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Fluidic Oxymizer® Overview
The Oxymizer® is the simplest conserving device available today, operating without electronics,
batteries or flow controls.  Development of this model of the Oxymizer® draws on over 30 years of
research, development, and industry experience.  The design of the Oxymizer® provides a more
comfortable alternative to high LPM cannulas or non-rebreather masks.  Further, it facilitates continued
oxygen therapy while patients eat, drink and speak in an unobstructed manner, thereby reducing
patient anxiety and the risk of desaturation.   The Oxymizer® has been historically effective at
oxygenating hard-to-saturate patients, including some with refractory hypoxemia.

Oxygen Delivery Efficacy
As illustrated below, the oxygen concentration of the bolus delivered from the Fluidic Oxymizer® is
higher at every liter per minute setting, as compared to a high flow nasal cannula.  During testing, FiO2

was measured at the trachea of a head extension model of a mechanical lung with an I:E ratio of 1:1,
16.5 BPM, and tidal volume of 500 ml.  Please note actual FiO2 will vary with rate and depth of breath.
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The tracheal oxygen concentration study was performed with a face and nose model, calibrated oxygen
analyzer with probe, calibrated mechanical syringe, oxygen cylinder with regulator calibrated to 15 LPM,
PowerLab and LabChart electronic physiological recorder, and Excel and PowerPoint software.

The oxygen analyzer probe was inserted into a port in the trachea of the anatomically proportioned
model (Figure 1).  Oxygen was delivered at flows ranging from 1-15 LPM with the lung simulator cycling
at 16.5 breaths per minute.  The output of the oxygen analyzer was connected with the input of the
ADInstruments PowerLab running LabChart software.  The entire measurement was taken twice.  The
expectation is that the oxygen concentrations in the trachea would increase both during low flow (<8
LPM) as well as high flow (>8 LPM). Additionally, transitions from low flow to high flow were expected
to be seamless. It was further anticipated that the high flow setting could deliver oxygen concentrations
similar to those expected from a non-rebreather mask.

The Fluidic Oxymizer cycles well up to 12 LPM as measured by the oxygen analyzer probe situated in the
reservoir housing near the exhaust ports.  At 15 LPM the supply oxygen overwhelms the exhaust port
region rendering cycling difficult to measure at that location since it is sensing high oxygen
concentrations.  However, when placed in the naris, cycling can be detected.  The tracheal
concentrations rise steadily with increasing oxygen supply flows.  At 15 LPM the tracheal concentration
is in the range of those measured with the non-rebreather mask.  This is a similar finding observed when
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working with patients who have a very high flow requirement.  With a flow rate of 15 LPM combined
with the fluidic reservoir, patients are able to receive equivalent oxygen therapy up to 20 LPM.

When testing the cycling of the Oxymizer®, the oxygen analyzer probe was inserted into a hole poked
through the reservoir housing near the exhaust ports. (Figure 2). Oxygen was delivered at flows ranging
from 0.5-15 LPM with the lung simulator cycling at 16.5 breaths per minute.  The output of the oxygen
analyzer was connected with the input of the ADInstruments PowerLab running LabCharts software.
The entire measurement was taken twice.  The expectation is that inhalation brings room air to the
oxygen analyzer probe while exhalation brings pure oxygen to the probe.  Cycling is expected to produce
large variations of oxygen concentration from room air to nearly 100%.  It is realized that there will be
some mixing with ambient air.

Figure 1 Figure 2
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Conservation of Oxygen Supply Using a
Reservoir Nasal Cannula in Hypoxemic
Patients at Rest and during Exercise*
Michael Soffrr, M.D.;t Donald P. Tashkin, M.D. , F.C.C.P;t

BertrandJ. Shapiro, M.D., F.C.C.P;� Michael Littner, M.D., F.C.C.P;II

Eilish Harvey, R.C.P.T; and Susan Farr, R.C.P.T

A reservoir nasal cannula which stores oxygen during

exhalation and delivers it as a bolus during inhalation has
been reported to conserve oxygen delivery in patients with
chronic obstructive pulmonary disease (COPD) at rest. We
compared the effects upon arterial oxygen saturation (Sa02)

of the reservoir cannula and a standard nasal cannula in
hypoxemic obstructed and restricted patients at rest and

during exercise. The Sa02 was monitored by ear oximeter.
While at rest, 13 obstructed and four restricted patients
breathed oxygen from the reservoir cannula at 0.5, 1.0, 1.5,
and 2.0 Ijmin and from a standard cannula at 0.5, 1.0, 2.0,
3.0, and 4.0 Llmin. Mean SaO, was significantly higher with
the reservoir cannula compared to the standard cannula at
1.0 and 2.0 L/min (p<O.0006) and tended to he higher at 0.5
L/mbs (p<O.l). Seven obstructed patients walked on a level

ecause supplemental oxygen improves survival in

hypoxemic patients with chronic obstructive pul-

monary disease (COPD) and presumably in patients

with chronic restrictive disease, delivery of oxygen to

the hypoxemic patient by nasal cannula is an estab-

lished mode of therapy. Despite the acknowledged

efficacy, there is concern regarding the cost of this

treatment. Moreover, the limited duration of oxygen

supply from portable sources poses an inconvenience

to ambulatory patients.

Delivery of oxygen by nasal cannula is inherently

inefficient due to the oxygen escaping into the atmo-

sphere during exhalation. Several devices are in devel-

opment or are being marketed to improve the oxygen

efficiency ofthe nasal cannula. In this study, we tested

a widely marketed, simple-to-operate example of

these devices, a nasal cannula with a built-in reservoir
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the Department of Medicine and Research, Veterans Administra-
tion Medical Center, Sepulveda, Calif.
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treadmilat 0.75 mph while breathing oxygen at 0.5 and 1.5
IJmin from the reservoir cannula and at 1.0 and 3.0 Ijmin
from the standard cannula. The Sa02 during exercise with
the reservoir cannula was comparable to that with the
standard cannula at approximately half of the oxygen flow
rate. The ratio ofthe oxygen flow rate ofthe standard to the
reservoir cannula to produce 90 percent saturation was
estimated and found to be 2.5 ± 0.8 (mean ± SD) for
patients at rest and 2.9 ± 1.8 during exercise. We conclude
that in hypoxemic patients at rest and during exercise, the
reservoir cannula uses less than half the oxygen of a stan-
dard cannula to produce similar improvement in Sa02 and
thus has advantages ofa reduced cost ofambulatory therapy
with low-flow oxygen and a longer time permitted away from
a stationary source of oxygen.

(Oxymizer, Chad Therapeutics, Inc). This cannula

stores oxygen during exhalation, delivering the stored

oxygen as a bolus during inhalation.’ We tested this

device in patients with hypoxemic pulmonary disease

at rest and with ambulation to determine its efficiency

and oxygen-conserving ability compared with the

standard nasal cannula.

MATERIALS AND METHODS

Twenty subjects were selected from patients cared for in the

Pulmonary Divisions of the UCLA Medical Center, Los Angeles,

and the Veterans Administration Hospital, Sepulveda, Calif. Sub-

jects were selected for study ifthey had stable chronic obstructive or

restrictive ventilatory disease and were already receiving long-term

therapy with low-flow oxygen or were being evaluated for the first

time for supplemental oxygen therapy at home. Subjects were

further screened for inclusion in the study by ear oximeter (Biox

Technology model Il-A). The criterion for selection was arterial

oxygen saturation (SaO,) of9O percent or less while breathing room

air. Subjects signed an informed consent approved by the human

subjects’ protection committee at the institution where the study was

performed.

All subjects underwent routine spirometric testing using a rolling-

seal spirometer (Cardio-Pulmonary Instruments model 220) and

measurement ofarterial blood gas levels. Determination ofbbood gas

levels was in duplicate using a semiautomated blood gas analyzer

(Corning Medical model 168). The SaO, and carboxyhemoglobin

saturation of arterial blood were determined with a spectrophoto-

metric oximeter (CO-Oximeter model 1L287; Instrumentation Lab-

oratory, Inc). Wherever possible, arterial blood was sampled simul-

taneously with an ear oximeter. Subjects then underwent studies

with a nasal cannula as described subsequently.
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Each subject was studied at rest with both a standard nasal cannula

(Salter Labs model 1600) and a reservoir nasal cannula applied in ran-

dom order. An ear oximeter was used to monitor arterial oxyhemo-

globin saturation while air at 1. 0 L/min and oxygen at 0. 5 (in only four

obstructed and three restricted subjects), 1.0, 2.0, 3.0, and 4.0

L/min were delivered to the standard nasal cannula or air at 1.0

L/min and oxygen at 0.5, 1.0, 1.5, and 2.0 Llmin were delivered to

the reservoir cannula. The patients breathed oxygen at each flow rate

for at least five minutes, and arterial saturation was recorded after it

had achieved a stable value for an additional two minutes. When all

measurements were completed with one type ofcannula, the proce-

dure was repeated with the other type of cannula, starting with air

and followed by the breathing of oxygen at the flow rates in the

sequence indicated previously. Subjects were observed continu-

ously to monitor respiratory rate and to ascertain whether breathing

was through the nose, mouth, or both. The respiratory rate and

predominant mode ofbreathing were recorded for each oxygen flow

rate tested.

