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Ar present there are two methods in common use of administering
anesthesia by an apparatus, the closed system technique with complete
rebreathing and the semiclosed system technique with partial rebreath-
ing. Both of these methods present certain hazards to the anesthetized
patient. These hazards can be avoided by the use of a nonrebreathing
method of anesthesia.

In any closed system with a carbon dioxide absorber the following
hazards exist: (1) increased respiratory resistance; (2) accumulation
of water vapor in the inspired gases; (3) increased temperature of the
inspired gases; (4) possible increase of the arterial carbon dioxide con-
tent, and (5) dilution of the gases in the reservoir bag by nitrogen,
carbon dioxide and water vapor.

All of these hazards exist as well with the semiclosed system and
partial rebreathing, although to a lesser degree. In addition, certain
anesthetic agents are incompatible with the use of the carbon dioxide
absorber technique.

Increased Resistance: In a closed or semiclosed system a negative
pressure develops within the mask during inspiration and a positive
pressure during expiration. Resistance to the passage of gases raises
the pressure values in either negative or positive phases or both. It is
from 2.5 to 3 mm. of water in the to-and-fro system and from 5 to 8
mm. in the circle system (1). Itisinfluenced by the size of the apertures
between masks, canisters, breathing bags, intratracheal tubes, size and
shape of canisters, length and type of connecting tubing, construction
and type of valves and size of granules of absorbent. The narrower
the diameters and the longer the conduits are, the greater is the re-
sistance; the wider the diameter and the shorter the conduits, the
smaller is the resistance. Increased resistance means increased effort
on the part of the patient. The patient at the extremes of age with his
poorly developed muscles is frequently unable to overcome this re-
sistance. This leads to the same picture as a partial upper respira-
tory obstruction, namely, increased respiratory effort, ineffective ven-
tilation, intercostal muscle fatigue, hypoxia, accumulation of carbon
dioxide and poor intake of anesthetic agents resulting in inadequate
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anesthesia as well as derangement of the normal physiology. Thus, con-
tinued increased inspiratory resistance may produce increased nega-
tive intrapulmonary pressure which may lead to pulmonary edema (2)
and continued increased expiratory resistance, may produce a positive
intrapulmonary pressure which may lead to increased peripheral
venous pressure and decreased cardiac output (3). Although this fac-
tor is of minor importance in the average adult undergoing anes-
thesia of short duration, it becomes significant in pediatric and geriatric
anesthesias as well as in prolonged anesthesia.

Accumulation of Water: In the closed system, water is formed when
the carbonic acid unites with the hydroxide to form water and carbon-
ate. Mainly because of this liberated water and partly owing to the
water vapor of the exhaled gases, the relative humidity becomes nearly
100 per cent (4). This heavy saturation with water of the atmosphere
in the anesthetic apparatus prevents the patient’s lungs from .vapor-
izing water and thereby reduces the heat loss; a rise in body tempera-
ture takes place which raises the temperature in the atmosphere, This
inereased temperature increases the amount of water the gases will
hold. Thus, a vicious circle takes place (5). Furthermore, the excess
of water vapor may dilute the oxygen content of the inspired gas mix-
ture and produce anoxia. It dilutes the anesthetic gas and binds ether
and other water miscible agents, thereby interfering with proper anes-
thetization. It may cause respiratory obstruction and produce pul-
monary edema or atelectasis. Cole (5) suggested that edema of the
brain with failure to regain consciousness following anesthesia may
be the result of poor water loss through the lungs, kidney and skin. He
also stated that it may not be unreasonable to suppose that a condition
of water intoxication may be present during deep anesthesia accom-
panied by marked retention of water, particularly when large amounts
of nonsaline fluids are administered intravenously, and that unantici-
pated cases of ‘‘extrarenal uremia’’ or lower nephron nephrosis may
possibly be explained on this basis. Furthermore, episodes of exces-
sive diaphoresis during anesthesia may be an attempt at compensatory
water loss through the skin when the lungs have been prevented from
performing this function.

