Comparison of Concentration of Halothane in Closed

and Semiclosed Circuits During

Controlled Ventilation
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Apkguate halothane anesthesia is maintained
readily in semiclosed systems during  spon-
tancous respirations.  Under these conditions
the patient may absorb halothane at a rate
of 10 ml. of vapor per minute for prolonged
periods without encountering excessive depths
of ancsthesia,  In our experience with semi-
closed halothane anesthesia, using controlled
ventilation, it has been possible to maintain
adequate  anesthesia for  prolonged  periods
where the apparent amounts of halothane de-
livered to the circle were less than 10 ml.
of vapor per minute,  Similarly during con-
trolled ventilation in closed circuit halothane
anesthesia, excessive depths of anesthesia are
encountered under conditions in which the
apparent rate at which halothane vapor is de-
livered into the circle is less than the rate of
absorption by the patient. Because of these
inconsistencies, an investigation of  concen-
trations of halothane in closed and semiclosed
circuits during positive pressure breathing was
undertaken.

Mecthods

The ages of patients studied ranged from
22 to 82 vears, and their weights varied from
40 to 84 kg, The time required for the surgi-
cal procedures ranged from one half to twelve
hours, and included simple gynecological ex-
aminations and radical neck dissections.  The
studies included values obtained  prior  to,
during, and following the surgical procedure.
All ancstheties lasted at least one hour.

Patients were premedicated with 4 to 10
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mg. of morphine sulphate and 0.1 to 0.4 mg.
of atropine sulphate one hour prior to the
induction of anesthesia.  Induction of anes-
thesia was usually accomplished with 200 to
400 mg. of thiopental and tracheal intubation
was usually facilitated with 40 to 60 mg. of
succinylcholine  injected  intravenously.  In
three patients, tracheal intubation was accom-
plished with meperidine analgesia and topical
lidocaine.

Additional 50 mg. doses of thiopental were
administered as required to maintain  ances-
thesia during the initial transition to closed
circuit halothane anesthesia.
trocardiograms were monitored in most cases.
Blood pressures were obtained periodically by
auscultation.

A circle svstem consisting of a Ventimeter
bellows assembly, Ohio Model 22 carbon di-

Continuous elec-

oxide absorber, and Y-picce with valves was
attached to the endotracheal tube. Halothane
vapor and oxygen were delivered into the
cirele at the absorber from a Fluotee Mark 11
vaporizer.

Ventilation was controlled by a Bird Respi-
rator connected to the chamber surrounding
the Ventimeter bellows.  The minute volume
was initially adjusted to permit the patient to
trigger the ventilator during light anesthesia.
The minute volume was subsequently adjusted
to maintain respiration near the apneic thresh-
old. Under these conditions the patient auto-
matically alternated between periods of assisted
and controlled ventilation.?

A tuberculin syringe was used to obtain
1 ml. gas samples from the inspiratory, ex-
piratory, and delivery hoses.  The samples
were withdrawn through a hypodermic needle
attached to a three-way stopeock.  Initially
samples were obtained at one minute inter-

vals.  After the first thirty minutes of anes-
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thesin, samples were taken at five minute
intervals.

An F and M Model 300 gas chromatograph
was used to analvze the gas samples. A nine-
foot long. one-gquarter inch diameter column,
packed with the domestic detergent, “Tide,”
(30-60 mesh) and maintained at 100° C,
separated the expired gases from the halo-
thane. The carrier gas consisted of helium
at a flow rate of 73 ml. per minute.  The
height of the halothane peak on the chromato-
gram was found to be direetly proportional
to the concentration of halothane vapor. The
gas chromatograph was calibrated for halo-
thane using standard mixtures of halothane
vapor in oxvgen prepared in evlinders under
pressure.*  Gas chromatography has proved
to be a versatile method for analyzing the
gas and vapor mixtures encountered during
anesthesia research.?

The milliliters of halothane vapor absorbed
per minute was caleulated from the difference
in the mean inspiratory and expiratory concen-
trations based on the calenlated alveolar ven-

tilation.  They are at best approximations.