The seven obstructed patients studied at the UCLA Medical

Center were selected to determine if the reservoir cannula would

conserve oxygen during exercise. The subjects were screened by ear

oximeter while walking to ensure that their SaO, on room air

remained at 90 percent or less with exercise. These subjects were

studied during exercise while breathing supplemental oxygen at 0.5

and 1.5 Llmin via the reservoir cannula and at 1 and 3 L/min via the

standard cannula. The studies were carried out at the same session as

the resting protocol, which was modified in the following way. After

subjects had reached a steady state at rest breathing oxygen at 0. 5 or

1.5 L’min via the reservoir nasal cannula and at 1 and 3 Iimin via the

standard nasal cannula, they walked on a level treadmill at 0. 75 mph

for a target duration of five minutes while continuing to inspire

supplemental oxygen at the same flow rate via the same cannula that

they used during the preceding resting period. Two subjects were

unable to walk for the full five minutes but walked for at least three

minutes during all exercise periods. Respiratory frequency was

counted, and the pattern of breathing (nose, mouth, or both) was

noted during the last 30 seconds ofexercise. Following each exercise

period, subjects were switched to the next higher flow rate of oxygen

indicated by the resting protocol and rested (generally for more than

ten minutes) until a new steady level of SaO, was achieved.

Statistical analyses were performed separately in subjects with

obstructive and restrictive ventilatory impairment. A two-way analy-

sis ofvariance by subject and type ofcannula was used to determine

if significant differences existed in each group of subjects between

the SaO, achieved with the two types ofnasal cannulae delivering the

same flow rate of oxygen.

A similar analysis was used to determine if SaO, at twice the

oxygen flow rate with the standard cannula was different compared to

the reservoir cannula. An oxygen conservation ratio at 90 percent

saturation and the percentage ofsavings in oxygen supply required to

achieve 90 percent saturation were calculated to quantitatively

estimate the oxygen-sparing capabilities of the reservoir cannula

compared to the standard cannula. The conservation ratio at 90

percent saturation was defined as the flow rate for the standard

cannula divided by the flow rate for the reservoir-type cannula

required to achieve 90 percent saturation. The flow rate of oxygen

required to achieve an SaO2 of9O percent was estimated for each type

of cannula by linear interpolation of the data. The method of

calculating the conservation ratio for subject 4 with COPD is shown

in Figure 1. The percentage of savings in oxygen supply was

determined by subtracting the reciprocal of the concentration ratio

from one and multiplying by 100. Student’s t-test was used to

determine the significance ofthe difference in the percent savings in

oxygen supply from zero. Least-squares linear regression was used

for all subjects combined to test the correlation between arterial

saturation measured by ear oximeter and spectrophotometric ox-

imeter and the correlation between conservation ratio or percentage

of savings in oxygen supply and respiratory rate.

RESULTS

Table 1 lists the subjects’ baseline characteristics.

Oxyhemoglobin and carboxyhemoglobin saturations

by spectrophotometric oximeter were not obtained in

subjects 4 and II. Subjects 1, 3, and 18 to 20 had an

Sa02 of 90 percent or less at the time of screening but

were later found to have an Sa02 of more than 90

percent by oximeter on the day ofthe study. Subjects 1

and 3 with SaO2 above 90 percent by ear oximeter had

spectrophotometric oximetric data indicating an SaO2

of 90 percent or less. These subjects were included in

the resting studies. Subjects 18 to 20 were studied

during exercise but not at rest because they had

sufficient desaturation only during exercise to meet the

criterion of an SaO2 of 90 percent or less on room air.

Four patients had carboxyhemoglobin values that were

significantly elevated, presumably due to cigarette

smoking prior to the study. The mean intraindividual

difference between Sa02 determined by ear oximeter

and the spectrophotometric oximeter (0.5 ± 2.6 per-

cent) was not significantly different from zero. Linear

96

76

FIGURE 1. Method of calculating oxygen conservation ratio. Ear

oximetric SaO, was determined at indicated oxygen flow rates

through reservoir nasal cannula and standard nasal cannula. Oxygen

flow rate to produce 90 percent saturation is determined by linear

interpolation between two oxygen flow rates that most closely

bracket 90 percent saturation. Oxygen conservation ratio is then
calculated by dividing oxygen flow rate ofstandard nasal cannula by

oxygen flow rate of reservoir cannula corresponding to 90 percent

saturation. Oxygen conservation ratio in this obstructed patient is

2.0 (case 4).
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Group and FVC, L FEV,, L

Resting Arterial Blood Gas Levelst

SaO,, percent COHb

Case, Sex, (percent of (percent of FEV,/FVC, PaCO,, PaO,, ‘-� . Saturation,

Age (yr)* Diagnosist predicted) predicted) percent pH mm Hg mm Hg Co-Ox Ear percent

Obstructed

1,F,69� COPD 1.66 56 0.86 41 52 7.42 34 71 90 94 6.751T

2,M,66 COPD 3.34 56 1.41 44 42 7.41 43 52 84 86 2.0

3,M,29� CF 2.04 39 1.21 29 59 7.35 59 60 90 91 1.2

4,F,49 COPD 1.49 46 0.63 26 42 7.48 45 35 . . . 73 . .

9,M,60 COPD 0.87 24 0.31 12 35 7.33 52 50 86 88 1.4

10,M,32 CF 1.20 25 0.76 19 63 7.36 56 53 85 90 2.3

11,M,61 COPD 1.52 41 0.54 21 35 7.38 61 45 . . . 84 . .

12,M,61� COPD 1.14 31 0.53 21 46 7.39 48 58 87 88 1.3

13,M,59 COPD 1.45 36 0.40 14 27 7.45 52 55 89 89 2.1

14,M,37� CF 1.74 31 0.58 13 33 7.34 50 60 88 90 2.1

15,M,50 COPD 1.66 43 0.70 25 42 7.44 41 48 85 83 1.2

16,M,59 COPD 1.18 33 0.48 19 41 7.32 56 58 84 86 6.1ST

17,M,54 COPD 2.55 61 1.45 48 57 7.46 34 54 90 86 1.1

18,M,5711 COPD 2.10 49 0.79 26 38 7.46 28 68 93 91 2.1

19,F,6511 COPD 1.11 44 0.52 29 47 7.43 46 68 94 93 1.8

20,F,7311 COPD 1.91 52 0.55 16 29 7.45 41 66 91 94 4.1�J

Mean . . . 1.69 42 0.73 25 43 7.40 47 56 88 88 2.5

SD . . . 0.62 11 0.34 11 11 0.05 9 9 3 5 1.8

Restricted

5,F,66 IPF

Thoraco-

1.26 50 1.18 65 93 7.50 42 36 70 68 1.9

6,F,75 plasty 0.76 27 0.60 30 79 7.44 52 51 87 88 2.1

7,M,64 IPF 1.17 26 1.03 33 88 7.42 37 51 84 84 1.5

8,M,62 IPF 2.05 59 1.57 66 77 7.53 32 57 89 85 5.2�T

Mean . . . 1.31 41 1.10 49 84 7.47 41 49 83 81 2.7

SD . . . 0.54 17 0.40 20 8 0.05 9 9 9 9 1.7

*Mean age of obstructed patients was 55 ± 13 years and of restricted patients was 67 ± 6 years.

tCF, Cystic fibrosis; and IPF, diffuse interstitial pulmonary fibrosis.

tCo-ox, co-oximeter; ear, ear oximeter; COHb, carboxyhemoglobin; and PaCO,, arterial carbon dioxide tension.

§Studied both at rest and during exercise.

IStudied only during exercise because resting SaO, greater than 90 percent (see text).
#{182}Elevated COHb values for residents of Los Angeles.

Table 1-Data on Pulmonary Function and Blood Gas Levels
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regression for the 18 paired samples analyzed by both

types of oximeter yielded a correlation coefficient of

0.90 (p<O.00l) and a slope ofl.02. This is in agreement

with previously reported results;2 however, individual

differences were as high as 4.5 percent in patients with

elevated carboxyhemoglobin values. Due to these

variations, all ear oximetric data were adjusted by

simple subtraction to reflect the difference between

the ear oximetric and spectrophotometric oximetric

values obtained simultaneously at baseline.

