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Introduction: Two large major trials showed that long-term
oxygen therapy (LTOT) improved mortality in patients with
chronic obstructive pulmonary disease (COPD) and hypoxemia.
Although oxygen accelerates combustion and is an obvious fire
hazard, LTOT has traditionally been prescribed to veterans who
are actively smoking.

Methods: We conducted a retrospective chart review of all
veterans with COPD at a single center who were prescribed
new LTOT between October 2010 and September 2015. Of the
158 patients who met the study criteria, 152 were male.
Bayesian logistic regression was used to model the outcome

variable fire-related incident with the predictors smoking status,
age, race, depression, posttraumatic stress disorder, and type
of oxygen used.

Results: The mean age of the 158 patients with COPD in
the study was 71.3 years in nonsmokers and 65.9 years in
smokers. The model-estimated odds (SD) of a fire-related
incident occurring in a smoker were 31.6 (5.1-372.7) times the
odds of a fire-related incident occurring in a nonsmoker.

Conclusions: Patients who smoke and remain on LTOT put
themselves at greater risk of having a fire-related incident than
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hronic obstructive pulmonary dis-

ease (COPD) has been the third

leading cause of death in the US
since 2008.' Current management of
COPD includes smoking cessation, ad-
equate nutrition, medication therapy,
pulmonary rehabilitation, and vaccines.?
Outside of pharmacologic management,
oxygen therapy has become a staple treat-
ment of chronic hypoxemic respiratory
failure due to COPD. Landmark trials,
including the Nocturnal Oxygen Ther-
apy Trial (NOTT) and Medical Research
Council (MRC) study, demonstrated im-
proved survival in patients with COPD
and hypoxemia, particularly if these pa-
tients received oxygen for 18 hours per
day.>* NOTT prospectively evaluated 203
patients at 6 centers who were randomly
allocated to either continuous oxygen
therapy or 12-hour nocturnal oxygen ther-
apy. The overall mortality in the nocturnal
oxygen therapy group was 1.94 times that
in the continuous oxygen therapy group
(P =.01).> The MRC study included 87
patients who were randomized to oxygen
therapy or no oxygen; risk of death was
12% per year in the treated group vs 29%
per year in the control group (P = .04).*
The effectiveness of long-term oxygen
therapy (LTOT) in active smokers con-
tinues to be a source of debate; although
50% of patients in the NOTT trial were
smokers, there was no subgroup analysis
of whether smoking status had an impact
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do nonsmokers.

on survival in those on continuous oxygen
therapy.

Although many therapies are available
for the treatment of COPD, the most effec-
tive treatment to prevent the progression
of COPD is smoking cessation. Resources
like smoking cessation programs, nicotine
patches, and medications, such as bupropion
and varenicline, are available to aid smok-
ing cessation.” However, many patients are
unable to quit tobacco use despite their best
efforts using available resources, and they
continue to smoke even with progressive
COPD. Long-time smokers also are likely to
continue smoking while on LTOT, which in-
creases their risk for fire-related injury®®

Traditional indications are being scruti-
nized after the LTOT trial found no benefit
with respect to time to death or first hospi-
talization among patients with stable COPD
and resting or exercise-induced moderate
desaturation.’

Although oxygen accelerates combus-
tion and is a potential fire hazard, LTOT
has been prescribed even to active smok-
ers as the 2 landmark trials did not exclude
patients who were active smokers from re-
ceiving oxygen therapy.>* Therefore, LTOT
has traditionally been prescribed to veter-
ans who are actively smoking, despite the
fire hazard. Attempts at mitigating hazards
related to oxygen therapy in active smokers
include counseling extensively about safety
measures (which includes avoiding open
flames such as candles, large fires, or sparks
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TABLE 1 Baseline Characteristics Nonsmokers vs Smokers

Characteristics

Nonsmokers (n = 105)

Smokers (n = 53)

Demographics

Age, mean, median (SD), y 71.3,70 (8.5) 65.9, 66 (6.6)

Non-White, No. (%) 15 (14.3) 6(11.3)
Conditions, No. (%)

Fire-related incident 0 (0) 9(17.0)

Depression 17 (16.2) 17 (32.1)

Posttraumatic stress disorder 8 (7.6) 6(11.3)

Continuous oxygen 36 (34.3) 22 (41.5)

when on LTOT and providing Home Safety
Agreements—a written contract between
prescriber and patient wherein the patient
agrees to abide by the terms of the US De-
partment of Veterans Affairs (VA) to mit-
igate hazards related to LTOT in order to
receive LTOT (eAppendix can be found at
doi:10.12788/fp.0048). These clinical tech-
niques ensure that patients who choose to
smoke on LTOT do so only with a full un-
derstanding of the dangers.

