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ABSTRACT

Chronic respiratory insufficiency affects patients with diverse underlying diseases
with varying progression and prognosis. Chronic respiratory insufficiency can
derive from diffusion impairment or hypoventilation and is treated with long-
term oxygen therapy or noninvasive ventilation. Many patients have advanced
respiratory disease, with severe symptoms and impaired functional capacity
affecting their everyday lives. It is important to recognize the total symptom
burden and factors associated with poor survival to be able to provide
comprehensive treatment and to make well-timed end-of-life plans for patients
with chronic respiratory insufficiency.

The aim of this thesis was to describe the symptom burden in patients with
chronic respiratory insufficiency and the symptoms associated with depression
and dyspnoea upon exercise. The factors associated with survival and end-of-life
characteristics were studied in patients with chronic respiratory insufficiency and
the need for long-term oxygen therapy (LTOT) or noninvasive ventilation (NIV).

This retrospective study was based on the evaluation of medical records and
death certificates. All the patients who visited the respiratory insufficiency clinic
of Tampere University Hospital from 1.10.2016 to 31.10.2017 with completed
Edmonton Symptom Assessment System (ESAS) questionnaires (n = 226) and
modified Medical Research Council dyspnoea scale (nMRC) questionnaires (n =
101) were studied for symptom prevalence and severity. In the studies concerning
survival and end-of-life characteristics, all patients with newly initiated devices for
respiratory support (LTOT n =195 or NIV n = 205) from 1.1.2012 to 31.12.2015
were included and followed up until 31.12.2017 or death.

The most common diseases causing the need for LTOT were chronic
obstructive pulmonary disease (COPD) and interstitial lung diseases (ILDs) and
the most frequent reasons for the need for NIV were COPD and obesity
hypoventilation syndrome (OHS). Patients with chronic respiratory insufficiency
suffered from many symptoms, of which dyspnoea, dry mouth, tiredness and
pain upon movement were the most common. Depressive symptoms and severe
dyspnoea upon exercise (nMRC score of 4) were associated with higher scores
in all the ESAS categories compared with no depressive symptoms and milder
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dyspnoea, respectively. The depression scores on the ESAS questionnaire
correlated well with the scores on the Depression Scale (DEPS) questionnaire.

Altogether, 68.2% and 43.9% of the patients on LTOT and NIV died during
the follow-up, respectively. The overall survival varied greatly among patients as
a consequence of the heterogeneous underlying diseases, being shortest in
patients with ILD and the need for LTOT (0.9 years). The survival of patients
needing help in activities of daily living was shorter than that of those who were
independent. Most of the deceased patients had a decision not to be resuscitated,
but only a few had end-of-life care decisions, including ruling out intensive care
and invasive ventilation. Nevertheless, these patients mostly died in the hospital
and not at home.

In conclusion, patients with chronic respiratory insufficiency suffer from
many severe and heterogeneous symptoms. Systematic symptom screening
should be implemented in patients who are treated in respiratory insufficiency
clinics. The timing of end-of-life decisions and advance care planning is difficult
because of the heterogeneous underlying diseases and varying disease
progression. However, even though many patients with chronic respiratory
insufficiency have advanced disease with poor survival, end-of-life care decisions
were made for only a few patients, as most of the patients died in the hospital.
The discussion of end-of-life care, paying attention to patients’ own wishes,
should be part of the treatment plan of patients with chronic respiratory
insufficiency at the time of initiation of LTOT or NIV unless lung transplantation
is not an option. This is especially true in patients with interstitial lung disease as
opposed to patients with COPD as the disease progression is more variable.
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TIVISTELMA

Useat vaihtelevasti etenevit ja ennusteeltaan erilaiset sairaudet voivat johtaa
pitkdaikaiseen  hengityksen  vajaatoimintaan.  Krooninen  hengityksen
vajaatoiminta voi johtua keuhkokudoksen kaasujen diffuusiohdiriostd tai
keuhkojen vihentyneestid tuuletuksesta, joita voidaan hoitaa pitkidaikaisella
happihoidolla tai kaksoispaineventilaatiohoidolla (2PV-hoito). Monilla potilailla
pitkille edennyt keuhkosairaus vaikuttaa jokapiiviiseen elimidin vaikeiden
oireiden ja alentuneen toiminnallisen suorituskyvyn myotd. On tirkedd tunnistaa
pitkdaikaista hengityksen vajaatoimintaa sairastavien kokonaisoirekuorma ja
huonoon ennusteeseen  vaikuttavat tekijit, jotta voidaan kohdistaa
kokonaisvaltainen hoito ja tehdd hyvin suunniteltuja elimin loppuvaiheen
hoitosuunnitelmia.

Taman vaitoskirjan tavoitteena oli kuvata pitkdaikaista hengityksen
vajaatoimintaa sairastavien potilaiden oirekuorma sekd masennukseen ja
litkkuessa tulevaan rasitushengenahdistukseen yhteydessd olevat oireet. Lisaksi
tutkittiin pitkdaikaista hengityksen vajaatoimintaa sairastavien ja 2PV- tai
happihoitoa kidyttivien potilaiden ennusteeseen vaikuttavia tekijoitd ja elimin
loppuvaihetta.

Tdhin takautuvaan tutkimukseen kerittiin tiedot sairaskertomuksista ja
kuolintodistuksista. Ensimmiisessd osatutkimuksessa selvitettiin ~ oireiden
esiintyvyyttd ja vaikeutta niilli potilailla, jotka olivat kdyneet Tampereen
Yliopistollisen — sairaalan Hengitysvajausyksikossd — ajanjaksolla  1.10.2016-
31.10.2017 ja olivat tiyttineet Edmonton Symptom Assessment System (ESAS)
kyselyn (n = 226) sekd muunnellun Medical Research Council (mMRC)
hengenahdistuskyselyn (n = 101). Toinen osatutkimus koski ennusteeseen
vaikuttavia tekijoitd, mihin otettiin mukaan ne potilaat, joille oli aloitettu
atkavililla ~ 1.1.2012-31.12.2015 wuusi  laite  pitkdaikaiseen  hengityksen
vajaatoimintaan (happihoito n = 195 tai 2PV-hoito n = 205). Potilaiden
kuolleisuutta seurattiin 31.12.2017 asti tai mahdolliseen kuolemaan.

Yleisimmit sairaudet, jotka johtivat pitkdaikaiseen happihoitoon, olivat
keuhkoahtaumatauti ja interstitiaaliset keuhkosairaudet ja yleisimmit sairaudet,
jotka johtivat pitkdaikaiseen 2PV-hoitoon, olivat keuhkoahtaumatauti ja
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obesiteetti-hypoventilaatio oireyhtymi. Pitkdaikaista hengitysvajausta sairastavat
potilaat kirsivit monenlaisista oireista, joista yleisimmit olivat hengenahdistus,
kuiva suu, visymys ja kipu liikkuessa. Masennusoireet ja vaikea hengenahdistus
litkkuessa (mMRC 4) olivat yhteydessid vaikeampiin muihin oireisiin kaikissa
ESAS kyselyn arvioimissa oireissa verrattuna niihin potilaisiin, joilla ei ollut
masennusoireita tai joilla oli lievempi hengenahdistus. Masennuspisteet ESAS
kyselyssd olivat yhteydessi Depression Scale (DEPS) kyselyn masennusrajat
tayttaviin arvoihin.

Yhteensa 68.2% happihoitopotilaista ja 43.9% 2PV-hoitoa saavista potilaista
kuoli seuranta-aikana. Yleisesti ennuste vaihteli suuresti eri pitkdaikaista
hengitysvajausta aiheuttavien sairauksien vililli, ollen lyhyin happihoitoa
tarvitsevilla interstitiaalista keuhkosairautta sairastavilla potilailla (0.9 vuotta).
Piivittdisissd toiminnoissa apua tarvitsevien potilaiden ennuste oli lyhyempi kuin
niiden, jotka olivat itsendisid niissd toiminnoissa. Suurimmalla osalla kuolleista
pitkdaikaista hengityksen vajaatoimintaa sairastavista potilaista oli ei elvytetd -
paatos, kisittien myo6s rajaamisen tehohoidon ja kajoavan hengityslaitehoidon
ulkopuolelle, mutta selvdsti harvemmalla oli oireenmukainen hoitopditos ja
valtaosa heistd kuoli sairaalassa.

Pitkaaikaista hengitysvajausta sairastavat potilaat kirsivit monista vaikeista ja
vaihtelevista oireista. Potilaiden oireita pitiisi jarjestelmallisesti seuloa
vastaanottokdyntien yhteydessd. Oireenmukaisen hoitopaitoksen ja elimin
loppuvaiheen suunnitelmien tekeminen on usein vaikeaa sairauksien vaihtelevan
kuvan ja etenemisen vuoksi. Vaikka monella pitkdaikaista hengityksen
vajaatoimintaa sairastavalla potilaalla on pitkille edennyt sairaus ja huono
ennuste, elimin loppuvaiheen suunnitelmia oli tehty harvalle, silli suurin osa
potilaista kuoli sairaalassa. Elimin loppuvaiheen hoidosta keskustelu huomioiden
potilaan omat toiveet, pitiisi olla aina osana pitkdaikaista hengityksen
vajaatoimintaa sairastavien potilaiden hoitoa siind kohtaa, kun heille aloitetaan
pitkdaikainen happihoito tai kaksoispaineventilaatiohoito, mikili keuhkonsiirto ei
ole heille mahdollinen. Erityisesti keuhkofibroosipotilaiden kohdalla keskustelut
tiytyy kdydd heti laitechoidon aloituksessa, toisin kuin keuhkoahtaumataudissa
taudinkulku on vaihtelevampaa.
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17 INTRODUCTION

Respiratory insufficiency can be caused by either a gas exchange disturbance in
pulmonary alveoli, leading to a reduced level of oxygen in arterial blood, or
hypoventilation, resulting in an increased level of carbon dioxide in arterial blood.
The most common diseases underlying respiratory insufficiency are obesity
hypoventilation syndrome (OHS) and advanced pulmonary diseases. The
prevalence of chronic respiratory insufficiency seems to be increasing due to the
increasing prevalence of obesity and chronic lung diseases, such as chronic
obstructive pulmonary disease (COPD) (Cantero et al., 2020; Kotanen et al,,
2019; Ng et al., 2014).

