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Abstract

Rationale: Hypoxemia associated with acute exacerbations of
chronic obstructive pulmonary disease (COPD) often resolves
with time. Current guidelines recommend that patients recently
discharged with supplemental home oxygen after hospitalization
should not have renewal of the prescription without assessment for
hypoxemia. Understanding patterns of home oxygen reassessment is
an opportunity to improve quality and value in home oxygen
prescribing and may provide future targets for deimplementation.

Objectives: We sought to measure the frequency of home oxygen
reassessment within 90 days of hospitalization for COPD and
determine the potential population eligible for deimplementation.

Methods: We performed a cohort study of patients >40 years
hospitalized for COPD at five Veterans Affairs facilities who were
prescribed home oxygen at discharge. Our primary outcome was the
frequency of reassessment within 90 days by oxygen saturation (SpO2

)
measurement. Secondary outcomes included the proportion of patients
potentially eligible for discontinuation (SpO2

. 88%) and patients in
whom oxygen was discontinued. Our primary exposures were
treatment with long-acting bronchodilators, prior history of COPD
exacerbation, smoking status, and pulmonary hypertension. We used a

mixed-effects Poisson model to measure the association between
patient-level variables and our outcome, clustered by site. We also
performed a positive deviant analysis using chart review to uncover
system processes associated with high-quality oxygen prescribing.

Results: A total of 287 of 659 (43.6%; range 24.8–78.5% by site)
patients had complete reassessment within 90 days. None of our
patient-level exposures were associated with oxygen reassessment.
Nearly half of those with complete reassessment were eligible
for discontinuation on the basis of Medicare guidelines (43.2%;
n=124/287). When using the newest evidence available by the Long-
Term Oxygen Treatment Trial, most of the cohort did not have
resting hypoxemia (84.3%; 393/466) and would be eligible for
discontinuation. The highest-performing Veterans Affairs facility had
four care processes to support oxygen reassessment and
discontinuation, versus zero to one at all other sites.

Conclusions: Fewer than half of patients prescribed home oxygen
after a COPD exacerbation are reassessed within 90 days.
New system processes supporting timely reassessment and
discontinuation of unnecessary home oxygen therapy could
improve the quality and value of care.
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Two randomized trials published in the
1980s demonstrated a survival benefit from
supplemental home oxygen among patients
with chronic obstructive pulmonary disease
(COPD) and severe resting hypoxemia
(1–3).Over the past three decades,
prescription of home oxygen therapy has
expanded to populations beyond those
included in the original trials without
evidence of efficacy (4, 5). This included
patients with stable COPD and moderate
and/or exercise-induced hypoxemia who
were shown in the recent Long-Term
Oxygen Treatment Trial (LOTT) to derive
no benefit from home oxygen use (6). Home
oxygen can pose harms to patients,
including risk of burns, fire (7), and falls due
to entanglement in tubing and equipment
(8). These harms are in addition to lifestyle
effects, including stigma associated with
oxygen use (9). Home oxygen therapy is also
expensive to the healthcare system and
results in an estimated annual cost of 2-
billion dollars in the United States (10, 11).
Deimplementation of oxygen among
patients who do not benefit from its use
represents an opportunity to improve the
safety and value of healthcare delivery.

Most home oxygen prescriptions for
patients with COPD are initiated after
hospitalization for COPD (12). The
American Board of Internal Medicine and
Consumer Reports “Choosing Wisely
Campaign” has recommended that
“for patients recently discharged on
supplemental home oxygen following
hospitalization, do not renew the
prescription without assessing the patient
for ongoing hypoxemia” because many
patients improve with time (13–15). In
this context, we examined reassessment of
home oxygen prescriptions after
hospitalization for COPD to identify
potential opportunities to deimplement
home oxygen when appropriate.

Methods

Design, Setting, Participants, and
Data Sources
We performed a retrospective cohort study
of Veterans admitted to hospital for COPD
from 2006 to 2011 in five hospitals that
make up the Veterans Integrated Service
Network-20 of the Veterans Affairs (VA) in
the Pacific Northwest. We included patients
>40 years of age with admission text
and/or a primary discharge diagnosis by

International Classification of Diseases,
Ninth Revision (ICD-9), codes consistent
with COPD and an oxygen prescription at
discharge (16–18). We excluded patients
who died during the index hospitalization
or within 90 days of discharge. We also
excluded those discharged to hospice
because they may be prescribed oxygen
therapy as palliation. In addition, we also
excluded those discharged to a skilled
nursing facility because this can limit the
ability for timely follow-up with primary
care and other providers and because
oxygen is often provided to patients at these
facilities even in the absence of an outpatient
prescription. We defined the index date as
the hospital discharge date.

