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CLINICAL REPORTS

Actual Tracheal Oxygen Concentrations with Commonly

Used Oxygen Equipment

ROBERT L. Gi1BSON, M.D.,* PauL. B. COMER, M.D.,* RiciARD W. BECKHAM, B.S.,t
C. P. McGRraw, Pr.D.t

Supplemental oxygen is administered to
spontancously breathing patients by various
techniques. Some methods, such as nasal
prongs attached to a flowmeter, are simple.
Clearly, under these circumstances the Fig,
an only be crudely estimated, although
numerous  textbooks!™3 offer speculations
about the actual values.

Other methods are more complicated. For
example, Venturi-type masks or nebulizers
are designed to deliver a known concentra-
tion of O. to the patient. Itis not always appre-
ciated that with such devices the percentage
of O, being inspired may not be the same as
that being delivered. In other words, actual
tracheal concentrations achieved by the spon-
taneously breathing patient may be consider-
ably lower than the mask or nebulizer settings.

In this study, we measured the highest
concentrations of O. actually reaching the
trachea during the inspiratory phase of ventila-
tion with commonly used equipment, and
assessed the effects of different patterns of
breathing on those concentrations.

METHODS

A sensing catheter was placed percutane-
ously via the cricothyroid membrane into the
trachea of each of two healthy, trined sub-
jeets. While each breathed spontancously,
absolute tracheal O, concentrations were
measured with a mass spectrometer§  that
samples at a rate of 2 ml/sec and discriminates
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with less than a =2 per cent error within th&
calibrted range (0-100 per cent for O.T
0-10 per cent for CO:). The output signal§
were recorded on a Grass Polygraph.t =

A Guaensler-Collins Double Spirometer
was used intermittently to record tidal volumey,
(V3), respiratory frequency (£), and minul%
ventilation (Vg), and to caleulate peak inspin@_
tory flow rates (V). Standard wall O, How®
meters and Ohio Deluxe Nebulizerstt \\'crig
used as required. prongs, nasopharyng
geal catheters, ordinary and Venturi-type facd
masks, face tents, and various cmnl)imltiuug
of these devices were tested with various @_
flowmeter settings. 5

In addition, two or three different breathing
patterns were simulated with each type of des
vice. These patterns were given the following
arbitrary designations: 1) “quiet”: Vp =409
ml, £ =16, Vg = 6.4 Umin, vV, = 21 Vmin; 5:
*normal”: Vr= 690 ml, {= 17, Vg = 11 l/milﬁ
V', = 37 Vmin; 3) “hyperventilation,” simulats

*

zese/

ing mild dyspnea: Vy= 1,400 ml, f= 14}‘
Vg = 19.5 Vmin, V; = 63 Vmin. §

That the trained subjects were maintaining
the same gcneml respiratory pattern throug!
out each period was confirmed by intermittey
spirometric comparisons and a fairly stead®
state of end-tidal CO, percentage rccording"%
during each equipment test run. The highesgt
absolute tracheal O, percentages achieved
during inspiration were measured on the p()l%
eraph tracing, averaged, and tabulated.
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RESULTS

61000-00

In interpreting these data, several poing
should be kept in mind. 1) The O. conceny
trations reported here are the highest inspirE
tory concentrations for any given breath. Thc(:v
do not reflect mean inspiratory O concentry
tions, which might be even lower. 2) Therg
is a =2 per cent emror in the mass spectron

g
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TABLE L. Highest Absolute Inspired Tracheal O,
Concentrations Attained with Nasal Prongs

CLINICAL REPORTS

Per Cent O in Trachea

Flowmeter “Quict” “Noamal™ “Hyper-
(Lmin) Breathing Breathing ventilation”™
1 220 — —
2 220
3 236
5 25.4 :
10 352 305
15 140 362

TasBLE 2. Highest Absolute Inspired Tracheal O,
Concentrations Attained with Nasal Catheter

Per Cent O in Traclwa

Flowmeter “Quiet™ “Nomal”® “Haper-
(min) Breathing Breathing ventilation™
1 — — —
2 — 20.6 19.8
3 —_ 227 216
3 —_ 244 23.4
10 —_ 30.7 27.1
15 _— 445 40.1

eter for absolute O, concentrations. 3) The
inspired gases measured in these absolute con-
centrations in these subjects were diluted by
water vapor from the nasopharynx and trachea.
Thus, on occasion, particularly where low-
flow O was used, the absolute tracheal O,
concentration was lower than ambient O,.

As expected, the use of nasal prongs for the
administration of low-flow O, resulted in only
slight increases in tracheal O, concentration.
Interestingly, substantial increases were found
only at high rates of delivery, and the air dilu-
tional effect of “hypenventilation™
denced by lower tracheal fractions as com-
pared with those of “normul™ or “quiet”
breathing (table 1). Oxygen delivery by naso-
pharvngeal catheters resulted in similar find-
ings (table 2).

