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As more and more recognition is given to the premise that good
anesthesia means minimal disturbance of the patient’s basic physio-
logic functions, greater emphasis is placed upon the technics whereby
narcotic drugs are administered. Today, good anesthesia implies
utilization of agents by such methods and combinations so that no
interference occurs in the metabolic fanctions of the liver, kidney or
adrenal glands; it supposes adequate but not overabundant oxygena-
tion, associated with proper elimination of carbon dioxide; it means
maintenance of cardiac dynamies within functional limits for the pa-
tient concerned; and finally it strives to preserve the internal electro-
Iytic and autonomic balance of each individnal.

PrysioLocic Facrors

In children, the fundamental problems presented are peculiar be-
cause of the small size of many of the anatomic structures. When,
for example, the respiratory pathway is considered, it is evident how
easily upper respiratory obstruction may become a real threat to the
anesthetist. Hyperplasia of adenoid tissue and enlarged tonsils may be
superimposed over a larynx whose diameter is so small that it cannot
combat interference from above. The bones of the thoracic cage are
so malleable and frail that even a minor obstruction will create suf-
ficient negative pressure from within to produce substernal indrawing
and a “‘rocking boat’’ respiration. It has been stated that infants
predominantly are abdominal breathers, but in actuality this pre-
dominance of diaphragmatic action becomes evident only in the pres-
ence of some type of upper respiratory obstruction. Under light planes
of anesthesia loss of intercostal action in the child means respiratory
obstruction or fatigue of the intercostal muscles.

Fatigue of the intercostal muscles is easy to understand when
thought is given to their immaturity in the child. If it is remembered
how quickly the well-developed muscles of an adult’s arms become sore
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78 C. R. STepHEN

and tired when he carries 10 pounds of sugar for half-a-mile, it can be
realized how in an unsnspected manner an obstruction or rapid respira-
tory rate may quickly bring fatigue and lessened intercostal action.

Of pertinent significance to the anesthetist also is the small ex-
change of gases which oceurs with each respiration. Here, a delicate
balance is established which permits little interference in its function.
If tidal exchange is diminished by obstruction, depressant agents,
muscular fatigue or rapid shallow respirations, the altered physiology
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Fig. 1. Oximeter record of patient du
Note acute fall of oxygen tension with br
period.

ring vinethene-ether induction for tonsillectomy.
eath-holding, and gradoal fall during induetion

The narrow margin of error allow-

is quickly reflected in the patient.
nt of residual air available

able is emphasized when the small amou
in the tiny lungs is considered.

The foregoing considerations focus attention on the fact that
technies employed for pediatrie anesthesia cannot be crude. Atten-
tion must be devoted to detail. What may seem like a small deviation
from normal to an adult observer may mushroom into spreading
disaster for the child. Some of the potential sources of trouble may

be noted under the following headings:
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TecuNICS IN PEDIATRIC ANESTHESIA 79

(1) Obstruction of the airway. This has already been mentioned
but cannot be stated too often. Even a minor obstruction lessens tidal
exchange, increases the work expended by the child, enhances fatigue
and produces anoxia. Breath-holding, which is akin to obstruetion,
will lower the arterial oxygen saturation to dangerous levels in a short
period of thirty seconds (fig. 1} because of the small amount of residual
air present in the lungs. Inadequate movement of the thoracic cage
or suprasternal and substernal indrawing in light planes of anesthesia
is an indication of respiratory obstruction. It will become pyramided
unless efforts are made to overcome it. If improvement does not ap-
pear with proper holding of the jaw, insertion of airways, aspiration
of secretions or deepening of anethesia, there should be no hesitation in
alleviating it with an endotracheal tube. Anoxia is the commonest
cause of death in anesthetized children.

Fia. 2. This face mask as employed in the partial rebreathing
technic has a dead space of 250 ce.

(2) Mechanical dead space. The small tidal exchange in children,
often rendered less by quiet respirations under anesthesia, impresses
the anesthesiologist with the inadvisability of inereasing dead space
with anesthetic apparatus. When it is known that a face mask, such as
pictured in figure 2, has a capacity of 250 cc., the possibility of re-
breathing becomes manifest.

(3) Accumulation of carbon dioxide. This problem is linked to
some extent with that of dead space, for whenever the latter is found
there will be a concomitant increase in the concentration of carbon
dioxide. Respirations which are depressed by anesthetic agents or
obstructed in any way will also lead to retention of carbon dioxide.
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80 C. R. STEPHEN

s thus established may interfere geriously with the
internal metabolism of the child, produce an unwarranted hypertension
and induce a rapid respiratory rate which leads to early fatigue of the
respiratory muscles. Tt is sometimes difficult to prevent the onset
of & metabolic acidosis in a child but gaseous acidosis can be avoided
with proper technics.

