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Humidification of the Circle Absorber System

Jack CHALON, M.D.,* CHANDRAKANT PATEL, M.D.,T Sivam RamMaNaTHAN, M.D.,} HErRMAN TurNDORF, M.D.§

The circle absorber system is a commonly used
anesthesia circuit capable of functioning efficiently
with both high and low fresh gas inflows (10 to
0.5 I/min). However, when one reviews its construc-
tional characteristics, it becomes obvious that the
primary intent of the designer was to prevent
reinspiration of carbon dioxide, and that the moisture
content of inspired gas is left to chance. Several
investigators have tried to increase the humidity out-
put of the system through the addition of electri-
cally or chemically heated vaporizers,'? by introducing
fresh gas inflow (FGI) directly into the soda lime
canister,” or by using coaxial inspiratory and expira-
tory limbs.* While each of these methods has proved
successful in increasing the humidity of inspired gas,
nonc has eliminated the wasteful loss of heat and
moisturc that takes place in the channels connecting
‘the soda lime canister to the inspiratory dome valve.
A circle system (patent pending) was designed to
minimize this loss of warmth and humidity. The circuit,
and the methods employed to regulate its humidity
output, are described.

METHODOLOGY

A modified circle absorber system (MCS) was con-
structed by introducing a 25-cm copper pipe (18 mm
ID) through the center of the lid of a North Ameri-
can Driiger circle absorber canister (fig. 1). The pipe
passed through the center of the canister and ended
in the compartment immediately below the soda lime.
A short L-shaped pipe bearing a pressure-release
valve and an anesthesia bag connector was introduced
through the side wall of the canister at its bottom
end. An inspiratory dome valve was inserted on the
top of the pipe passing through the center of the
canister. A coaxial breathing circuit,* 90 cm long,
was then connected to the canister. The inner
inspiratory tube conveyed gas emerging from the in-
spiratory dome valve to the patient end of the circuit.
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The outer expiratory tube was connected at its
machine end to the expiratory dome valve of the
system by means of a short corrugated tube. Fresh
gas inflow was introduced into the circle by either
of two inflow ports: one in the lid of the canister
(high-humidity port), and the other in the inspira-
tory dome valve (low-humidity port). Anesthetic gas
delivered to the patient was humidified by two distinct
processes: 1) biologically since the warm gas exhaled
by the patients between the coaxial tubes heated the
inspired stream, thus preventing rainout from warm
humid inspired gas and causing vaporization of drop-
lets nebulized at the inspiratory dome valve,* and 2)
chemically through the reaction of neutralization of
the soda lime by carbon dioxide. During expiration,
condensation of water occurs in the compartment of
the canister situated below the soda lime, but during
inspiration, gas rich in water vapor and water drop-
lets is rehumidified during its passage through the
central tube, which is heated by the reaction of
neutralization.

The system was tested on a model patient® and
on cight anesthetized patients.

Laboratory Study

The model patient used is depicted in figure 2.
The patient end of the coaxial tubing described in
figure 1 is at the left in figure 2. A short cor-
rugated tube containing a hygrosensor, electrically
connected to a HygrodynamicsY electric hygrometer
indicator, was inserted between the inspiratory limb
of the MCS and a Y-piece. A 5-liter anesthesia
bag, receiving carbon dioxide through its tail from a
calibrated metered source, was attached to the vertical
limb of the Y-piece. The remaining limb of the Y-
piece was connected by means of a second corrugated
tube to the inlet port of a Cascade** humidifier.
The outlet port of the humidifier was connected to
the expiratory tube of the circuit by means of a
third corrugated tube attached at its patient end.
Thermistor probes connected to a multichannel tele-
thermometer were inserted: 1) in the inspiratory limb
of the circuit near the hygrosensor, 2) at the junc-
tion of the tube connecting the outlet of the humidifier
to the expiratory limb of the circuit, and 3) in