Results
A series of 18 patients were anesthetized

for periods of from one to twelve hours. In

Case 1.

four cases a semiclosed svstem was emploved,
for the rest o closed system was used, Two
representative cases using cach system will be
discussed in detail, '

Case 1 (Fig. 1Y, This 72 vear old woman
After
induction of anesthiesia with  thiopental and
intubation of the trachea with the aid of
succinvlcholine, the oxvgen flow was set at
The Fluotee dial was set

was operated on for an ovarian tumor,

500 ml. per minute.
at 3 per cent. The ventilation was held con-
stant at 60O ml. twelve times per minute and
The
alveolir ventilation was estimated to be 3.6
After 87 minutes of anesthesia,

required pressures of 20 em. of water.

liters ‘minute.
the Fluotee dial setting was reduced to 1
per cent for 10 minutes, then maintained at
a 0.3 per cent setting for the final 20 minutes
of anesthesia. It should bhe noted that the
delivered  concentration at 0.3 per cent dial
setting was higher than that obtained at the
1 per cent dial  setting.  Approximately
9 ml. of liguid halothane was used during
two hours of uancsthesia.  The patient was
absorbing approximately 17 and 1+ ml of
halothane vapor per minute at SO and 100
minutes, respeetively,

Hypotension was observed during the initial
admiuistration of halothane and again after
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87 minutes of ancsthesia. Mephenteramine,
60 mg., administered intravenously resulted
in an immediate blood pressure rise in both
instances.

When the halothane was shut off at the
end of operation and the oxygen flow in-
creased to 4 liters per minute, the concentra-
tion of halothane in the circle fell below 0.2
per cent within six minutes and the expired
concentration rose above the inspired con-
centration.

Case 2 (Fig. 2). A radical mastectomy was
performed on this 48 year old woman.  The
patient’s trachea was intubated with the aid
of meperidine analgesia and 2 per cent lido-
caine applied topically.  The oxygen flow
was set at 4 liters per minute. Halothane
was administered at a dial setting of 2 per
cent for seven minutes.  Ventilation was held
constant at 700 ml, twelve times per minute,
and the alveolar ventilation was estimated to
be 4.5 liters/ minute.  Pressures of 13 to
18 e¢m. of water were required. The patient’s
blood pressurc fell from 140,/80 to 80/50.
The Fluotee was reset to 1 per cent and
45 mg. mephenteramine was  administered.
The blood pressure promptly rose to 120/80.
Ancsthesin was continued at a 1 per cent
Fluotee setting for the next two hours. At
this time the Fluotee was reset to 0.3 per cent
for 50 minutes and the anesthesia completed
at a dial sctting of 0.1 per cent for the re-
maining 10 minutes. It should be noted that
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centrations of halothane was not observed at
dial scttings of 0.5 and 0.1.  The changes
in the concentrations on changing from a dial
sctting of 1 to 14
the Fluotee having been inadvertently turned
off for a few minutes. Little difference

exists in the delivered concentration of halo-

per cent are ascribed to

thane at dial settings of 0.5 and 1.0. Ap-
proximately 30 ml. of liquid halothane were
used during three hours of anesthesia.  The

patient absorbed approximately 13 ml. of ha-
lothane vapor per minute during the first two
hours and 5 to 7 ml. of halothane vapor per
minute during the final hour of anesthesia.

Case 3 (I'ig. 3). This 30 year old woman
with metastatic carcinoma of the breast had a
bilateral oophorectomy.  Ancsthesia was in-
duced with thiopental and the trachea intu-
bated with the aid of succinylcholine.  The
oxygen flow was set at 500 ml. per minute.
The Fluotee dial was set and maintained at
3 per cent for the entire anesthetic.  Venti-
lation was maintained constant at 750 ml. ten
times per minute, pressures of 20 em. of water
were required. The alveolar ventilation was
estimated to be 4 liters/minute.  Although the
patient’s blood pressure remained within 20
mm. of mercury of preanesthetic values, the
auscultory sounds and pulse becane weak
toward the end of anesthesin.  This situation
was not improved by administration  of
mephenteramine.

A total of 6 ml. of liquid halothane was

a significant difference in the delivered con-  used.  The patient was absorbing  approsi-
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mately 13 ml of halothane vapor per minute
after two hours.  When the Fluotee was shut
oft and ventilation in the closed svstem main-
tained, the
thane  fell

within  ten

of
its

concentration
to onc-half former
minutes. the  circuit
volume plus residual Tung volume to be 8
liters, the
the circle system approximates 8 ml, of vipor

inspired  halo-
of value

Assuming
rate of climination of halothane from
per minute.

Case (Iig.