Figure 2 shows the mean adjusted resting SaO2 by

ear oximeter for air and supplemental oxygen at each

flow rate with each type of cannula for subjects with

chronic obstructive and restrictive ventilatory disor-

ders separately. Data are presented only for those 17

subjects with resting SaO2 of9O percent or less on room

air by spectrophotometric oximeter. Table 2 shows the

mean values and range in values for the conservation

ratios and percentage of savings in oxygen supply in

the obstructed and restricted patients separately.

No differences were noted between the saturations

achieved when compressed air was delivered through

either the reservoir or standard cannula (p>0. 3). In the

obstructed patients, mean saturations were signifi-

cantly higher with the reservoir cannula than the

standard cannula when oxygen was delivered at 1 and 2

L/min (p<0.0006). At an oxygen flow rate of0.5 L/min

administered to four subjects via each type of cannula,

a similar trend was noted (p<0. 1), which, however, did

not achieve statistical significance. When data from all

13 obstructed subjects were analyzed, a significantly

higher saturation was noted with 0.5 Lfmin delivered

via the reservoir cannula compared to twice this flow

rate delivered by the standard cannula (p<0.05). The

values for SaO2 achieved with oxygen flow rates of 1.0,

1.5, and 2.0 L/min delivered by the reservoir cannula

are not significantly different from values for SaO2

attained with 2, 3, and 4 L/min, respectively, delivered

via the standard cannula. The mean individual conser-

vation ratio at an SaO2 of 90 percent is 2.5 ± 0.8,
corresponding to a mean savings in oxygen supply of

60 ± 17 percent, a value significantly different from

zero (p<O.000l).

Although the mean values for SaO2 were higher with
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FIGURE 2. Ear oximetric SaO, obtained in 13 obstructed and four restricted patients at rest with indicated

flow rates ofoxygen through reservoir nasal cannula and standard nasal cannula. A flow rate ofO.5 Llmin was

delivered through the standard cannula in only four obstructed and three restricted patients.

the reservoir than the standard cannula in the four ratios at 90 percent during exercise varied from 1. 1 to

patients with restrictive ventilatory disease when com- 6. 0, with a mean conservation ratio of 2. 9 ± 1. 8, corre-

parable flow rates of oxygen were delivered, these sponding to an oxygen savings of 51 ± 29 percent,

differences were not significantly different by analysis which is significantly different from zero (p’(0.05).

ofvariance (p<0. 2). This is not surprising in view ofthe Most ofthe patients were observed to inspire nasally

small number ofsuch patients studied; however, one of at rest. All seven subjects breathed oronasally during

the four restricted patients showed marked oxygen

conservation with the reservoir cannula (conservation

ratio of 3. 5 and oxygen savings of 71 percent).

The oxyhemoglobin saturations observed in the 92 Re�rv�ir

seven patients with obstructive pulmonary disease

who exercised breathing room air and oxygen at �

different flow rates with each type ofcannula are shown �.

in Figure 3. The values for SaO2 achieved with the �

reservoir cannula at 0.5, 1.0, and 1.5 L/min are � 88

comparable to those attained with the standard can-

nula at twice these oxygen flow rates. The conservation � 86

Table 2-Oxygen Conservation Ratios and Percent
Savings5 ‘� 84

_____________________________________________________ 82Data

No. of

Patients

Conservation

Ratio

Percent Oxygen

Savings

Obstructed

Rest

Exercise

Restricted

Rest

13

7

4

2.5 ± 0.8 (1.5-4.0)

2.9±1.8(1.1-6.0)

1.6±1.3(0.8-3.5)

60 ± 17t (34-75)
51±29t(7-83)

14±40 (-23-71)

±1 SEM

7 Obstructed Pc//en/s
Exercise

*Table values are means ± SD; numbers within parentheses are

ranges.

tp<0.0001 (Student’s t-test compared to zero).

tp<0.05 (Student’s t-test compared to zero).

80 ‘ ‘ , , , ,

0.0 0.5 .0 .5 2.0 2.5 3.0
(room air)

Flow Rate of Supplemental 0,, I/mm

FIGURE 3. Ear oximetric SaO, obtained in seven obstructed patients

while exercising at 0.75 mph on level grade at indicated oxygen flow

rates through reservoir nasal cannula and standard nasal cannula.
Dashed line at 90 percent saturation is to aid comparison of oxygen

flow rates at that saturation.

95

666 Conservation of Oxygen Supply (Softer et a!)

z
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exercise. No difference in conservation ratio was noted

between the subjects breathing via the nose vs oro-

nasally at rest.

The mean respiratory rate ofthe obstructed patients

at rest while breathing room air was 23 ± 2 breaths per

minute and was nearly identical to the respiratory rates

observed during oxygen breathing via either cannula at

any flow rate. The respiratory rate of the restricted

patients during room air breathing was significantly

higher (31 ± 3 breaths per minute) than that observed

in the obstructed patients (p<O.O5). A similar differ-

ence in respiratory frequency between the obstructed

and restricted patients was also noted during oxygen

breathing with either cannula. With exercise the mean

respiratory rate of the seven obstructed patients in-

creased significantly (p<Z0.05) to 28 ± 7 breaths per

minute during room-air breathing and did not change

significantly while breathing different oxygen concen-

trations via either cannula. No significant correlation

was noted between the conservation ratio or the

percentage of oxygen savings and the respiratory rate

among all subjects studied either at rest or during

exercise (p>O.7).

DIscUssIoN

The use of oxygen at 2 L�min continuously by a

patient in the Los Angeles area costs about $400/mo.

Over 500,000 persons with advanced COPD are dis-

abled in the United States. If only one in 20 requires

ambulatory oxygen, a reduction of oxygen consump-

tion by 50 percent conservatively amounts to $50,000,-

000 in annual health-care savings. For the individual

patient using 2 L/min continuously, the cost savings

even with the additional expense of replacing the

reservoir cannula weekly (as recommended by the

manufacturers) is $150/mo if oxygen usage can be

reduced to 1 L/min. The reduction of cost at higher

oxygen flow rates is even more. For the individual who

is able to leave his home with a portable oxygen supply,

a 50 percent reduction in flow rate doubles the time

one can be away from a stationary supply source of

oxygen.

The oxygen-conserving reservoir cannula we have

studied is designed to store 20 ml of oxygen flowing

from the supply source during the time the patient is

exhaling. This reservoir ofoxygen is then delivered as a

bolus at the beginning ofthe next breath. This is a very

efficient point to deliver the oxygen bolus during the

respiratory cycle, since initially inspired gas is distrib-

uted to functioning alveoli in most patients. We have

shown that this device is capable of producing in-

creases in arterial oxyhemoglobin saturation in hypox-

emic patients with obstruction equivalent to the in-

creases in saturation produced by the standard nasal

cannula at less than half of the oxygen flow rate. With

the standard nasal cannula, these patients required 1 to

4 L/min to achieve an SaO2 of 90 percent at rest. The

same results were achieved with the reservoir nasal

cannula at flow rates of 0.5 to 2 L/min. The reservoir

cannula functioned equally well with the subjects

breathing through their nose or through their mouth

and nose combined. No conclusion can be drawn about

strict mouth breathing, since none ofthe subjects was a

strict mouth breather.

Oxygen saturation in exercising patients frequently

decreases below the resting level. Patients requiring

low-flow oxygen at rest may need to increase the

oxygen flow rate during exercise, and some patients

with mild hypoxemia at rest who do not require

supplemental oxygen may need oxygen during exer-

cise. The higher flow rates ofoxygen via nasal cannula

generally required during exercise are due to (1) a

lowering of the effective fractional concentration of

oxygen in the inspired gas due to the greater dilution of

the fixed supplemental flow rate ofoxygen by room air

during the hyperpnea of exercise, and (2) a tendency

for the arterial oxygen tension (PaO2) in such patients

to decrease during exercise due to worsening ventila-

tion-perfusion relationships or diffusion limitation (or

both). Because of these differing conditions with exer-

cise, we studied the oxygen-conserving characteristics

of the reservoir cannula in seven of our obstructed pa-

tients during exercise. In three of these patients,

values for SaO2 were greater than 90 percent at rest.

Data for exercise alone are presented for these three

patients. As shown in Figure 3, we found that the res-

ervoir cannula resulted in at least as much conservation

ofoxygen during exercise as we found in the group of 13

obstructed patients studied at rest, despite the greater

respiratory frequencies during exercise. These find-

ings indicate that the efficacy ofthe reservoir cannula is

not impaired during the hyperpnea of exercise.