Most patients with chronic respiratory insufficiency live with severe chronic
disease that is often undiagnosed and untreated. They thereby suffer from various
symptoms that impair their quality of life (Janssen et al., 2011; Morris & Galicia-
Castillo, 2015). Shortness of breath, also known as dyspnoea, is the most
common symptom perceived by patients with respiratory diseases or chronic
respiratory insufficiency (Carvajalino et al., 2018; Moens et al., 2014; Mokhlesi et
al., 2008). Dyspnoea is also common in patients with chronic heart failure or
chronic respiratory insufficiency due to neurological diseases (Janssen et al., 2011;
Raghu et al,, 2018). In addition to dyspnoea, patients with chronic respiratory
insufficiency suffer from many other symptoms, which are derived from the
underlying disease process, comorbidities and medication or treatment. Some
symptoms, such as depression, may increase the perceived symptom burden even
further and increase the need for hospitalization (Blakemore et al., 2019;
Delgado-Guay et al., 2009; Miravitlles & Ribera, 2017; Rajala et al.,, 2017).
Therefore, being aware of the overall symptom burden in patients with chronic
respiratory insufficiency enables better targeted symptom management to reduce
individual suffering.

Palliative care focuses on relieving symptoms in association with psychosocial
support instead of treating the underlying disease at the point where the disease
cannot be cured or the disease process cannot be slowed down (Lanken et al.,
2008; WHO & WHPCA, 2020). Advance care planning (ACP), including the
possibility for an individual to define and discuss preferences for care with health-
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care professionals and family, is recommended if the risk of dying is within the
following year (Boyd & Murray, 2010; Rietjens et al., 2017). Palliative and
supportive care has been implemented in patients with advanced cancer, but it is
still underused in patients with respiratory diseases, even though it is strongly
recommended (“GOLD,” 2021; Jabbarian et al., 2018; NICE, 2016; Raghu et al.,
2011; WHO & WHPCA, 2020). The most important barrier for the lack of ACP
is the absence of trigger points to initiate ACP conversations, which is
understandable, as the underlying diseases are diverse with varying disease
progression, thus making it difficult to estimate individual survival (Jabbarian et
al., 2018). Due to the heterogeneity of underlying diseases, chronic respiratory
insufficiency cannot be systematically used as an indicator of poor survival.

The quality of life should be the best possible in the last days of a person’s
life, and the hopes of the individual should be respected concerning the
medication used and the preferred place of care (Lanken et al., 2008). Early
integrated palliative care and ACP may also have a positive effect on end-of-life
quality (Brinkman-Stoppelenburg et al., 2014; Detering et al., 2010; Temel et al,,
2010). Furthermore, patients with chronic respiratory insufficiency place a
burden on the health-care system due to acute exacerbations with hospitalizations
and multidimensional symptoms.

Adequate symptom screening in patients with chronic respiratory
insufficiency is needed to obtain sufficient palliative care. The identification of
the factors associated with survival is relevant in identifying patients at risk of
dying in approximately a year. These two factors allow comprehensive and
symptom-centred treatment for patients, together with timely ACP, leading to
high-quality end-of-life care. The aim of this thesis was to study symptom burden
and factors associated with survival as well as end-of-life characteristics in

patients with chronic respiratory insufficiency.
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2 REVIEW OF THE LITERATURE

2.1 Chronic respiratory insufficiency

Respiratory insufficiency is defined as a disturbance in gas exchange between
pulmonary alveoli and circulation due to pulmonary failure or as ventilatory
insufficiency due to a failure of the ventilatory pump. The ventilatory pump
consists of the chest wall, pleura and respiratory muscles, which are controlled by
the central nervous system through spinal and peripheral nerves. Gas exchange
failure causes hypoxaemia, with arterial partial pressure of oxygen (PaO,) < 8.0
kPa and ventilatory failure causes hypercapnia, with arterial partial pressure of
carbon dioxide (PaCO32) > 6.0 kPa (Roussos & Koutsoukou, 2003).
Hypoxaemic respiratory failure can be caused by ventilation-perfusion
inequality, alveolar hypoventilation, increased shunt (i.e., blood circulates from
the right to the left side of the heart without passing through alveoli, e.g., in
pulmonary oedema) or diffusion limitation (e.g. due to disease, which increases
the diffusion distance from the alveolar space to the pulmonary capillaries, such
as in pulmonary fibrosis) (Roussos & Koutsoukou, 2003; Wagner, 2012).
Hypercapnic respiratory insufficiency develops when the respiratory system is
unable to maintain the balance between the production and the ventilation of
carbon dioxide and is thus unable to maintain normal PaCO: levels (Adler &
Janssens, 2019). Respiratory insufficiency causes various symptoms, such as
daytime somnolence, fatigue, dyspnoea, orthopnoea, morning headache,
cognitive dysfunction and exertional dyspnoea (Goldberg et al,, 1999). Most
commonly, the original problem is in the respiratory system, but in some diseases,
such as amyotrophic lateral sclerosis (ALS), the disease is neurological at the time
of diagnosis, but as the disease progresses, the respiratory system also becomes

involved, leading to chronic respiratory insufficiency.
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211 Epidemiology

Chronic respiratory insufficiency with hypoxaemia or hypercapnia affects many
patients, especially those with advanced respiratory diseases. There are no specific
studies on how many people worldwide suffer from chronic respiratory
insufficiency due to the heterogeneity of the underlying diseases. However, some
disease-specific studies have been performed, including studies on patients with
COPD and interstitial lung diseases (ILDs). The most common diseases causing
chronic respiratory insufficiency are COPD and OHS. Over the years, the
proportion of patients with COPD or OHS has markedly increased among
patients needing noninvasive ventilation (NIV), while the number of patients
with other diseases has remained unchanged (Janssens et al., 2003).

According to the Swedevox register, the prevalence of long-term oxygen
therapy (LTOT) usage was 31.6/100 000 in 2015, and the incidence increased
from 3.9 to 14.7/100 000 from 1987 to 2015 (Ekstrom et al., 2017). In this study,
the most common (69%) diagnosis was reported to be airway disease, of which
62% had COPD.

The Eurovent study previously estimated the prevalence of home mechanical
ventilation use to be 6.6/100 000 in 2002, including patients using NIV through
a face mask or invasive ventilation through a tracheostomy (Lloyd-Owen et al.,
2005). The prevalence widely varied in this study between countries involved (0.1-
17/100 000), being 8.7/100 000 in Finland. However, a recent study in the
Geneva area reported that the prevalence of NIV usage increased from 15.1/100
000 to 37.9/100 000 from 2000 to 2017, a 2.5-fold increase (Cantero et al., 2020).
In a recent study from Finland, the prevalence of home mechanical ventilation
usage, 98% of which was NIV, was also reported to be 39.5/100 000 in 2018
(Kotanen et al., 2019).

2.1.2  Underlying diseases

The proportions of patients on NIV according to different underlying diseases
have varied over the years, with an increasing number of patients with OHS and
COPD over the years (Cantero et al., 2020; Laub & Midgren, 2007; Swedevox,
2020). The proportions of patients on NIV according to underlying diseases
reported in a recent study by Cantero et al. are shown in Table 1 (Cantero et al,,
2020). In a study concerning deceased patients who were on home mechanical
ventilation, the underlying diagnoses were COPD in 36%, ALS in 16%, other
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neuromuscular diseases in 18%, chest wall disease in 18% and other diseases in
13% of the patients (Vitacca et al., 2010).

Table 1. Diseases underlying noninvasive ventilation usage according to Swedish nationwide register
study (Cantero et al., 2020)

Diseases underlying home mechanical ventilation usage

COPD 38.9%
OHS 26.0%
Neuromuscular diseases* 15.7%
Kyphoscoliosis 5.9%
Restrictive lung diseases 4.5%
Sleeping relating breathing disorders 9.0%

* Of which 19% had Amyotrophic Lateral Sclerosis (ALS) (being 3.0% of the total population)
COPD, Chronic Obstructive Pulmonary Disease; OHS, Obesity Hypoventilation Syndrome

Chronic obstructive pulmonary disease

COPD is characterized by persistent respiratory symptoms and airflow limitation
due to exposure to noxious particles (“GOLD,” 2021). According to the
international Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines, COPD is diagnosed with post-bronchodilator ratio of forced
expiratory volume in one second and forced vital capacity (FEV/FVC) < 0.7 in
spirometry and sufficient exposure to the risk factors for the disease (e.g. tobacco
smoke or other noxious particles) and typical symptoms such as progressive
dyspnoea, especially upon exercise, cough and sputum production (“GOLD,”
2021).

The pathophysiology of COPD consists of an inflammation and narrowing of
the peripheral airways, which leads to small airway obstruction and a decline in
forced expiratory volume in one second (FEVi) (“GOLD,” 2021; MacNee,
2012). Systemic inflaimmation is considered to be involved in comorbidities of
COPD (“GOLD,” 2021). Parenchymal destruction due to emphysema eventually
leads to gas exchange abnormalities as the disease progresses. Patients with
COPD may develop hypoxaemic respiratory insufficiency, hypoventilation, or
both. Ventilation-perfusion inequality is the main cause of gas exchange
abnormalities; other causes (such as decreased alveolar-capillary exchange) are
less significant (MacNee, 2012). Oxygen transfer is unstable due to the
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disturbance in diffusion as a result of emphysema. Gas transfer for carbon
dioxide can be reduced due to deficits in ventilation, with increased breathing
effort resulting from hyperinflation and the impairment of the muscles involved
in ventilation (“GOLD,” 2021; MacNee, 2012). Hyperinflation is due to
emphysema and airway obstruction in addition to diaphragmatic dysfunction
(Ferguson, 2006; Ottenheijm et al., 2007). Furthermore, dynamic hyperinflation
in exercise reduces the inspiratory capacity in COPD and is the main mechanism
of exertional dyspnoea with reduced exercise capacity (“GOLD,” 2021; MacNee,
2012).