\\'it]] carcinoma ()f

4). This 33 vear old man
the left cheek had a left
radical neck  dissection,
tomy,

superficial parotidec-
and resection of the left temporal and
preauricular arcas.  Anesthesia was  induced
and with thiopental and the trachea intubated
with the aid of succinylcholine.  The oxygen
How was adjusted to 4 Titers per minute. The
Fluotee vaporizer was set at 3 per cent for
three minutes and reduced to 2 per cent for

17 minutes. Maintenance was continued for
approximately three hours at a dial setting
of T per cent. Except for a 30-minute inter-

val at a setting of 0.25, the Fluotee was left
at a setting of 0.5 for the of the
procedure.  Ventilation was held constant at
800 ml. twelve times per minute.
of 25 em. of water were required,
lar

remainder

Pressures
The alveo-

ventilation  was estimated  at 68 liters/

Case 3,

minute.  Systolic blood  pressures  remained
between 130 and 100 mm.  of mercury
throughout the anesthesia,  Approximately 86

ml. of liguid halothane were  required  for
cight hours of anesthesia.  The patient ab-
10 ml. halothane vapor per
minute during the first four hours of anes-
thesia and less than 4 ml. vapor
per minute during the remainder of the anes-
thetic. The
at dial
is  considerably

sorbed about
of halothane

of halothane deliv-
0.25, 0.5, and 1.0
that indicated
on the vaporizer calibration chart. When the
Fluotee was shut off, the inspired and expired
concentrations ot halothane fell rapidly  and
the expired  concentration of halothane  ex-
ceeded the inspired concentration.

The Effect of Pressure on Vaporizer Per-
formance.

pereentage

cred settings  of

higher  than

FFrom the previous figures, it can
be seen that, in the closed cirele system, dur-
ing  controlled the  concentration
of halothane vapor delivered by the Fluotee
vaporizer is considerably higher than that in-
dicated the vaporizer dial or calibration
graph.  The Fluotee Mark T vaporizer was
checked for
fucturer,
in table
The

ventilation,

on

gas flows by the manu-
The (‘.l]ll)l.lh()l] obtained is shown

steady

halothane  concentrations were meas-

20z Iudy 60 uo 3sanb Aq jpd-z0000-00050296 |-Z¥S0000/6 L 9082/ 162/€/€C/HPd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Volume 23
Number 3
ured with a Rayleigh Refractometer as de-
seribed by Hills The Mark II Fluotec has,
unlike the Mark I, been deliberately designed
to give high concentrations at a steady flow
rate of 500 ml/minute for use with circle
svstems. 1t is apparent that the vaporizer
was giving the output concentration intended
by its manufacturer. The fact that the con-
centrations arc high at the 3, and 1 per cent
settings when the Fluotee feeds into a closed
circle system is due to the back pressure
exerted on the vaporizer by the ventilator.
This effect was investigated further by substi-
tuting a Pulmonator type rubber bag for the
patient in the circle system.  The pressure
inside the Fluotee was measured by inserting
a plastic tube into the drainage outlet, and
observing the changes in the halothane levels.
The manometer showed that the Fluotec
attained an inside pressure equal to the circle
pressure measured on an aneroid manometer
counccted to the carbon dioxide absorber.
The cffect of the circle system pressure on the
vaporizer output is shown in table 2. An
average flow rate of 500 ml. per minute of
oxvgen passed through the Fluotec.

The results show that the main effect has
oceurred when a mean circle pressure of 20

COMPARISON OF CONCENTRATION OF HALOTHANE
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n

Calibration of Mark LI Fluotee by
Rayleigh Refractometer*

TaBLE 1.

Fluotee Hulothane
Gias Flow Rate Dial Setting (Per Cent v, 'v)
Air, 500 ml./minute 4.0 5T
3.0 3.3
2.0 1.1
1.0 0.5
0.5 0.2
Air, 4 L./minute 4.0 3.96
3.0 298
2.0 2.08
1.0 0.99
0.5 0.-19

* Figures supplicd by manufacturer, Cyprane,
Ltd., Buffalo, New York.
em. of water is reached.  Increasing the pres-
sure to 30 em. of water produces little further
change in the Fluotee output concentrations.
The time for which the pressure was applied
was lengthened by increasing the inspiration
This did not
marked

time from one to two seconds.
alter the concentrations to any de-
gree. A competent one-way valve was then
inserted between the circle system and the
outlet tube from the vaporizer. The vaporizer
output concentration for various average oxy-
gen flow rates through the vaporizer are
shown in table 3.
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TansLe 2. Effeet of Cirele Pressure and Inspiratory
Time on the Fluotee Mark 1T Output.  Oxygen
flow equal 1o 500 l. per minute.