We collected information from the
Veterans Integrated Service Network-20
data warehouse that contains diagnoses
for inpatient encounters, health factors,
laboratory values, vital signs (oxygen
saturation [SpO2

]), and prescription
information. For all patients, we performed
focused abstraction of the electronic medical
record to confirm SpO2

(ambient air vs. with
supplemental oxygen), oxygen prescription,
and discontinuation of oxygen. This study
was approved by the VA Institutional
Review Board (#00461).

Patient Characteristics
We assessed patient characteristics
hypothesized a priori to be exposure
variables associated with reassessment,
including treatment with long-acting
bronchodilators (LABDs) before admission,
history of COPD exacerbation, smoking
status, and pulmonary hypertension. We
selected the prescription of inhaled LABDs
before admission as an exposure variable to
reflect treatment intensity. We also included
a history of COPD exacerbations in the
prior year (19). We selected pulmonary
hypertension because patients with evidence
of cor pulmonale were included in the
original Nocturnal Oxygen Treatment Trial
(1). We also identified patient characteristics
that were likely to confound the association
between our exposures and outcome,
including age, congestive heart failure
(CHF), and obstructive sleep apnea (OSA).

We identified exacerbations as the
prescription of systemic steroids and/or
antibiotics with a COPD diagnosis in the
outpatient setting (20). We categorized
patients as smokers using validated methods
from health factors data, which was
collected annually at minimum (21, 22). We

identified pulmonary hypertension using
ICD-9 codes associated with encounters
during the prior year defined by the
Elixhauser comorbidity index (23). We also
used the Elixhauser comorbidity index to
define the confounders of CHF and OSA.

Outcomes
We defined the primary outcome as
reassessment of oxyhemoglobin saturation
within 90 days of discharge. Our intent was
to identify patients who were reassessed for
eligibility to have oxygen discontinued using
Medicare criteria. We required all patients
to have SpO2

measured at rest without
oxygen supplementation. For patients with
resting hypoxemia (SpO2

<88%), no further
testing was required. For patients with SpO2

.88% at rest, we required assessment with
ambulation to demonstrate a continued
need for oxygen therapy. We hereafter refer
to this as “complete reassessment.”

As secondary outcomes, we measured
the following within 90 days of discharge: 1)
eligibility for home oxygen discontinuation
by contemporary Medicare and VA
requirements (SpO2

. 88% at rest and with
ambulation), 2) eligibility by LOTT for
discontinuation (SpO2

. 88% at rest) (6),
and 3) the number of patients who had
home oxygen discontinued. We assessed the
proportion of patients with our outcomes at
each facility to estimate a range of system-
level variability.

Statistical Analysis
We used a mixed-effects Poisson model to
measure the association between patient-
level variables and our outcome, clustered
by facility. We estimated prevalence ratios
for associations, adjusted for age, CHF, and
OSA. In a post hoc analysis, we identified
care processes using chart review at
the highest-performing facility for
reassessment (positive deviant) and
explored whether these care processes were
present at the remaining four facilities. We
used Stata 16 (StataCorp) software for all
analyses.

Results

We identified 827 patients who were
prescribed home oxygen at hospital discharge
after a COPD exacerbation. Thirteen percent
(n= 109) died within 90 days of discharge
and were excluded. We excluded an
additional 20 patients who were prescribed
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home oxygen for hospice use and 39 patients
who were discharged to a skilled nursing
facility. Of the 659 patients remaining in the
cohort, 96.1% (n=633) were male, 81.3%
(n= 536) were white, and over half (54.2%;
n=357) were active smokers (Table 1).

Oxygen Reassessment
Of the 659 patients included in the study
cohort, 287/659 (43.6%) had complete
reassessment. Of the 287, 59 (20.6%)
patients had resting hypoxemia and did not
require testing with ambulation. Only 13
(4.5%) had resting hypoxemia and were also
tested with ambulation. Most patients (215/
287; 74.9%) did not have resting hypoxemia
and underwent testing with ambulation.
Most of the study cohort was reassessed at
rest within 90 days of discharge (466/659;
70.7%).

