Home Oxygen Therapy Devices: Providing the Prescription

Long-term oxygen therapy (LTOT) is a common phar-
macologic treatment for COPD and other lung diseases.
Estimates from government records suggest that > 1 mil-
lion Medicare recipients receive oxygen at home at a cost
exceeding $2 billion dollars per year in the United States.!-2
The data supporting home LTOT in COPD is nearly four
decades old, but these initial trials remain the scientific
basis for prescription and treatment.’# In the ensuing
40 years, most additional trials have been limited by in-
sufficient numbers and the evaluation of physiologic end
points rather than important clinical outcomes. The use of
oxygen in subjects with stable COPD and moderate hy-
poxemia failed to demonstrate any outcome benefits in a
recent trial.>

Critical to the therapeutic benefit of LTOT is the preven-
tion of hypoxemia in what might best be considered a dose
response. Combining the 2 large trials supporting LTOT, a
shorter duration of oxygen therapy (eg, nocturnal oxygen
only) fails to confer a mortality benefit. We believe these data
suggest that the maintenance of normoxemia and, just as
important, preventing hypoxemia are the underlying physio-
logic manifestations that result in improved outcomes.>*

The delivery of LTOT at home is complicated by the choice
of devices, muddled by government regulations, difficult for
durable medical equipment (DME) providers to achieve un-
der the current reimbursement structure, confused by impre-
cise physician-prescribing practices, and most recently ob-
fuscated by the competitive bidding process.># Work by
Jacobs et al and AlMutairi et al>® have demonstrated that
patients on home LTOT face innumerable challenges and are
frequently dissatisfied with their home oxygen devices. Im-
portantly, patients believe that “home” oxygen therapy de-
vices are, in fact, intended to help them get out of the home!®
Patient mobility and device portability appear to go hand in
hand with quality of life.
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Patients also express concern that portable devices may
fail to provide sufficient oxygen to prevent hypoxemia.
What if they’re right? In this issue of RESPIRATORY CARE,
Chen and colleagues?® evaluate portable oxygen concentra-
tors (POCs) in both a model of the respiratory system and

SEE THE ORIGINAL STUDY ON PAGE 117

using mathematical modeling. Their work builds on pre-
vious evaluations published in REsPIRATORY CARE.!%-!! This
work by Chen et al® confirms the ability of pulse-dose
oxygen to maximize oxygen delivery to alveolar units,
maximizing efficiency. Their paper also highlights the vari-
able function of POCs when set at the dimensionless nu-
merical settings generally thought to equate to continuous
flow oxygen flow (L/min).

Their paper brings to light concerns related to POCs,
the prescription for oxygen, and confusion among care-
givers and patients over what a POC setting represents.
Chen et al® demonstrate this, in that a group of concen-
trators can have settings or numerical values of 1-3
or 1-6. Through a number of assumptions, caregivers
and patients often consider these pulse values as equiv-
alent to a continuous flow (eg, a pulse setting of 3 is
equivalent to 3 L/min of continuous flow oxygen). These
dimensionless numerical values are not only not equiv-
alent to continuous flow in L/min, but on different de-
vices the numerical settings provide widely disparate
oxygen delivery.

Consider 3 fictional POC devices as shown in Table 1,
similar to those studied by Chen et al.” The size and weight
of the devices indicate portability and perhaps the willingness
of a patient to use the device during daily activities. Each
device is capable of a maximum volume of oxygen generated
per minute. Based on the volume of oxygen available and the
patient’s breathing frequency, the pulse volume, pulse fre-
quency, or pulse oxygen purity may change. Oxygen purity
represents the concentration of oxygen in the gas exiting the
concentrator (typically 0.93). While device A may receive
high marks for portability due to weight, the ability of the
device to meet the patient’s needs across a range of activity
(ie, the goal of a POC) is limited. It is within the realm of
possibility that failure to provide adequate oxygenation
throughout the day might negate the mortality benefit seen
with LTOT. The recent direct-to-consumer advertising of
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Table 1.  Comparison of Portable Oxygen Concentrator Performance Under Changes in Patient Breathing Frequency and Demand Exceeding
Oxygen Generation Capabilities
: : POC Numerical
: Weight, Maximum 0,  Maximum PElse Setting POC Strategy in Response to
Device kg Generation, Volume at =20 Hyperpnea (eg, exercise: f = 30 breaths/min)
L/min breaths/min, mL 1 3 ? o ;
A 2 0.5 25 8.3 25  Deliver a consistent oxygen purity every 2-3 breaths
B 1.5 75 25 75  Deliver a reduced pulse volume at a consistent oxygen purity
C 8 3.0 150 50 100 150  Deliver a consistent pulse volume at a reduced oxygen purity

