from
the demand valve is terminated.

However, in this case, when the demand valve was set
improperly by adjusting the spring tension control on
the reference pressure chamber to maximum, the pressure
gradient across the one-way valve was continuous during
all phases of spontaneous breathing. Under this condition,
the reference pressure set in the demand valve was greater
than the CPAP level and resulted in continuous flow
through the open one-way valve and into the CPAP/
ventilator circuit. During the IMV breath, continuous
flow from the demand valve was added to the flow from
the ventilator and potentiated the preset Vr (fig. 2)..

A safety factor that could be used is real-time or con-
tinuous measurements of V. With this patient, if Vo
had been displayed in real-time it would have indicated
that abnormally large volumes suddenly were being ad-
ministered that necessitated immediate evaluation and
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FIG. 2. Spring tension control on demand valve reference pressure
chamber is set improperly to maximum tension; this forces the movable
diaphragm and poppet valve to the right (open) and allows continuous
flow through the open one-way valve and then into the inspiratory
limb of the ventilator circuit. When the intermittent mandatory ven-
tilation (IMV) breath is delivered to the patient, flow from the ventilator
combines with continuous flow from the demand valve, which results
in excessive IMV tidal volume and peak inflation pressure.

intervention.®* Real-time and not intermittent measure-
ments of V-, airway flow, and pressure would have been
useful for monitoring the ventilation of this patient.

In the event that a demand valve does not deliver
enough flow to satisfy a patient’s spontaneous, inspiratory
flow demand, a reservoir bag may compensate for in-
adequate flow delivery. A 5-1 reservoir bag connected to
a Y-piece and attached to the demand valve outflow port
may be used as a reservoir for additional flow.

Finally, in our experience, the Emerson demand valve
has been an effective and reliable device. Operator error,
not equipment malfunction, resulted in the complication
just described.

The authors thank Ms. Lynn Carroll for editorial assistance and
Ms. Sharon Warren for typing.

REFERENCES

1. Downs JB: Mechanical ventilator therapy, part II. Curr Rev Respir
Ther 3:81-88, 1981

9. Perel A, Pachys F, Olshwang D, Cotev S: Mechanical inspiratory
peak flow as a determinant of tidal volume during IMV and
PEEP. ANESTHESIOLOGY 48:290-292, 1978

3. Osborn JJ: Computers in critical care medicine, promises and
pitfalls. Crit Care Med 10:807-810, 1982

4. Osborn JJ, Fagan LM, Fallat R], Kunz JC, McClung DH, Mitchell
RR: Managing the data from respiratory measurements. Med
Instrum 13:330-336, 1979

ud - .
20z Iudy 0z uo 3senb Aq ypd 91000-00020¥861-27S0000/ 1 260€/98/1/1 9/4Ppd-8o11e/AB0j0ISBUISOUE /WO JIBYDIDA|IS ZBSE//:dRY WOl papeojumoq



