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ABSTRACT ARTICLE HISTORY
Background: Hypoxemia is currently treated in hospital wards with oxygen, released continuously Received 1 February 2022
by “conventional” flow meters. A new type of hybrid flow meter allows to switch between  Accepted 12 May 2022
on-demand and continuous mode. The aim of this observational study was to assess whether this  keyworbps

new device reduces oxygen expenditure, is well accepted in a hospital setting and improves Oxygen sparing system;
patient comfort during oxygen therapy. Methods: Oxygen was administered in hypoxemic patients COPD; respiratory failure;
with conventional or hybrid flow meters to maintain an oxygen saturation of > 92% over a 12-week oxygen therapy

period. Every two weeks conventional and hybrid flow meters were switched. The overall oxygen

delivery to the ward was continuously measured with a data logging device installed in the main

oxygen pipeline and corrected for multiple confounding factors. Humidity measurements, for which

a sensor placed in front of one of the nostrils, and patient questionnaires, were used to assess

patient comfort during continuous and on-demand flow. Results: Overall oxygen delivery decreased

by 39% when switching from continuous flow to on-demand therapy after correction for

confounding factors. Continuous flows significantly decreased relative humidity more than equivalent

on-demand settings and the latter tended to increase comfort. Conclusions: Hybrid flow meters

cause a significant reduction in oxygen delivery in a hospital ward, which may lead to financial

savings. Using the on-demand technology also lowers the dryness of the upper airways (and may

increase patient comfort), while maintaining an adequate oxygenation.

ABBREVIATION LIST:
DODS: demand oxygen delivery systems; SpO,: peripheral capillary oxygen saturation; ICU: intensive
care unit; L/min: liters per minute

Introduction autonomy of long-term oxygen therapy patients on portable
oxygen and/or decrease the weight of portable oxygen
sources [6]. Theoretically, this type of technology can reduce
the oxygen utilization by more than 80% compared to con-
tinuous flow by avoiding the release of oxygen during the
expiratory phase and suppress the need for humidifica-
tion [7,8].

Despite positive evaluations in an ambulatory setting [9],
DODS were not commonly used in hospital wards, because
they lacked the ability to deliver oxygen both in on-demand
and continuous mode. This made their use problematic in

In a hospital setting, it is current practice to provide oxygen
to patients through a nasal cannula, using an oxygen flow
meter which delivers a continuous flow. This type of admin-
istration has two disadvantages: 1) the oxygen released
during the expiratory phase of the respiratory cycle does
not contribute to the oxygenation of the patient; 2) contin-
uous flow of oxygen may cause dehydration of the upper
airways, particularly at flows exceeding 4L/min [1].
Currently, cold water humidifiers are often used to improve

comfort of continuous flow oxygen therapy. However, it : : . i
remains a matter of debate whether humidifiers eventually —Patients who may require continuous flow in a phase of

improve patient comfort at oxygen flows below 4L/min Worsening of their underlying disorder. Most DODS had
[1-3] and may promote infections [4]. only a continuous mode limited to 1 or 2L/min. A new

Wada and Tanaka have shown previously that hypoxemia type of hybrid conserving flow meter has now been devel-
can be adequately corrected if oxygen is only supplied within ~oped, that can be used in both the conventional continuous
the first quarter of the inspiration phase [5]. This has led mode (at flow rates between 0.5 and 15L/min) as in the
to the development of demand oxygen delivery systems “on-demand” mode (with settings equivalent to 1 to 5L/
(DODS), which were originally promoted to expand the min) (Figure 1).
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Figure 1. The 02COMFORT Flowmeter, Oxypoint, Belgium.

This study was primarily designed to determine the clin-
ical and economic feasibility of on-demand delivery of oxy-
gen with a hybrid flow meter in a hospital setting. More
specifically, we wanted to compare the difference in oxygen
utilization between periods during which oxygen was pro-
vided with conventional oxygen flow meters and with the
hybrid system (primary outcome). The secondary aim was
to investigate whether dryness of the nostrils, mouth and
trachea could be attenuated using the on-demand mode.
Other outcomes were feasibility, patient tolerance and ade-
quacy of oxygenation.

Method

The present observational study consisted of two sub-studies:
an oxygen utilization study conducted at the Department
of Respiratory Medicine of Ghent University Hospital, a
tertiary teaching hospital and an oxygen comfort study,
which was performed at both the former institution and
the Department of Respiratory Medicine of Méxima Medical
Center Veldhoven, a regional hospital. The study was
approved by the ethics committee of Ghent University
Hospital (Belgian registration number B670201421371).
The oxygen utilization study was conducted at a ward of
25 beds. Patients admitted to the respiratory ward and in
need of oxygen therapy were consecutively invited to par-
ticipate and sign the informed consent. Reason for hospi-
talization, age and sex were registered. Patients, doctors,
nurses, and physiotherapists of the ward were informed
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about the aim of the study. Moreover, medical personnel
were trained in the correct use of the hybrid flow meter.