METHODS

With this practice in mind, we conducted
an institutional review board approved
retrospective chart review of all veterans
with diagnosis of COPD within the Cen-
tral Texas Veterans Health Care System
(CTVHCS) who were prescribed new LTOT
between October 1, 2010 and Septem-
ber 30, 2015. Given the retrospective na-
ture of the chart review, patient consent was
not obtained. Inclusion criteria were veter-
ans aged > 18 years who had a confirmed
diagnosis of COPD by spirometry and who
met criteria for either continuous or ambu-
lation-only oxygen therapy.

Criteria for exclusion included patients
with hypoxemia not solely attributable to
COPD or due to diseases other than COPD.
We reviewed encounters in these patients’
charts, including follow-up in the clinic of
the providers prescribing oxygen, to assess
for fire-related incidents, defined as events
wherein fire was visualized by the patient
or by individuals living with the patient and
with report provided to medical equipment
company providing oxygen; the patient did
not have to seek medical care to qualify for
fire-related incident. Of the 158 patients
who met the criteria for inclusion in the
study, 152 were male.
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Statistics

Bayesian logistic regression was used to
model the outcome variable fire-related in-
cident with the predictors smoking status,
age, race, depression, PTSD, and type of ox-
ygen used. Mental health disorders have sig-
nificant effect on substance use disorders,
such as alcohol use. Depression and PTSD
were more common mental health diagnoses
found in our patient population. Addition-
ally, due to the small sample size, these psy-
chiatric diagnoses were chosen to evaluate
the impact of mental health disorders on fire-
related events.

Although the sample size of events was
small, weakly informative normal priors
(0, 2.5) were used to shrink parameter es-
timates toward 0 and minimize overfitting.
Weakly informative normal priors have also
been suggested to deal with the problem of
quasi-complete separation, where in our case,
both smoking and no-PTSD perfectly pre-
dicted the 9 fire-related incidents.'® All input
variables were centered and scaled as rec-
ommended.’ The model fit well as assessed
by posterior predictive checks, and Rhat was
1.00 for all parameters, indicating that all
chains converged. Analysis was completed in
R version 3.5.1 using the ‘brms’ package for
Bayesian modeling.!!

RESULTS

The mean age for the 158 included patients
was 71.3 years in nonsmokers and 65.9 years
in smokers. Fifty-three of the included pa-
tients were active smokers when LTOT was
initiated. Nine veterans had fire-related in-
cidents during the study period. All 9 pa-
tients were actively smoking (about 17%) at
the time of the fire incidents. There were no
deaths, and 5 patients required hospitaliza-
tion due to facial burns resulting from the
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TABLE 2 Bayesian Logistic Regression Model

Characteristics Coefficient Estimated Error (coefficient) Odds Ratio (95% CI)?
Smoking 3.53 1.08 31.6 (5.1-372.7)
Age 0.18 0.85 1.2 (0.2-6.5)
White -0.22 1.12 0.9 (0.1-6.1)
Depression 0.37 0.85 1.5(0.2-7.3)
Posttraumatic stress disorder -2.13 1.58 0.1 (0.0-1.8)
Type oxygen, continuous 0.10 0.74 1.1 (0.3-4.8)
Male -1.66 1.82 0.2 (0.0-4.3)

aMedian odds ratio and 0.025 and 0.975 quantile of the posterior distribution.

fire-related incidents. Our study focused on
5 baseline characteristics in our population
(Table 1). After gathering data, our group
inferred that these characteristics had a po-
tential relationship to fire-related incidents
compared with other variables that were stud-
ied. Future studies could look at other pa-
tient characteristics that may be linked to
fire-related incidents in patients on LTOT.
For example, not having PTSD also perfectly
predicts fire-related incidents in our data (ie,
none of the participants who had fire-related
incidents had PTSD). Although this find-
ing was not within the 95% confidence in-
terval (CI) in the model, it does show that
care must be taken when interpreting effects
from small samples (Table 2). The model-
estimated odds of a fire-related incident oc-
curring in a smoker were 31.6 (5.1-372.7)
times more likely than were the odds of a fire-
related incident occurring in a nonsmoker,
holding all other predictors at their reference
level; 95% CI for the odds ratios for all other
predictors in the model included a value of 1.

DISCUSSION

This study showed evidence of increased
odds of fire-related events in actively smok-
ing patients receiving LTOT compared with
patients who do not actively smoke while at-
tempting to adjust for potential confounders.
Of the 9 patients who had fire events, 5 re-
quired hospitalization for burns.

