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T advantages of ether-air anesthesia in emer
gency circumstances,” particularly during -war-
time, Have béen recognized, . and attempts to
develop apparatus for adiministering ether with
aif have - been reported by U Neff 1% and
Beecher.® - Although these authors described
satisfactory -clinical “anesthesiaand presumed
that oxygenation “was. adequiite, quantitative
determinations "of ‘oxvgen saturation were not
obtained. - This is of importance in view of the
work -of Faulconer and Latrell + who found a
reduction in-oxygen saturation occirred” fre-
quently. during semiopen, -ether-air _anesthesia,
The purpose of the present studv: was 6 fe-
evaluate ether-air anesthesii and to determirie
whether adequitte -arterial - oxvgen satiiration
sani” e obtained “without the use of “supple-
mental oxvgen:
ProcepURE

The Epstein-Macintosh-Oxford Ether Inhaler
{EM.O.) % and the Oxford Inflating Bellows'®
were ‘used for induction-ind mainteminee of
anesthesia. - This apparatus has the advantage
of ‘metering uniform, known concentrations of
ether in @ nonirebreathing syvstem: In addition,
it “is-possible to Tassist - or ¢ontrol respiration
whenever “necessary, - For  patients - whose
tracheae are intubated; the distal valve of the
bellows is elevated ‘with the magnet provided
for this purpose, dand a nonrebredthing valve,
such as the Fink or Ruben valve, is interposed
between endotrichieal tube and bellows!  Cone
trol “or  assistance to - respiration’ is then arn
easy maneuver.

Thirty-one imselected patients; age 20 to 83
were studied. Thirty patients were subjected
to abdominal opérative procedures and omne to
a radical mastectomy. The procedures varied
in time from one to eight hours.

Preanesthetic medication “consisted -of “at-
ropine sulfate or Scopolamine hivdrobomide
combined with' meperidine or morphine usually
given 30 to 60 minutes prior to anesthesia.  In
some patients, these drugs were given intra-
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venously in:-the operating room - five {0 ten
minutes before induction of “anesthesia:

Ii 24 patients,  éther-air was administered
without “ancillary “agents.In seven  patieits,
induetion of anesthesia was performed with the
aid ‘of succinvicholine: - Ether was then admin-
istered with the B MO, apparatus “and. anés-
thesia was maintained by ether alonie through-
out the remainder of the operation,  Whenever
respiration-became -depressed assistance or con-
trol of respiration was achieved by -manual
compression of the bellows. Concentrations of
ether between 7 and 10 per ¢ent,-as metered
by .the “machine, were niecessary to produce
satisfactory” conditions during operation,

Arterial " oxygen saturdtion” was detérmined
spectrophotometrically using hemiolvzed whole
hlood and ‘meastring optical density at wave
lengths of 805 mu and 650" mu.” Two-milli-
liter blood -samples were-obtained from -an in-
dwelling 20 gauge spinal needle placed in-the
brachial artery: - Samples were obtained before
anesthesia’in all patients. -1n 12 patients blood
samples were taken prior to the administration
of “preanesthetic medication, - Routinely, sev-
eral -arterial specimens- were obtained during
induction and then “every 20 to 30 ‘minutes
during the operative procediire; - In addition;
samples of -blood -were taken whenever a de
crease in-oxygen saturation was suspected, such
as niight -oceur "during bouts  of _coughing,
breathiholding, “and “hypotension. - Whenever
controlled respiration was emploved, additional
sariples - were obtained upon resumption of
sporitaneous respiration. Approximately - 10
samples of blood were drawn - fromi¢ach pa-

tient.

In-25 of 31 patients respiratory minute vol-
ume-was determined using an Emérson Breath-
ometer. -Tnspived  oxvizen tension was then
measured “between the nonrebreathing -valve
and the bellows using the Beckman-Pauling
Analvzer, “as  described by Faulconer and
Latrell * for meaguréments of oxvgen under the
mask.

Resonrs

The ease and speed with which surgical ‘an-
esthesia - could be achieved - tising - ether-air
alone with this apparatus is emphasized by the
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fact that patients weré ready for- laparotomy
and tracheal intubation could be performed in
six to twenty minutes, with an average of ten
minites. Medsurement of the inspired oxvgen
tension - revealéd 140=145 “mm.of “mércury
when 7-15 per cent (50114 mm. of mercury)
ether was administered with the EM.O.

Table 1 summarizes the relationship between
the “oxvgen saturation -obtained and the type
of respiratory management during maintenance
of -etherair anesthesia.  In 21 of 31~ patients
oxygen saturations of 93 ‘per cent or greater
were obtained. It is of Jinterest” that all nine
patiérits - whose  respirations were -controlled
maintained an-oxygen saturation above 95 per
cent. Eight patients whose respirations were
assisted had an oxvgen saturation above 90 per
cent, and in four of these the saturations ere
greater than ‘95 per cent - In- the 14 ‘patiénts
with spontaneous respiration; eight had arterial
oxygen saturations above 95 per cent; four he-
tween 90 to 95 per-cent andin-two patients
the -oxygen  saturations remained betweeri” 85
to 90 per cent. . Thus in onlv 6 per cent of the
31 patients did the oxvgen saturation fall be:
low 90 per cent.