Fluotee  Halothane
Cirele |n~|v|| ory Respiritory Dial i Coneen-
Pressure Tune . Rute \nlnnl' | tration
i [RAPIR \): o)
10 em. H-() I second | HO/minute 0.5 0.9
‘ 1.0 1.7
1 2.0 2.
. 3.0 3.1
; ; 1.0 a7
20 em. HoO § § second l()/minutv‘ 0.5 2.7
1.0 2.5
2.0 3.1
3.0 4.1
4.0 a8
5()<m H‘() | second | 10/minute ().) 3.2
1.0 2.6
2.0 3.1
3.0 4.1
4.0 6.0
30 em. HoO | 2scconds| 10/minute] 0.5 1+ 2.9
1.0 2.0
2.0 3.7
3.0 11
4.0 5.2

The action of the onc-way valve is to
slightly reduce the discrepaney between the
dial setting and the measured concentrations.
It is seen that the discrepancy
duced at an oxygen flow rate of 4 liters per
minute. At a flow rate of 500 ml. per minute
reducing the dial setting from 1 to 1, per
cent actually inereases the output concentra-
tion.  An

is greatly re-

increase in respiratory  rate  from
10 to 20 per minute produced little change
in output concentration for any dial setting.

A second Fluotee vaporizer was tested and
this produced results similar to the first.

A ‘copper kettle’ type vaporizer was con-
nected to the circle system in place of the
Fluotee.  The mean circle pressure was 20
em. of water and the respiratory frequeney
10 per minute.  With an oxygen flow through
the ‘kettle” of 75 ml. per minute and a bypass
flow of one liter per minute, the output con-
centration was 3.5 per cent halothane.  On
disconmecting the “kettle” from the circle svs-
tem, the output concentration fell to 2.7 per
cent. For use under semiclosed circle condi-
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‘kettle’ flow was inereased to 120
ml. per minute of oxygen and the bypass flow

to four liters per minute.

tions, the

The output con-
centration when the vaporizer was connected
cent and when it
The effect of
the pressure in a closed circuit is thus qlut(U
marked with this tvpe of vaporizer,

to the circle was 12 per

was disconnected 1.4 per cent.,

Discussion

The poteney of halothane increases the ris
of employing this auesthetic in closed systemss
Analytical methods for determining halothan
concentrations are relatively recent. Robsons
ct al> employed an infrared analyzer.  Theig
results indicated that when 500 ml of 3 peg
cent halothane vapor were delivered into thé
cireuit, the inspired halothane (unu‘ntl.ltima

dﬁﬁ W01} PSPEOJUMO|

e//:

2181 ||s%es

slowly inereased during the first hour, b(‘c.lméﬁ
constant, and did not exceed 1.5 per ccng
(v,v). Fabian, et al® showed that the mg
. . o
spired  halothane  concentration rose  to ong
half of the apparent delivered (()ncontmhm%
in approximately one hour.  These mvcstxg.lu
. N

tions show that the mspn(d concentrations are
predictable. Individual patients exhibit quitd&
. . o
variable cardiovasculur responses and may nog
tolerate a  particular
In order

0/

inspired  concentrationS

00i

to vary the cireuit concentrations, ig
is essential to accurately know the d(]iwwd'g
halothane concentration. It is apparent (t .1])](%
I and 2) that the Fluotee calibrations f()§
free flow are substantially different from t11()5(8

(4

obtained in a closed circle emploving cmm
trolled or assisted respirations.  Further, 1(!;
ducing the dial setting fails to decercase thié
delivered concentration until the vaporizer i¢
actually  turmned  off,
aporizers should  be

These peculiarities of
understood  before at§
tempting to employ them in closed circuitss
It is quite possible that many of the difficultie
cncountered in the past, during closed cireuit
halothane anesthesia, are attributable to circle
pressure effeets on vaporizers.™* Closed cirele
halothane anesthesia should present no prob-
lems with respect to excessive depths of anes-
thesia if the vaporizer is turned completely off
when clinically indicated.  Reducing the dial
setting to values lower than 2 per cent (0.1
to 2.0 per cent) can produce disastrous results



Volume 23
Number 3
if one is under the impression that the halo-
thane concentration is being reduced.

At dial settings of 0.5 and 1.0 per cent in
semiclosed (4 1. ‘minute) circuits, controlled
ventilation increases the concentration of de-
livered halothane significantly (table 3). Thus
at a Fluotee dial setting of 0.5 per cent the
delivered concentration during controlled ven-
tilation was 1.1 per cent, and at a dial setting
of 1.0 the delivered concentration was in-
creased to 1.4 per cent. Smith and Volpitto ®
calibrated their Fluotee under conditions of
free flow from the vaporizer and transposed
these calibrations to past anesthetic records
where assisted or controlled ventilation was
used routinely.  Under these conditions we
have never observed delivered concentrations
(table 3 and case 4) of less than one per cent
at any dial setting (other than the off
position).