All oxygen flow meters on the ward were switched from
the conventional (RTM3, Technologie Medical, France) to
the new hybrid flow meter (O2COMFORT Flowmeter,
Oxypoint, Belgium) and vice versa every two weeks for a
total period of three months. Oxygenation of patients was
monitored at least 4 times a day by pulse oximetry and
flows were adjusted to reach the oxygen saturation (SpO,)
prescribed by the physician in charge of the ward. During
the hybrid weeks, patients requiring an oxygen flow above
5L/min were placed in continuous mode. Moreover, the
on-demand mode was increased or switched to continuous
in patients who failed to maintain the prescribed periph-
eral SpO,.

Daily oxygen delivery to the ward was measured by
installing a mass flow meter (Proline t-mass 65, Endress &
Hauser) into the oxygen piping network to the ward and a
data logging device (dataTaker DT80, dataTaker) for the
duration of the study. Every 2min, the flow obtained over
a 2min time interval (in L/min) and the cumulative value
of consumed O, were registered and stored.

To make a correct estimation of the saving effects of the
hybrid vs. the conventional system, data obtained from the
logging device were corrected for the following three con-
founding factors: 1) occupancy rate of the ward, as this may
vary from week to week; 2) oxygen flow administered to
the patients to maintain the prescribed oxygen saturation,
as the overall need for oxygen of all hospitalized patients
may fluctuate over time and depend on their disease severity
profile; 3) the use of oxygen to aerosolize bronchodilating
drugs, as medicinal oxygen is used at the respiratory ward
of Ghent University Hospital to aerosolize bronchodilating
drugs. These confounding factors were manually collected
from the electronic patient records.

Oxygen consumption due to aerosolization was corrected
by subtracting the former from the total amount of oxygen
delivered. The amount of oxygen delivered during aerosol-
ization was estimated by multiplying the number of sessions
of aerosolization by 80L, the mean amount of oxygen deliv-
ered during an aerosol session, since the standard oxygen
flow during aerosol administration was 8L/min and an
average session lasted approximately 10 min.

During conventional periods, only continuous flows were
noted, during hybrid periods the average flow rate consisted
of both on-demand settings and, if applicable, continuous
flow. Oxygen flow administered was normalized and cor-
rected by the formula provided in appendix A. This formula
uses total average utilization rate as indicated by the data-
logger (L/min) during the conventional and hybrid weeks,
as well as the average administered oxygen flow rates during
these weeks. First, the difference in oxygen flows during the
conventional and hybrid weeks was calculated and multiplied
with the average delivery of oxygen in the hybrid flow meter
weeks (datalogger), normalizing this factor. This was subse-
quently used to calculate the normalized saving rate.

The percentage of patients using the on-demand mode
was recorded during the hybrid weeks. Using the electronic
patient files, a distinction was made between the total
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number of on-demand and continuously prescribed and
administered oxygen flow rates. Acceptability, defined by
patient tolerance and adequacy of oxygenation, was calcu-
lated by dividing the number of patients using on demand
therapy by the total number of patients on oxygen.

In the second sub-study, patient comfort was assessed
by comparing the relative humidity over 30 min between
on demand and continuous oxygen administration for the
different flows in patients requiring oxygen supplementa-
tion and admitted to the Departments of Respiratory
Medicine at both Maxima Medical Center and Ghent
University Hospital. The relative humidity was measured
directly in front of the nostril without the sensor making
direct contact with the nostril itself (to avoid saturation
of the sensor) and while sufficient space remained for the
nasal cannula which was placed first. The continuous and
on-demand settings were tested in a randomized order.
The study consisted of the following 3 steps: (1) admin-
istration of oxygen via a nasal cannula for 30 min either
by continuous or on demand oxygen flow; (2) measurement
of SpO, and relative humidity every 10 min using a pulse
oximeter (Nellcor™ OXIMAX-N65, Covidien, Colorado,
USA) and a humidity sensor (SHT7x of Sensirion AG,
Switzerland); and (3) assessment of comfort issues. For the
latter, the patient was questioned about the therapy he
preferred, while the experienced degree of the irritation
was assessed using an adjusted version of the Wong-Baker
pain scale varying between 1 (very uncomfortable) and 10
(very comfortable). Previous research comparing the set-
tings of the hybrid and the conventional flow meters had
demonstrated that on-demand settings between 1 and 5
largely corresponded with continuous flows between 1 and
5L/min. Hence, paired comparisons of humidity, comfort
and preference were performed at these respective settings
and flows.