A commonly used Venturi-type nebulizer,
connected in-line with a wall Q. flowmeter,
delivered to a face mask O, percentages that
were always higher than the actual intra-
tracheal peak concentrations (table 3). Again,
the air dilutional effect of higher levels of
ventilation tended to magnify this effect. Re-
markably high tracheal concentrations pre-

was evi-
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vailed when a face tent was used; Venturi
masks consistently failed to produce the adg
vertised concentrations within  the tmchcug
(table 3).

Very high Fl,’s were produced by the \llllllln
taneous use of nasal prongs and a face m.tsL&
with “normal™ and “quiet”™ breathing but notg
with “hyperventilation™ (table 4). Howev er,g_
the highest tracheal O, concentrations wereZ
obtained when the following apparatus was3
used: a face mask with one-way valve flaps§
covering the expiratory ports connected to nﬁ
one-wity valve and then a 3-liter anesthesi s
bag joined by a simple “Y -connector to l\\()o
nebulizers set on 100 per cent with flow metersD.
set at 153 Vmin. The importance of the one-g
way flap valves in minimizing air dilution is
illustrated in table 4. Even with this apparatus, 3
some dilution of inspired O, oceurred.
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Discussiox

The data obtained suggest that the actual
inspired percentage of G. reaching the trachea
is never as high in spontancously l)rcutlung
patients as that measured in masks or tubing
svstems external to the patient. This dis
crepancy is due to air dilution. Factors that
tend to magnify this discrepancy include large 3
tidal volumes and high peak inspiratory flow
rates, such as may develop in dyspneic or &
physiologically stressed patients. Factors that 9
tend to minimize it include reservoir capacity
and a high delivered flow rate. With the latter
set of factors, the administered Oa-enriched
gases are delivered at flows and volumes
that more nearly match the patients” efforts,
and dilution with air inflow is minimal.

These observations have practical merit. For
example: 1) Face tents, with their larger area
around the face, gave higher tracheal O, con-
centrations than the smaller face masks set on
comparable O, concentrations and flow rates.
2) Venturi-type masks apparently cannot al-
wiys be counted upon to deliver the O, per-
centage indicated. 3) A wall nebulizer primed
with a 10 I/min O, flow and set on the 100 per
cent mode may deliver to the trachea no
more oxygen than when changed to the 60 per
cent mode. In this instance, total delivered
flow is doubled via the Venturi mechanism on
the 60 per cent mode and there is less air dilu-
tion by the patient. 4) Nasal prongs providing
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TaBLE 3. Comparison of O; Concentrations “*Delivered” by Various Types of Apparatus
with Actual Concentrations of O; Delivered to the Trachea

=)
S

Per Gent Q in Trachea S

-]

Per Gent Oy “Quiet™ ~Normal” “Hyper- 9

Apparatus “Delivered” Hreathing reathing entilation

Face mask with Ohio Deluxe nebulizer at 10 Ymin 44 39.5 327 260
60 50.3 410 3

100 520 420 Et-

Face mask with Ohio Deluxe nebulizer at 15 Vmin +4 411 342 29.1 'm:.
60 525 6.1 01 2

100 68.1 54.0 502 D

)

Face tent at 15 Vmin 100 — 88 82 3
—=

Ventur mask at 4 Umin 24 220 21.0 D
28 330 214 3

3

Venturi mask at 8 Vmin 35 323 30.0 262 &
40 36.4 33.1 29.4 3

2

5
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TABLE -4, Comparison of O; Concentrations “Delivered” by Various Combinations of Anesthesia g_
Apparatus with Actual Concentrations of 0. Delivered to the Trachea Q

Per Cent Oy in Trachea %

©

“Quiiet” “Nomnal™ Hyperay

Apparatns Breathing Breathing ventilatiod

Nasal prongs at 15 Umin and face mask with humidifer—nebulizer on 100 §
per cent setting at 15 Ymin 86.2 841 66.0
Face mask with interposed 3-liter anesthesia bag and two humidifier— o
nebulizers on 100 per cent setting at 15 Umin flow each (total flow 3

= 30 Imin) 614 50.1 362 Q
N4

Above set-up with mask holes occluded by one-way flap valves 98.2 96.1 942 §
St

N

»

relatively low flow rates are not necessarily
associated with the inhaled concentrations re-
ported by standard textbooks of respiratory
care.!”?

The highest absolute tracheal O; concentra-
tions delivered in this study, and the ones most
nearly approximating those in the appanatus,
were delivered through a set-up that has, on
occasion, been indicated clinically: aface mask
with one-way flap valves covering the expira-
tory ports connected in line with a one-way
valve, a reservoir bag, and two nebulizers
set to provide a high flow of 100 per cent O..

These findings re-emphasize the necessity
of obtaining serial arterial blood gases when
O, is given, since the complex interactions
of equipment and patient variables strongly

influence the amount of O, actually delivere:
to the patient’s trachea.
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