1 Model 15-3001. Hygrodynamics, Inc. Silversprings, Maryland.
#* Bennett Respiration Products, Inc., Santa Monica, California.
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FiG. 1. Modified circle absorber system
(MCS): B/V = anesthesia bag or ventilator;
P.O. = pressure-release valve on L-shaped
tube; EDV = expiratory dome valve; IDV
= inspiratory dome valve; FGI = fresh gas
inflow port in the lid of the canister (a
fresh gas inflow port inserted into the in-
spiratory dome valve is not shown); CT
= coaxial breathing tubes.
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ambient air. Ventilation was ensured by an Air-
shields Ventimeter ventilator. The thermostat of the
Cascade was regulated to maintain the temperature of
the gas reaching the expiratory limb at 32 x 0.6 C
(mean temperature measured in the endotracheal
tubes of ten anesthetized patients at the level of the
incisor teeth). The anesthesia bag of the model
was its lung, the CO, blown into the tail of the
bag represented metabolic production, and the
humidifier introduced exhaled water vapor into the
circuitry,

Fic. 2. Model patients used in the laboratory: CT =
patient end of coaxial tubing; HS = hygrosensor; EHI
= clectric hygrometer indicator; B = 5-liter anesthesia bag;
Y =Y piece; CH = Cascade humidifier; MCTT = multi-
channel telethermometer; T, Ta, Ty = thermistor probes.
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Three sets of experiments were conducted to study
the humidity output of the MCS in relation to time:
1) with fresh gas inflow (FGI) introduced into the
inspiratory dome valve at a rat¢ of 5 l/min, V¢,
200 ml/min, V, of 500 ml, and f 12/min; 2)
with FGI introduced directly into the lid of the
canister, using the same V¢, FGI and ventilatory
settings; 3) using settings similar to those in experi-
ment 2, but reducing FGI to 1.5 I/min. In addition,
the humidity output of the MCS was compared with
that of a regular Driger circle system and assessed

MCTT Ty

T

EXPIR. HS

EHI

o,

20z Iudy 61 uo 3sanb Aq ypd‘| 1L000-000208.6 L-Z¥S0000/LE0EZI/TY L/Z/8/HPd-01o1n1e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



144

351

PREVENTS HEAT LOSS

CLINICAL REPORTS

Anesthesiology
V48, No 2, Feb 1978

T SATURATED AT 23°C

Fi. 3. Humidity output of the regular circle
system compared with that of the modified circle
absorber system (MCS) in refation to time. Curve |
= regular circle system (FGI =5 l/min, V=500

MINIMUM RECOMMENDED

ml, = 12/min, V(;(,, =200 ml/min); Curve 2
= modified circde system (MCS) using same gas
inflows and ventilatory rates with FGI introduced
at the inspiratory dome valve; Curve 3 = MCS
using same gas flows and ventilatory settings but
with FGI introduced at the lid of the canister;
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Curve 4 = MCS using same ventilatory settings and
Veo, as for Curve 3 but with FGI reduced to
1.5 I/min. Brackets indicate mean =1 SD, n =5.
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by the method of Chalon et al.,® using FGI 5 l/min,
V, 500 ml, V¢o, 200 ml/min, and f 12/min. The
resistance of the MCS was also compared with that of
the regular circle system at flow rates of 10, 20, 40, 60,
80 and 100 l/min. Finally, the temperature in the
inspiratory limb of the circuit was measured at
various distances from the patient end, at the termina-
tion of experiment 2. All experiments were repeated
five times and results expressed as mean (+ 1 SD) of

6-
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Fi6. 4. Temperature elevation above ambient in the inspira-
tory tube of the modified circle absorber system (MCS) at
various distances from the patient end, at stabilization with the
fresh gas inflow introduced into the lid of the canister, Brackets
indicate mean values = 1 SD, n = 5.
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individual measurements. Statistical significance was
assessed by Student’s t test for values obtained with
the MCS and the regular circle system.