(4) Resistance in apparatus. The relatively weak respiratory
musculature of the infant and child demands that he be supplied with
anesthetic gases without extra effort on his part. If a 4 year old
child is anesthetized by means of a circle absorption apparatus, the
resistance inherent in the accordion tubes, directional valves and soda
lime will be sufficient to produce, within thirty minutes, a picture similar
to upper respiratory obstruction; namely, indrawing of the thoracic
cage during inspiration and labored breathing. This, in time, will
diminish tidal exchange, lead to a rapid respiratory rate and in the
end produce a pale, gweating, worn-out patient. The energy of the
child should be left available to combat the strains and stresses of the
operative procedure, rather than be dissipated on the vicissitudes of the

anesthetic technic.

The gaseous acidosi

TECENICS

1t is worth while to review briefly how the technics employed in
pediatric anesthesia conform with the principles already enumerated.

(1) Open drop technic. The vaporization of ether on an absorbent
mask which covers the face is one of the oldest and probably the
commonest method of administering anesthesia to children. This
method is popular because of the safety of ether as an agent and be-
cause the necessary apparatus is simple and does not create much
resistance to respiratory exchange. If this technic is used without
embellishment, however, a situation is created in which the partial
pressure of oxygen inhaled by the patient falls considerably below
that in the air. As pointed out in an excellent article by Fauleoner
(1), this is reflected by lowering of the arterial oxygen saturation.
The causes of this decrease in oxygen tension are twofold: first, fhe
inhaled ether vapor occupies & volume in the inspired mixture which
varies from 10 to 12 per cent during induction to 4 to 6-per cent during

maintenance. Second, the area between the mask and the face is a

potential dead space and a portion of each inhalation will consist of

previously expired air which contains about 4 per cent carbon dioxide
and only 16 per cent oxygen. Both these factors will reduce the
oxygen content of the air which is inspired by the patient. These dis-
advantages can be overcome by allowing 100 per cent oxygen to flow
in under the mask at a rate of 500 to 1500 ce. per minate,
to the age of the child. A further drawback to this technic is that

be used to maintain narcosis, and this an agent

only one agent can
which produces metabolic acidosis when nsed in relaxing concentra-
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TEcHNICS IN PEDIATRIC ANESTHESIA 81

tions. Moreover, it does not allow for the flexibility of aiding or assist-
ing the patient’s exchange should the respirations become depressed,
fatigued or otherwise inefficient.

(2) Partial rebreathing, or fractional technic. Commonly used in
Great Britain, this method involves essentially a high flow of gases,
usually nitrous oxide and oxygen, and a reservoir bag situated near
the face-mask, with an exhalation valve on the angle piece of the mask
(fig. 2). In children, this technic is practical only if the flow of gases
per minute is at least equal to, and preferably greater than, the minute
volume of the patient. Even with this proviso, accumulation of carbon
dioxide is a constant hazard because of the inherent dead space under
the face mask and because there is no mechanism to prevent exhaled
gases from flowing backward into the reservoir bag. When this
technic is employed with intravenous pentothal, the clinical signs of
retention of carbon dioxide may be masked and the anesthetist luiled
into a false sense of security. Frequent emptying of the reservoir
bag is a useful, prophylactic measure to avoid this danger. The
principal advantage of this technic for children is the minimal resistance
to respiration which is encountered throughout the system.

(3) Total rebreathing, circle and to-and-fro absorption. It has
already been stated that the resistance encountered in a eirele absorp-
tion apparatus in a short period of time will alter the physiologic
balance of the child. It is unwise to subject any child under 8 years of
age to such a technic unless assistance is given to the respiratory
exchange throughout the entire procedure. A to-and-fro absorption
system has only the resistance of the soda lime to surmount but even
this is far from negligible in infants under 2 years of age. The
mechanical disadvantage of keeping soda lime fresh and 100 per cent
effective is also a problem in some cases. The to-and-fro system is
satisfactory in children over 2 years of age when soda-lime canisters
can be changed frequently without losing the anesthetic mixture, and
when the patient’s respirations are assisted frequently to avoid reten-
tion of carbon dioxide within the lungs and blood stream. (fig. 3).

(4) Combination of partial rebreathing and absorption technics. If
the partial rebreathing system is modified by placing a soda-lime
canister between the face piece and the reservoir bag, the equivalent
of a to-and-fro absorption system results. Maintenance of a moderate
flow of gases—1 to 4 liters per minute—lessens the resistance of the
cirenit and diminishes the hazard of accumulation of carbon dioxide.
This is the technic recently recommended by Beecher. (2) It is a
satisfactory method, particularly if an endotracheal tube connected
directly to the soda-lime canister is substituted for the face mask.

(5) Ayre’s, or insufflation technic. In 1937, a great step forward
in pediatriec anesthesia was made when Ayre (3) introduced his T-tube,
which has one end inserted into the endotracheal tube, one end con-
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82 C. R. StePHEN

nected to the source of gases and the third end open to the air. Rela-
tively high flows of gases are used, and there are no valves or other
obstructions to inspiration. Dead space is reduced to a mnegligible
amount. One possible disadvantage is that constant insufflation is
not physiologic and could lead to retention of carbon dioxide in the
alveoli and blood stream. It should be mentioned as well that there is
no reservoir bag in the system whereby properly managed, assisted
or controlled respirations can be instituted.