The number of patients with restrictive ventilatory

disease in this study did not afford a sufficient sample

to draw definite conclusions concerning the utility of

the new device for oxygen conservation in this type of

patient; however, a marked degree ofoxygen conserva-

tion (3.5 to 1) was noted in one of the four restricted

patients studied. One of the remaining three patients

had combined restriction and obstruction. His tidal

volume and inspiratory flow rate were so low that the

reservoir did not collapse and thus did not deliver a

bolus of oxygen. The reservoir acted as a conduit for

oxygen, reducing the device to function like the

standard cannula in this patient; the oxygen conserva-

lion ratio was near one.

The findings in the 13 obstructed patients whom we

studied at rest confirm those recently reported by Tiep

and colleagues1 in 20 patients with stable COPD who

were evaluated at rest using the same reservoir nasal

cannula. Our patients had slightly less obstruction

(ratio of the forced expiratory volume in one second
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over the forced vital capacity [FEV1/FVC} of4l.9 ± 11.9

percent; mean ± SD) than those studied by Tiep et aP

(FEV1/FVC of 35. 4 ± 4. 1 percent), but the level of

hypoxemia was slightly greater than in the patients of

Tiep et aP (85.8 ± 4.5 percent and 88.3 ± 6.8 percent,

respectively). We extended the study ofoxygen conser-

vation to patients with cystic fibrosis and restrictive

disease at rest and obstructed patients during exercise.

Although the reservoir cannula is bulkier and hence

less attractive than the standard cannula, this feature

did not diminish our patients’ interest in this new

device for oxygen delivery. Many were anxious to start

using the reservoir cannula in an effort to reduce the

cost of oxygen therapy and to prolong the duration of

time that they could be away from their stationary

supply source at home.

Two other oxygen-conserving devices are presently

on the market. One (Pendant Oxygen Conserving Can-

nula; Chad Therapeutics, Inc) is similar in principle to

the reservoir cannula tested in this study, except that

the reservoir is displaced away from the patient’s face.3

This device produces oxygen conservation ratios

similar to the device tested in this study. We have had a

small number ofpatients try both devices, and there is

no uniformity of preference. The other marketed

device is a battery-operated, combination electronic-

fluidic device that uses a standard nasal cannula

(Demand Oxygen Controller, Cryo-2 Corp). This de-

vice regulates oxygen supply so that flow occurs during

inspiration and is cut offduring expiration. This device

decreased usage ofsupplemental oxygen by 66 percent

in 16 patients after � Comparison of the reser-

voir cannula and the Demand Oxygen Controller is not

possible because the population of patients and the

experimental protocols are too dissimilar. Experimen-

tal oxygen-conserving devices have been described by

Mecikalski and Skigeoka,5 by Rinow and Saltzman,6 by

Crabb et al,7 by Anderson et al,8 and by others. Ad-

ditionally, the oxygen-conserving capabilities of per-

cutaneously introduced tracheal catheters, as de-

scribed by Heimlich,9 continue to attract clinical

interest. ‘#{176}

Because of the slightly greater cost and less attrac-

tive appearance of the reservoir compared to the

standard cannula, it is prudent to document that the

reservoir cannula produces significant conservation

before prescribing it for any individual patient. If the

physician contemplates switching from one type of

oxygen delivery device to another, the patient should

be restudied to ascertain the appropriate flow rate of

oxygen to be delivered. The patient should also be

instructed to adjust the oxygen flow rate appropriately

when switching from one type of cannula to another.

In summary, we compared a reservoir nasal cannula

for delivering oxygen with a standard nasal cannula in

20 hypoxemic patients with chronic obstructive or

restrictive ventilatory disease, at rest or during exer-

cise (or both). Our findings indicate that the reservoir

nasal cannula produces improvements in SaO2 similar

to those noted with the standard nasal cannula when

half or less of the oxygen flow rate was delivered

through the reservoir device compared to the standard

cannula. These findings indicate advantages of the

reservoir nasal cannula over the standard nasal cannula

with respect to the cost ofambulatory low-flow oxygen

therapy and extended length of time on portable

sources ofoxygen. A major challenge will be perform-

ance of a prospective study to determine if oxygen-

conserving cannulas really produce cost-savings in a

long-term clinical setting.
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A New Pendant Oxygen-Conserving
Cannula Which Allows Pursed Lips
Breathing
Brian L. Tiep, M.D.;* Mary Burns, R.N. , B. S.;t and

Jackie Hererra, C.R.TTt

Multiple benefits of oxygen therapy for hypoxemic patients
with chronic lung disease are well established. Steady flow

oxygen therapy is inefficient, wasteful and has a high cost.

The Oxymizer pendant improves efficiency ofoxygen deliv-

ery compared with SF. However, the device requires that

the patient inhale and exhale nasally to maximize its oxygen-

saving properties. When patients do PLB they may not

receive full oxygen-saving benefit of the pendant. Yet PLB

itself can increase Sa02. We evaluated an Al, which does

not require nasal exhalation, in nine patients with COPD.

� We measured Sa02 while breathing oxygen via SF and the

A�P with nasal-only breathing and PLB. Results indiCate
that the M5 maintains an increase in SaO over SF during
nasal-only breathing and a further increase during PLB.

‘� conclude that AP acts as an oxygen conserver during
PLB; PLB with the AP achieves greater savings than with

nasal-only breathing. (Chest 1989; 95:857-60)

PLB pursed lips breathing; SaO, arterial oxygen saturetion
APauto-resetting pendant; VCvital capacity; FEy, forced
expiratory volume in 1 5; SFsteady flow; FVC forced vital
capacity; CO5carbon dioxide

T he benefits of long-term oxygen therapy for hy-

poxemic COPD patients are well understood and

accepted.”� The British Medical Research Council’3

demonstrated increased survival when oxygen was

provided during the night in comparison with no

oxygen. The Nocturnal Oxygen Therapy Trial’4 studies

demonstrated greater survival when oxygen was pro-

vided continuously as compared with 12 h of nocturnal

oxygen. Most patients with chronic lung disease, who

are prescribed oxygen, are ambulatory and thus re-

quire portable oxygen. Patients undergoing pulmonary

rehabilitation are taught and encouraged to ambulate

as a step toward independence and improving their

quality of life.’5”6 Thus, ambulatory oxygen is an

important part of their medical management.

Oxygen therapy is commonly delivered via a SF

nasal cannula, which is inefficient and wasteful.’7’9

The waste occurs because SF oxygen is delivered

throughout the respiratory cycle, whereas the impor-

tant delivery takes place during early inspiration. The

oxygen delivered during the rest of the respiratory-

time cycle is wasted as it is lost to the atmosphere.

The amount of oxygen which must be stored repre-

sents one of the major limitations of long-term oxygen

therapy. For patients receiving portable oxygen, the

limitations of oxygen therapy become most evident.

Portable oxygen containers must have the oxygen

storage capacity to meet the patient’s oxygen needs

for several hours away from the stationary source.

Because we now perceive a need to reduce the cost

*�5�jlrnon�.y Rehabilitation, Casa Colina Center for Rehabilitation,

Pbrnona, CA.

tUttle Cornpany of Mary Hospital, Torrance, CA.
Manuscript received February 22; revision accepted October24.
Reprint requests: Dr. Tsep, Casa Colina Hospital, 255 E. Bonita,
Ibmona, CA 91767

ofoxygen therapy and improve upon the portability of

ambulatory oxygen, several new devices have been

developed to increase the efficiency of oxygen deliv-

ery. ‘�‘� One such device is the Oxymizer pendant, an

oxygen-conserving nasal cannula which stores oxygen

during exhalation for delivery during early inhala-

tion.�#{176}� The pendant was found to reduce oxygen flow

required to provide adequate saturation during both

rest2#{176}and exercise conditions.21’22 The pendant

achieved oxygen savings of between 2:1 and 4:1 as

compared to SF delivery.

However, the pendant requires both nasal inhalation

and exhalation to maximize its oxygen-saving proper-

ties. When patients do PLB they often occlude their

nasal passages during exhalation.� Since PLB is a

common breathing retraining technique taught in

pulmonary rehabilitation programs, we found it desir-

able to remodel the pendant so that it will function

while the patient is using this method of breathing.�

In the present study, we evaluated a pendant, which

we altered to cause the membrane to spring back to

resetting position at the end of inhalation. As a result

of this modification, nasal exhalation is not required

through the pendant for it to function as an oxygen

conserver. We compared the AP in hypoxemic COPD

patients, during both PLB and non-PLB with SF

oxygen delivery.

Pendant Conserver Cannula

METHODS

The standard pendant conserving nasal cannula� (Chad Them-
peutics, Inc, Chatsworth, CA; Fig 1)consists ofnasal prongs attached

to cannula tubing which is connected to the pendant reservoir.