In the current guidelines, the severity of airway limitation is classified as mild
(FEV: = 80%), moderate (50% =< FEV; < 80%), severe (30% = FEV; < 50%)
and very severe (FEV1 < 30% of predicted) according to FEV (“GOLD,” 2021).
The guidelines also outline an A-D classification of COPD based on symptoms
and the history of exacerbations. Group A is for COPD with low risk of
exacerbations and fewer symptoms, and group D is for COPD with a high risk
of exacerbations and more symptoms.

COPD is the fourth leading cause of death worldwide, but studies have still
shown it to be underdiagnosed worldwide (Buist et al., 2007; Ruparel et al., 2020
Vos et al,, 2020). Altogether, 3.2 million people died of COPD globally in 2015,
an increase of 11.6% compared with 1990 (Soriano et al., 2017). The global
prevalence of COPD in adults over 30 years of age increased from 10.7% to
11.7% between 1990 and 2010, showing a growing prevalence regionally and
globally (Adeloye et al., 2015). In the Finnish general population aged over 30
years, the prevalence of COPD in general has been estimated to be 5.9%, and the
prevalence of more severe COPD with GOLD stages II-IV was 3.6% (Kainu et
al.,, 2013). In some Nordic countries, the prevalence of COPD has decreased as
a result of a decline in smoking habits; however, in Finland, the prevalence of
COPD has remained unchanged (Backman et al., 2020; Vasankari et al., 2010).

It has been estimated that 25% of patients with COPD with stable severe or
very severe obstruction (GOLD category III-IV) have chronic hypercapnia
(PaCOz = 6.0 kPa) (Dreher et al., 2019). Of the patients with moderate or severe
obstruction (GOLD II-I1I), 7% have been reported to develop hypoxaemia, with
saturation =< 88% (Wells et al., 2016). A previous study by Sundh and Ekstrom
reported the highest risk of developing hypoxaemic respiratory failure to be in
patients with GOLD stage IV and patients in groups C and D (Sundh & Ekstrom,
2017). Additionally, higher body mass index (BMI) and lower forced vital capacity
(FVC) have been described to be predictors of hypercapnia (Dreher et al., 2019).
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The most important part of the treatment of COPD is the discontinuation of
smoking (“GOLD,” 2021). The pharmacological treatment of COPD consists of
anti-inflammatory drugs for treating inflammation and bronchodilating
medication to widen the airways, thus reducing symptoms and exacerbations and
improving exercise tolerance. Non-pharmacological therapies include exercise
training, vaccinations and nutritional evaluation, with supplementary nutrition for
individuals who are malnourished (“GOLD,” 2021; Katajisto et al., 2012).
Comprehensive treatment should also include the management of comorbidities
( Smith & Wrobel, 2014; Vanfleteren et al., 2010).

Obesity hypoventilation syndrome

OHS is defined as BMI = 30 kg/m?2, chronic hypoventilation causing daytime
hypercapnia = 6.0 kPa, hypoxaemia PaO> < 9.3 kPa and sleep-disordered
breathing (Burwell et al, 1956; Flemons et al., 1999; Mokhlesi et al., 2008).
Approximately 90% of patients with OHS have concurrent obstructive sleep
apnoea (apnoea-hypopnoea index, AHI = 5/h), and the remaining 10% have
nocturnal hypoventilation, with PaCOs rising at least 1.3 kPa during sleep versus
the daytime PaCO; level, or nocturnal hypoxia, which is not due to obstructive
apnoeas or hypopnoeas (Kessler et al., 2001; Littleton & Mokhlesi, 2009).

The main mechanisms behind OHS are disordered breathing while sleeping
and a failure to respond to hypercapnia and hypoxia (Mokhlesi, 2010). Several
specific mechanisms are described to be part of the process leading to
hypoventilation, such as reduced lung volumes and respiratory muscle strength,
leptin resistance and increased resistance in the upper airways (Littleton &
Mokhlesi, 2009; Mokhlesi, 2010; Piper & Grunstein, 2010). Symptoms such as
morning headache, morning drowsiness, dyspnoea, daytime sleepiness, nocturia
and unrefreshing sleep are derived from disordered sleeping and chronic
respiratory insufficiency (Masa et al., 2001).

OHS has been estimated to affect, on average, 0.15-0.4% of the general
population (Littleton & Mokhlesi, 2009; Masa, et al., 2019a). Overweight and
obesity have been estimated to have caused approximately 3.4 million deaths
wotldwide in 2010 (Lim et al., 2012). In a global systematic analysis by Ng et al.,
the proportion of adults (aged = 20 years of age) with a BMI of at least 25
increased by 27.5% between 1980 and 2013 globally (Ng et al., 2014). Therefore,
the number of patients with obesity-associated chronic hypoventilation should
have further increased. In that study, the prevalence of obesity (BMI = 30) in
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Finnish adults over 20 years of age in 2013 was reported to be 20.9% in men and
22.3% in women (Ng et al., 2014). In a study by Nowbar et al., the prevalence of
severe obesity (BMI = 35) was 6% in hospitalized patients, of whom 31% had
hypercapnia without other underlying causes (Nowbar et al., 2004). Furthermore,
the prevalence of people with BMI over 40 has been reported to be increasing
taster than that of people with BMI over 30 (Sturm, 2007).

The first-line therapy for OHS is weight loss through dietary changes or, in
some cases, bariatric surgery (Kakazu et al., 2020; Masa et al., 2001; Masa, et al.,
2019a; Mokhlesi et al., 2008). If obstructive sleep apnoea is involved, the first-
line treatment is continuous positive airway pressure (CPAP), and the second-
line treatment is NIV (Masa et al, 2001). OHS is also accompanied by
multimorbidity, and the overall treatment should also include the management of
comorbidities (Masa et al., 2015).

Interstitial lung diseases

Interstitial lung diseases (ILDs) are a heterogeneous group of diseases affecting
mainly the gas exchanging portions of the lung. Several predisposing factors may
cause ILD, such as connective tissue diseases, drugs, occupational or
environmental exposures and granulomatous processes in sarcoidosis, in addition
to unknown processes that cause idiopathic interstitial pneumonias (King &
Nathan, 2013). Idiopathic interstitial pneumonias comprise idiopathic pulmonary
fibrosis (IPF), cryptogenic organizing pneumonia, acute interstitial pneumonia,
nonspecific interstitial pneumonia, desquamative interstitial pneumonia,
lymphocytic interstitial pneumonia and respiratory bronchiolitis (Travis & King,
2002). The disease process in ILD causes impaired gas exchange, with
hypoxaemia, restriction in pulmonary function tests and bilateral infiltrates in
chest radiography (King & Nathan, 2013).

The most common ILD is IPF, which has a poor prognosis and progressive
clinical picture (Lederer & Martinez, 2018). IPF is a chronic, fibrosing interstitial
pneumonia of unknown cause (Raghu et al., 2018). IPF usually appears at an older
age (approximately = 60 years) and with slowly progressive symptoms such as
dry cough and exertional dyspnoea (Raghu et al, 2006, 2018). Disease
progression is heterogeneous, with possible acute exacerbations, progression
being slow or rapid and some patients having stable disease (Raghu et al., 2011).
IPF affects the peripheral parts of the lungs, with heterogeneous distribution of
affected and non-affected regions. The pathogenesis is thought to consist of

26



recurrent epithelial injuries in alveoli that activate abnormal interactions between
epithelial and mesenchymal cells (Fernandez & Eickelberg, 2012; Kim et al., 2015;
Lederer & Martinez, 2018). These abnormal interactions cause excessive
accumulation of extracellular matrix, leading to the scarring of normal lung tissue,
which results in a disturbance in gas exchange, reduced diffusion capacity and
eventually hypoxaemic respiratory insufficiency (Rockey et al., 2015).

The prevalence of IPF has been shown to vary between 0.5 and 27.9/100 000
in different studies (Kaunisto et al., 2013). The prevalence of IPF in Finland has
been estimated to be 16-18/100 000 (Hodgson, 2002). In a study concerning the
European IPF Registry, the prevalence of LTOT and NIV users was 25.7% and
2.9%, respectively (Guenther et al., 2018). The role of long-term oxygen therapy
or exertional oxygen is still not established without positive evidence on
outcomes (Bell et al., 2017).

There are some medications (pirfenidone and nintedanib) that slow the
decline in lung function, but there is no cure for IPF other than lung
transplantation; thus, the disease often progresses to chronic respiratory
insufficiency and death in patients with a progressive disease course (Raghu et al,,
2015; Raghu & Richeldi, 2017).

Other diseases

Several diseases that cause restriction can lead to chronic hypoventilation. The
mechanisms include chest wall abnormalities (e.g. kyphoscoliosis, thoracoplasty,
post-tuberculotic  sequelae), a disturbance in neural or neuromuscular
transmission (e.g. spinal cord injury, ALS, poliomyelitis, myasthenia gravis,
Guillain-Barré syndrome) or muscle abnormalities (e.g. muscular dystrophy, such
as Duchenne muscle dystrophy) (Roussos & Koutsoukou, 2003).