Increased Temperature of the Inspired Gases: The absorption of
carbon dioxide in the closed system technique is a chemical process in
which the liberation of heat accompanies the chemical reaction. This
is the heat of neutralization and is brought about as the carbonic acid
combines with the hydroxide to form water and carbonates. Approxi-
mately 14,000 calories are liberated for each 22.2 liters of carbon dioxide
absorbed (4). Because of this heat the temperature of the inspired
gases is increased. The average temperature at the face piece is 32 to
33 C. in the circle filter and is 39 to 41 C. in the to-and-fro system.
Temperatures as high as 42 C. have been reported (6). This increased
temperature is objectionable because it interferes with the heat regu-
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lating function of the lungs. The lungs help to lower the body heat;
normally they accomplish this in two ways. First, they warm the tidal
air and thus lose heat directly. Second, they vaporize the water and
thus yield the heat of vaporization. Ina closed system and, to a lesser
degree, in a semiclosed system, the difference between the temperature
of the inhaled and of the exhaled gases may be abolished, thereby pre-
venting the heat loss by the first mechanism. Also, because of the
heavy saturation of the gases with water, the loss of water through the
lungs becomes abolished, thus preventing heat loss by the second mecha-
nism (5).

Increase of the Arterial Carbon Dioxide Conlent: In a closed sys-

tem the removal of the carbon dioxide from the gas mixture is effected
solely by the carbon dioxide absorber in the canister. In a semiclosed
system a portion of the carbon dioxide is also exhaled into the atmos-
phere. In either case the concentration of carbon dioxide in the gas
mixture depends on the state of efficiency of the carbon dioxide absorber.
A fresh charge is sufficiently efficient to return a carbon dioxide con-
centration as low as 0.01 per cent and as the charge is used a progres-
give rise in carben dioxide concentration takes place. The exhaustion
of the charge manifests itself in the signs of carbon dioxide retention.
Mousel et al. (7) have stated, however, that ‘‘percentages as high as
2 per cent of carbon dioxide are often impossible to detect by clinical
observation of the patient’s tidal volume, respiratory rate, pulse and
blood pressure changes. Influences of ether, light anesthesia and pain
stimulus detract from the ability to judge carbon dioxide build up by
simple observation when the absorbent is becoming inefficient.”” It is
only recently that high increases in arterial content of carbon dioxide
during anesthesia have been recognized as capable of producing anes-
thetic disasters. Beecher (8), reviewing the literature on current prob-
lems of anesthesia in the period between 1936 and 1939, recorded that if
anoxia is present it may lead to hyperventilation and consequent low
arterinl carbon dioxide tension. If the anoxia is then relieved the
respiration will fail from the low carbon dioxide. He quoted Lundy,
Tuohy and Adams in their report of the use of carbon dioxide as a
respiratory stimulant in 84,202 cases, without apparent untoward re-
gults and in many instances of advantage to the patient. Waters
stressed the danger of carbon dioxide excess in producing hypertension,
then later hyperpnea and fall in blood pressure with depression of
respiration. Attention was likewise called to the dangers of hyper-
ventilation in causing atelectasis. These and subsequent reports on
anesthesia emergencies and fatalities stressed the dangers of anoxia
but rarely of carbon dioxide retention (9-13).

With thoracic surgery becoming a more widely used procedure, find-
ings of dangerously high levels of carbon dioxide in the blood were re-
ported by Beecher and confirmed by others (14-16). Young ef al. a7
produced hypercapnia in dogs by allowing them to breathe 20 per cent
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carbon dioxide mixtures and demonstrated that the effect on the heart
of vagal stimulation was greatly enhanced. But hypoxia even in the
presence of carbon dioxide excess diminished vagal stimulation on the
heart. Brown and Miller (18) anesthetized 15 dogs with sodium pento-
thal and allowed them to breathe a mixture of 40 per cent carbon dioxide
in oxygen for four hours, which was followed by a rapid reduction of
alveolar carbon dioxide tension. Eleven of the 15 dogs promptly went
into ventricular fibrillation and death; the surviving dogs showed
cardinc arrhythmias. This group (19) then continued this experi-
ment on a second set of dogs by allowing the concentration in the in-
spired air to increase to a final level of 80 per cent carbon dioxide until
cardiac arrest appeared. The heart rate was consistently depressed
during these periods of high carbon dioxide concentrations.

Finally, it is well to report the work of Draper and his associates
(20) who were able to have their animals survive for prolonged periods
of time in an apneic state provided they were denitrogenated and given
100 per cent oxygen. They found, however, that carbon dioxide tension
was considerably elevated despite their oxygenation.