The effeet of cirele pressure on the de-
livered halothane concentrations is ascribed
to the pressure phase forcing additional oxy-
gen into the vaporizing chamber of the Fluo-
tee.  Since the internal volume of the Fluotee
is 600 ml., a Boyle's Law calculation shows
that it is theoretically possible for the vapor-
izer to accept an additional 12 ml. of oxvgen
per breath when the cirele pressure is 20 em.
of water (1/50 atmosphere) and  pressure
equilibrium throughout the system is achieved.
In practice all this additional oxvgen does
not become saturated with halothane.

The additional oxvgen foreed through the
vaporizer, whatever the mechanism, is greater
at 4 1./minute than at 300 ml. per minute
at a dial setting of 0.3 and 20 ¢m. of water
intermittent cirele pressure. Thus at 4 1./
minute, 44 additional milliliters of O, pass
through the vaporizer per minute; and at 500
ml. per minute, 26 additional milliliters of oxy-
gen per minute pass through the vaporizer
(caleulated from tables 1 and 2). The actual
increase in vapor pressure {or per cent) of
halothane delivered was less at 4 1L/minute
than at 0.3 1L/minute. Since the vapor pres-
sure of the inspired halothane determines the
depth of anesthesia, the closed civenit is po-
tentially When  signs of
cardiac irregularity, hypotension, or depressed
respirations are observed the Fluotee should
be turned off, the cirele system flushed with

more (I&lllg(‘l’()!l.\'.
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TABLE 3. Vaporizer Output Concentration for
Various Average Oxygen Flow Rates

Delivered Coneentration
(Per Cent)
Average Oxygen !
Flow Rate [ T
0.5 2 4
L., minute I/ minute | L./minute

05 IR
1.0 25 | 1o Doaa
Fluotee - —— ——- - -
Dial ;20 31| 27| 22
Setting - - — - - — ‘ - -
‘ 30 3% 1 36 | 3
RN T ‘ 10

Respiratory rate, 10; inspiratory time, 2 sceonds;
mean cirele pressure, 20 em. of water; one-way valve
connected.

oxvgen and assisted ventilation  continued.
The dial setting should never be merely re-
duced because the delivered concentration is
actually increased rather than lowered.

The effect of intermittent circle pressure on
the vaporizer output was climinated by the
installation of a needle valve between the
vaporizer and the circle.®  An ancroid ma-
nometer was inserted between  the needle
valve and the vaporizer. At any selected oxy-
gen flow rate the needle valve was adjusted
to maintain the pressure within the vaporizer
30-40 cm. of water above the circle pressure.
Under these conditions the Fluotee delivered
halothane concentrations (v/v) in accordance
with the calibration curves issued by the
manufacturer.  This pressurized vaporizer is
currently being evaluated during closed circle
halothane anesthesia.

Summary

The delivered, inspired, and expired con-
centrations of halothane in closed and semi-
closed circuits during assisted and controlled
ventilation were measured by means of gas
chromatography. A Fluotee Mark 1T vaporizer
was used outside the cirele system. The halo-

° Cyprane, Ltd., Kieghtley, Englund, have re-
cently designed a “lever” valve which muaintains
the pressure within the vaporizer at 30 em. of
water above circle pressures.  The valve ¢limi-
nates circle pressure cffects on the vaporizer
output.
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thane concentrations  delivered  were  signifi-
cantly increased above the per cent indicated
on the calibration curves and resulted from
pressure fluctuations within the circle.

During closed  circuit anesthesia, constant
inspired and expired halothane concentrations
After two
to three hours of stable anesthesia, the expira-
tory concentration  increased  and
gradually approached the constant inspiratory
halothane concentration.  Apparent absorption
rates fell from 10-15 ml. of halothane vapor
per minute to 4-8 ml. of vapor after three to
four hours of anesthesia.

were obtained within one hour.

halothane

This rescarch was supported in part by the
National Institutes of Health, Public Health Serv-
ice, Grant B2845(R1) and the American Cancer
Socicty, Grant IN-54-Al2.
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Request for Reprints

The research library of the Institute of Experimental Medicine and Surgery of
the University of Montreal has suffered extensive losses owing to destrmction by fire.
In attempting to rcbuild our library, we should like to ask the readers of
ANEsTHESTOLOGY to send us all available reprints of their work, especially those

dealing with Endocrinology and Stress.

At the same time we wish to point out that our permanent mailing list was also
destroyed; hence we shall be able to send reprints of our own publications only to

those who write for them.

Haxs Senyve, M.D., Pu.D., Professor and Director
Institute of Experimental Medicine and Surgery
University of Montreal

P. O. Box 6128, Montreal 26, Canada
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