Duchenne muscle dystrophy (DMD) is a progressive neuromuscular disease
occurring in childhood that causes muscular weakness, with motor delays, a loss
of ambulation, respiratory insufficiency and cardiomyopathy (Birnkrant et al.,
2018). The vital capacity declines gradually after the age of 10 due to muscle
weakness as well as thoracic scoliosis, which leads to chronic respiratory
insufficiency on average at the age of 18-20 when vital capacity (VC) falls below
1.0 litres (Phillips et al., 1999; Rideau et al., 1983; Simonds et al., 1998; Simonds,
20006). The estimated prevalence of DMD has been reported to be 5.0/100 000
in Europe (Orphanet Report Series, 2020).
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Amyotrophic lateral sclerosis (ALS) is a gradually progressive disease that
damages the upper and lower motor neurons and leads to muscle impairment and
defects in mobility, communication, swallowing and breathing due to paresis of
all voluntarily innervated muscles (Dorst & Ludolph, 2019; Magnussen & Glass,
2017). The average age at the onset of disease is 63 years (Westeneng et al., 2018).
The prevalence of ALS has been estimated to be 5.2/100 000 in Europe
(Orphanet Report Series, 2020).

2.1.3  Treatment of chronic respiratory insufficiency

Long-term oxygen therapy

Long-term oxygen therapy (LTOT) is used to treat chronic hypoxaemia. The
oxygen concentrator generates 100% oxygen, which is breathed in mainly via a
nasal cannula in homecare settings (Figure 1). The flow of oxygen can be adjusted
according to individual needs.

Figure 1. Oxygen concentrator with an oxygen tube and nasal cannula (Philips Respironics®)
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The benefits of LTOT have been shown only in patients with COPD and
severe hypoxaemia, in whom LTOT leads to longer survival when used at least
15 hours per day (Gulbas et al., 2012; Medical Research Council Working Party,
1981; Nocturnal Oxygen Therapy Trial Group, 1980). However, usage for 24
hours vs. 15 hours per day did not lead to a significant difference in the effect of
LTOT on survival (Ahmadi et al., 2016a).

According to the current guidelines, the criteria for the long-term use of
oxygen therapy in patients with COPD who have stable disease with optimal
medication are PaOy = 7.3 kPa or saturation < 88% at rest or moderate
hypoxaemia PaO, = 8.0 kPa with coexisting peripheral oedema, polycythaemia
(haematocrit = 55%) or pulmonary hypertension (“GOLD,” 2021; Hardinge et
al., 2015; Jacobs et al., 2020). It has been shown previously that there is no
significant survival benefit of using LTOT in patients with COPD and moderate
hypoxaemia without complicating factors, as specified earlier (COPD Working
Group, 2012; Ekstrom & Ringbaek, 2018; Gorecka etal., 1997; Jacobs et al., 2020;
Long-Term Oxygen Treatment Trial Research Group et al.,, 2016). The target
saturation at rest with supplemental oxygen is = 90% and PaO, = 8.0 kPa in
arterial blood (“GOLD,” 2021; Hardinge et al., 2015).

A recently published study concerning patients with COPD suffering only
from exertional desaturation (< 90%), reported that there was no significant
difference in exercise tolerance or health-related quality of life between patients
using supplementary oxygen during exercise and patients who used medical air
(Alison et al., 2019). However, British Thoracic Society (BTS) guideline for the
use of home oxygen states that portable oxygen can be used in patients who are
mobile outdoors and qualify for LTOT usage, and in some cases in mobile
patients with advanced disease with an exertional desaturation drop = 4% below
90% and at least 10% improvement in exercise capacity with ambulatory oxygen
even if the criteria for LTOT are not met (Hardinge et al., 2015). The guideline
also states that the use of oxygen during exertion has not been shown to have
significant impact on a patient’s quality of life or symptoms even it may help a
patient to leave home to achieve the suggested minimum of 15 hours of oxygen
usage per day. A recent guideline by the ATS for the use of home oxygen for
patients with chronic lung disease has a conditional recommendation of using
ambulatory oxygen in patients with COPD or ILD with severe exertional
hypoxaemia with a saturation = 88% in exercise but with low-quality evidence
(Jacobs et al., 2020). A Cochrane Review showed that ambulatory oxygen can

slightly reduce exertional dyspnoea during exercise tests, but there was no
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evidence of decreased dyspnoea while performing activities of daily living (ADL)
(Ekstrém et al., 2016a).

Finnish current care guidelines are based on the studies presented above. In
addition, the criteria should be met repeatedly in a stable state at least 3 weeks
apart, and the patient has to have quit smoking for at least 6 months prior.
Furthermore, if a patient restarts smoking or uses LTOT less than the suggested
15 hours per day, LTOT should be discontinued (Current Care Guidelines in
COPD, 2019).

In addition to COPD, LTOT is also used in patients with many other
advanced diseases, such as interstitial lung diseases, cystic fibrosis, pulmonary
hypertension and advanced cardiac failure, with the same criteria as in COPD,
even though there is no clear evidence of a survival benefit or symptom
alleviation in these other groups (Crockett et al., 2001; Hardinge et al., 2015;
Raghu et al., 2011). However, LTOT should not be used without fulfilling the
criteria (Hardinge et al., 2015). According to a review by Bell et al., there is no
effect of supplementary oxygen on dyspnoea during exercise in patients with
ILD, although supplementary oxygen increases exercise capacity (Bell et al,
2017). In pulmonary hypertension, LTOT is suggested for patients if the PaO; is
consistently < 8 kPa, even though there are no randomized studies on whether it
is beneficial (Gali¢ et al., 2016; Hardinge etal., 2015). Patients with neuromuscular
or chest wall disorders are recommended to use NIV as the first choice of
treatment, but if hypoxemia still exists, LTOT can be used in addition to NIV,
but with caution as the hypercapnia may worsen (Hardinge et al., 2015; Simonds,
2013).

Some patients with OHS need oxygen therapy in addition to CPAP to obtain
normal saturation during sleep (Banerjee et al., 2007; Masa et al., 2016). Previous
studies have shown that the level of carbon dioxide may rise when patients with
stable OHS without NIV use supplemental oxygen rather than room air
(Wijesinghe et al., 2011). Therefore, supplementary oxygen should be used only
with NIV to avoid hypercapnia (Hardinge et al., 2015).

Although its benefit on symptoms remains to be shown, LTOT may be used
as part of palliative treatment for patients with advanced disease due to lung
cancer, ILD or cardiorespiratory disease if they suffer from breathlessness
unresponsive to all other treatments and are also hypoxaemic (saturation = 90%)
(Bell et al., 2017; Hui et al., 2021). Opioids should be the first-line treatment for
palliative treatment of breathlessness in patients with or without hypoxaemia

(Hardinge et al., 2015). Supplementary oxygen has not been shown to relieve
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breathlessness any better than room air in patients on palliative care with PaO» 2

7.3 kPa (Abernethy et al., 2010).

Noninvasive ventilation

Noninvasive ventilation (NIV) is a treatment for hypoventilation due to different
underlying diseases in acute or chronic settings. NIV devices support ventilation
through an interface without invasive procedures (Figure 2). NIV increases tidal
volume by higher pressure in inspiration and lower pressure in expiration, leading
to an increase in minute volume and thus reducing PaCO. (Windisch et al., 2000).
The inspiratory and expiratory positive airway pressures (IPAP and EPAP,
respectively) are adjusted for each patient individually based on the underlying
disease and individual characteristics. With the help of NIV, breathing becomes
easier. NIV improves gas exchange with better oxygenation and ventilation of the
excess carbon dioxide, thus reducing the symptoms derived from hypercapnia,
such as hypersomnolence and morning headache (Mehta & Hill, 2001; Robert &

Argaud, 2007). The most commonly used interfaces are nasal and oro-nasal

masks, which are fitted and adjusted based on personal characteristics.

Figure 2. Two examples of noninvasive ventilators used for home care in Tampere, Finland (Resmed Lumis
100® and Philips Dreamstation BiPAP S/T®) with their tubes and oro-nasal masks

NIV is recommended for use in acute hypercapnic respiratory insufficiency in
patients with COPD, but its role in the treatment of chronic respiratory
insufficiency in patients with COPD has been under debate (Davidson et al.,
2016; Duiverman, 2018; Rochwerg et al, 2017, Wedzicha et al, 2017).
Hypercapnia has been reported to predict mortality in patients with COPD
needing LTOT (Ahmadi et al., 2014). The benefits of NIV in COPD have been
studied with contradictory results over many decades (Casanova et al., 2000;
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Duiverman, 2018; Lin, 1996; Struik et al., 2014; Strumpf et al., 1991). Several
studies have shown that NIV with sufficient pressures targeted to normalise
PaCO> improves survival and quality of life and reduces readmission and
intubation rates after acute exacerbation in patients with stable hypercapnic
COPD (Gantzhorn etal., 2019; Kohnlein et al., 2014; Murphy et al., 2017; Wilson
et al., 2020; Windisch et al., 2002). However, the improvement in PaCO> alone
might not be associated with improved survival (Raveling et al., 2018). Previous
studies have shown the normalisation of PaCOz to be achieved in chronic
hypoventilation by high-intensity pressures and the survival to be better in such
patients than in patients using low-intensity ventilation (Blankenburg et al., 2017;
Kohnlein et al., 2014; Schwarz et al., 2017). European Respiratory Society (ERS)
and American Thoracic Society (ATS) guidelines suggest that NIV be used in
patients with stable chronic hypercapnic COPD or in patients with COPD after
a life-threatening acute episode of hypercapnic respiratory insufficiency needing
NIV and with hypercapnia after the episode, targeting the normalisation of
PaCOz levels (Ergan et al., 2019; Macrea et al., 2020).

According to a Consensus Conference Report, the criteria for the initiation of
NIV in patients with stable COPD in a stable state with optimal medication are
as follows: symptoms including fatigue, headache in the morning, and dyspnoea,
with PaCO2 = 7.3 kPa or PaCO, = 6.7-7.2 kPa in addition to nocturnal
desaturation (saturation < 88% at least 5 minutes with oxygen therapy at least 2
1/min) or with at least 2 hospitalizations due to hypetcapnic respiratory failure
during the past year (Goldberg et al., 1999). However, a study concerning several
European countries showed that NIV has been also used in patients with stable
COPD if they have recurrent exacerbations or fail to be weaned off NIV after a
hospital stay, even if they do not fulfil the criteria for NIV (Crimi et al., 2010).