Hypoxemia and Potential
for Discontinuation
Among those with complete reassessment,
43.2% (n= 124/287) did not demonstrate
hypoxemia and were therefore eligible for
discontinuation by contemporary Medicare
guidelines (Figure 1). Of note, among those
with an assessment with ambulation, no
patients demonstrated an SpO2

<80% when
tested with ambulation (an exclusion
for LOTT). Among those eligible for
discontinuation, most patients (86.3%;
n= 107/124) had oxygen discontinued.
Five patients elected to discontinue

oxygen therapy despite demonstrated
hypoxemia.

If using LOTT criteria, reassessment
needs to occur only at rest. Of the
466 patients who were reassessed
at rest, few patients demonstrated
resting hypoxemia (73/466; 15.7%).
Therefore, the population eligible for
discontinuation by LOTT doubled in size
(393/466; 84.3%).

Patient Factors Associated with
Oxygen Reassessment
Patient-level exposures of smoking status,
treatment with LABDs, and a prior history
of a COPD exacerbation were not
associated with complete reassessment in
our model. Pulmonary hypertension
trended toward an inverse relationship
with reassessment, but the estimate was
imprecise (Table 2).

Variation of Oxygen Reassessment
by Facility
The proportion of patients with complete
reassessment ranged from 24.8% to 78.5%
across the five facilities (Table 3). Among
those patients who were reassessed, the
proportion who would be potentially eligible
for discontinuation using Medicare
guidelines ranged from 31.5% to 54.6%.
Discontinuation of oxygen ranged from
35.3% to 100% of those patients eligible
for discontinuation across the sites.
The highest-performing site for home

oxygen reassessment (78.5%) was also a
site with a high proportion of appropriately
discontinued home oxygen prescriptions
after reassessment (100%). This site was
identified as a positive deviant for our
post hoc analysis.

Supportive Processes at the
High-Performing Site
We identified four processes of care at the
highest performing site that appeared
to support home oxygen reassessment
at the system-level. These included 1) an
automated alert to schedule an SpO2

measurement within 90 days of the initial
home oxygen prescription, 2) a dedicated
home oxygen clinic, 3) a dedicated home
oxygen coordinator who documented
in the patient record, 4) a respiratory
therapist (RT)-generated home oxygen
discontinuation order when appropriate that
was forwarded to a prescribing provider for
signature. Two of the remaining facilities had
one of these processes in place, and the other
facilities did not have any (Table 4).

Discussion

We found that many patients discharged
after a COPD exacerbation with home
oxygen did not have complete reassessment
within 90 days. Nearly half were eligible
for discontinuation when complete
reassessment did occur. When applying the
newest evidence provided by LOTT, the
population eligible for discontinuation
doubled. If new system processes could
be implemented to support reassessment and
apply current evidence, a large population of
patients with COPD would be eligible for
deadoption of this high-cost therapy.

This is the first multicenter cohort
study of home oxygen reassessment after
hospitalization for COPD in the United
States that included SpO2

results to evaluate
for potential overuse and develop plans
for deimplementation programs. When
compared with prior single-site studies,
we found that a similar proportion
of patients were reassessed for home
oxygen (24–26) and had home oxygen
discontinued (27).

There are several potential reasons why
home oxygen was not reassessed in our
cohort. Most patients in our cohort had an
appointment with a primary care provider
within 90 days, and therefore, patient access
does not explain this care gap. One potential

Table 1. Characteristics of the cohort prescribed home oxygen at hospital discharge

Cohort (n=659)

Demographics
Age at index admission, yr, mean (SD) 68.0 (10.5)
Sex, M, n (%) 633 (96.1)
White race, n (%) 536 (81.3)

Body mass index, n (%)
Obese 236 (35.8)

Smoking status, n (%)
Current 357 (54.2)

COPD severity, n (%)
LABD 204 (31.0)
ICS 250 (37.9)
Systemic steroids in year prior 262 (39.8)

Comorbidities, n (%)
Congestive heart failure 150 (22.8)
Obstructive sleep apnea 43 (6.5)
Pulmonary hypertension 41 (6.2)

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; ICS= inhaled
corticosteroid; LABD= long-acting bronchodilator; SD= standard deviation.
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barrier to reassessment is that oxygen therapy
is dogmatically believed to be beneficial, not
harmful, and therefore, reassessment is felt to
be unnecessary by both providers and patients
(28). Furthermore, the lack of evidence of
efficacy does not translate into reimbursement
constraints. At the health system level, limited
time and effort to review and discontinue
therapies during a clinic visit has been cited
as a barrier to deprescribing in the primary
care setting (29). In addition, finding time
and staff to assess for hypoxemia with
ambulation could be prohibitive in a busy
clinic setting. Some sites within the
Veterans Health Administration require
home oxygen prescriptions to be managed
by pulmonary specialists and this may be
another barrier to high-quality home
oxygen use.

