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TECHNICAL NOTE

Improvement of oxygen dellvery in severe hypoxaemla
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Improvement of oxygen delivery in severe hypoxaeria by a reservoir cannula.
Ph. Collard, F. Wautelet, J.P. Delwiche, J. Prignot, P. Dubois.
ABSTRACT: In 36 severely hypoxdemic patients (arterial oxygen tension
(Pao,) less than 7.3 kPa or 55 mmHg), candidates for Jong-term oxygen
therapy, we compared the effectiveness of three oxygen-delivery systems,
the standard nasal prongs, a so-called oxygen-conserving reservoir device
(“Oxymizer Pendant™) and the reference pharyngeal catheter, at a preset
flow rate of 2 7min'’. After 30 min, the conserving device (0X) was at least
as efficient as the pharyngeal catheter (PC) and did significantly better
than the nasal prongs (NF), the mean increments in Pao, and arterial
oxygen saturation (820,) being, respectively, 1.1 kPa (8.1 mmHg) and 1.3%
higher with OX than with NP, Twenty patients did not reach the target
Ievel of 8.6 kPa (65 mmHg) Pao, with the nasal prongs, but the reservoir
cannula allowed nine of these “refractory” patients to hit this therapeutic
goal, a resnlt indicating a clear trend towards improved immediate oxygen
response. Although initially designed to spare gas, we sugpest that a
reservoir cannula could serve another purpose, namely to optimize
oxygenafion in patients treated by an oxygen concenfrator, Indeed, since
the oxygen flow rate cannet be reliably increased over 3 Fmin with the
available oxygen concentrators, the reservoir device could be more effec-
tive in some selected patients whose hypoxaemia cannot be adequately
correcied by standard nasal prongs.
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Long-term oxygen therapy (LTOT) is recognized as
the mainstay for the treatment of patients with chronic
and severe hypoxaemia. There is considerable evidence
that home oxygen therapy improves the quality of life
and extends survival in proportion to the number of hours
of treatment [1-3]. LTOT is recommended for patients
in a stable state with an arterial oxygen tension (Pao,)
<7.3 kPa. Patients with a Pao, of 7.3-8.0 kPa should also
be assigned to oxygen supplementation if there is evi-
dence of right heart failure, pulmonary hypertension or
erythrocytosis. Oxygen should be administered at a flow
rate allowing a Pao, of at least 8.6 kPa to be reached,
in order to increase the arterial oxygen content adequately;
furthermore, carbon dioxide retention should not be
substanually increased [4].

Since an increasing number of patients are asmgned to
LTOT, there is considerable interest in improving meth-
ods of oxygen administraticn and conservation, with the
perspective of saving costs, increasing the autonomy with
portable cylinders and allowing the construction of smailer
concentrators {5-8]. Currently available methods include
demand-delivery systems that supply oxygen only dur-
ing inspiration and transtracheal delivery; furthermore,
some cannulac are coupled with a reservoir allowing oxy-
gen to be stored during expiration and delivered as a

bolus during the first phase of the next inspiration, when
it is most efficient for gas exchange {5, 6].

The purpese of the present study was (o compare the
efficacy of three oxygen delivery systems, namely the
routinely used nasal prongs, the reference pharyngeal
catheter and nasal cannulae coupled with a reservoir, in
stable patients with severe hypoxaemia meeting the con-
ditions for LTOT. Whether such a device could provide
a more efficient oxygenation in patients "refractory” to
standard oxygen supplementation was also addressed in
this study.

Subjects and methods

Thirty six in-patients (29 men and 7 women; mean age
62.6 yrs} evaluated for LTOT, with severe hypoxaemia
at rest (Pao, <7.3 kPa while breathing room air) and in
a clinically stable condition were included in the study;
this stable state was confirmed by Pao, variations of 0.7
kPa or less in 27 of the 32 patients who were re-tested

at least 4 weeks apart, Twenty cight had chronic airflow

obstruction, 4 had evidence of pulmonary fibrosis and 3
showed a mixed pattern. The forced vital capacity ranged
from 22-82% of predicted values, the forced expiratory
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volume in one second (FEV,) from 12-88%, the total
lung capacity from 51-145% and the carbon monoxide

transfer coefficient from 13—138%. Bascline blood gas .

values are recorded in table 1.

(Sao,) of each arterial blood sample was measured with
a spectrophotometric oximeter (CO-Oximeter, model 282).

Baseline measurements while breathing room air were
compared with those obtained during oxygen supplemen-

Table 1. — Arterial blood gas values (36 subjects)

Room air Oxygen supplementation 2 lmin!
Nasal Pharyngeal Oxymizer
prongs catheter
£ NP PC oX
Sao, % 83 (6) 91 (4) 91 (4 92 (4}
Pao, kPa 54 (0.7) 8.9 2.0) 96 (2.5 10025
mmHg 49 (5) 67 (15) 72 (19) 73 (19)
Paco, kPa 6.1 (0.9) 64 (1.1)  6.6(1.1) 6.6 (1.2)
mmHg 46 (7) 48 (8) 49 (8) 43 (9
Data are shown as mean with 8D in parentheses.
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Fig. 1. — Individual evolution of arterial oxygen tension (Pao,) according o random assignment of the order of use of three
modalites of oxygen therapy: nasal prongs (NP), pharyngeal catheter (PC) or Oxymizer {0X).