Statistical analysis

Differences in oxygen utilization data between continuous
and on demand weeks were compared using a t-test.
Differences in relative humidity levels between the two
modes were assessed using a Wilcoxon signed rank test.
All statistical analyses were performed with IBM SPSS sta-
tistics (version 22; IBM Business Analytics, Armonk, NY,
USA). A P value of < 0.05 was considered statistically sig-
nificant. The potential yearly financial benefits with the
hybrid flow meter were based on the oxygen expenses of
the preceding year. Prices for oxygen and flow meters were
those of 2022.

Results
Oxygen utilization study

Population

139 patients signed to informed consent - none of the
invited patients refused to participate — but only 132 (mean
age+SD: 60+ 16years and 81 male) patients with acute

Table 1. Patient population.

Diagnosis No. of patients
Pneumonia 27
Exacerbation of COPD 20
Infection 10
Pulmonary edema 9
Chronic respiratory failure 7
Septicemia 6
Neoplasm 5
Cystic Fibrosis 3
Pneumothorax 3
Asthma exacerbation 3
Pleural effusion 2
Neutropenic Fever 2
Others 35
Total 132

respiratory failure of different etiology participated in the
oxygen delivery study (Table 1). Seven of the original 139
patients failed to participate because of unexpected
improvement and early dismissal (4), acute deterioration
and referral to the ICU (1), referral to the palliative care
unit (1), and isolation because of multiresistant bacteria
(1) before installation of the hybrid flow meter. Most
patients were treated with oxygen for a few days because
of a respiratory infection. During the hybrid weeks, a total
of 267 flow rates were noted from which a total of 147
flow rates used the on-demand mode. This corresponds
with 55% of the patients using the on-demand therapy
during the hybrid weeks. The most used on-demand flow
rate 2L/min.

Raw data

Figure 2 shows the data of the logger consisting of 60.302
data points obtained over the 12weeks study period. Oxygen
delivery during the hybrid weeks (black) was lower than
during the conventional flow meter weeks (gray).

Average oxygen utilization decreased from 22L/min
during conventional periods to 10L/min during the hybrid
weeks, which corresponds with a significant reduction in
oxygen consumption by 54% (p=0.013).

Correction for confounding factors

Manual registration of the three confounding factors showed
that the average number of patients per day during the
different weeks was nearly constant, whereas the average
oxygen flow rate prescribed and administered per patient
was significantly lower during the hybrid weeks (p=0.01)
(Table 2). A total 1876 sessions of aerosolization were
registered.

For every period of the study, the average oxygen delivery
as recorded by the DataTaker data was corrected for the
utilization of oxygen for aerosolization. No correction was
performed for the first hybrid period, as the investigators
were unaware of the fact that oxygen was used for aerosol-
ization instead of pressurized air at the start of the study
and aerosolization data were lacking for that period (Table
1, first row).

After correction for these confounding factors, net reduc-
tion in oxygen utilization was 39% (Figure 3 and Table 3).
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Figure 2. Oxygen delivery in L/min based on the logged flow data of oxygen delivery to the respiratory ward in 132 patients treated with oxygen over a
period of 12 weeks. Each data point represents a flow obtained over a 2min time interval. Black indicates hybrid, gray indicates conventional flow meter periods.
The horizontal lines represent the average O, utilization in the respective periods.

Table 2. Averaged oxygen consumption (L/min) of the ward measured by the datalogger and manually registered oxygen flow during each 6 consecutive

periods.

Conventional flow meter=only continuous flow

Hybrid flow meter=mixed continuous and on-demand flows

Period Data- logger Manually registered Data- logger Manually registered
Hybrid period | 7.63 14.62
Conventional period Il 21.19 18.49

Hybrid period I 11.76 12.80
Conventional period IV 26.87 22.44

Hybrid period V 14.37 13.57
Conventional period VI 23.05 19.02

Total averaged (L/min) 23.70 19.98 11.26 13.66

Comfort study

A total of 30 patients took part to the study at the Ghent
University Hospital and 27 patients at the Maxima Medical
Center of Veldhoven. Table 4 represents the averages of
the relative humidity of patient receiving 1 to 4L/min. A
significant downward trend is seen in the relative humidity
when increasing the continuous flow of oxygen (Table 4).
Since humidity stabilized after the third measurement only,
a large spread is seen in the boxplots (Figure 4). The
measured SpO, in the comfort study also showed lowering
of the SpO, level by 1 to 2% (Table 5 and Figure 5).
Table 6 shows that the average score of the modified
Wong-Baker pain scale, was statiscally significantly higher
for continuous flow (p=0.015 for the median over all oxy-
gen flow rates). Whether this numerical difference reached
clinical significance, is unclear, as the minimal clinically
significant difference for dehydration has not been estab-
lished so far. However, 30 patients indicated they preferred
the on-demand therapy, 14 patients preferred a continuous
flow, and 13 patients expressed no preference for either
therapy. Patients who preferred the on-demand mode expe-
rienced less feelings of cold, burning, or dry air, less nasal
irritation referring thereby to the back of the nose, and less