The ATS guidelines for patients with OHS suggest interventions leading to a
25-30% weight reduction in actual body weight (Mokhlesi et al., 2019). The
guidelines for OHS state that CPAP should be the first-line therapy for patients
who have stable chronic respiratory insufficiency (PaCO2 < 7.0 kPa) with
concutrent severe obstructive sleep apnoea (AHI = 30/h) (Masa et al., 2019a;
Mokhlesi et al., 2019; Murphy et al., 2019). However, a previous review by
Murphy et al. suggests that patients with PaCO, > 7.0 kPa or post-acute
respiratory failure or concurrent COPD with PaCO, > 6.0 kPa should be
considered for the initiation of NIV (Murphy et al., 2019). In the absence of
severe obstructive sleep apnoea (AHI < 30/h), NIV should be the first-line
therapy (Murphy et al., 2019). EPAP should be titrated, among other things,
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aiming to achieve saturation > 90% and to reduce apnoeas and hypopnoeas
(Boing & Randerath, 2015). The Pickwick Study showed that nocturnal saturation
and quality of sleep were improved in both NIV and CPAP users, but PaCO»
values improved more markedly with NIV (Masa et al., 2015).

A consensus for NIV in chronic respiratory failure and previous articles
recommend NIV to be the first choice of treatment in symptomatic patients with
chronic respiratory insufficiency due to neuromuscular diseases (Goldberg et al.,
1999; Hill, 1994; Simonds, 2003).

In previous studies, survival has been shown to increase with NIV use in
patients with Duchenne muscle dystrophy (DMD) (Eagle et al., 2002; Ishikawa
etal.,, 2011; Simonds et al., 1998; Simonds, 2003; Vianello et al., 1994). The criteria
for the initiation of NIV in DMD include any of the following: symptoms or
signs of hypoventilation, oxygen saturation < 95% and/or PaCO2 > 6.0 kPa while
awake, AHI > 10/h or = 4 episodes of SpO2 < 92% or drops in SpO: at least
4%/h during sleep, and FVC < 50% of the predicted or maximum inspiratory
pressure (MIP) < 60 cmHO (Birnkrant et al., 2018; Finder et al., 2004; Goldberg
et al,, 1999; Shechan et al., 2018).

Additionally, in patients with ALS, previous studies have shown NIV use to
increase survival compared with NIV non-use (Aboussouan et al., 1997; Bourke
etal., 2000; Pinto etal., 1995). The criteria for the initiation of NIV are as follows:
at least one symptom from chronic respiratory insufficiency or nocturnal sleep
disturbance, especially orthopnoea or FVC < 80%, significant nocturnal
desaturation or MIP max < 60 mmH>0O or PaCO2 > 6.0 kPa (in the morning) or
sniff nasal inspiratory pressure (SNIP) < 40 cmH>O or MIP or SNIP decreasing
> 10 cmH20/3 months (Andersen et al., 2012; Dorst & Ludolph, 2019; NICE,
2016).

NIV is also used in different restrictive disorders and has been shown to
improve gas exchange and reduce the number of days spent in the hospital in
patients with kyphoscoliosis and post-tuberculosis sequelae (Ellis et al., 1988;
Leger et al., 1994; Mehta & Hill, 2001). The indications for the use of NIV in
chronic respiratory insufficiency due to restrictive disorders such as poliomyelitis,
chest wall deformities and kyphoscoliosis are symptoms of chronic respiratory
insufficiency with PaCOz = 6.0 kPa or nocturnal hypoxaemia < 88% continuing
for at least 5 minutes (Goldberg et al., 1999).

33



214  Prognosis of chronic respiratory insufficiency

Previous studies have shown that the survival of patients with chronic respiratory
insufficiency differs widely according to the underlying disease, being worst in
patients with ILD or ALS and best in patients with kyphoscoliosis or OHS
(Chailleux et al., 1996; Laub & Midgren, 2007; Patout et al., 2020). In a recent
study concerning patients on NIV, the overall median survival was 6.63 years,
and the 5-year survival rate was 58.3% (Patout et al., 2020). According to the
Swedish Swedevox register, the median overall survival time of all patients on
LTOT is 1.4 years, with a 3-year survival of approximately 25%, an additional
25% of the patients live less than 6 months after the initiation of LTOT
(Swedevox, 2020). The reported overall survival rates according to patients’
underlying diseases causing chronic respiratory insufficiency are shown in Table
2.

Jensen et al. estimated the median life expectancy to be 67.2 years in patients
with severe or very severe COPD (GOLD III-IV) (Jensen et al, 2013).
Furthermore, in a study by Gainza-Miranda et al., the survival was only 8.3
months in patients with very severe COPD (GOLD IV) needing LTOT (32%
with concomitant NIV) (Gainza-Miranda et al., 2019). In a study by Blankenburg
et al. concerning patients with high-intensity NIV, the 1- and 3-year survival rates
were 83% and 55% in patients with COPD and 85% and 68% in patients with
OHS, respectively (Blankenburg et al., 2017).

Morbid obesity affects the survival worldwide, and overall survival has been
estimated to be reduced by approximately 8-10 years in patients with BMI of 40-
50 (Prospective Studies Collaboration, 2009). The 18-month survival rate of
hospitalized patients is reported to be 91% and 77% in patients with only obesity
(BMI = 35) and patients meeting the criteria for OHS, respectively (Nowbar et
al., 2004). The survival of patients with OHS on NIV therapy is reported to be
97% after a year and 70-77% after 5 years (Budweiser, et al., 2007a; Priou et al.,
2010). These studies have also reported hypoxaemia or the need for LTOT to be
associated with worse survival in patients with OHS (Budweiser, et al., 2007a;
Priou et al., 2010).

Patients with interstitial lung diseases have one of the worst survival rates
among patients with chronic respiratory insufficiency. The median survival of
patients is 3-5 years after the diagnosis of IPI and is being better in patients with
BMI = 30 (Alakhras et al., 2007; Bjoraker et al., 1998; King et al., 2001). The
overall survival of patients with IPF has increased since the development of
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treatment options, as it has been estimated to be 10.3 years with antifibrotic drugs
compared with 5.7 years without antifibrotic drugs (Guenther et al., 2018).
However, in the Finnish IPF registry, the overall survival was 4.5 years, even
though 26% of the patients were on antifibrotic treatment (Kaunisto et al., 2019).
Furthermore, the survival has been reported to be only 8.4 months after the
initiation of LTOT (Ahmadi et al., 2016b). The most common cause of death is
an acute exacerbation, but comorbidities also affect the survival of patients with
IPF (Daniels et al., 2008).

Table 2. Prognosis and survival according to the underlying disease causing chronic respiratory

insufficiency

Primary diagnosis Median/mean 1-5 year survival | Studies, year
survival (years)
rates
COPrD
. after the initiation of LTOT | 2.7-3.9 71.8-73.0% (2-year) (Blankenburg et al., 2017; Budweiser
with or without NIV 55% (3-year) et al., 2007b; Chailleux et al., 1996;
’ Patout et al., 2020)
OHS
e after the initiation of NIV 68-88.3% (3-year) (Blankenburg etal., 2017; Budweiser
70-77% (5-year) et al., 2007a; Priou et al., 2010)
IPF 45 (Kaunisto et al., 2019)
. after the initiation of LTOT 0.7 50% (1-year) (Ahmadi et al., 2016b; Chailleux et
al, 1996)
Duchenne muscle dystrophy 18.0-19.0 (Bushby et al., 2005; Ishikawa et al,,
2011)
° after the initiation of NIV 255 82% (5-year) (Eagle et al., 2002; Ishikawa et al.,

. after  the
ventilation

Kyphoscoliosis

Poliomyelitis
Tuberculous sequelae

Pulmonary hypertension

initiation  of

(even 35.0-39.6)
2.7-5.0

1.0

8.0

5% (5-year)*

75-79% (5-year)

100% (5-year)
94% (5-year)

75% (3-year)
65% (5-year)

2011; Kohler et al., 2009)

(Forsgren et al., 1983; Magnussen &
Glass, 2017)

(Laub & Midgren, 2007; Patout et
al., 2020)

(Chailleux et al., 1996; Laub &
Midgren, 2007; Simonds & Elliott,
1995)

(Simonds & Elliott, 1995)

(Simonds & Elliott, 1995)

(Escribano-Subias et al., 2012)

* On noninvasive ventilation (n = 161) or tracheostomized (n = 4)

COPD, Chronic Obstructive Pulmonary Disease; LTOT, Long-Term Oxygen Therapy; NIV, Noninvasive
Ventilation; OHS, Obesity Hypoventilation Syndrome; IPF, Interstitial Pulmonary Fibrosis; ALS, Amyotrophic
Lateral Sclerosis
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In patients with Duchenne muscle dystrophy (DMD), the life expectancy has
improved from a mean age of 18-19 years in 1970 without mechanical ventilation
to a mean age of 25.5 years in 1990 (Bushby et al., 2005). At present, the mean
survival has been shown to be up to 35.0-39.6 years with NIV (Calvert et al.,
20006; Ishikawa et al., 2011; Kohler et al., 2009). The major causes of death are
respiratory insufficiency and cardiomyopathy (Calvert et al., 2006; Kieny et al.,
2013). At the time of vital capacity falling < 1.0 litres, the 5-year survival is
reported to be only 8% (Phillips et al., 2002). However, the 5- and 10-year survival
rates after the initiation of NIV have been reported to be 82% and 68%,
respectively (Kohler et al., 2009).