Oxygen enters the system at the junction of the tubing and the
reservoir. The actual storge of oxygen occurs in the tubing rather

 © 1989 American College of Chest Physicians
 by guest on January 21, 2010chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


Pendant

1000 2000 3000 4000

oxygen Supply (mi/mm)

858 A New Pendant Oxygen-conserving Cannula (liep, Burns, Hererra)

FIGURE 1 . The Oxymizer pendant oxygen-conserving nasal cannula.

than in the reservoir. At the beginning of exhalation, the reservoir

fills with dead space gas and some oxygen. During most of exhalation,

the tubing fills with oxygen. When the patient is ready to inhale,

the reservoir provides the means to refiux the oxygen stored in the

tubing in addition to the steady supply flow to the patient. The

overall effect is early inspiratory delivery of an oxygen bolus.

We modified the pendant so that the membrane of the reservoir

does not rely on the patient’s exhalation to reset for oxygen storage;

it auto-resets. This allows PLB.

Protocol

Nine patients with COPD with a mean age of 69 ± 6.4 years, an

FVC of 1 .7 ± 0.4 L and an FEy of0.7 ± 0.2 L were recruited from

the inpatient pulmonary rehabilitation program at Casa Colina

Hospital for Rehabilitative Medicine in Pomona, CA, and the

outpatient pulmonary rehabilitation program at Little Company of

Mary Hospital in Torrance, CA. The subjects were hypoxemic at

rest and all were on long-term oxygen therapy. Informed consent

was obtained in accordance with the standards set by the Institu-

tional Review Boards of the two institutions in which the study was

performed.

Pulmonary function measurements were obtained using a cali-

brated electronic spirometer (Hewlett Packard, mc, Palo Alto, CA).

The best of three forced expiratory efforts was recorded for each

subject.

Oxygen saturation values were measured with the use of a Biox

hA ear oximeter (Ohmeda, mc, Boulder, CO) at rest and at the
various flows, allowing suflicient time for equilibration to take place.

The order of presentation of the cannulas was randomized but we
always started with the lowest supply flows and proceeded to the

higher supply flows. Oxygen delivery via SF was set for 1 ,2, 3 and

4 L/min, and for the pendant the settings were 0.25, 0.5 and 1.0 L/

mm both during non-PLB and PLB. The PLB was taught by a

nurse according to a previously set method used in our former study

which demonstrated a significant increase in Sa02 by the technique

in patients breathing room air.2’ All of the patients in this study

were experienced pursed lips breathers. We closely monitored the

patients to assure that they were using the appropriate breathing

method for each section of the studs: Oxygen supply flow was

metered via spirometrically calibrated settings of a liquid oxygen

system (Liberator Stroller). Data were compared by analysis of

variance techniques followed by Duncan� multiple range compari-

son.

RESULTS

Oxygen saturation performance curves for SF deliv-

ery, and the AP during PLB and non-PLB are shown

in Figure 2. Oxygen saturation was improved using

supplemental oxygen delivered by either cannula. At

0.25 L/min, the AP, during non-PLB and PLB,

achieved the equivalent of SF at 1 and 1 . 7 L/min,

respectively. At 0.5 ljmin, the AP, during non-PLB

and PLB, achieved the equivalent of steady flow at

2.3 and 2.9 IJmin, respectively. At 1 L/min, the AP,

during non-PLB and PLB, achieved the equivalent of

SF at 4 and 4.5 Llmin, respectively. In each instance,

the AP conserver yielded higher saturations than the

SF cannula during non-PLB and there was a further

increase during PLB. These differences in oxygen

requirement to achieve equivalent saturations, be-

tween non-PLB and PLB conditions were statistically

significant (p<O.Ol).

The SF equivalents as depicted in Figure 3 dem-

onstrate the oxygen savings using the AP during non-

PLB and PLB as compared with SF oxygen. At 0.25

lJmin the AP oxygen savings were 4.2:1 and 6.8:1 as

compared with SF during non-PLB and PLB, respec-

tively. At 0.5 L/min, the AP oxygen savings were 4.5:1

and 5.8:1 as compared with SF during non-PLB and

PLB, respectively. At 1 L/min, the AP oxygen savings

were 4:1 and 4.5:1 as compared with SF during non-

PLB and PLB, respectively.

0
(V

FIGURE 2. Oxygen saturation performance curves for SF delivery,

and the AP during non-PLB (NPL) and PLB.
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FIGURE 3. Oxygen saturation equivalents during SF as compared

with the AP during non-PLB (NPL) and PLB.

DISCUSSION

This study demonstrates that the AP improves the

efficiency of oxygen delivery whether the patient is

breathing strictly nasally or with pursed lips. The

oxygen savings are greater when the patient is doing

PLB. This study did not evaluate the standard pendant

while the patient does PLB. However, it is known that

patients who breathe with pursed lips exhale solely

through their mouths� and the reservoir mechanism

of the standard pendant requires nasal exhalation to

be able to reset the reservoir membrane. If patients

who do PLB completely occlude their nasal passages

during exhalation, it is unlikely that they will be able

to reset the reservoir membrane in order to benefit

from the oxygen-conserving mechanism of the pen-

dant.

Previous PLB studies have demonstrated several

benefits of PLB. Patients enjoy the subjective benefit

of being able to breathe more comfortably and also

the physiologic benefits of increasing the� Sa02 and

CO2 removal.� Pursed-lips breathing appears to be

a rather natural method that patients discover spon-

taneously because it relieves dyspnea. Pulmonary

rehabilitation programs regularly include PLB retrain-

ing as a standard part oftheir education program.�

Early studies on the pendant demonstrated that the

standard pendant oxygen-conserving nasal cannula

achieves significantly greater Sa02 values than the SF

cannula during both rest and exercise.� In most of

these studies the savings benefit of the standard

pendant over the SF cannula was 4:1 at 0.5 L/min, 3:1

at 1 Lfmin and 2:1 at 2 Ijmin. Those findings were

almost identical to those found with the mustache-

configured Oxymizer.’#{176}32

The pendant functions by storing oxygen during

exhalation for early inspiratory delivery during the

next inhalation.�#{176}24 The mechanism for oxygen savings

via the pendant is based on the fact that SF oxygen

therapy is inefficient and wasteful. If the respiratory-

time cycle were divided into thirds, typically two

thirds of the time might be spent on exhalation,

leaving one third for inhalation. 19.32 When one exam-

ines the inhalation portion of the respiratory-time

cycle, the inspiratory flow curve is steepest during

early inhalation with relatively more time spent on

dead space inhalation. We estimate that one third to

one half of inhalation is early inhalation. Thus, one

could conclude that about one eighth ofthe respiratory-

time cycle might be spent in early inhalation-

contributing to alveolar oxygenation. One might then

expect the oxygen saving to approach 8:1 over SF if all

oxygen delivery could be effectively focused on early

inhalation.

However, the standard pendant does not reach the

level of savings suggested by the previously noted

model. An explanation is that the patient must exhale

through the cannula to reset the membrane and create

the chamber. As a result, no oxygen storage is possible

duringlate (dead space) inhalation-wasting some time

which could be devoted to oxygen storage. Electronic

demand pulsed-oxygen delivery devices such as the

Oxymatic do achieve a greater oxygen delivery effi-

ciency because no oxygen is wasted during dead-space

inhalation.� The savings reported in the present

study are greater than those reported via the standard

pendant, particularly at 1 Umin.�#{176}� We recommend

a future study to determine if the AP, which does not

wait for exhalation before resetting the membrane, is

more or less efficient than the standard pendant.

An earlier PLB study, without supplemental oxygen,

demonstrated that patients could be taught to raise

their Sa02 using that breathing retraining technique

with the biofeedback guidance of ear oximetry.� In

that study, there was a significant increase in tidal

volume, a significant decrease in respiratory rate but

no significant change in minute volume. It was the

results of that study which inspired the attempt to

combine the effects of PLB with the oxygen-conserv-

ing properties of the pendant.

The present study did not evaluate PLB on room

air vs supplemental oxygen or the standard pendant

during PLB. However, we did study PLB at various

liter-flows of oxygen using the AP There was a consis-

tent increase in saturation; hence, the effect was likely

to be additive. Also, we found consistently higher

saturations via the AP during PLB than achieved by

nasal-only breathing for the same liter flow of oxygen.

This also supports the notion that the effect of PLB is

additive to the oxygen-conserving properties of the

pendant.

This study did not evaluate patients under exercise

conditions, which would be important in patients using
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ambulatory oxygen. Those studies need to be per-

formed prior to widespread clinical use because its

most important application is in the ambulatory pa-

tient.