Our patient-level exposures were
not associated with reassessment for
home oxygen. Pulmonary hypertension
trended toward an inverse association,
which may be due to difficulties

identifying pulmonary hypertension
using administrative codes and because
pulmonary hypertension is often mild
when secondary to COPD. Overall,
our finding that patient-level exposures

SpO2 ≤88% at rest,
continued
N=72/466 (15%)

SpO2 >88% at rest,† 
discontinued
N=103/466 (22%)

SpO2 >88% at rest, 
SpO2 ≤88% with ambulation,
continued
N=89/466 (19%)

SpO2 >88% at rest & ambulation,
continued
N=44/466 (10%)

SpO2 >88% at rest, 
no ambulatory test,
continued
N=153/466 (33%)

Not reassessed
N=174/659 (26%)

No PCP appt
N=19/659 (3%)

Appropriate at the
time of the cohort
(N=264/659; 40%)

Potentially
inappropriate

(n=390/659; 59%)
Not

reassessed
N=193

Reassessed
at rest
N=466

*

*

Figure 1. Flow diagram of cohort depicting oxygen discontinuation within 90 days of discharge. Values are given as n (%) with denominators. The flow tracts
in blue depict the proportion of the cohort who had oxygen continued or discontinued in alignment with recommended practice. The flow tract in green
represents the proportion of the cohort with oxygen continued for ambulatory hypoxemia, which is no longer recommended practice after the Long-Term
Oxygen Treatment Trial (LOTT), and these patients would now be eligible for discontinuation. The flow tract in yellow represents a group that was
inappropriately continued at the time of the cohort and is eligible for discontinuation. The flow tract in orange was incompletely reassessed based on
recommendations at the time of the cohort but would be eligible for discontinuation based on LOTT. The flow tracts in red demonstrate the proportion of the
cohort who did not have reassessment at rest or with ambulation. Five patients requested to discontinue home oxygen despite demonstrated hypoxemia
and were not included in the flow diagram. *Eligible populations for oxygen discontinuation based on the new evidence provided by LOTT. †This flow tract
includes 80 patients who underwent testing with ambulation and 23 without testing with ambulation. appt = appointment; PCP=primary care provider;
SpO2

= peripheral oxygen saturation.

Table 2. Multivariable model for home oxygen reassessment in 90 days

Variable PR (95% CI)

Smoking 1.01 (0.82–1.92)
Prior COPD exacerbation 0.76 (0.56–1.23)
LABD 0.95 (0.66–1.48)
Pulmonary hypertension 0.37 (0.20–1.00)

Definition of abbreviations: CI = confidence interval; COPD=chronic obstructive pulmonary disease;
LABD= long-acting bronchodilator; PR=prevalence ratio.
Mixed effects Poisson model adjusted for age, congestive heart failure, and obstructive sleep apnea
and clustered by site.
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are not associated with oxygen
reassessment may be because the barriers to
reassessment occur at the clinician or
health system level.

There was a wide range of
reassessment and discontinuation practices
for home oxygen across the five facilities in
our study. We identified four care processes
at a high-performing facility that likely
facilitated timely home oxygen
reassessment and appropriate use. In
particular, the RT-generated order to
discontinue home oxygen when
appropriate is an example of task-shifting
that could improve care quality and
increase efficiency (30, 31). Much of the
current evidence for task-shifting has
focused on the shift from doctor to nurse;
however, protocols that rely on RTs have
been successful in weaning patients from
mechanical ventilation (32) and delivering
treatment protocols for bronchodilators
(33). A small pilot study found that the
implementation of an RT-managed
oxygen clinic significantly decreased
inappropriate home oxygen use (34). A

crude extrapolation of cost savings for
the 130 patients in the pilot was estimated
to be .500,000 U.S. dollars. It is
possible that incorporating RTs and/or
the other processes identified in our
study could improve the quality and value
of home oxygen services and should be
confirmed in future studies with formal
cost analyses.