Oceasionally fransient falls in oxvgen: satura:
tion oceuirred, examples of which are shown in
tible 2. Three patients had oxygen saturitions
of less than 95 per cent which -could be at-
tributed “to - preanesthetic meédication. . Other
decreises in-saturation-were related 1o cough-
ing “and - breathholding “during “induetion; or
after endotracheal intubation. - Oxygen desat-
uration “was - also associated with “inadequate
ventilation during mainténance of “anesthesia
or-when spontaneous respirition was resumed
following a “period - of " controlled -respiration

TABLE 1

OXYOEN SATURATION ~DURING FHE -MATNTENANCE
OF  FTHER-ATR - ANESTITESIA

Ninivber of Patients
Oy Saturaiion Typeof Respirdtion Toin
{Per Cent) oin
Spon- et Clon-
taneous Assisted trotled
95 or-greater ] 4 91 21
0H0-95 { 4 07 8
8500 2 0 07 2
14 s I Y
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TABLI 2
OxveEN DESATURATION DuriNeg
Fruen=Atr ANESTIHRESIA

Rangeof O
Nutinber of - Saturation
Patients - .(Ter Cent)

1 Control period prior to nnes-

thesia 3 91-95
2 Coonghing, breathholding

during induction 8 7O
3o dmmediatelyv after intiahation

Apneic technigue 5 4350

Non=apneie-technicque 3 H59=R8

I Inddequinte- ventilation dirs
ing mainteninee : TG00
5 Inadequate-ventilation ot the

orid of ancsthesia H0-45

it

such-as at the termination of anesthesia. -All
falls in oxvgen saturation were brief and easily
corrected by maniial ~ventilation with air.
Apnea during trachéal intubation induced by
the thiopental “and- suceinvicholiie sequence,
was accompinied by diminution in-oxvgen-sat-
uration. . These patients Tungs Were ventilated
by aiv alone - before instrimentation was “at-
tempted,” This problem appears to be related
to the small oxvgen Feservoir -oxisting i the
linigs.” Further studies of this pheiomenon and
its clinical implication are the subject “of “an-
other report®

Thedata Froim putients - inwhom -measure-
ment “of respiratorv-minute volume was made
are presenited in table 30 These figures repre-
sent the “averages-of data obtained “during
mainténance of anesthesia. The alveolar venti-
Tation wis caleulated by considering ca re-
spiratory ‘dead space of 150 mil. formales and
125 ml. Afor females: . The average caleulated
alveolar ventilation ~was  highest - (7.2 1./min-
ute)-in the patients whose -regpitations were
controlled:  “Inthis . group oxygen saturation
renidined above 957 pereent,  Four patients
whose respirations were assisted and whose
oxvgen saturation rémained above 95 per cent
had alveolar ventilation of 6.4°1 minute -and
ianother  four patients “whose saturition .ve-
miained -90-93 per cent - had “alveolar ventila-
tion of 4.5 L/ minute. Inpatients with spon-
taneons; inassisted vespirations; whose oxvgen
saturation-was dbove 95 pereent, the alveolar
ventilation-wits onlv 34 Ly minute, lower than
that” of those whose situration wis less: - This
plienomenon - can beexplained om " the fact
that patients’ 20 and 25 had ‘moderate emphy-
thad only 93 per- cent

sermni,and Cpatient
oxvgen saturation without anesthesia
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TABLE 3

ETHER-AIR ANESTHESIA 5900

Dara-From -PaTients -OBTAINED DURING. MAINTENANCE OF -ANESTHESIA-(AVERAGES)

Pt. G Lgo Ether Miniite Resp: Tidal Alveolur Oxygen
no. mex Age Per Cent Volume Rate Volume Ventilation: Saturation

1 M 53 7 10.0 20 500 7.0 95
2 M 61 10 b 25 460 78 95.5
3 I 33 7 8.0 25 320 4.9 96.4

Control 4 T 36 7 12.0 25 480 8.9 a5
Mean 46 T 10.4 24 440 7.2 95.5

5T 8 68 25 392 5.6 95
6 M T2 4 0.7 25 388 5.0 95.2
o 7 ¥ 37 9 10000725 400 6.9 96.5
Group I g 20 10 10.0 25 434 7.1 99.5
Mean 54 9 9.9 25 404 6.4 96.5