(6) Nonrebreathing technic. The most recent method to be utilized
in pediatric anesthesia incorporates a valvular arrangement in which

all the exhaled gases are removed from the system, thus eliminating

ssy by-pass to facuitate chang-
Assisted respirations are being

Fi6. 3. To-and-fro absorption system with O’Shaughne
ing soda-lime canisters without Josing anesthetic mixture.

employed.

the hazard of carbon dioxide accumulation by rebreathing, and obviat-
ing the necessity for soda lime. Several varieties of valves have been
assessed, and the one using rubber flaps has been found to be the most
efficient and least resistant (4, 5, 6, 7 ). When the word “yalve’’ is
used, resistance is brought to mind. With the rubber flaps used in the
nonrebreathing valve (fig. 4), the resistance at a flow rate of 15 liters
per minute has been shown to be only 1.75 cm. of water on the in-
spiratory side and 1.0 cm. water on the expiratory side. It has been
employed in infants of 2 and 3 months of age for periods up to three
hours in duration without any evidence of the development of fatigue

¥z0z ud uo 6 - "
2 Iudy g1 uo 3senb Aq 4pd-|1000-0001 0256 L-2¥S0000/895509/LL/1/€ L #pd-8loiE/ABO|OISBYISBUE/WOD"IBYDIBA|IS ZESE//:dRY WO papEo|umoq



TecaNICS IN PEDIATRIC ANESTHESIA 83

TED

=5
DIsg BISL BEING VALV COMPLITID

TR LARED

TUBLGH RIATHNG

w *
TuSas LORMEETION Paishl AT VALV ATTALHMENT FOR
oA LR TRACSTAL T8 FURSTD ALG 2y
-

COMPOMENT PARTS OF NOM-EEBREATHING VALVE

F16. 4. Component parts of nonrebreathing valve. Rubber disks are fixel in central portion,
which increases efficiency and decreases resistance.

e ICISION NACITIANG O,

onuno-"m Cemr PAROTID s suscton  DR. wooLnouse s iiar DRRONAN ®
[ e wr a-U_”u’M 2 - Tecwcoication pasv oaves W
Ps T 3 o 4 L TCOP, Loo -72AM. @

o LTI e saset s desrtaratire
o anagsTueric saenTs [ ]
L STHcCR Y

NZO » O,
° - (3 -

Lol - TECHNIOUES 8 TYPI COF A"‘.l'l“.
[ 1™ a by orca DRGP [ ]
o -

A S — o
L J - - — [ ]
ps % —

L % — —] e
o, e *
[ ] 1 I [ ]

) i
. - “ - T » . W i » ‘
[ 2 [ ]
@  timusw OF O-5. o 19-2203 221y viive.rsey AL IOy (0N sbs P
%y 98 Vet .
® Br.iorrca 3, @
® OYaown ADMINISTCACD On whap [ ]
rosimon
® Sumne o
o [ ]

000000 0000000000000 0000094
F1o. 5. Anesthetic record of 3 month old infant weighing 10%

FENNNENNNN]
pounds, Anesthesia for

excision of hemangioma over left parotid area lasted three and one-half hours.

20z ludy g1 uo 3sanb Aq ypd‘| 1L000-000102S61-Z2¥S0000/895509/LL/L/E |/spd-ajoie/ABojoISaUISBUE/LIOD JIBYDIDA|IS ZESE//:d]Y WL papeojumoq



84 C. R. StEPHEN Vol. 13

(fig. 5). It is utilized as shown in figure 6. The valve is placed in
juxtaposition to the endotracheal tube, and in this way dead space is
reduced to 9 cc., which is not more than is found in the mouth of a
tiny infant. On the other end of the valve a reservoir bag is placed
(2.5 liters for children up to 10 years of age) and the distal end of

the bag is connected to the source of gases. During the inspiratory

phase anesthetic gases are obtained from the reservoir bag, while

during expiration the rubber flap to the bag is closed off and the gases
escape completely into the atmosphere. If respirations become de-
pressed by anesthetic agents or inefficient because of surgical entry
into the thoracic cavity, assistance can be rendered or control estab-

reathing valve is demonsirated. Nuw

Fig. 6. The clinical application of the nonreb
2,5 liter reservoir bag and the plastic

ether bottle on machine and the valve between the
endotracheal tube.

lished without difficulty. With inspiration, the thumb of one hand is
pressed over the exhalation valve while the bag is squeezed with the
other hand. In the expiratory period, the thumb is removed from
the exhalation valve, and the hand relaxed completely so the bag can
refill from the machine. Small babies ean be assisted in this way for
hours. The agents most commonly employed with this technic are
nitrous oxide, oxygen and ether. Of the various technies which have
been enumerated, the nonrebreathing method is believed to satisfy
best the demands made of the anesthetist in pediatric anesthesia.
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