Extrapolation of clinical trial data
beyond the studied population, such as
home oxygen therapy for moderate
hypoxemia in COPD, leads to potential
overuse of therapies and services. As
medical studies progress, therapies and
services that were previously thought to be
beneficial will commonly evolve; those
found to be ineffective should be
targets for reversal or deadoption (35, 36).
While deimplementing therapies
and medications is uncomfortable in
our healthcare system, unintended
consequences may result if we allow
overuse to persist. In 2016, the Centers
for Medicare and Medicaid Services
Durable Medical Equipment Competitive

Bidding Program significantly reduced
payment rates for home oxygen
concentrators and supplies by 50–80%
relative to 2015 payments in an effort
to contain Medicare programmatic
spending (37). This made it more
difficult for vulnerable patients with
COPD and severe resting hypoxemia—
who actually benefit from home
oxygen—to receive this service (38).
New policies hope to rectify this
problem, but guidance from
providers, patients, and other
stakeholders is needed to shape the
Centers for Medicare and Medicaid
Services indications and reimbursement
requirements for home oxygen services in
the post-LOTT era.

Our study has limitations. First, this
study used administrative data from
oxygen prescriptions at the time of hospital
discharge; therefore, we do not know
whether patients received home oxygen
therapy before hospitalization. It is also
possible that outpatient providers were not
aware that home oxygen was prescribed
at the time of discharge. Patients may
have home oxygen prescribed through
Medicare or an alternative payor from
a hospitalization outside of the VA,
although this is less likely given the
significant cost savings to veterans from
the use of VA home oxygen services. We
did not have detailed oxygen prescription
data or adherence data to discern oxygen
flow rates. We also do not know how many
patients were prescribed home oxygen
for nocturnal use, which may limit the
ability to fully discontinue oxygen if no
longer required while awake. Pulmonary
function data were not available, and
patients with COPD were identified by

Table 3. Reassessment, eligibility for, and discontinuation of home oxygen by site

Facility Patients Complete
Reassessment

Eligible to
Discontinue

Discontinuation

A 183 (27.8) 54 (29.5) 17 (31.5) 6 (35.3)
B 181 (27.5) 142 (78.5) 63 (44.4) 64 (100)*
C 107 (16.2) 34 (31.8) 14 (41.2) 18 (100)*
D 121 (18.4) 30 (24.8) 18 (54.6) 9 (50.0)
E 67 (10.1) 27 (40.3) 12 (44.4) 11 (91.7)
Total 659 287 (43.6) 124 (43.2) 107 (86.3)

All values are listed as n (%). The percentage for each column is given using a denominator of the
column to the right.
*Five patients declined home oxygen therapy despite demonstrating hypoxemia.

Table 4. Health system processes for oxygen prescribing at each facility

Facility Majority of Patients
Reassessed

Automated Alert for
Scheduling

Home Oxygen
Clinic

Home Oxygen
Coordinator

RT-generated Order for
Discontinuation

A 2 2 + 2 2

B + + + + +

C 2 2 2 2 2

D 2 2 2 2 2

E 2 2 2 2 +

Definition of abbreviations: 2= system process absent; 1= system process present; RT= respiratory therapist.
Facility B is a positive deviant identified during the study. Four processes were identified at this facility that may facilitate appropriate and timely oxygen
prescriptions.
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ICD codes, but the goal of this pragmatic
study was to understand healthcare
delivery. Pulmonary hypertension was also
identified using ICD codes, which may not
capture all patients with cor pulmonale
and may inadvertently include patients
with pulmonary arterial hypertension (39).
This study was conducted within the
VA, which predominantly serves men of
lower socioeconomic means. This may
limit the generalizability of findings,
although we do not expect that this
should impact patterns of care delivery.
Finally, this study was also performed
before the Choosing Wisely campaign and
LOTT, and there may be changes in

practice since that time, although our
findings are largely unchanged from
studies that are 20 years old, suggesting
this is unlikely.

This study had several important
strengths. The VA is an ideal system
in which to study clinical patterns of
home oxygen prescription because the
prescription can be tracked using the
electronic health record. Also, we had a
complete assessment of all hospital
admissions for a COPD exacerbation
across a large geographic region,
enhancing generalizability and making
idiosyncratic practices less likely to
impact our findings. We also conducted

chart review to enhance administrative
data.

Conclusions
Most patients prescribed home oxygen are
not reassessed within 90 days after hospital
discharge after a COPD exacerbation. When
reassessed, .80% are potentially eligible for
discontinuing home oxygen based on new
evidence. Review of a high-performing site
sheds light onto systems-level processes that
may facilitate deadoption of this low-value
therapy, which could result in considerable
cost savings to health systems and reduced
harm to patients. n
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