A similar retrospective cohort study by
Sharma and colleagues in 2015 demonstrated
an increased risk of burn-related injury when
on LTOT but reiterated that the benefit of ox-
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ygen outweighs the risk of burn-related in-
jury in patients requiring oxygen therapy.'?
Interestingly, Sharma and colleagues were un-
able to identify smoking status for the pa-
tients studied but further identified factors
associated with burn injury to include male
sex, low socioeconomic status, oxygen ther-
apy use, and > 3 comorbidities. The study’s
conclusion recommended continued educa-
tion by health care professionals (HCPs) to
their patients on LTOT regarding potential
for burn injury. In the same vein, the VA Na-
tional Center for Ethics in Health Care noted
that “clinicians should familiarize themselves
with the risks and benefits of LTOT; should
inform their patients of the risks and benefits
without exaggerating the risk associated with
smoking; avoid undue coercion inherent in
the clinician’s ability to withdraw LTOT; re-
duce the risk to the greatest degree possi-
ble; and consider termination of LTOT in
very extreme cases and in consultation with a
multidisciplinary committee.”"

This statement is in contrast to the guide-
lines and policies of other countries, such as
Sweden, where smoking is a direct contra-
indication for prescription of oxygen ther-
apy, or in Australia and New Zealand, where
the Thoracic Society of Australia and New
Zealand oxygen therapy guidelines recom-
mend against prescription of LTOT, citing
“increased fire risk and the probability that
the poorer prognosis conferred by smoking
will offset treatment benefit.”®*

The prevalence of oxygen therapy in-
troduces the potential for fire-related inci-
dents with subsequent injury requiring
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medical care. There are few studies regard-
ing home oxygen fire in the US due to the
lack of a uniform reporting system. One
study by Wendling and Pelletier analyzed
deaths in Maine, Massachusetts, New Hamp-
shire, and Oklahoma between 2000 and
2007 and found 38 deaths directly attrib-
utable to home oxygen fires as a result of
smoking.'” Further, the Consumer Prod-
uct Safety Commission’s National Electronic
Injury Surveillance System between 2003
and 2006 attributed 1,190 thermal burns re-
lated to home oxygen fires; the majority of
which were ignited by tobacco smoking."
The Swedish National Register of Respira-
tory Failure (Swedevox) published prospec-
tive population-based, consecutive cohort
study that collected data over 17 years and
evaluated the risk of fire-related incident
in those on LTOT. Of the 12,497 patients
sampled, 17 had a burn injury and 2 pa-
tients died. The low incidence of burn in-
jury on LTOT was attributed to the strict
guidelines instituted in Sweden for doctors
to avoid prescribing LTOT to actively smok-
ing patients.® A follow-up study by Tanash
and colleagues compared the risk of burn
injury in each country, respectively. The re-
sults found an increased number of burn
injuries in those on oxygen therapy in Den-
mark, a country with fewer restrictions on
smoking compared with those of Sweden.”
Similarly, our results showed that the rate of
fire and burn injuries was exclusively among
veterans who were active smokers. All pa-
tients who were prescribed oxygen therapy
at CTVHCS received counseling and signed
Home Safety Agreements. Despite following
the recommendations set forth by the VA on
counseling, extensive harm reduction tech-
niques, and close follow-up, we found there
was still a high incidence of fires in veter-
ans with COPD on LTOT who continue to
smoke.

The findings from our study concur with
those previously published regarding the risk
of home oxygen fire and concomitant smok-
ing, supporting the idea for more regulated
and concrete guidelines for prescribing LTOT
to those requiring it.®

LIMITATIONS
The major limitation was the small sample
size of our study. Another limitation was
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that our study population is predominantly
male as is common in veteran cohorts. In
fiscal year 2016, the veteran population of
Texas was 1,434,361 males and 168,967
females.'® According to Franklin and col-
leagues, HCPs noticed an increase use of
long-term oxygen among women compared
with that of men."”

CONCLUSIONS

Our study showed an increased odds of fire-
related incidents of patients while on LTOT,
strengthening the argument that even with
extensive education, those who smoke and
are on LTOT continue to put themselves at
risk of a fire-related incident. This finding
stresses the importance of continuing patient
education on the importance of smoking ces-
sation prior to administration of LTOT or
avoiding fire hazards while on LTOT. Fur-
ther research into LTOT and fire hazards
could help in implementing a more struc-
tured approval process for patients who want
to obtain LTOT. We propose further stud-
ies evaluating risk factors for the incidence of
fire events among patients prescribed LTOT.
A growing and aging population with a need
for LTOT necessitates examination of oxygen
safe prescribing.
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