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Abstract

Pollution by anesthetic gases can be a problem in operating theaters. More than 90 per cent
of this pollution can be reduced by using a scavenging system. Such systems increase the complexity,
and thus the hazards of administering anesthesia. A case of pneumothorax prompted an investiga-
tion of the active scavenging systems currently used in a teaching hospital by using a pre-use check
up protocol. Thirty-eight closed-reservoir active scavenging systems were included.

Ten systems (26.3%) were assembled incorrectly. All systems passed a negative pressure
relief valve test. Seventeen systems (44.7%) failed to pass a positive pressure relief valve test because
high pressure (over 10 cmH,0) developed during an O, flush, but direct measurement of the pressure
at the scavenging interface revealed that these defects were caused by a problem with the adjustable
pressure limiting (APL) valves, not with the positive pressure relief valves of the system. We suggest
that routine pre-use check up together with regular maintenance of equipment should be emphasized
and all personnel should be encouraged to learn more about safety precautions.
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In 1976, Vaisman(1) reported a survey of
110 Russian female anesthesiologists. Out of 31
pregnancies, 18 ended in abortion and 1 had a child
with a congenital abnormality. It was concluded that

this was the result of chronic inhalation of anesthetic
vapor and excessive workload. Studies from the United
Kingdom(2.3) confirmed this finding. Studies from
the United States reported that women who were
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exposed to inhalation anesthetics had a higher inci-
dence of abortion, liver and kidney disease, and can-
cer. In men, the incidence of liver disease increased
(4). Investigation of the effects on perceptual skills
was also done(3). This evidence suggested a rela-
tionship of several health hazards and inhalation of
anesthetic gases. It was recommended that these risks
should be minimized by maintaining exposure as low
as was technically feasible(1). The most effective
method is to install a proper ventilation and scaveng-
ing system which can reduce 90 per cent of the anes-
thetic pollution in the operating room(1). But this
system increase the complexity and thus the hazards
of administering the anesthesia(6-14), especially if
there is no effective check up. After scaverging had
been used for 3 years, the hazards of the system were
reported and 1 patient developed a severe pneumo-
thorax(13). We surveyed all the scavenging systems
currently used in this teaching hospital to identify
defects which were potentially hazardous to the patient.

MATERIAL AND METHOD

A descriptive cross-sectional study was per-
formed to survey all scavenging systems currently
used in the hospital. All of them were “closed reservoir
with an active scavenging safety interface” (Fig. 1).

The procedure of check up was as follows;

1. Verify proper installation of the system.
Connect the intake port to the machine’s APL valve
(or ventilator’s excess gas outlet). Connect the nipple
for suction to the wall inlet of "exhaust gas". Check
that all components are fixed properly (Fig. 1).

2. Negative pressure relief valve test. Occlude
the Y-piece of the breathing system to make it a
closed system, turn on the APL valve unitl completely
open. Create a negative pressure by adjusting the
suction force until the reservoir bag is completely
collapsed. Check the pressure gauge, the pressure
should not indicate below -0.25 cmH»O. A negative
pressure below this level is considered abnormal.

3. Positive pressure relief valve test. Turn
on the O flush valve until the reservoir bag is fully
inflated. The pressure gauge should not indicate more
than +10 cmH,0O. A pressure over this level is con-
sidered abnormal.

4. In case of an abnormal result in 3 (pres-
sure >10 cmH0), the auxiliary pressure gauge should
be connected to the scavenging interface to check
whether the defect is due to the APL valve or the
positive pressure relief valve.
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Fig. 1. Diagram of the scavenging system (closed
reservoir active scavenging safety interface)
currently used in this teaching hospital; 1)
intake port 2) nipple for suction and adjust-
ment knob 3) reservoir bag 4) positive pres-
sure relief valve and 5) negative pressure

relief valve.

RESULTS

Thirty-eight scavenging systems were in-
cluded in this survey. Ten systems (26.3%) were
incorrectly installed (Table 1). The details of incorrect
installation are summarized in Table 2. The contri-
buting factors were failure to check the equipment
(8 cases) and faulty technique (2 cases).

There were no abnormally functioning nega-
tive pressure relief valves in any of the systems (Table
1).

The results of the positive pressure relief
valve test showed that 17 systems (44.7%) developed
a pressure over 10 cmH»O. The abnormal pressure
ranged from 11-18 cmH,O (Table 3).

