Anesthesiology.
\' 35, No 5, May 1973

Contamination of In-series Vaporizers
with Halothane-Methoxyflurane

WiLLian J. Murray, M.D., Pr.D.,° ELEMER K. Zsieyonp, M.D.,}
Patrick FLeanxe, B.Ag

Halothane was suspected to be a contam-
inant in a methoxyflurane vaporizer when un-
usual anesthetic depth was evidenced in a pa-
tient during induction with methoxyflurane.
Liquid in the vaporizer chamber contained
7 per cent halothane. Such contamination
might have occurred by inadvertent filling of
the vaporizer with halothane. However, the
question of contamination by transfilling of
vaporizers in series also had to be considered.
Therefore, a study was conducted to determine
1) the concentrations of component vapors de-
livered by a contaminated vaporizer, and 2)
the amount of anesthetic contamination which
could occur when vaporizers in series were
opened simultancously.

Methods

Outputs of individual calibrated Pentomatic
and Fluomatic vaporizers containing varied
proportions of halothane and methoxyflurane
were determined at dial settings of 1.0 per cent
with an oxygen flow of 6 I/min. Vaporizers
were half-filled (visual fluid level indicator)
with the appropriate mixtures and allowed to
stand overnight.

The vaporizers were also connected in series
in alternate sequence and the rates of con-
tamination of liquid anesthetic in the down-
stream vaporizer (6 1/min oxygen carrier gas)
determined with the following dial setting com-
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binations: 1) 0.23 per cent for both vaporizers!
2) Fluomatic, 2.0, and Pentomatic, 1.5 pe
cent; 3) Fluomatic, 4.0 per cent, and Pento=
matic, MAX. Liquid was sampled at inter\'al%
during a 60-minute period (0.5 4l § was withg
drawn from the filler inlet while the dial wag
turned off approximately 135 seconds). ]

Repeated sampling of the gas in the downa
stream vaporizer (input and output) during aq’:g
uninterrupted 60-minute period permitted estiz
mation of the contaminating anesthetic deposiZ.
tion in the downstream vaporizer. This experio’
ment was also conducted with Pentec an
Fluotec vaporizers. %

Determination of the anesthetic concentrag
tions was carried out by gas chromalography,'g
as previously described.? Between experimentsgy
the vaporizers were drained, rinsed with ethylg
ether, and flushed with air until halothane andg
methoxyflurane were not detectable. All data
are expressed as volumes per cent of gas or$
liquid.
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Results

A contaminated Pentomatic (dial setting Lox
per cent) vaporized concentrations of halo-
thane above 1 per cent during the first five &
minutes of operation, even with a concentm-§
tion of 0.1 per cent halothane in the liquid S
phase (fig. 1). In contrast, metlloxyﬂumneg
concentrations delivered by a conmminated?n
Fluomatic did not exceed 0.07 per cent eveng
with a liquid methoxyflurane concentration of o
95 per cent (fig. 2).

When operated in altemnate serfes, higher
concentrations of liquid halothane were found
in the Pentomatic vaporizer (fig. 3) than me-
thoxyflurane in the Fluomatic vaporizer (fig.
4). In the Pentomatic more than 8 per cent
halothane was present after 30 minutes at the
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highest dial settings, with less than 0.05 per
cent methoxyflurane present in the Fluomatic
chamber after the same interval (fig. 4).
After 60 minutes almost 10 per cent liquid
halothane was present in the Pentomatic
chamber.

The total amounts of contaminating anes-
thetic deposition in the downstream vaporizer
during an hour at settings of 2.0 per cent for

one sample.
25 30 35

the Fluomatic and 1.5 per cent for the Pento-
matic were: 27.8 per cent (10.6 ml liquid) of
halothane input to the Pentomatic; in the op->
posite sequence, only 11.5 per cent (3.0 ml©
liquid) of the methoxyflurane input was takeng
up by the Fluomatic. Results obtained using
Pentec and Fluotec vaporizers in this type of S
experiment were similar: 30.5 and 11.0 per
cent deposition, respectively.
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Fic. 3. Rates of ap-
pearance of liquid halo-

ane in a_Pentomatic
charged with methoxy-
Hurane and placed down-
stream from a Fluomatic.
Both vaporizers were op-
erated simultaneously
with 6 1/min oxygen fow
and the following dial
settings for the Fluomatic
and Pentomatic, respec-
tively: e—e, 4.0 per
cent and MAX; A—A,
20 and 1.5 per cent;
H—N, 025 and 0.25
per cent. Each point
represents one sample.

%)

Liquid Halothane Contamination
(voL
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Fic. 4. Rates of ap-
pearance of hquxd me-
thoxyflurane in a Fluo-
matic charged with halo-
thane and placed down-
stream from a Pentomatic.
Both vaporizers were o,
erated sunult;meousY\
with 6 I/min oxygen flow
and the following dial
settings for the Pentomatic
and Fluomatic, respec-
tively: @—@, MAX and
4.0 per cent; A—A, 1.5
and 2.0 per cent; B—n,

0.06 —
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0.25 and 0.25 per cent.
Each point represents one 0
sample.