Quiet breathing during anesthesia may result in ineffective alveolar
ventilation. Thus, an anesthetic mixture containing a high oxygen
content may allow oxygenation of the blood to occur by diffusion respi-
ration as shown by Draper even though the respiratory exchange is
insufficient for the removal of the carbon dioxide. The anesthesiologist
is, therefore, Inlled into a sense of safety that the good color of the
patient’s skin and blood proved that oxygenation was adequate while
the blood and tissues continued to show a high level of carbon dioxide
retention. Patrick and Faulconer (21) corroborated these findings in
clinical anesthesia.

Ineffective alveolar ventilation which leads to an increase in arterial
carbon dioxide tension, if it is continuous, will lead to severe derange-
ment of the normal physiology. This may eventuate into cardiac ar-
rhythmias including ventricular fibrillation or asystole during the
operation and make the patient more vulnerable to the effects of sur-
gical trauma, shock and hemorrhage. Postoperatively, the sudden loss
of high carbon dioxide tension may produce profound vascular collapse
such as so-called cyclopropane shock (22).

Dilution of the Gases in the Reservoir Bag: With a closed or semi-
closed system, it becomes obvious that the contents of the inhaled gases
are composed not only of the gases delivered by the anesthesia appara-
tus but also of the exhaled nitrogen, carbon dioxide and water vapors
unless they are effectively removed. As has been shown by Crowley
et al. (23), unless vigorous flushing of the bag is performed, the gases in
the reservoir bag become diluted to the point where the oxygen tension
reaches anoxic levels. The heavy saturation of the gases with water
vapor as well as a high carbon dioxide content may also interfere with
proper oxygenation. ’
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Incompatibility of the Carbon Diozide Absorber with Certain Anes-
thetic Agents: Certain of the inhalation agents cannot be administered
by the carbon dioxide absorber method because of their decompnsition
into injurious produets in the presence of heat. These agents are
chloroform, trichloroethylene and ethyl chloride.

TecHNIQUE

‘We have modified the Stephen-Slater valve and have adopted it to
our method of nonrebreathing technique. The modification consists of
the substitution of the rubber disk expiratory valve by one of the pop-
off type. This valve can be regulated to permit more or less of the
expired gases to escape or it can be shut off completely if this is found
necessary for assisted or controlled respiration. Furthermore, we em-
ploy & small hollow metal tube shaped in the form of an ¢‘L,’” one arm
of which fits into the opening of the mask and the other arm slips into
the Stephen-Slater valve. For small children we use the original
Stephen-Slater valve because the rubber disk expiratory valve offers a

TABLE 1
Anesthetic Agents No. of Procedures
‘Thiopental - nitrous oxide 267
Thiopental + nitrous oxide-ether 114
Thiopental + nitrous oxide-trichlorocthylene 87
Nitrous oxide -+ ether 63
Nitrous oxide + trichloroethylene 50
Total 581

minimum of resistance. We use a reservoir bag of 2 liter capacity for
children and of 5 liter capacity for adults. The patient is given medi-
cation preoperatively and prepared for operation in the usual manner.
In the adult anesthesia is begun with a 0.4 per cent solution of thiopental
given as an intravenous drip. As soon as the lid reflex is abolished the
mask is applied to the patient’s face and the inhalation agents are per-
mitted to flow into the reservoir bag. We have unsed nitrous oxide, 6
or 7 liters, and oxygen, 2 or 3 liters, per minnte. Ethylene can be given
in the same manner. A total volume of 8 to 10 liters per minute must
be given in aduits, this amount being an adult’s average respiratory
minute volume. Trichloroethylene may be added to the gas-oxygen
mixture. The same procedure can be followed with ether, chloroform
or ethyl chloride.
ResuLts

The nonrebreathing technique was used in the administration of a
total of 581 anesthetics in the various combinations listed in table 1.
In none of these were there any complications attributable to the tech-
nique of administration. The longest procedure in this group lasted
three hours and twenty minutes, the shortest procedure lasted five
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minutes. It was ounr impression that less thiopental was used with this
method than. with the partial rebreathing technique. This might be
because of the better utilization of the narcotizing effect of the nitrous
oxide in the absence of higher levels of nitrogen and carbon dioxide in
the mixtures.