Among the 17 systems with an abnormally
high pressure, we found that the pressure at the inter-
face was between 2.5-4.0 cmH,0 (Table 4) but the
pressure in the breathing systems was still higher than
10 ecmH,O. This finding indicated that the defects
were at the APL valve of the breathing systems.
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Table 1. The result of the 3 tests: correct assembly, negative pressure relief valve (NPRV) test, and positive
pressure relief valve (PPRV) test.
Correct assembly NPRYV test PPRV test
Passed % Failed %  Passed % Failed %  Passed % Failed %

No. of scavenging system 28 73.7 10 26.3 38 100 0 0 21 553 17 447

Table 2. The problems in 10 scavenging systems which were detected on

observation.
Problems No. of systems Contributing factors
(n=10)

1. Unconnected conducting tube 3 Failure to check equipment

2. Absence of 19-mm connector 2 Faulty technique

3. Water trapped in conducting tube 2 Failure to check equipment

4. Absence of reservoir bag 1 Failure to check equipment

5. Unconnected suction port 1 Failure to check equipment

6. Absence of conducting tube 1 Failure to check equipment
Table 3. The abnormal positive pressures that were  Table 4. The positive pressure obtained from direct

detected in 17 systems.

Positive pressure (cmH,O) No. of systems (n=17)

11
12
13
14
15
16
17
18

—_— N0 W= R W R

DISCUSSION

Installation of a scavenging system in the
operating room is recommended to reduce anesthetic
pollution(1). Such equipment increases complexity to
the anesthesia delivery system and thus the hazards
of administering anesthesia(6-14). In countries where
a pre-use check up and maintenance program have
been practiced routinely, the incident report of hazards
is low(15,16), All defects detected in this study were
the accumulated result after 3 years’ use without
regular maintenance and check up. The unconnected
conducting tubes, disconnected suction port, and
absent reservoir bags all create anesthetic pollution
in the operating rooms. The suction force could not
be adjusted properly because there was no reservoir
bag as an indicator. Water trapped in the conduction

measurement of the 17 scavenging inter-
faces.

Positive pressure (cmH,0) No. of systems (n=17)

2.5
30
35
4.0

—Ut D

tube might increase expiratory flow resistance to a
certain degree. Absence of a 19-mm connector for
the scavenging system(17) might cause confusion to
personnel and produces a potential risk of miscon-
nection, especially when 22-mm breathing tubes are
used in both breathing and scavenging systems.

There was no defect of the negative pressure
relief valves in any system.

Ward(18) and The American Society of
Anesthesiologists recommended +10 ¢cmH,O as the
maximum pressure to test the positive pressure relief
valve because this criteria is safe and prevent baro-
trauma of the patient’s airway. The excess pressure
was possibly due to 2 factors; 1) the flow rate from
the breathing system (e.g., O flush 35-75 liters per
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Fig. 2. The method for identifying the cause of
abnormal high pressure in the system, which
might be outside (e.g. APL valve) or inside
the scavenging system (the positive pressure
relief valve). After high pressure (exceed 10
emH;0) was detected by positive pressure
relief valve test, the test was repeated with
an auxiliary pressure gauge directly con-
nected to the scavenging interface.

minute or lpm) was more than the displacement
volume (minimum 30 Ipm(1)) created by the scaveng-
ing system. This defect must occur concomitantly
with a defect of the positive pressure relief valve
(normally open at 5 cmH,0(1)) and 2) a defect of
the APL valve of the breathing system such as being
sticky from damp and dust. In order to identify the
exact defect an auxiliary pressure gauge was con-
nected to the scavenging interface (Fig. 2) to measure
the pressure inside it. The results of this measurement
were 2.5-4 cm HZO (Table 4) which meant that the
defect was not at the scavenging interface (the posi-
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tive pressure relief valve functioned normally), but
it was at the APL valve. These defects cannot be
detected during routine use because we do not rou-
tinely turn on the O, flush valve and the total fresh gas
flow is normally not more than 6 Ipm (much lower
than the displacement volume of the vacuum suction).
Even though there is an intermittent peak expiratory
flow rate(17) during the expiration phase, the pres-
sure in the system would not increase much because
the reservoir bag can absorb this volume fluctuation.
The only exception is when the patient increases
peak expiratory flow rate significantly such as during
coughing.

The factors contributing to these defects
were due to the lack of a check up procedure, faulty
technique, and failure to check equipment. These
reflect the inadequacy of the current check up pro-
tocol and the personnel’s responsibility to perform
this. All the contributing factors were human error
and negligence which were similar to studies from
the United States(1,16,19) and Australia(20),

SUMMARY

The survey of 38 anesthesia scavenging sys-
tems in a teaching hospital revealed that 26.3 per
cent were incorrect assembly and 44.7 per cent had
a defect of APL valve in the breathing systems. All
negative and positive pressure relief valves func-
tioned normally. Incorrect assembly was potentially
hazardous to the patients because, in some circum-
stance, the negative pressure relief valve may not
be included by this test. The important contributing
factors were lack of a check up procedure, failure to
check equipment properly, and using a faulty tech-
nique. All were due to human error and negligence
of guidelines. We suggest that routine pre-use check
up together with regular maintenance should be
emphasized and all personnel should be encouraged
to learn more about safety precaution.
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