Liquid Methoxyflurane Contamination
(voro)

Discussion

Measurement of the rate of liquid contam-
ination in the downstream vaporizer gave a
Jow estimate of the total amount of contam-
inating anesthetic absorbed. For example,
during a one-hour experiment with medium
dial settings, 10.6 ml liquid halothane were
deposited in a Pentomatic vaporizer which
injtially contained 125 ml methoxyflurane. At
a 6-1/min oxygen flow, 28 ml of methoxyflurane
should have vaporized during the hour, and the
halothane in the remaining methoxyflurane
should have been 9.9 per cent; yet, as is
evident in figure 3, only 2.0 per cent was ob-
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served in the chamber. This discrepancy®
might be explained by the suggestion of Dorsch§
that halothane (the contaminant) dissolves first:
in the liquid on the wick and slowly equili-'g_
brates with the liquid in the chamber.2 .
Regardless of the source of contamination, lé
is now evident that a methoxyflurane mponzerﬂ’
containing even small amounts of halothaneo
can deliver anesthetic concentrations of lhlS—k
agent in addition to the expected methoxy—
flurane output at a 1.0 per cent setting. =
A vaporizer designed to volatilize a Iow-S
vapor-pressure liquid (methoxyflurane) should®
not be placed in a downstream series position
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relative to higher-vapor-pressure anesthetic va-
porizers (halothane). Also, every precaution
should be tuken to avoid charging a vaporizer
with a higher-vapor-pressure liquid than it was
designed for. If either of these recommenda-
tions is violated, a clinically dangerous situa-
tion may rapidly develop.

A Method for Ultrasonic Measurement of
Blood Pressure in the Adult Leg

Patvr J. Poppens, M.D.,* Howanp M. Hocuserc, M.D..{
E. L. Sciyarzeach §

Measurement of the popliteal blood pressure
frequently has clinical significance. In many
patients with extensive burns or multiple frac-
tures, and during operations on upper extrem-
ities, indirect measurement of the brachial ar-
terial blood pressure is not always feasible.
Coarctation of the aorta and aortic-valve insuffi-
ciency are associated with disproportionate sys-
tolic pressure differences between arm and leg
which should be determined to help confirm
the diagnosis of either condition. It is ad-
vocated that the blood pressures in both the
arms and the Jegs be determined in patients
with hypertension or peripheral-artery dis-
ease.r»*  However, indirect measurement of
the systolic and diastolic blood pressures in the
leg has heretofore been unsatisfactory. The
Korotkoff method is grossly inaccurate?® the
palpatory technique difficult, and the oscillo-
metric approach unreliable.+

° Associate Professor of Anesthesiology, College
of Physicians and Surgeons, Columbia University.

$ Director of Biomedical Research, Roche Med-
ical Electronics Division.

 Rescarch Associate, Department of Biomedical
Research, Roche Medical Electronics Division.

Received from the Department of Anesthesiol-
ogy, College of Physicians and Surgeons, Columbia
University, New York 10032; the Anesthesiology
Service, The Presbyterian Hospital in the City of
New York, New York; and the Department of Bio-
medical Research, Roche Medical Electronies Divi-
sion, Cranbury, New Jersey. Accepted for publi-
cation October 10, 1872. ~ Supported in part by
Grant GM09069 from the Institute of General Med-
jeal Sciences, National Institutes of Health, and in
part by a grant from Roche Medical Electronics
Division, Hoflmann-La Roche Inc., Cranbury, New
Jersey.

CLINICAL \WORKSHOP

Anesthesiology
V 38, No 3, May 1973

References o
1. Murray W], Fleming PJ: Fluotee Mark 2 hal
thane output: Nonlinearity from “off” to 0
per cent dial settings. ANesTiesioLocy 3@
180-181, 1972 s
2. Dorsch SE, Dorsch JA: Cross contamination bé
tween vaporizers in series. Abstracts of ScB
entific Papers, 1971 Annual Meeting, Ames
ican Society of Anesthesiologists, pp 161-16&
©

SOUB/WOD JIBYDIBA|IS ZBSE)/

Ultrasonic kinetoarteriography is a new tecl
nique of indirect blood pressure measurement.®,
Detection of arterial-wall motion forms ity
basis. When brachial arterial pressures wer&
determined, it rivalled the intra-arterial techg;_
nique and exceeded the Korotkoff method i
accuracy.® S The aim of the present stud_vg
was to develop and evaluate ultrasonic kinetog
arteriography of the popliteal artery as
method for the measurement of blood pressure
in the leg.
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An ultrasonic distance-measuring device
was used to determine the depth of the pop%
liteal artery below the skin. All measurements3
were made in the popliteal fossa of the righb?)
leg. The depths ranged from 3.0 to 6.0 cm,3
with 2 mean of 4.3 cm, in 17 adults, 20 to 598
vears old. In nine children and adolescents,§
4 to 13 years of age, the depths ranged fromS
25 to 40 cm, and averaged 3.4 cm. Thisg
information was necessary for the design of2
ultrasonic crystals with an appropriate energy
focus. Two piezoelectric crystals, one a trans-S
mitter and the other a receiver, operating at a<
frequency of 2 MHz, are sealed sepnmtel_v%
into a plastic housing. The beam pattern of
the transmitting crystal and the signal accept-S
ance aperture of the receiving crystal are of 2 3
wide-angle design to provide effective signal >

2

reception from the area of the popliteal artery. =
N

§ Ultrasonic Ranging Device (prototype), Roche o
Medical Electronics Division, Hoffmann-La Roche *
Inc.,, Cranbury, New Jersey.