All subjects gave oral informed consent to participate
in the study. Their usual medication schedule was con-
tinued, except for inhaled bronchodilators which were
withheld for at least 4 h prior to the study.

The patients sat in a comfortable armchair and were
allowed to adopt their usual breathing pattern, A catheter
was inserted in the radial or brachial artery. Determina-
tions of blood gas levels were performed in a stepwise
fashion, using an automated blood gas analyser (Corning
Medical, model 175); the oxyhaemoglobin saturation

tation at a flow rate of 2 l-min* metered by a calibrated
rotameter via each considered device: the standard nasal
prongs (NP), the pharyngeal catheter (PC) or an oxygen-
conserving reservoir system (OX) ("Oxymizer Pendant";
Chad Therapeutics, Woodland Hills, California, USA),
the same devices being used throughout the study. The
pharyngeal catheter was inserted through the nose to a
depth corresponding to the distance measured between
the nostril and the ear lobe. The order of use of the
devices was assigned randomly. An arterial blood gas
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analysis and an oxyhaemoglobin sataration determina-
bon were carried out when the patient had been breath-
INg with the first device for 30 min, in order to achieve
a steady state; then the patient was switched to the next
Pe of cannula, without discontinuing the OXygen
administration and the procedure was repeated so that
€ach patient was tested for all three devices after use of
each during 30 min. . .

In thig study, patients "refractory” to oxygen admin-
Stration are defined as those who do not reach a Pao, of
at least 8.6 kPa when supplemented with 2 -min” OXygen
through the nasal prongs for 30 min. ) .

Statistical study was performed by analysts of vagé
ance, Student’s paired t-test and-Chi-squared test; p<0.
Was considered to be significant.

Results

The individual evolution of Pao, according 1O f.al_ldOH;
assignment of the order of use of the three modalities O
OXygen therapy is shown in figure 1. Average blood gas
values are reported in table 1. e

At the preset oxygen flow rate (2 /'min™), significantly
higher average oxygen tension (+1.1 kPa) and oxyhaemo-
8lobin saturation (+1.3%) were achieved after 30 mm
With the Oxymizer (OX) in comparison with the stal;é
dard nasat prongs (NP); in all but four patients, 0
yielded a higher Pao, than NP. On average, the P20,
obtained with OX was higher than that observed with
P.C' but the difference did not reach the level of statis-
ucal significance. A slightly larger increase in carbon
dioxide tension was brought about by OX and P_C, as
compared to NP (p<0.05). The results were not influ-
Cnced by the order of use of the oxygen delivery
Systems, . _ ‘

There were interindividual variations in the 1mpr0vci
Ment of Pao,, 14 of the 36 patients showing only 2 smal
ncrease (<().7 kPa), or even a decrease, with OX as
Compared 1o NP (fig. 1). '

. Table 2 reports the respective number of patients reach-
!ng three levels of response to 2 /-min’! oxygen de_hvered
lhIngh the three devices. Twenty patients failed 10
achieve the target level of 8.6 kPa when supplemented
.t.hm“gh NP; the hypoxaemia of nine of these
refractory” patients was adequately corrected by OX.

Table o _ Response to oxygen supplementation
(n=36)

Nnp pPC OX
Pao, >8.0 kPa or 60 mmHg 23 28 29
Pao, >8.6 kPa or 65 mmHg 16 21 25
Sao0, »909, 22 27 27

Number of patients reaching three thresholds of response to.
OXygen therapy with the three considered devices; nasal prangS;
(NP), Pharyngeal catheter (PC), Oxymizer (OX); Pao,: arterid

OXYgen tension; Sao,: arterial oxygen saturation.

Patients "refractory” to oxygen supplementation had a
significantly lower baseline Pao, (6.0 versus 6.7 kPa)
and higher -arterial bicarbonate (32 versus 29 mEq-)
than the other patients but could not be discriminated on
the basis of their spirometric, plethysmographic or carbon
monoxide transfer parameters.

Subjective feelings of the patients were somewhat dif-
ferent during the three oxygen supplementation periods.
Most patients did not like PC; some considered that the
OX cannulae were a little too large and too tigid as com-
pared to NP.

Discussion

An adequate oxygenation is supposed to be achieved
in the majority of hypoxaemic subjects with a flow rate
of 2+1l'min* oxygen delivered by nasal prongs [4].

It has been extensively shown that oxygen-conserving
devices, such as Oxymizer, can achieve the same rise in
Pao, or Sao, as standard nasal prongs at a lower (about
half) oxygen flow rate [5-8].