In summar�#{231} the AP improves oxygen delivery

efficiency as compared to SF. In addition, patients can

do their PLB and further improve upon their oxygen-

ation. The use ofthis device could result in substantial

cost savings, increased portability and extended time

away from the stationary oxygen source.
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Performance of a Reservoir Nasal Cannula
(Oxymizer) During Sleep in Hypoxemic
Patients With COPD*
Eileen M. Hagarty, M.S. , R.N.;t Morton S. Skorodin, M.D. , F.C.C.P4

William M. Stiers, Ph . D.;� Meenal B. Manidani, M. D.;II

Jill A. Jessen, B. SN. , R.N.;�i and Edwin C. Belingon, R.R. T**

Study Objective: To determine whether a reservoir nasal

cannula (RNC) (Oxymizer) provides an arterial hemoglobin

oxygen saturation as measured by pulse oximetry (Sp02)

equivalent to that provided by the standard nasal cannula

(SNC) during sleep in hypoxemic patients with COPD while

reducing oxygen flow requirement and cost.

Design: The study took place in a sleep laboratory for three

nights, with the first night for acclimatization to the new

sleeping environment. In a repeated-measures design, on

the second and third nights, subjects used the SNC for one

night and the RNC on another night. The order in which

they received the two devices was counterbalanced.

Subjects: The subjects were patients with COPD who had

a stable Pa02 of 55 mm Hg or less or had a value of 56 to

59 mm Hg with evidence of cor pulmonale or polycythemia

(or both) and an FEV/FVC of less than 70 percent.

interventions: A pulse oximeter was used to measure SpO,.

An arterial blood gas measurement was taken on each night

while the patients with COPD were receiving oxygen

therapy via the assigned device. An EEG machine was

used to record measurements of electro-oculography, chin

electromyography (EMG), anterior tibialis EMG and EEG.

Measurements and main results: There was a statistically

significant difference between mean Sp02 during sleep

(RNC, 91 percent; SNC, 93 percent; F7.89; pO.Ol).
Nocturnal SpO, was less than 90 percent for 24.2 percent

of the time with the RNC and for 17.5 percent of the time

with the SNC (F5.41; pO.O3), but there was no signifi-

cant difference in the amount of time that Sp02 was less

than 85 percent. Compared to the SNC, in 4 of 26 patients

with COPD, the RNC performed better; in 12 patients with

COPD, the RNC performed the same, and in 10 patients

with COPD the RNC performed worse during sleep. Sleep

parameters were not significantly different between the two
devices.
Conclusions: The difference of 2 percent in mean Sp02 is

within the range of SpOt measurement error. Therefore,

the two devices are equally effective when the sample is
considered as a whole. Nighttime oximetry is necessary

prior to prescription, since nighttime efficacy of the RNC

cannot be predicted on the basis of daytime pulse oximetry.

(Chest 1993; 103:1129-34)

RNC = reservoir nasal cannula; SNC standard nasal cannula;
SpO, arterial hemoglobin oxygen saturation measured by
pulse oximetry; Ti/Ttot ratio of inspiratory time over total
time of respiratory cycle; TST total sleep time

T wo large-scale clinical trials clearly demonstrated

the benefits of long-term oxygen therapy for hy-

poxemic persons with COPD. These studies showed

that the use of long-term oxygen therapy prolongs life

in this population and that the more hours per day

that oxygen is used, the longer life is extended.’-2

Since the efficacy of long-term oxygen supplementa-

tion is undisputed, the high cost is of interest to the

third-party payers who are responsible for funding

*From the Edward lImes Jr. Hospital, Department of Veterans

Affairs, limes, Ill.
Supported b�’ the VA Health Services Research and Development
Service.

tPulmonary Clinical Nurse Specialist, Medical Nursing Service.

tStaff Physician, Ambulatory Care Service and Division o)f Pul-
Ino)nary and Critical Care Medicine.

§Psychology Fellow, Rehabilitation Psychology and Neuropsychol-
ogy; Physical Medicine and Rehabilitation, University o)f Michigan

Medical Center.

IlAssistant Chief, Neurology Service, and Director o)f Sleep Lab-
orato)ryc

#{182}StudyNurse Coordinator, Research Service.
**Respirato)ry Care Department.
Reprint requests: Ms. Hagarty, Research Service, Bldg 1, Room
C318 (151), Hines VA Hospital, Hines, JL 60141

medical care, in particular Medicare and the Depart-

ment ofYeterans Affairs (VA). The annual expenditure

for home oxygen by Medicare is over $2 billion, and

the yearly expenditure by the VA is approximately $12

millions (G. Griggs, written communication, May 23,

1991).
The Oxymizer (Chad Therapeutics, mc) is a reser-

voir nasal cannula (RNC) which is worn in a moustache

distribution. This RNC stores oxygen during exhala-

tion and then allows for the inspiration of a 20-ml

bolus of oxygen during early inhalation.3 This RNC

(Oxymizer) was the first oxygen-conserving device to

be available commerically, and it has been marketed

for its ability to reduce oxygen flow requirement and

cost.4

Long-term studies proving the efficacy and cost

effectiveness of this RNC under field conditions are

lacking.5 Theoretic calculations concerning the eco-

nomic advantages for using this RNC have not been

convincing,6 and a relative lack of research and clinical

experience discourages many physicians from pre-

scribing it.
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In addition, there are fl() published reports describ-

ing the performance of the RNC during sleep. It is

quite possible that oxygen flow requirements via the

RNC may be different during sleep, since sleep is a

different state than wakefulness. This study sought to

determine whether the RNC provides an arterial

hemoglobin oxygen saturation as measured by pulse

oximetry (Sp02) equivalent to that provided by the

standard nasal cannula (SNC) during sleep in hypox-

emic patients with COPD while reducing oxygen flow

requirement and cost.

MATERIALS AND METHODS

Our prescreening process consisted of obtaining information

concerning age, race, marital status, activity level, occupational

status, smoking I)ehavio)r, and current used home oxygen delivery

system. height and weight were measured. Pulmonary function

tests were performed, which included r(x)m-air PaO2, percent

oxyhemoglobin, percent carboxyhesnoglobin, percent methemoglo-

bin, PaCO2, p11. I1CO� ,FEy (percent of predicted); forced vital

capacity (FVC, Perceflt ofpredicted); FEV1/FVC, diffusing capacity

for carbon mono)xide (D, percent of predicted), total lung capacity

(TLC), residual volume (RV), and functional residual capacity (FRC).
Seated and supine measurements of respiratory rate and the ratio

of inspiratory time over the total time of the respiratory cycle (Ti!

Ttot) were recorded while the patients with COPD were using the

RNC and while they were using the SNC. Reasons for exclusion o)f

patients included a resting room-air PaO2 greater than 59 mm Hg,

patients refusal, or infectious exacerbation of COPD.

The oxygen flow rate (in liters per minute) by SNC used at night

was determined on the basis of daytime resting, seated oximetric

testing. The oxygen flow rate b� SNC that achieved an SPO2 of 91

percent or more (�88 percent for hypercapnic patients) was chosen

for the study. Although it is common practice to increase a patient’s

oxygen dose by 1 IJmin during sleep,’� it is no)t a universal practice.2

In this study, we sought to determine empirically the oxygen flow

required to) maintain adequate oxygenation (SpO2, 91 to 95 percent)

as recommended by the American Thoracic Society.7

The oxygen flow rate by RNC used at night was also) determined

on the basis o)fdaytime resting seated o)ximetric testing. The oxygen

flow by RNC that achieved an SpO2 equivalent to) that achieved by

2 Lfmin via SNC was chosen for the study; however, since it is

known that many patients with ventilation/perfusion

(V�!Q) abnormalities increase the VA/Q mismatch and decrease

lung volume in the supine p()sitio)n, supine SpO2 measurements

were also examined on the same day while the patients with COPD

were using the SNC and again while they were using the RNC.

We studied 26 male hypoxemic patients with COPD (PaO2�55

mm Hg or PaO2 O)f 56 to) 59 mm hg with cur pulmonale or

polycythemia [or both], FEV/FVC <70 percent, no unstable

medical or psychiatric illness, and no infectious exacerbation of

COPD in the preceding 4 weeks). The study took place in the sleep
laboratory for three nights, with the first night for acclimatization

to the new sleeping environment. A repeated-measures design was

used, and each patient with COPD used the SNC for one entire

night and the RNC on another night. The order in which they

received the tWo) devices was counterbalanced, with each patient

serving as his own co)ntrol. hence, halfof the patients with COPD

received the SNC followed by the RNC and half received the RNC

followed by the SNC. Data from the first night were not analyzed.