Not only were smaller amounts of intravenous anesthetic agents
used, but the postoperative recovery time was definitely shortened
(table 2). In many instances even after an hour of anesthesia, the
patient awoke before leaving the operating room. Those patients who
had received thiopental and nitrous oxide anesthesia and who had
awakened early in the postoperative period did not lapse again into a
deep sleep, which is often associated with intravenous anesthesia. Con-
sequently, the postoperative period was not franght with the danger of
respiratory obstruction sometimes resulting in sudden death (24).

Although large total volumes of nitrous oxide were used to keep the
reservoir bag inflated, the corresponding volume of oxygen used was

TABLE 2
Average Amounts Used A N
Anesthetic Agenta - - Dw'::(::’ol Recovery
Combinations Thiopeatal, | US| Etber, | Trichloro- | Anesthaia, | Time,
ad litens o eo.
Thiopental & nitrous oxide 750 525 —_ - 75 15
Thiopental & nitrous oxide | 400 288 12 - 48 7
& ether
Thiopental & nitrous oxide 200 228 —_ 3 38 2
& trichloroethylene
Nitrous oxide, ether — 350 21 - 50 10
Nitrous oxide, trichloro- — 154 —_ 1 22 1
ethylene

never below 20 per cent in order to avoid any danger of hypoxia. The
blood pressure and pulse rates did not show marked rises and falls
which could be considered attribatable to the nonrebreathing technique.
The skin of the patient even in the older group undergoing hip-nailings
remained warm and dry throughout the procedure. In the group of
young children none showed severe bouts of tachypnea, pellor, dia-
phoresis, hyperpyrexia and exhaustion occasionally seen with the open
and semiopen methods of administration of anesthesia. Lightening of
anesthesia frequently occurred in this group. In those patients who
bad received muscle relaxant drugs, such as succinylcholine, it was a
simple matter to seal the expiratory valve and install assisted respira-
tion if it became necessary.

Disoussion

The use of the nonrebreathing technique of administering anes-
thesia introduces many advantages over the open drop, semiclosed and
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closed techniques and their modifications. Those listed by Stephen
(25) in pediatric anesthesia are also applicable in anesthesia for adults.
The elimination of the necessity for soda lime greatly decreases the re-
sistance, as well as avoids water accumulation, increased temperature
of the inspired gases and possible carbon dioxide retention. Gaseous
acidosis is prevented since excess carbon dioxide is exhaled.

The Stephen-Slater valve in the system with its rubber flaps de-
creases the resistance so that fatigue, exhaustion and adverse intra-
pulmonary pressure changes are practically nil. Denitrogenation need
not be a concern. The partial pressures of the inhalation agents in the
reservoir bag will more closely approximate the readings of the flow-
meters. Thus maximal utilization of the anesthetic agents along with
adequate oxygenation ean be accomplished. The nonrebreathing tech-
nique makes it difficult to attain deep planes of anesthesia with the in-
halation agents, thus avoiding physiological derangement of the cardio-
vascular system, liver and kidneys. Patients are able to withstand pro-
longed surgical procedures ander light planes of anesthesia comple-
mented with muscle relaxant drugs (26).

The relativé inability to achieve high concentration of trichloro-
ethylene with the nonrebreathing method prevents the incidence of
cardiac arrhythmias and other attendant dangers of a halongenated
compound. Trichloroethylene cannot be used with the carbon dioxide
absorber technique since contact with the soda lime will produce the
toxic products, phosgene, acetylene and hydrochloride acid. The non-
rebreathing technique is thus ideal for the use of this noninflammable
and nonexplosive anesthetic agent in many procedures which require
the presence of hazardous equipment.

The disadvantage of the nonrebreathing method is that it is less
economical than the closed system. Since a child requires 5 to 7 liters
and an adult 8 to 10 liters per minute of the inspired gases for an effec-
tive ventilation volume, a greater total of gases is necessarily used.
The advantages, however, are well worth the increased cost in prevent-
ing increased vulnerability to the effects of shock, hemorrhage and pro-
longed surgical procedures.

Another disadvantage may be the inability to use cyclopropane with
the nonrebreathing technique, both from the point of view of cost and
fire and explosion hazards.

Summary

The method of the nonrebreathing technique has been presented.

Its applicability with the various combinations of anesthetic agents
employed has been demonstrated.

The advantages of this technique over the semiclosed and closed
techniques have been shown to be prevention of carbon dioxide excess,
of heat retention, of excess water and of increased intrapulmonary
resistance.
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