The 5-year survival of patients with scoliosis, previous poliomyelitis and
tuberculous sequelae is reported to be 79%, 100% and 94%, respectively
(Simonds & Elliott, 1995). In patients with ALS, the median survival time after
diagnosis is, on average, 3-5 years and after the initiation of NIV, the median
survival time is only one year (Forsgren et al., 1983; Magnussen & Glass, 2017;
Patout et al., 2020; Westeneng et al., 2018). Czaplinski et al. showed that FVC
predicts the survival and the degree of progression in patients with ALS
(Czaplinski et al., 20006). In their study, the survival was 2.9 and 4.1 years in
patients with FVC < 75% and = 75% at the time of diagnosis, respectively. In a
study by Laub and Midgren, patients with ALS who were on NIV (98%) or were
tracheotomised (2%, n = 4) had a 5-year survival rate of only 5%, whereas the 5-
year survival rate was approximately 75% in patients with kyphoscoliosis,
poliomyelitis or OHS (Laub & Midgren, 2007).a

2.2 Dyspnoea in advanced respiratory diseases

The definition of dyspnoea according to the ATS statement is “a subjective
experience of breathing discomfort that consists of qualitatively distinct
sensations that vary in intensity. The experience derives from interactions among
multiple physiological, psychological, social and environmental factors, and may
induce secondary physiological and behavioural responses” (Meek et al., 1999).
Dyspnoea can be acute, chronic or acute-on-chronic. The characteristics of
dyspnoea can be paroxysmal, fluctuating or continuous; can be perceived only on
exertion, in the supine position, or nocturnally; or can be a consequence of
aggravating factors. The degree of dyspnoea may differ greatly among patients,
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even with the same underlying disease. Dyspnoea can exist with or without
respiratory insufficiency.

2.21  Prevalence of dyspnoea

The prevalence of persistent dyspnoea in the general population has been
estimated to be 6.9% in women and 4.3% in men (Voll-Aanerud et al., 2007). In
a study by Currow et al., approximately 1% of all contacts to general practitioners
were due to dyspnoea, with the probability increasing at older age (Currow et al.,
2013). The prevalence of different levels of dyspnoea severity according to
modified Medical Research Council dyspnoea scale (nMRC) stages 1, 2, 3, and 4
is reported to be 6.2%, 1.1%, 1.0% and 0.3% in the general population,
respectively (Currow et al., 2009). The prevalence of clinically significant
dyspnoea in the older population is reported to be 25%, where it is associated
with impaired well-being, the need for help in activities of daily living and greater
use of health services (Smith et al., 2016). In a study by Johnson et al., 56.8% of
the deceased elderly people had experienced dyspnoea during the last year of life,
with increasing intensity towards death and an association with anxiety,
depression and mobility problems (Johnson et al., 2016).

The prevalence of dyspnoea in patients with different diseases is shown in
Table 3. The reasons for dyspnoea are most often COPD, asthma and chronic
heart failure (Currow et al., 2013). In previous systematic reviews by Solano et al.
and Moens et al., dyspnoea was reported to be present in 56-98% of patients with
COPD (Moens et al.,, 2014; Solano et al., 2006). Most of the patients with
moderate or severe COPD (72.5%) have been reported to suffer from dyspnoea
with daily or weekly symptoms (Kessler et al., 2011). In a study by Mokhlesi et
al., 69% of the patients with OHS suffered from moderate or severe dyspnoea
(Mokhlesi et al., 2008). Furthermore, the prevalence of dyspnoea has been
estimated to be 54-98% and 81-88% in patients with IPF and motor neuron
disease, respectively (Carvajalino et al., 2018; Moens et al., 2014). In a study by
Nicholson et al., 66% of the patients with ALS reported dyspnoea, and it was one
of the most disturbing symptoms (Nicholson et al., 2018).

Altogether, 55% of the patients with chronic lung disease treated in palliative
care were reported to suffer from dyspnoea (Wysham et al., 2015). In advanced
disease, the severity of dyspnoea fluctuates in each patient and varies between
individuals even if the disease progression is otherwise quite similar (Bausewein
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et al., 2010; Ekstrom, et al., 2016). In a previous study by Rajala et al., the degree
of dyspnoea was increased towards the end of life in patients with IPF (Rajala et
al,, 2018). In a study by Vender et al.,, only a few (2%) patients had dyspnoea at
the onset of ALS symptoms, but most of the patients (81%) developed dyspnoea
as the disease progressed (Vender et al., 2007).

Table 3. Prevalence of dyspnoea in the general population and according to the disease underlying
respiratory insufficiency

Population Prevalence of dyspnoea | Studies, year
General population 8.9% (Currow et al., 2009)
- Women 6.9-11.3% (Currow et al., 2009; Voll-Aanerud et al., 2007)
- Men 4.3-6.3% (Voll-Aanerud et al., 2007)
- Elderly individuals | 257 (Smith et al., 2016)
(>70 years)
COPD 72.5% (Kessler et al., 2011)
IPF 52-98% (Carvajalino et al., 2018; Guenther et al., 2018; Rajala
etal, 2017)
Lung cancer 55-87% (Bruera et al., 2000; Reuben & Mor, 1986; Smith et al.,
2001; Tanaka et al., 2002)
Chronic heart failure 54-85.2% (Barnes et al., 2006; Blinderman et al., 2009; Zambroski
et al,, 2005)
PAH 98% (Matura et al., 2016)
ALS 66-88% (Moens et al., 2014; Nicholson et al., 2018; Vender et
al., 2007)
OHS 69% (Mokhlesi et al., 2008)

COPD, Chronic Obstructive Pulmonary Disease; IPF, Interstitial Pulmonary Fibrosis; PAH, Pulmonary artery
hypertension; ALS, Amyotrophic Lateral Sclerosis; OHS, Obesity Hypoventilation Syndrome

Over 90% of patients with hypercapnic respiratory failure needing NIV have
been reported to experience dyspnoea along with other symptoms (Smith et al.,
2019). Furthermore, the prevalence of dyspnoea is even more frequent in patients
with oxygen-dependent COPD or ILD than in patients with advanced cancer
(73% vs. 22% and 75% vs. 42%, respectively) (Ahmadi et al., 2015; Ahmadi et al.,
2016b). In a study by Weingaertner et al., most (96%) of the patients with
advanced COPD, of whom 54% were on LTOT, were reported to have dyspnoea
(Weingaertner et al., 2014). In a study by Vender et al., the onset of dyspnoea, as
well as the initiation of NIV, predicted survival of less than two years in patients
with ALS (Vender et al., 2007).

The severity of dyspnoea has been reported to predict 5-year survival better
than the disease severity staging based on the value of FEV in patients with
COPD (Nishimura et al.,, 2002). In a study by Gruenberger et al. concerning
patients with COPD, patients with a higher degree of dyspnoea (mMRC stage =
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2) had a lower quality of life, impaired physical activity and more emergency room
visits (Gruenberger et al., 2017). A previous study concerning patients with IPF
showed more intense dyspnoea to be associated with many symptoms, such as
chest pain, dry mouth, tiredness and depression, and dyspnoea was also
associated with impaired quality of life (Rajala et al., 2017). Furthermore, in a
study by Ryerson et al., dyspnoea was associated with depressive symptoms and
lower functional status in patients with ILD (Ryerson et al., 2011). Dyspnoea is
reported to be intense and to persist even in light physical exertion between
periods of NIV use in patients with ALS and chronic respiratory insufficiency
(Morélot-Panzini et al., 2018).

2.2.2  Assessment of dyspnoea

Although dyspnoea is a common symptom in many advanced diseases, it is still
poorly recognized. In a previous study on deceased patients, most of the patients
had suffered from tachypnoea and had been on supplementary oxygen, but only
half of the patients had dyspnoea recorded by the nursing staff (Morris & Galicia-
Castillo, 2015). Dyspnoea is poorly recognized, especially in patients with
advanced disease other than pulmonary disease, even with a high incidence of
increased respiratory rate (Morris & Galicia-Castillo, 2015).

At least 33 different tools have been developed for evaluating dyspnoea
(Bausewein et al, 2007). The ATS statement classifies the tests for the
measurement of dyspnoea into three categories (Parshall et al., 2012). One of
these categories is sensory-perceptual experience, ie., how the patient is
experiencing dyspnoea and its severity. This sensory-perceptual experience is
commonly measured, for instance, with a numerical rating scale (NRS) (Gift &
Narvasage, 1998), visual analogue scale (VAS) (Gift, 1989), Likert-type rating
(Masters, 1974; Matell & Jacoby, 1971) or modified Borg scale (Borg, 1970;
Burdon et al.,, 1982) (Parshall et al., 2012). An NRS is used for a single symptom,
with responses ranging from 0 (no symptom) to 10 (symptom as bad as can be)
(Gift & Narvasage, 1998). A VAS is a 10 cm visual scale with 0 cm corresponding
to no symptoms and 10 cm corresponding to the worst imaginable symptoms.
Likert-type ratings is based on different levels of agreement and disagreement
options (Likert, 1932). The Borg scale is also used for a single question at a time,
with responses ranging from 0 (no symptoms) to 10 (maximal symptoms) (Borg,
1970). The severity of distress or discomfort caused by dyspnoea may be
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evaluated with single- or multiple-item scales (Parshall et al., 2012). Finally, the
impact of dyspnoea on quality of life, i.e., how dyspnoea affects a patient’s quality
of life and ability to work or move, may be measured with the mMRC (Bestall et
al,, 1999; Fletcher et al., 1960; Mahler & Wells, 1988) and quality of life scales,
such as the Severe Respiratory Insufficiency Questionnaire (SRI) and Maugeri
Respiratory Failure Questionnaire (MRF-26) (Carone et al., 1999; Vidotto et al.,
2007; Windisch et al., 2002) (Parshall et al., 2012). The severity of exertional
dyspnoea can be measured with, for instance, the mMRC, a scale from 0 to 4,
containing verbal descriptions of how dyspnoea affects the capability to move
(Bestall et al., 1999). The SRI and MRF-26 are questionnaires that consist of
specific items on various symptoms, such as dyspnoea, but the outcome reflects
quality of life, and they are being developed for patients on home mechanical
ventilation due to chronic respiratory insufficiency. The SRI and MRF-26 are
comprehensive, with 49 and 26 items, respectively, measuring different aspects
of life (Carone et al., 1999; Windisch et al., 2003).