A pulse o)ximeter (Ohmeda Biox model 3760) was used to measure

5P#{176}2throughout the night. This specific oximeter is designed to
calculate the following summary statistics from co)ntinuous SpO2

recordings: lowest SpO2; �nean SpO7; percentage of time 5P#{176}Zis

less than 90 percent; percentage of time Sp02 is less than 85

percent; percentage of time SP#{176}2 is less than 80 percent; and

percentage of time SpO2 is less than 70 percent. A repeated-

measures analysis of variance (ANOVA) was used to compare

differences between devices and between days for these outcome

variables. In addition, an arterial blood gas measurement was taken

on each night just before the sleep study was started while the

patient was receiving oxygen therapy via the assigned device. The

arterial blood gas analysis was done in order to assure that the
clinical co)ndition of each participant in the study was comparable

between the second night and the third night of the study. Patients

with COPD were excluded from participation iftheir PaCO, differed

by 10 mm Hg or more.

An EEC machine (Nihon Kohden model 4217) was used to) record

measurements of electro-oculography (EOC), chin electromyogra-

phy (EMG), anterior tibialis EMG, and EEC. Respiration was

mo)nito)red by detecting respiratory movements at the abdomen and

chest with a strain gauge and by detecting airflow at the nose and

mouth with a thermistor. The EEC paper was used for polysom-

nography at a paper speed of 15 mm/s in order to allow for the

visual scoring O)f sleep stages and episodes of apnea/oxygen desatu-

ration. We did no)t specifically monitor the sleepers for “mouth-

open” and “mouth-closed” conditions. Total sleep time (TST), sleep

stages 1 to 4, rapid-eye-movement (REM) sleep, arousals, awaken-

ings, apneas, and sleep efficiency (the ratio ofTST divided by time

in bed) were determined from analysis ofthe continuous recordings.

A repeated-measures analysis of variance (ANOVA) was used to)

compare differences between devices and between days for these

outcome variables. In addition, we compared the sleep variables

obtained in our patients with COPD to the sleep variables of the

Table 1 -Daytime Resting Seated Versus Supine SpOt
Comparison

RNC SNC

Mean SpO2,% Mean SpO2,%
Flow �- � � Flow -

Rate, Seated Rate, Seated

Patient 11mm at Rest Supine IJmin at Rest Supine

1 1 91 91 2 91 92
2 1 94 94 2 95 95

3 0.5 96 94 2 97 97

4 1 95 96 2 95 97

5 1 93 90 2 93 86

6 1 91 91 2 91 92

7 0.5 92 84 2 92 89

8 1 88 89 2 90 91

9 1 93 94 2 94 94

10 1 97 96 2 97 98
11 1 92 89 2 92 90
12 0.5 92 94 2 93 94

13 1 95 95 2 96 94

14 0.75 93 93 2 93 93

15 1 92 . . .* 2 93 . . .*

16 0.75 92 94 2 92 95

17 1 91 92 2 92 91

18 0.5 92 92 2 91 92

19 0.75 95 94 2 95 95

20 1 90 94 2 93 92

21 1 91 92 2 93 95

22 0.75 89 89 2 91 93

23 1 91 92 2 92 93

24 1 91 92 2 91 92

25 1 93 95 2 94 93

26 0.5 91 91 2 92 92

*Unable to) lie supine.
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nornial aged popt�lation as found in the literatt,re.�

Mean demographic (lata ( ± SD) �wrtaining to the I)�srtit’iI)�11)ts in

the study are listed in the following tabulation:

Mean age, yr
Mean height, cm
Mean weight, kg
Mean rox)m-air Pa02, mm hg
Mean FEV1 ,% o)f predicted
Mean FVC, % of predicted
Mean FEV1/FVC, %
Mean D, % of predicted
Mean TLC, L
Mean RV, L
Mean FRC, L
Mean TifFtot (sitting at rest)
Mean Ti/Ttot (supine)
Mean respirator� rate (sitting at rest)
Mean respiratory rate (supine)
Current oxygen usage, h/day

63 ± 7
177 ± 7

87 ± 21
55 ± 4
34± 17
57 ± 21
44 ± 12
47 ± 26

6.18± 1.7
3,58± 1.4

4.36± 1.5
0.4±0.2
0.4 ± 0.2

19 ± 6
19 ± 6

16.5 ± 8.0

80
0

c/)

a.)

C 50
a)
C.,,

� 40

a.)
U
I-a)

20

10

Standard Oxymizer
Nasal

Cannula

FIGURE 1 . Mean ( + SD) SpO2 for two nights with oxygen supplied

l)y SNC and RNC. Asterisk indicates p<O.Ol for SNC versus RNC.
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Four of the 26 I)atients with COPD had evidence of restrictive lung

disease (TLC<80 percent of predicted), 18 out of 26 had evidence

of cor pulmonale, and 16 out of 26 had evidence of reversible

airways disease. Upright and supine measurements of Sp02 are

shown ii) Table 1. Demographic data were analyzed for differences

between I):lrticil)aI)ts in the study and eligible subjects who declined

to) participate using �2 analysis and I tests for indepetident samples.

Three of the p2itients with COPD were using a liquid ox�gen

systetn at home, four were i�sing an ox-gen co)ncentrator machine,

six were using II and E tanks, ten were using a concentrator and E

tanks, and three refused to use home ox�gen therapy� We calculated

o)ur VA hospital’s cost savings comparing t�se ofthe SNC with use of

the RNC in each of the I)atielltS with COPD for whom the RNC

was efficacious at night, using their actual eoluipment costs.

RESULTS

We found no significant differences between the 26

included hypoxemic patients with COPD and the 47

excluded patients, except for the measurement of

room-air PaO2 before the study. The difference in

room-air Pa02 before the study (included patients, 55

mm Hg; excluded patients, 60 mm Hg) was due to the

fact that only patients with COPD who had a resting

room-air PaO2 of 59 mm Hg or less were included in

the study. Therefore, there was no systematic bias in

sample inclusion.

We found no difference between the arterial blood

gas values on the second night and the third night,

except for pH . The difference in pH , although statis-

tically significant (p = 0.01), is only a difference of 0.02

(7.41 - 7.39), and it does not have clinical significance.

Therefore, the clinical condition of the patients with

COPD on the second night was equivalent to that on

the third night.

During sleep, there was a statistically significant

difference (F = 7.89; p = 0.01) between the mean 5P#{176}2

of 91 percent and 93 percent for the RNC and SNC,

respectively (Fig 1). In 23 out of the 26 subjects (88

percent), mean 5P#{176}2 during the use of the SNC was

the same or higher than it was during use of the RNC

(Fig 2). In addition, nocturnal 5P#{176}2 was less than 90

percent for 24.2 percent and 17.5 percent of the time

for the RNC and SNC, respectively (F5.41;

p = 0.03). There was no significant difference between

the devices in the amount of time the Sp02 was less

than 85 percent during sleep (Fig 3).

Data on each individual subject revealed that 13 out

of 26 hypoxemic patients with COPD (50 percent)

were adequately oxygenated (mean Sp02�92 percent;

Sp02�90 percent for 93 percent of the time) during

sleep while using 2 11mm via SNC, and 12 out of 26

hypoxemic patients with COPD (46 percent) were

adequately oxygenated during sleep while using the

RNC . Eleven out of26 hypoxemic patients with COPD

(42 percent) were suboptimally oxygenated during

sleep, both while using the SNC and the RNC, as

judged by these rather strict criteria, while using flow

rates based tl�Ofl daytime pulse oximetric testing

(Table 2). The RNC performed better than the SNC

in 4 patients (15 percent), and the RNC performed

the same as the SNC in 12 patients (46 percent);

however, the RNC performed worse than the SNC in

10 patients (39 percent); and for 4 of these subjects,

the RNC performed much worse than the SNC (Table

2). Multivariate analyses did not reveal any reliable

predictors ofnighttime efficacy for the RNC.

The TST, percent REM sleep, percentage of time

in sleep stages 1 to 4, arousals, awakenings, apneas,

and sleep efficiency were not significantly different

between the two devices (Table 3). The night sleep of

our patients was disrupted and light, as compared to

normal subjects.5 Normally, the sleep of older adults

100 *

90
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Fto�une 2. Mean SpO2 for each sul)ject with oxygen supplied by SNC or RNC.
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is less efficient and lighter than that ofthe young, with population. In addition, their total REM sleep was

greater amounts oflight non-REM sleep (stages 1 and decreased, and they had fewer REM periods.