Clinical Study

Eight consenting patients underwent general endo-
trachael anesthesia utilizing the MCS. They included
two men and six women, ranging in age from 34 to
74 years, and weighing 42 to 84 kg. The mean
duration of operation was 275 + 77 minutes. Anes-
thesia was induced with thiopental (3 mg/kg) and
succinylcholine (1.5 mg/kg) intravenously, and main-
tained with nitrous oxide in oxygen supplemented
with 0.5 to 1 per cent halothane or d-tubocurarine
and a narcotic. Arterial blood-gas tensions were meas-
ured 15, 45, 90, 135, and (when relevant) 180 minutes
after onset of anesthesia. Inhaled gas humidity and
temperature were measured on an electric hygrom-
eter indicator and telethermometer connected to a
hygrosensor and thermistor probe inserted at the pa-
tient end of the inspiratory limb of the system.
FGI was directed into the circuit through the high-
humidity inflow port, at flows of 4.5+ 0.5 I/min.
Ventilation was maintained automatically with tidal
volumes of 10 ml/kg, 10 times per minute. The
esophageal temperatures of all subjects were con-
tinuously recorded.

ResuLts
Laboratory Study

The humidity output of the MCS (fig. 3) was con-
sistently higher than that of the regular circle system
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F1c. 5. Humidity output of the modified circle ab-
sorber system during clinical use on cight patients. The
brackets indicate mean values + 1 SD.
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when similar FGI’s and respiratory settings were used
with the FGI introduced into the inspiratory dome
valve. At the onset of experimentation absolute in-
spired humidities were 9 * 0.7 mg H,O/l and 6 = 0.8
mg H,O0/], respectively. Humidity output increased
gradually in both circuits, reaching 17 £ 2 mg H,ON
for the MCS and 10.1 = 1.6 mg H,O/1 for the regu-
lar circle system. When FGI was introduced directly
through the soda lime of the MCS, its humidity out-
put was much higher. It started at 12.2 £ 2.5 mg
H,O/l and reached and stabilized at 27 £ 2.5 mg
H,O/l after 120 minutes of use. Reducing FGI to 1.5
I/min produced a higher original humidity (15* 1
mg H,O/1), but at stabilization after 90 minutes of
use, the humidity output was very similar to that
obtained with a higher FGI (28 + 1.5 mg H,O/l).
Measurement of inspiratory limb temperatures at
various distances from the patient end of the system
at the termination of experiment 2 (fig. 4) showed
5.95 + 1 C above ambient temperature 10 cm’ from
the patient, with temperatures diminishing ex-
ponentially as the distance from the patient increased,
reaching 3 =1 C at 90 cm.

The resistances of the MCS and regular circle
system were almost identical. Both were of the order
of 0.05 cm H,O/l/min at flows of 10, 20, 40, and 60
Vmin, and 0.1 cm H,O/l-min at a flow rate of 100
l/min.

Clinical Study

The humidity output of the MCS during anes-
thesia was very similar to that seen in the labora-

SATURATED AT ROOM TEMP: (20-2 £0-2 *C)

120 180

TIME (MINUTES)

tory when one takes into account differences in
ambient temperatures (mean ambient temperatures
were 23.2 + 3.9 C in the laboratory and 20.2 = 0.2C
in the operating room). Al the onset of anesthesia
(fig. 5), inspired gas contained 17.6 + 0.5 mg H,Oll.
Humidity increased steadily, reaching 24.75 * 0.6 mg
H,O/1 after 150 minutes.

The arterial blood-gas tensions of all patients re-
mained within acceptable limits. The mean reduction
in temperature sustained by patients anesthetized
using the MCS was 0.3 £ 0.15 C, which was signifi-
cantly lower than the temperature reduction sustained
by eight patients anesthetized with the regular circle
system and undergoing similar operations (1.5 = 0.5
C), P < 0.0005.

Di1scusSION

The high inspired moisture content of gas delivered
by the MCS was confirmed by the fact that fogging
of the inspiratory dome valve was noticed both dur-
ing anesthesia and in the laboratory after approxi-
mately an hour of use. Fogging of the expiratory
dome valve during anesthesia with the regular circle
system is common, but fogging of both valves is
never seen with that system unless a water vaporizer
is introduced in the gas delivery line. The minor
reduction in body temperature sustained by patients
placed on the MCS also attests to its ability to prevent
heat loss from the lung because ol its high humidity
output.