The usability of the questionnaires depends on the physical condition of the
target patient population. Longer and multidimensional questionnaires require
good co-operation and cognition, which are frequently impaired in patients with
advanced respiratory disease. Many of the questionnaires are quite long and
difficult to complete; and therefore, some shorter questionnaires have been
developed. Furthermore, the use of questionnaires differs between different
centres.

Many of the dyspnoea measurement tools evaluate dyspnoea during exercise,
while, for instance, patients with ALS suffer dyspnoea even in daily activities.
Therefore, some disease-specific tests, such as the revised ALS Functional Rating
Scale (ALSFRS-R), have been developed to measure the progression of
respiratory defects. The ALSFRS-R is used in patients with ALS for the
evaluation of dyspnoea, orthopnoea and the need for NIV, and the ALSFRS-R
can be used to determine when to refer a patient to a pulmonologist (Cedarbaum
et al., 1999). Additionally, some dyspnoea-specific tests have been developed for
the measurement of dyspnoea in ALS, such as the Dyspnoea-ALS-Scale (DALS-
15) and Motor Neuron Disease Dyspnoea Scale (MND-DS) (Helleman et al.,
2020; Vogt et al., 2019).

While there is no single questionnaire that can be used to measure the
sensation of dyspnoea or its effect on quality of life in all patients, a systematic
review suggests using a combination of questionnaires; for example, a
unidimensional test (e.g., a VAS, an NRS or the modified Borg Scale) with a
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disease-specific (such as St. George’s Respiratory Questionnaire, SGRQ (Jones et
al,, 1992)) or multidimensional scale in addition to other methods (Bausewein et

al., 2007).

2.2.3  Management of dyspnoea

Dyspnoea has been shown to be less frequently completely relieved in oxygen-
dependent patients with COPD or an ILD than in patients with cancer (22% vs.
37% and 17% vs. 33%, respectively) (Ahmadi et al., 2015; Ahmadi et al., 2016b).
Integrated palliative care and respiratory management have been shown to relieve
refractory dyspnoea and even to positively affect survival in patients with
advanced COPD or ILD (Higginson et al., 2014).

The comprehensive management of dyspnoea includes the treatment of
known underlying conditions and comorbidities, such as pleural effusion, chronic
heart failure or airway obstruction (Hui et al., 2021).

In previous studies, opioids have been shown to reduce refractory dyspnoea
in patients with advanced diseases and are considered standard care for refractory
dyspnoea (Abernethy, 2003; Hui et al., 2021; Johnson et al., 2002; Mahler et al.,
2010; Parshall et al., 2012). Opioids depress spontaneous respiratory drive and
modulate cortical activity, thus reducing dyspnoea (Parshall et al.,, 2012). In a
study by Ekstrom et al., opioids with careful dosing were not associated with an
increased risk of hospitalization or death in patients with COPD needing LTOT
(Ekstrom et al., 2014). A recent review concluded that the best evidence is for
daily dosages of 10-30 mg oral morphine in opioid-naive patients (Johnson &
Currow, 2020). The review also showed that side effects such as constipation,
nausea and vomiting resulting from the use of morphine are common; however,
these side effects are usually mild and should be treated early and anticipated.

In previous studies, oxygen supplementation during exertion was reported to
provide slight relief for dyspnoea during exercise in patients with COPD who do
not fulfil the criteria for LTOT (Ekstrém et al,, 2016a; Uronis et al., 2015).
However, they also reported that supplementary oxygen did not affect dyspnoea
in ADL or quality of life. In a previous study by Abernethy et al., continuous
oxygen did not provide any additional benefit for relieving refractory dyspnoea
compared with room air delivered by nasal cannula in patients with life-limiting
illness without concurrent severe hypoxaemia (Abernethy et al., 2010). Airflow
from the fan at rest improves dyspnoea and is therefore suggested to be a part of
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comprehensive treatment of dyspnoea, although actual randomized controlled
studies about the effect of fans do not exist (Swan et al., 2019).

2.3 Depression in advanced respiratory diseases

2.3.1  Prevalence of depression

Depression is common among patients with chronic respiratory disease, as 65%
of these patients have been reported to have depression (Kunik et al., 2005).
Almost three-quarters of patients with COPD have been reported to have
depression, and half of them have moderate or severe depression (Miravitlles et
al., 2014). Depression is reported to be common even in patients with mild
COPD and is more prevalent in females (38.3%) than in males (12.9%) (IDi Marco
etal.,, 2000). The rate of depression in patients with COPD is approximately three
times higher than that in a healthy population (Egede, 2007). Patients with IPF
also experience depression, which affects 10-49% of these patients (Carvajalino
et al., 2018; Ryerson et al., 2012). However, a study by Rajala et al., showed that
up to 63% of the patients with IPF had depressive symptoms (Rajala et al., 2017).
Altogether, 23% of the patients with motor neuron disease were reported to have
depression, even though the duration of the disease varied among patients
(Kristjanson et al., 2000).

A study by Kayhan et al. found that over half of the patients with severe
COPD on LTOT suffered from depression, but only a few of them took an
antidepressant medication (Kayhan etal., 2018; Lacasse et al., 2001). In a previous
study by Martinez Rivera et al.,, patients with COPD and depression were more
likely to be on LTOT (42.9%) than patients without depression (14.9%)
(Martinez Rivera et al., 2016). However, some studies have shown that depression
is prevalent regardless of the need for LTOT (Lewis et al., 2007). In a study by
Borel et al., approximately one-third of the patients with OHS initiating NIV had
depression (Borel et al., 2013).

In advanced disease, depression has been reported to be associated with
higher overall symptom burden, such as more severe dyspnoea and pain, as well
as impaired well-being (Delgado-Guay et al., 2009; Rajala et al., 2017; Ryerson et
al,, 2011, 2012). In a study by Martinez Rivera et al. on patients with severe
COPD, patients with depression were also associated with a higher perception of
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dyspnoea measured with the mMRC (mean stage 2.7) than patients without
depression (mean 1.4) (Martinez Rivera et al., 2016). Apart from the severity of
respiratory disease, Blakemore et al. showed in their study that depression is
associated with an increased need for emergency care (Blakemore et al., 2019). In
a small study (n = 40) on patients with obesity, OHS and obstructive sleep
apnoea, all the patients with OHS had depressive symptoms that were
significantly decreased upon initiation of NIV (Argun Baris et al, 20106).
Perceived depressive symptoms have been reported to be increased towards the
end of life in patients with IPF (Rajala et al., 2018).

2.3.2  Assessment of depression

Several questionnaires have been developed for screening depression in hospitals
and primary care. In a literature synthesis by Williams et al, 16 different
questionnaires were evaluated, showing that some of the questionnaires were
shorter and some were longer and therefore more specific, with questions
concerning the present state or previous condition during the last 1-4 weeks
(Williams et al., 2002). The synthesis showed that the number of questions varied
between 1 and 30, taking from less than 2 minutes up to 6 minutes to complete.
Another systematic review showed that shorter tests serve as well as longer tests
for screening depression, but shorter tests might lack some sections; therefore,
detailed interviews are suggested for the diagnosis of depression (Akena et al.,
2012). The Finnish Current Care Guideline for depression suggests the use of the
Beck Depression Inventory (BDI) (Beck, 1961) and Finnish Depression Scale
(DEPS) (Salokangas et al, 1995) for screening depression in the general
population (Current Care Guidelines in Depression, 2021). The BDI has 21
questions, each scored from 0 to 3, and concerns the state experienced during the
past week. The scoring varies from minimal (0-9) to severe (30-63) depression
(Beck et al., 1988). The DEPS was developed for screening depression and
includes 10 questions concerning the previous month, each scored from 0 to 3.
In the DEPS, 9 and 12 points are the cut-off values for depressive symptoms and
depression, respectively (Poutanen et al., 2010).
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2.3.3  Management of depression

Anxiety and depression should be screened and treated with appropriate
treatment, but in a study by Kunik et al., only 31% of patients with chronic
respiratory disease received adequate treatment for depression (Kunik et al,
2005). However, in a recent study by Kerminen et al., only a few patients with
chronic respiratory insufficiency and depressive symptoms agreed to be referred
to a specialized unit for diagnosis and treatment (Kerminen et al., 2019). The
management of depression consists of antidepressant drugs along with cognitive-
behavioural therapy or interpersonal psychotherapy (Lin et al., 2019).

24  Other symptoms in advanced respiratory diseases

Several other symptoms are also prevalent in patients with advanced respiratory
disease affecting the well-being of the patients. Some of the symptoms are derived
from the underlying disease, some are directly associated with hypoxaemia or
hypercapnia if inadequately treated, and some symptoms are derived from the
medication used or other treatment.

24.1  Prevalence of other symptoms

The overall symptom burden has been reported to be more severe in patients
with COPD than in those without COPD in a study concerning chronically ill
patients confined to their homes (Wajnberg et al., 2013). In a study by Blinderman
et al., over 50% of patients with very severe COPD suffered from fatigue, cough,
anxiety and dry mouth in addition to dyspnoea (Blinderman et al., 2009). A lack
of energy and dry mouth are reported to be more severe in patients with very
severe COPD (GOLD 1V) than in patients with moderate or severe COPD
(GOLD II-III) (Christensen et al., 2016). Additionally, patients with IPF have
been reported to have other symptoms beyond breathlessness and depression,
such as cough (59-100%) and heartburn or chest pain (25-65%) (Carvajalino et
al., 2018; Rajala et al., 2016, 2017). Patients with hypercapnic respiratory failure
treated with NIV experience dry mouth, sputum production, sleep difficulties and
a lack of energy in addition to dyspnoea (Smith et al., 2019).