POC = portable oxygen concentrator, f = breathing frequency.
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Fig. 1. A: A normal breath with continuous flow oxygen delivery. Note the waste of oxygen during expiration. B: A pulse dose breath from
a portable oxygen concentrator (POC) (93% oxygen purity) at the desired pulse volume. Delivered early in the breath, oxygen is directed
to gas-exchange units and no oxygen is wasted during exhalation. C: Increased breathing frequency exceeds the oxygen-generation
capability of the POC per minute. In this example, the pulse volume remains the same with every breath, but the oxygen purity falls (lighter
green) to 85%. D: Increased breathing frequency exceeds the oxygen-generation capability of the POC per minute. In this example, the
pulse volume decreases, but the oxygen purity (93%) remains the same. E: Increased breathing frequency exceeds the oxygen-generation
capability of the POC per minute. In this example, the pulse volume and oxygen purity remains the same (93%), but the POC only delivers

oxygen every second or third breath.

POC:s represents another paradigm change. We caution here
that patients can buy devices without oversight by a respira-
tory therapist who can assure that the device meets their
oxygenation needs. A device may be chosen on the basis of
appearance and size, not functionality and ability to meet the
desired goals. No other drug is delivered in this manner.
Figure 1 demonstrates strategies used by POCs when the
patient’s breathing frequency exceeds the oxygen generation
capabilities of the device.

How then, can these problems be addressed? Rather
than use dimensionless numerical values, POC manufac-
turers could list the volume of oxygen delivered at each
setting. This would allow consumers an opportunity to
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compare device capability. However, we must admit that
even these data might be confusing to patients, prescribing
physicians, and DME providers. The most important value
is the total volume of oxygen generated per minute, be-
cause this determines performance characteristics with vari-
able patient breathing frequency.

LTOT at home begins with qualification of the patient
under Centers for Medicare and Medicaid Services (CMS)
rules and the oxygen prescription. Currently, CMS uses the
antiquated method of flow to pay for LTOT and requires the
physician write a flow prescription (in L/min). As Chen et al®
and others have shown, the translation from flow in L/min to
pulse dose is fraught with potential errors.>-!! We believe the
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seminal change to home LTOT begins with the prescription.
Rather than a flow, the prescription should target a desired
oxygen saturation (S, ) range monitored by pulse oximetry.
Theoretically, this would allow the optimization of oxygen
therapy, providing the maximum benefit for the money. This
might also allow the use of automated control to maintain
Spo,-'* Pulse oximetery is ubiquitous, but it is not reimbursed
by CMS. This is a problem that needs to be addressed. Im-
portantly, assessment of S, and POC adequacy should be
accomplished by a respiratory therapist (not the person de-
livering oxygen or DME supplies to the patient’s home).
LTOT is a significant expense to the health care system, but
the value proposition of insufficient oxygen delivery coupled
with generally nonexistent respiratory therapist oversight po-
tentially provides no benefit for the dollars invested.

The competitive bidding process appears to have reduced
the options for home LTOT patients, primarily by eliminating
the availability of liquid oxygen systems.® For some patients
requiring significant flow (>3 L/min) at rest, liquid oxygen is
the best option for meeting patient demands during activity
and maximizing day excursions.® Even here, as always, the
devil is in the details. Liquid oxygen provides an ideal solu-
tion for patients who require higher flows for day trips. How-
ever, on longer trips, the evaporation of liquid oxygen rep-
resents a potential disadvantage. There may be efficiencies to
be had with new technology in POC devices. We await these
advancements. In the meantime, we encourage users and pro-
viders to call for an approach to home LTOT that is patient-
focused, not cost-focused. This starts with the oxygen pre-
scription and maximizing the mortality benefit of LTOT by
matching devices to patient needs. The follow-up step should
be the evaluation of the device’s ability meet patient needs by
a licensed health care provider to guide device selection and
use. Oxygen therapy requirements of patients and meeting
the prescription with oxygen therapy devices is complicated.
The solution requires forethought and appreciation of the
nuances in device operation.
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