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Table 1 Simulated incidents in the inspiratory limb

O W

Connection failure of a lockable water trap [disposable circuit RT134 (F&P)]

A crack in a lockable water trap [disposable circuit RT134 (F&P)]

Coming off of a filter cap [disposable circuit RT134 (F&P) ]

Loosening of a filter cap [disposable circuit RT134 (F&P)]

A crack in a smoothbore circuit : 2cm (reusable circuit) (Note) F&P : Fisher & Paykel

Table 2 Simulated incidents in the expiratory limb

1. Connection failure of a lockable water trap [a small amount of leakage, disposable circuit

(F&P)]

2. Connection failure of a lockable water trap [a large amount of leakage, disposable circuit

(F&P)]

NS> 0w

F&P : Fisher & Paykel

A crack in a lockable water trap [disposable circuit (F&P) ]

A crack in the respiratory circuit : lem [disposable circuit (F&P)]

A crack in the respiratory circuit : 2cm [disposable circuit (F&P)]

A crack in a smoothbore circuit : 2cm (reusable circuit)

Smoothbore circuit : deformation of the O-ring in a lockable water trap (reusable circuit)
Smoothbore circuit : A crack in a tapered-type water trap (reusable circuit) (Note)
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Table 3 Time to activation of individual alarms after the creation of incidents related to the parts in the expiratory limb.
The time (sec) to activation of an alarm after the onset of an incident and the parameter values at the time of
alarm activation are shown in the table. The mode of ventilation was CMV. The symbol “X” denotes no alarm

activation
Incident Ventilator PrTCO, (at the Y-piece) OutletCO,
Time to activation Respiratory minute Inspiratory Time to activation Perco, Time to activation
of alarm volume pressure of alarm of alarm
[sec] [L/min] [cmI,0] [sec] [mmHg] [sec]
Lockable water trap
Connection failure X 47+0.1 12£0 X 39+1 X
(a small amount of leakage)
Lockable water trap
Connection failure 18x1 34=0.1 9+0 X 46+0 24+69
(a large amount of leakage)
Lockabl
ockable water trap % 48400 1+0 % 39+1 %
A crack
Smoothbore circuit Lockable
Deformation of the O-ring in a 60+9 39+02 12+1 X 39+1 1002
water trap
S th ircuit T dt
moo bor'e circuit Tapered type y 4802 12+0 y 3841 10%0
A crack in a water trap
Di | . .
isposable respiratory circuit « 48400 11=0 « 3740 «
A crack (Icm)
Disposable respiratory circuit y 45401 111 y 3741 9849
A crack (2cm)
h -
Smoothbore circuit « 47501 1240 « A1 00+2

A crack (2cm)

(Table 3. Continued)

(Note) Alarm settings of the ventilator : the lower limit of respiratory minute volume, 4.0L/min : the lower limit of airway pressure,

0cmH,O ; the lower limit of PETCO,, 20mmHg (for detailed information, see the main text).

a) There was a significant difference compared with the time to activation of an alarm by the ventilation volume through the

ventilator (p<<0.05).
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Abstract
Background : A leak or disconnect in a circuit of mechanical ventilator can cause serious incidents. Therefore,
safety management with use of not only ventilator alarms but also a capnometer during mechanical ventilation
is recommended. We evaluated the usefulness of a carbon dioxide (CO,) monitor at the exhalation port of a ven-
tilator for an early detection of ventilator circuit leakage or disconnection.
Method : We connected a ventilator to a test lung and continuously infused CO, into the test lung, which was ven-
tilated in volume-controlled continuous mandatory ventilation (CMV) mode. Circuit leakage and disconnection
were simulated in inspiratory limb and expiratory limb. Also, adverse incidents which could lead to acute change
in ETCO, including esophageal intubation, acute pulmonary embolism and pneumothorax were simulated. We
compared the performance of the CO, monitor in detecting the leakage and disconnection and acute change in
ErCo, with that of the ventilator and capnometer. The adverse incidents were simulated by rapid change of the
connection of the respiratory circuit from CO, insufflating lung to CO, non-insufflating lung.
Result : Simulated inspiratory circuit leakage did not activate any alarms in the CO, monitor, the capnometer, or
the ventilator. However, expiratory circuit leakage activated the alarm of the CO, monitor and the ventilator, but
did not activate the capnometer alarm. In the simulation of the adverse events of acute change in ETCO,, no ven-
tilator alarms were activated, but alarms of both the CO, monitor and the capnometer were activated.
Conclusion : These findings might indicate that the use of the CO, monitor at the exhalation port could be a solu-
tion for early detection of leakages and disconnection of the ventilator circuit as well as acute change in ETCO..
Clinical studies are required to further determine the usefulness of the CO, monitor, which can contribute to im-
proving patient safety during mechanical ventilation.
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