The higher humidity output of the MCS in the
laboratory was due to the fact that ambient tempera-
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ture was higher than that in the operating room by
approximately 3 C. However, the increases above
saturated humidity at room temperature were very
similar in the two settings (7.5 mg H,O/l in the
laboratory and 7.25 mg H,O/l in the operating room).

The soda lime used in all our experiments was
Soda-Sorb,tt, which probably accounts for the low
stabilized humidity output of the regular circle sys-
tem compared with values obtained in a previous
study conducted with barium hydroxide lime USP.5In
fact, temperatures in the center of the canister did
not exceed 34 C in the present study, whereas they
were of the order of 42 C when barium hydroxide
lime was used. This no doubt indicates that we could
have obtained even higher humidities in the present
study had we used a different type of lime.

A loss of humidity still occurs in the unheated
portion of the MCS, which includes the part of the

+1+ Dewey and Almy Chemical Division, W. R, Grace & Co.,
Cambridge, Massachusetts.
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tube in the cénter of the canister that emerges above
the lime (fig. 1), the inspiratory dome valve, and its
connection with the circuit. It is obvious that water
of condensation occurs in this area, since we noticed
fogging of the inspiratory dome valve in all our
experiments. Thermally insulating that section would
no doubt increase the humidity of inspired gas.
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Anesthesia-induced Rhabdomyolysis in a Patient with Duchenne’s Muscular Dystrophy

EpwarDp D. MILLER, JRr., M.D.,* DoNALD B. SanpErs, M.D.,} Joun C. RowLinGson, M.D.,k
FreDERIC A. BERRY, JR.,, M.D.,.§ MicHAEL D. Sussman, M.D.,f RoserT M. EpsTEIN, M.D.#*

Tachycardia during general anesthesia is a non-
specific response of the body to a variety of stimuli.
Pain, hypercarbia, hypoxia and pyrexia are important
differential diagnoses that must be considered when
tachycardia occurs. We report a case in which a young
child in whom severe tachycardia with multifocal
premature ventricular contractions developed was
subsequently found to have acidosis, hypercarbia,
myoglobinuria, and markedly elevated creatinine
phosphokinase, without an elevation in body tempera-
ture or evidence of increased heat production. Sub-
sequent clinical investigation and muscle biopsy re-
vealed that the patient had Duchenne’s muscular
dystrophy.
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REPORT OF A CASE

A 4-year-old boy, an only child (20 kg), was scheduled for
elective calcaneal ostecotomy to repair “flat feet.” Halothane
anesthesia given without the use of succinylcholine for tonsil-
lectomy at another hospital four months previously had been
uneventful. The child was brought to the operating room without
premedication. Rectal temperature prior to operation was reported
to be 36 C. Induction of anesthesia by mask through a circle
system with CO, absorber with halothane, N,O and oxygen was ac-
complished without difficulty in this cooperative child. A #20
intravenous line was established. The heart rate was 120/min,
with normal sinus rhythm. Succinylcholine, 20 mg, was adminis-
tered. Rigidity was not seen, and ventilation was controlled briefly
with 1.5 per cent halothance (Driger Vapor vaporizer) and oxy-
gen. Insertion of the laryngoscope resulted in a transient slowing
of the heart rate to 70/min, and 0.1 mg atropine was given.
The heart rate then returned to 120/min. The larynx was dif-
ficult to visualize but muscular relaxation seemed adequate. After
two attempts at intubation, the succinylcholine effect had worn
off, and the child breathed spontanecusly. Heart rate was 120/
min. A second dose of succinylcholine (20 mg) was adminis-
tered after an additional 0.2 mg atropine, and a #5 orotracheal
tube was inserted. The breath sounds were equal over each
hemithorax.

The surgical preparation of the patient began approximately
20 minutes after induction of anesthesia. Manual ventilation with
50 per cent N,O and 2 per cent halothane did not slow the
pulse rate of 140/min. Oropharyngeal temperature was 36.6 C.
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