dehydration. Some of them mentioned less crust formation
or stated that they could breathe more freely. Those who
preferred the continuous mode were disturbed by the puff-
ing sound of the on-demand mode or thought that they

25,00

22,22

39%

20,00 54%

15,00

10,24
10,00

0, utilisation rate in L/min

5,00

m Conventional (logged) Hybrid (logged)  ® Hybrid (normalized)

Figure 3. Mean oxygen delivery in L/min during the conventional (dark gray),
the hybrid (light gray) flow meter periods and after normalization for occu-
pancy, O, prescription and administration, and aerosolization. The oxygen
sparing effect by 54% based on the mass flow meter logged data is reduced

to 39% after normalization.
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Table 3. Total and adjusted oxygen consumption (L/min) of the ward averaged over the 6 weeks period measured by the datalogger during the conventional
and the hybrid weeks. Corrections for the hybrid weeks were made for bed occupancy, oxygen administration, and oxygen utilization in aerosol therapy.

Total O, flow of the ward (L/min)
(Conventional weeks=only
continuous flows)

Total O, flow of the ward (L/min)
(Hybrid weeks=mixed continuous
and on-demand flows)

Normalized Total O, flow of the
ward (L/min) (hybrid weeks=mixed
continuous and on-demand flows)

Avg. utilization incl. aerosolization 23,70 11,26 14,38
Avg. utilization excl. aerosolization 22,22 10,24 13,48
Table 4. Summary of average relative humidity (RH) between on-demand mode and continuous flow.
Average RH on Average RH continuous
Flow rate in I/min demand flow Number of patients % Decrease of RH P Value
1 82,27 76,46 7 7% 0,112
2 78,22 73,13 21 7% 0,023
3 74,09 63,97 1 14% 0,001
4 77,07 58,48 7 24% 0,000
100
801 %
(o)
£
2
2
5
3 60
3
2
s
&
40 °
(o]
[TJeontinuous flow o
20 Yon demand flow
T T T T
1 2 3 4

continuous flow vs. on-demand setting

Figure 4. Comparison between the relative humidity using continuous flow rates from 1 to 4 liters per minute and their equivalent on-demand flow settings
1 to 4. O=outlier 3" quartile + 1.5 * interquartile range or 1% quartile -1.5 * interquartile range.

Table 5. Average saturation level between on-demand mode and continuous flow for different flow rates.

Average saturation level on demand

Average saturation level continuous

Flow rate level in I/min in % flow in % P Value
1 94,00 94,00 0,340
2 94,00 95,00 0,000
3 94,00 95,50 0,028
4 92,33 93,50 0,042

might have more difficulties to get asleep with the
on-demand mode.

Financial analysis

We also conducted an estimation of the financial savings
of this reduction in oxygen utilization. Based on the yearly
cost for medical oxygen on the respiratory ward which
(taking the current price of oxygen into account) averaged
+ €7.100 before the study, a yearly benefit of + €2.800 may
be expected. At our ward, such savings would require an
investment in 25 hybrid flow meters (with an investment

difference of 5.000 €, or a yearly additional cost of 500 €,
compared to 25 conventional flow meters). As this yearly
cost must be substracted from the yearly benefit, the net
benefit is 2.300 €/year, which corresponds with a return on
investment of less than 2years.

Discussion

This study is the first to demonstrate that a new hybrid
flow meter with a complete range of continuous flows and
on-demand functionalities can be used to decrease oxygen
utilization in hospital wards, while still reaching the
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Figure 5. Comparison between the saturation levels using continuous flow rates from 1 to 4 liters per minute and their equivalent on-demand flow settings
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Table 6. Summary of average scores of the modified Wong-Baker pain scale for the on-demand mode and continuous flow. A low average score indicates

more comfortable therapy. For further details: see text.