2) and more arousals and asvakenings.8 In comparison The average flow used with the RNC was only 44

with this, our patients, as a group showed an even percent of that used with the SNC (Table 1). Usage of

greater increase in non-REM stage 1 and in stage the RNC by the 16 subjects for whom it proved to be

shifts per hour, and they demonstrated a poorer sleep efficacious at night resulted in a 56 percent 02 savings

efficiency. We found that their REM sleep was dis- (Table 2), and we inferred VA cost savings from this.

turbed as compared to that of the normal aged (See appendix for a description of the model used to

calculate VA cost savings.)
0 Standard Nasal Cannula

. Oxymizer DiscusSIoN

60
We conclude that the two devices are equally

effective. The observed magnitude of difference in

mean SpO2 between the RNC and SNC (2 percent),

while statistically significant, may be of little clinical

relevance. Additionally, the mean difference in 5P#{176}2

between devices fell within the range of measurement

error for pulse oximetry. The mean percentage of total

time in bed during which subjects’ Sp02 was less than

90 percent, 85 percent, 80 percent and 70 percent

r_.I__�T �L
0 r-� ...... , .. - I ,

<ssc’� <80% <70%

Pulse Oxygen Saturation

FIGURE 3. Mean (+ SD) percentage oftotal time in bed below SpO�
of 90, 85, 80, and 70 percent with oxygen supplied Iw SNC and

RNC. Asterisk indicates p<O.03 for SNC versus RNC.

was consistently higher tinder the RNC condition, as

compared to SNC; however, only the difference in the

5P#{176}2 range less than 90 percent and greater than 85
percent was statistically significant.

This study demonstrated that nighttime efficacy of

the RNC cannot be predicted on the basis of daytime

oximetric testing. This is indicated by the fact that the
. .

RNC device was not efficacious in 10 out of 26

hypoxemic patients with COPD (39 percent) during

<90%
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RNC

Percent of Time�‘-�.

Flow Mean 5PO2’ % SpO2 <90% SP#{176}2 <85% S�O2 <80% SP02 <70%

Rate, ,-� � � . � � - , . - � RNC

Patient Ijmin SNC RNC SNC RNC SNC RNC SNC RNC SNC RNC Category*

1 1 95 94 0 0 0 0 0 0 0 0 1

2 1 90 93 27 1 0 0 0 0 0 0 2

3 0.5 97 95 0 0 0 0 0 0 0 0 1

4 1 96 95 0 1 0 0 0 0 0 0 1

5 1 87 79 63 97 20 75 7 48 0 11 3

6 1 94 92 5 19 0 0 0 0 0 0 3

7 0.5 92 92 8 5 0 0 0 0 0 0 1

8 1 90 88 31 47 1 18 0 3 0 1 3

9 1 96 96 0 0 0 0 0 0 0 0 1

10 1 96 96 0 0 0 0 0 0 0 0 1

11 1 88 79 58 99 19 73 7 45 1 12 3

12 0.5 92 91 9 15 0 2 0 0 0 0 3

13 1 95 95 0 0 0 0 0 0 0 0 1

14 0.75 91 89 20 55 1 3 0 0 0 0 3

15 1 96 97 0 0 0 0 0 0 0 0 1

16 0.75 96 94 0 0 0 0 0 0 0 0 1

17 1 89 88 54 62 7 17 0 3 0 0 3

18 0.5 95 93 0 1 0 0 0 0 0 0 1

19 0.75 92 90 8 36 0 1 0 0 0 0 3

20 1 93 91 15 16 7 0 1 0 0 0 2

21 1 96 93 0 5 0 0 0 0 0 0 3

22 0.75 89 90 47 37 5 5 0 0 0 0 2

23 1 93 92 0 3 0 0 0 0 0 0 1

24 1 89 89 52 59 9 1 2 0 0 0 2

25 1 94 94 2 0 0 (1 0 0 0 0 1

26 0.5 87 87 55 71 23 24 1 1 7 1 2 3

*Catego)ry 1, RNC performed same as SNC during sleep (mean SP#{176}2 within 2%; % oftime SP#{176}2 <85%, <80%, or <70% the same; and less

than 7% difference in % O)f time 5P#{176}2 <90%); category 2, RNC performed better than SNC during sleep (mean Sp02 achieved with RNC

2% or higher than mean SP#{176}2 achieved with SNC; and % oftime 5P#{176}Z<90%, <85%, <80%, o)r <70% greater with SNC); and category 3,

RNC performed worse than SNC during sleep (mean Sp02 achieved with RNC 2% or lower than mean SpO2 achieved with SNC; % of time

SPO2 <90%, <85%, <80%, o)r <70% greater with RNC; and mean 5P#{176}2 <S8% with RNC).

Table 2-Nighttime Sp05 Readings

CHEST I 1 03 I 4 I APRIL 1 993 1133

sleep, even though it appeared to be efficacious during

daytime rest. We conclude that oximetric testing is

necessary during sleep, as well as during daytime rest

and exercise, if nighttime use of the RNC is contem-

plated.

The exact mechanism causing the RNC to fail to

maintain acceptable arterial hemoglobin oxygen sat-

uration with reduced flow rates when used by some

hypoxemic patients with COPD is not known. Some

investigators have hypothesized that mouth breathing

or a rapid respiratory rate or both are factors in

reducing the efficacy ofthe RNC.9-’#{176}Further research

is necessary concerning the use of this device with

hypoxemic patients with COPD. The performance of

the RNC should be examined closely during the

conduct of activities of daily living and during the

presence of respiratory tract infection. In addition,

the performance variability of the RNC should be

compared to the performance variability of the SNC

when used by hypoxemic patients with COPD in the

Table 3-Mean Values (± SD) Obtained During Nighttime Sleep Studies

Data SNC RNC F p Value

Oxygen flow rate, L/min 2.0 ± 0 0.87 ± 0.2 . . - . .

Sleep

TST, mm 206.2±57.7 212.5±58.3 0.42 0.52

% REM 16.4±8.4 16.3±8.5 0 0.95

% Stages 1 and 2 80.2± 11.5 80.9± 11.0 0.06 0.81

%Stages3and4 3.1±8.1 2.6±5.7 0.08 0.78

Arousals 46.7±43.7 51.0±48.0 0.28 0.60

Awakenings 14.9±10.1 13.9±9.0 0.49 0.49

Apneas, no)n-REM 13.7±39.7 10.4±25.6 1.09 0.31

Apneas, REM 1.7±4.7 2.0±5.1 0.21 0.65

Sleep efficiency 63.6± 18.0 65.3± 19.0 0.93 0.34
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stable chronic state.

This study tends to confirm the common practice

ofincreasing oxygen flow rate by 1 Llmin during sleep,

since 50 percent ofour participants were suboptimally

oxygenated during sleep while using their daytime

oxygen flow rate; however, when reimbursement is

directly linked to oxygen flow rate reduction (for

example, when H tanks or liquid oxygen is used), it is

cost-effective to perform nighttime oximetry in order

to verify that this increase in flow rate and cost is

necessary, since 50 percent of o�r participants were

adequately oxygenated during sleep while using their

daytime oxygen flow rate.

The cost to the VA for home oxygen equipment is

based upon oxygen flow whenever a liquid or a gas

delivery system is prescribed, and each reduction in

oxygen flow results in a reduction in cost. Use of the

RNC by VA patients would result in a significant

savings, and the cost for day and nighttime oximetric

testing would not overshadow this savings. On the

other hand, Medicare reimburses for home oxygen at

a fixed rate for patients using a flow of 1 to 4 IJmin.

The Medicare system is already saving as a result of

its instituting this fixed-rate reimbursement system,

but the home medical equipment suppliers’ costs have

risen. Use of the RNC by Medicare patients would

enable home medical equipment suppliers to continue

to provide portable oxygen while holding their costs

down, as a result of reducing the number of required

home deliveries per month.
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APPEN h)IX

We calculated the cost savings of our VA hospital

comparing use ofthe SNC with use ofthe RNC in the

16 patients with COPD for whom the RNC proved to

be efficacious for use during sleep. Use of the RNC

by these patients at their required oxygen flow rates,

using the actual cost for their specific equipment,

generates an overall savings of$705.29 per patient per

year based upon 1991 costs to our hospital. This co)st-

savings figure is based upon 24-h usage; it operates

under the assumption that the RNC would be effica-

cious during exercise, and it incorporates the cost for

the RNC with weekly replacement. It does not include

the cost for nighttime oximetric testing.

We conclude that based upon estimates of approxi-

mately 8,500 VA patients receiving long-term oxygen

therapy (C. Griggs, written communication, May 23,

1991) 80 percent of whom use 2 L/min or more and

could thus be considered for use of the RNC and 61

percent for whom the RNC would be efficacious, with

yearly per-patient cost savings of$705.29, the VA could

save about $3 million per year or approximately 25

percent oftotal costs by using the RNC.
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