Adrigted S —— TP NS » =
9 N (i1} 7 6.9 25 276 301 908
10 I 37 8 8.0 25 3200 40 9179
Cin I 1 I 76 i) 8:6 30 286 4R 92:8
Hroup 2 F 15 13 85 25 340 5.3 92.9
Mean A7 03 8.0 26 306 1.5 0921
13 M 78 0 8.5 27 314 44 98,1
14 o 28 6 6.3 30 210 2.6 95.0
15 I 72 7 6.6 25 264 3.5 057
16 F 35 10 6.0 25 270 3.8 0963
Group T 17 F 21 8 6.4 30 214 2.7 97.0
18 i 31 10 59 25 236 2.8 96.5
19 I 3 13 7.3 25 202 4.2 96.5
Misn 42 9 6.8 27 257 34 06.4
Spons i 2 - —

taneous 20 M 60 8 11.6 25 466 7.9 92.2
21 M 83 0 7.8 30 260 3.3 92.0
o . 20 M 16 9 81 25 324 44 092.5
roup 23 r 30 9 6.0 25 240 2.9 04.7
Mean 57 0 8.4 26 393 16 92.9
240 0M 30 9 9.3 27 344 52 883
25 F 38 7 8.4 28 300 1.9 87.5
Group I : o ! 6 ! T e £
Mean 49 8 8.9 28 322 5.1 87.9

Oxygen-tensions (measured at sea level) be-
tween the nonrebreathing valve ‘and bellows
before and after ether are shown in table 4
where they “aré contrasted “with -the data of
Faulconer and Latrell corrected from 730 mm.
of mercury-at 1,000 feet to-sea level {760 mm.
of ‘mercury).

Discussion

Whenever air is used as the principle-diluent
in"anesthesia;. the possibility of “oxygen desat-
uration is- present. ~In the study by Faulconer

and Latrell * saturations ag low as 70 per cént
were recorded during ether-air anesthesia. De-
saturations of “this magnitude occurred  tran-
siently during the present study as a result of
inadequate  ventilation arising from o~ variety
of circumstances.  However, we -have -demon-
strated “that - desaturation “could be easily cor-
récted by eflective manaal control or assistance
to respiration,

The advantage of a-mechanical nonrebreath-
ing systém is further emphasized by the - data
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TABLE 4
Tue OXyeeN TeNstoN 1x Ivseiien Air Duoring
SEM-OPEN AND NONREBREATHING
Ernrr-Arg ANESTHESIA

Onxygen - Tengion

Technique Before After ]‘l‘.‘,‘)}:;:‘m
Samples Ether Fther (mm.
Taken (. (mim. He)
Hyg) Hyy ;
Nonre- Between 159 50-114
breathing, NRV
760 mm, and
Hg bellows
*Semi-open Under 128+ 104124 26-78
{eorrected mask
to 760 mm.
Hg from
730
Hg

* Diata—Fanleoner and Latrell.

relating to the available oxygentensions. - Com-
paring the -oxvgen tension-under the -mask
reported By Fauleoner and Lattrell * and  thit
betwéen . the “nonrebreathing “valve -and - the
bellows, the - latter “are “consistently - higher
despite a higher tension of ether.

While control -of respiration ¢an apparently
result™ in - ¢onsistenit oxvgen  saturation lévels
above 95 -per ¢ent, assistance to respiration
does not offer such a guarantee:” “Ag seen . in
table 3, when assistance to respiration resulted
in minute volume below 10 1./minute, satura-
tionsin the range of ‘91 to 93 per cent oc-
curred. This emphasizes the need for adequate
assistance.

The “data in patients” who  breathed spon-
tanéously contains . _some  piizzling  features;
there doés not appear to be a good correlation
between ventilation ‘and oxygen saturation ‘in
this group. - The sample however is small and
untisual cireumstances can make the difference
more apparent than real. - Forexample, the
respivatory diatw in patient” 20, -who had a
diagnosis of pulmonary - emphivsema,” distorts
the whole group. “What is of ‘more import i
that there is ‘an apparent difference between
patients who breathie spontaneously and those
in_whom “respiration i assisted” or controlled.
What this difference is cannot be stated at this
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time.However, it -is -clear that ‘mechanical
assistanice ot control ‘of respiration can provide
adequate oxygen saturation:

SUMMARY

In 29 of 31 patients given ether-air anesthe-
sta with “the” EMO. -ethér -inhaler - and the
Oxford -inflating bellows, blood oxvgen satira-
ton wits maintained “at .90 per cent or ‘more
during anesthesia. - Voluntary vespiration main-
tains “oxvgen -saturation”al 90 cper Séent,. if
ventilation is” normal or above mormal. Tt
wouild appear from our data, when air is ‘the
diluent, that control of respiration is desirable
if ‘oxvegen-saturations of 95 per cent are to be
achieved consistently. Transient falls in ox-
veen Saturation related to - inadequate ventila-
tion mav- bé rapidlvcorrécted by manl
ventilation with-air alone using the bellows.

It ether-air “anesthesia tmsupplemented by
oxvgen is to be used, some method of mannal
ventilation _should “be dvailable to maintain
normal oxvgen satoration’

The 4echnical assistance of George- T McCoy is
gratefully -acknowledged.
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