At first sight, the use of an "oxygen-sparing device” in
patients treated by means of oxygen concentrators may
not be beneficial since the costs are not directly related
to the oxygen flow. The results of our study suggest,
nevertheless, that a reservoir cannula could play a role
in increasing the response (0 oxygen supplementation
and reducing the number of “refractory” patients; this
could be particutarly beneficial for an individoal patient
who does not reach a Pao, of 8.6 kPa at 3 I-min™ oxygen
with NP,

Moore-GiLLoN et al . [9] also found a larger increment
in transcutancous oxygen tension with OX than with NP
at an oxygen flow rate of 2 -min, The higher Sao, that
we obtained with OX is in perfect accordance with the
findings of Gourp and co-workers [10] and Moore-GrLon
et al, [9] but lower than the average increment of 3.1%
reporicd by Tiep et al. [6] whose patients had, neverthe-
less, a higher baseline Sao,.

A clinical problem with LTOT is that a substantial
number of patients cannot be adequately oxygenated with

~ a standard 2 I-min flow using nasal prongs: up to 7% of

the patients in the Nocturnal Oxygen Therapy Trial
(NOTT) study required an NP oxygen flow rate of
4 [-min™ in order to achieve a suboptimal Pao, of at least
8 kPa [11]. In our "refractory" patients, the flow rate
could indeed have been increased but one should bear
in mind that, with standard nasal prong delivery, it may
not be possible to substantially increase the oxygen flow
because of the irritating effects on the nasal mucosae. On
the other hand, oxygen delivered by most of the oxygen
concentrators rapidly falls to less than 90% when the
flow rate is increased above 3 Imin? [12, 13],

The interindividual variations that we observed are also

- suggested by Gourp and co-workers [10]. The group of

"refractory” patients was significantly reduced but not
abolished by OX. The presumed mechanisms for the
improvement in oxygenation with Oxymizer as compared
to standard nasal prongs are the relative independency
from the breathing pattern and the bolus effect from the
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coupled reservoir during early inspiration; the bolus effect
could also be an explanation for the better results ob-

tained with Oxymizer as compared (o the pharyngeal

catheter even if the difference does not reach the level of

statistical significance. With the nasal prongs, the .

inspired oxygen concentration achieved depends largely
on the patient’s mouth or nose breathing pattern, a phe-
nomenon in part responsible for interindividual variations
in response. Gourp and co-workers [14] have shown that
voluntary mouth or nose breathing has no significant effect
on the efficiency of the Oxymizer; however, everyone
can ascertain that the reservoir does not empty itself during
inspiration in case of pure mouth breathing, so that we
deem that the Oxymizer behaves exactly like standard
nasal prongs when the patient adopts this mode of
breathing.

Because of the variation in response and considering
the greater cost, it is absolutely necessary 0 document
that the reservoir cannula produces a significant improve-
ment in oxygenation. An individual assessment of each
candidate to L'TOT is needed and if the patient appears
to be "refractory” to standard nasal prong oxygen ther-
apy, a rial with Oxymizer is recommended but the device
is prescribed only in case of substantial improvement of
oxygen delivery.,
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Amelioration de I'oxygenation de patients sévérement hy-
poxémiques par des canales nasales & réservoir. Ph. Collard,
F. Wautelet, J.P. Delwiche, J. Prignot, P. Dubois.
RESUME: Chez 36 patients sévérement hypoxémiques (Pao,
inférieure & 7.3 kPa ou 55 mmHg), candidats 4 I’oxygénothéra-
pie au long cours, nous avons comparé I’ efficacité de 3 systtmes
d’administration d’oxygéne, les canules nasales convention-
nelles, un systéme & réservoir dit économiseur (“Oxymizer
Pendant™) et le cathéter nasopharyngien de référence, an débit
préétabli de 2 lmin!. Aprés 30 minutes, le systéme économiseur
(OX) était au moins aussi efficace que la cathéter pharyngien
(PC) et significativement meilleur que les canules nasales (NP),
les gains moyens en Pao, et Sac, étant respectivement supérieurs
de 1.1 kPa (8.1 mmHg) et 1.3% avec OX par comparaison i
NP. Vingt patients n’ atteignaient pas le niveau cible de 8.6 kPa
(65 mmHg) de Pao, avec les canules nasales, mais les canules
A réservoir permettaient & 9 de ces patients "réfractaires™ d’at-
teindre cet objectif thérapeutique, résultat indiguant une ten-
dance nette & une meilleure réponse immédiate & Vadministra-
tion d'oxygéne. Quoiqgu’initialement congues pour &pargner
’oxygene, les canules & réservoir peuvent selon nous £ire util-
isées dans un autre but, celui d’optimaliser I'oxygénation chez
certains patients traités par un oxyconcentrateur. En effet, comme
avec les oxyconcentrateurs actuels le débit d’oxygéne ne peut
8tre accru de fagon fiable au-deld de 3 I'min’, le systéme 2
réservoir pourrait se révéler plus efficace chez certains  pa-
tients sélectionnés dont 1’hypoxémiec ne peut &tre cormrigée
adéquatement A des débits faibles par les canules nasales
conventionnelles.
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