Flow rate in I/min

Average score on demand

Average score continuous flow

1

2
3
4

03
1,6
1,5
1,6

1,5
2,5
24
35

prescribed degree of oxygenation. It convincingly indicates
that a systematic use of hybrid flow meters reduces the
overall administration of oxygen by as much as 39%. If the
financial savings, the cost, and the depreciation of these
flow meters are considered, a return on investment could
be expected after less than 2vyears.

In the present study, raw data were normalized to correct
for occupancy rate of the ward, number of aerosol admin-
istrations and oxygen flow prescribed and administered to
the patients. Indeed, a correct comparison could only be
made between continuous and hybrid weeks after normal-
ization. The missing aerosolization data for the first hybrid
period could, however, have had a relevant impact on the
average utilization rate during the first hybrid weeks, since
during in the other two hybrid periods the registered oxy-
gen volume used for aerosolization averaged 11%.
Consequently, the reported total savings of 39% represent
an underestimation of the real savings that might have been
expected.

It was beyond the scope of this study to elucidate the
mechanisms responsible for the observed decrease in oxygen
consumption. There are reasons to believe that, in addition
to the discontinuous oxygen flow directly administered to
the patient, the observed reduction in oxygen consumption
may be attributed to other mechanisms. Although the present
study did not investigate this issue, oxygen is also wasted
by the phenomenon of “open valves at a ward”, which occurs
when patients leave their room for a walk or technical inves-
tigations, and the oxygen valves are not closed by the nurses.

Automatic closure of oxygen valves with an on-demand sys-
tem prevents such inappropriate losses of oxygen.

An issue that deserves attention is whether the use of
the new hybrid flow meter may negatively affect oxygenation
of more critical patients with more pronounced hypoxemia.
This may increase the need to monitor oxygenation of
patients more frequently, augmenting thereby the workload
of the nursing personnel. This was not the case at our ward
but might be the case when more critical patients are
hospitalized.

During the oxygen delivery study, the on-demand mode
of this device was well accepted by patients suffering from
an acute respiratory illness with a use of 55%. No significant
correlation could be identified between acceptance rate and
patient profile. It was noted by the nursing personnel that
some COPD patients using DODS for ambulatory oxygen
administration did not tolerate the on-demand mode during
exacerbations due to perception of oxygen deficiency.
Important here is the educational task of the nursing per-
sonnel in reassuring the patient on the equivalence of the
therapy with the enhanced comfort when using the
on-demand mode.

The improved nasal hydration, reported with discontin-
uous oxygen flow, was translated into an increased patient
preference for the on-demand mode, with 50% of the pop-
ulation preferring the on-demand mode. 24% of the patients
preferred the continuous mode, mainly due to the sound
being produced during the comfort mode, usually during
the night. In this regard, the choice of nasal cannula is of
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key importance, as sound production between nasal cannula
brands may vary to a great extent.

Until recently, on-demand oxygen valves have been mainly
used in stable and ambulatory patients on long term oxygen
therapy [10] to increase patients’ autonomy of portable oxygen
sources [9,11-15]. The current study extrapolates the large
empiric knowledge about DODS and the previous positive
evaluations in ambulatory settings [9,16-17] to the hospital
setting where the presently investigated hybrid device could
easily be used with a standard nasal cannula.

One of the limitations of the present study is that the
study was performed in the respiratory ward of a tertiary
hospital. Savings might be even greater in regional hospitals
where the on-demand mode of the device may be used in
more than 55% of patients treated with oxygen in our study,
since respiratory patients with a lower degree of disease
severity may reside there. Furthermore, our comfort study
is limited by the relatively short-term use of the on-demand
mode since the nasal dehydration and saturation equiva-
lency of patients may be different when patients are treated
for longer periods of time. The high scatter of the data
after 30 min suggests that the assessment of the relative
humidity and SpO, over a longer time interval could further
validate the trends observed in the present study. It remains
that significant differences can be seen between the con-
tinuous and on-demand mode.

In conclusion, the present study demonstrates that imple-
mentation of oxygen conserving devices in a tertiary hospital
setting is feasible, tended to increase patient comfort and
may lead to financial savings while maintaining optimal
patient oxygenation.
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Appendix A

Formula and calculation of the Normalized Saving Rate when Tau,c>Tau,h

Tau,c— H(WJ *Tau,h} + Tau,h}
Tap,c

Normalized Saving Rate (NSR %) = T
au,c

Tau, c: Total average utilization in conventional flowmeter weeks
Tap, c: Total average prescribed oxygen flow in conventional flowmeter weeks

Tau, h: Total average utilization in hybrid flowmeter weeks

Tap, h: Total prescribed oxygen flow in hybrid flowmeter weeks

22,21- 19,98-13,66 *10,24 |+10,24
19,98

22,21

NSR % = =39,33%
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