Cough is one of the most prevalent symptoms in patients with advanced
respiratory disease. In a previous study by Rajala et al. concerning patients with
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IPF, during the last two years of life, cough was one of the most severe symptoms
regardless of the disease phase (Rajala et al., 2018). In patients with IPF, an ILD
other than IPF, and COPD, 74.7%, 50.4% and 78.2%, respectively, have been
reported to suffer from cough (Behr et al., 2015; Guenther et al., 2018; Jones et
al., 2012).

Pain is one of the most common symptoms suffered by patients with
advanced disease as they approach death, and almost 40% of them report severe
pain (Lynn, 1997). In a previous study by Rajala et al., 82% and 66% of the
patients with IPF suffered from pain during movement and pain at rest,
respectively (Rajala et al., 2017).

Anxiety is common in patients with advanced disease, but it remains
underdiagnosed and undertreated (Cully et al., 2006). Anxiety was reported in 31-
61% of the patients with IPF, with this percentage increasing in patients with
more severe dyspnoea (Holland et al., 2014; Rajala et al., 2017). Altogether, 25-
28% of the patients with COPD were reported to have anxiety, and anxiety was
common even in mild disease (Di Marco et al., 2006; Lewis et al., 2007).

24.2  Assessment of other symptoms

Some questionnaires have been developed to measure the overall symptom
burden in patients with advanced disease, such as the Edmonton Symptom
Assessment System (ESAS) (Bruera et al., 1991; Chang et al., 2000; Hannon et
al., 2015; Hui & Bruera, 2017). The ESAS is a questionnaire that measures some
of the most important symptoms, such as pain, dyspnoea, depression, anxiety and
nausea, with an NRS scale from 0 (no symptoms) to 10 (worst possible
symptom). Some questionnaires evaluate various symptoms and their severities,
even though their primary purpose is to measure the quality of life, such as the
15-Dimensional (15-D) instrument (Sintonen, 2001) and disease-specific
questionnaires such as the Severe Respiratory Insufficiency Questionnaire (SRI)
for patients with chronic respiratory insufficiency on noninvasive ventilation. The
15-D instrument is a generic, comprehensive and self-administered questionnaire
that consists of 15 dimensions, such as mobility, vision, hearing, breathing,
sleeping, and depression (Sintonen, 1981).

Disease-specific tests measure symptoms associated with the specific disease.
The most often used tests in the COPD are COPD Assessment Test (CAT™)
and St. George’s Respiratory Questionnaire (SGRQ). The CAT has 8 questions,
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each scored from 0 to 5, and the cut-off value for being symptomatic enough to
trigger maintenance treatment has been considered to be 10 points or more
(“GOLD,” 2021; Jones et al., 2009; Jones etal., 2011). The SGRQ was developed
for patients with chronic airflow limitations, and it contains 76 items with scoring
varying between sections, such as 0-1 (false or true) or 1-5 (Jones et al., 1992).
The cut-off score on the SGRQ for the initiation of treatment for COPD has
been considered to be at least 25 (“GOLD,” 2021; Jones et al., 1992; Nishimura
et al.,, 2013). The SGRQ has also been used to measure the quality of life in
patients with IPF, even though it was not developed for use in these patients

(Richeldi et al., 2014).

24.3  Management of other symptoms

Comprehensive treatment of symptoms consists of several aspects that should be
considered when treating patients with advanced disease. The treatment of end-
stage respiratory disease consists of pharmacological (such as bronchodilators,
inhaled and oral steroids, exertional or long-term oxygen therapy, oral opioids,
mucolytics, antidepressants and anxiolytic drugs) and non-pharmacological
therapies (such as a hand-held fan to blow air over the face, nutrition,
physiotherapy for mucus clearance, psychosocial support and counselling,
pulmonary rehabilitation, breathing techniques and NIV) (Leach, 2010).

Cough is difficult to treat, but opioids can be used at least in end-stage disease
(Raghu et al.,, 2011). Cough can also be associated with respiratory secretions.
Mucolytics can be used in patients with advanced COPD who suffer from moist
cough (Maddocks etal., 2017). Towards the end of life, the amount of respiratory
secretions may increase due to impaired swallowing and weakened cough reflexes,
leading to difficulty in the removal of respiratory secretions, and these secretions
should be treated individually with physiotherapy interventions, such as
repositioning, or by oropharyngeal suction (Phillips & Agar, 2010).
Anticholinergics should be used cautiously because they may cause side effects
such as delirium or dry mouth. As a part of end-of-life (EOL) treatment,
parenteral hydration should be avoided to prevent or reduce secretions (Phillips
& Agar, 2016).

Pain should be routinely assessed with a screening tool such as an NRS and

adequately treated with analgesics and non-pharmacological interventions

(Phillips & Agar, 2016).
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Anxiety can be a consequence of progressing disease, deriving from unrelieved
pain, dyspnoea or other symptoms, but it can also be derived from a previous
anxiety disorder or premorbid alcohol or drug usage (Phillips & Agar, 2010).
Anxiety can be managed with antidepressants such as selective serotonin reuptake
inhibitors (SSRIs), buspirone and low-dose benzodiazepines (Cully et al., 2000;
Maurer et al., 2008). However, benzodiazepines may worsen hypercapnia in
hypoventilation (Maurer et al., 2008). The anxiety of patients and their families
can also be relieved by psychotherapy and good advance care planning (ACP) and
by the provision of appropriate psychosocial support (Cully et al, 2000;
“GOLD,” 2021). Additionally, pulmonary rehabilitation can positively affect
anxiety and therefore the quality of life in patients with milder disease (Yohannes
et al.,, 2010).

2.5  Performance status in advanced respiratory diseases

Physical activity is reported to be markedly impaired in patients with COPD
compared with healthy coeval subjects, and physical activity is reported to be
even lower in patients with COPD than in those with other chronic diseases, such
as heart and vascular diseases, arthritis or neuromuscular diseases (Pitta et al.,
2005; Tudor-Locke et al., 2009). Patients with newly diagnosed COPD with mild
or moderate disease already have reduced physical activity (Spruit et al., 2015).
Furthermore, in a study by Vaes et al., the decline to low physical activity levels
was associated with increased mortality in patients with or without COPD (Vaes
et al,, 2014). The six-minute walk test (60MWT) distance has been reported to be
the strongest correlate of daily activity, and a markedly impaired 6MWT distance
is associated with very low physical activity in daily life (Pitta et al., 2005). Physical
activity has been reported to be associated with the severity of dyspnoea, being
lower in those with severe dyspnoea (Katajisto et al., 2012).

Activities of daily living (ADL) consist of areas concerning functional
performance in everyday life, such as bathing, dressing, going to the toilet,
transferring, continence and feeding (Katz et al., 1963). In the general older
population (= 70 years), the life expectancy has been reported to be markedly
reduced according to the amount of help needed in ADL, with only 1.6 years of
life expectancy in patients not capable of performing any ADL compared with
10.6 years in patients with no difficulty in performing ADL (Stineman et al.,
2012). Furthermore, patients with dyspnoea have been reported to be more likely
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to need help with ADL (17.2%) than patients without dyspnoea (7.9%) (Smith et
al., 2016; Tanaka et al., 2002). Katz et al. developed a questionnaire to help
measure independence in ADL in the 1950s, and this questionnaire is widely used
even today (Katz, 1979).

Patients with COPD and those with more severe disease have also been
reported to be more dependent on help with ADL than patients without COPD
or those with less severe disease (Kanervisto et al., 2010; Liu et al., 2014). In a
study by Okubadejo et al., patients on LTOT were associated with a greater need
for help with ADL than those not on LTOT owing to more severe disease or the
LTOT itself restricting daily activities (Okubadejo et al., 1997).

2.6 Advance care planning in advanced respiratory diseases

Advance care planning (ACP) was defined by a Delphi panel in 2017 to enable
individuals to define goals and preferences for their future medical treatment and
care, discuss these goals and preferences with their family and health-care
providers, and record and review these preferences if appropriate (Rietjens et al.,
2017, Singer et al., 1996). A consensus by the European Association for Palliative
Care recommends that ACP can be engaged at any stage of an individual’s life,
but the content of ACP should be more targeted at later ages or when the
condition of health worsens and should be updated regularly (Rietjens et al.,
2017).

Detering etal. reported that ACP reduces symptoms of anxiety and depression
as well as post-traumatic stress in family members (Detering et al., 2010). They
also reported that patients and their families were satisfied with the quality of
hospital care if ACP was integrated with usual care. In a study by Brinkman-
Stoppelenburg et al., ACP was shown to positively impact the quality of end-of-
life care (Brinkman-Stoppelenburg et al., 2014). They also reported that do not
resuscitate (DNR) and do-not-hospitalize (DNH) orders reduced the number of
hospitalizations and increased the use of hospice care. In a previous study by
Edmonds et al., patients with lung cancer were more likely to have family
members present at the time of death than patients with chronic lung disease
(Edmonds et al., 2001); furthermore, the majority of the family members would
have liked to have been present at the time of death.

The ATS and BTS guidelines, Finnish Current Care Guidelines, in addition to
the GOLD guidelines for COPD, recommend ACP to be integrated in the
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routine outpatient management of progressive or advanced respiratory disease
(Current Care Guidelines in Palliative and Hospice Care, 2020; “GOLD,” 2021;
Davidson et al., 2016; Lanken et al., 2008). However, even though many patients
with chronic respiratory disease and their health-care professionals are interested
in ACP, only a few of them have had these conversations (Jabbarian et al., 2018).
Some explanations for this have been suggested, such as the disease course often
being complex and unpredictable; the uncertainty of the prognosis; the fear of
health-care professionals of patients losing hope with the discussion of ACP; or
some system-related causes such as a lack of time, education or continuity of care
(Jabbarian et al., 2018; Mechan et al., 2020). Patients with lung cancer are 40%
more likely to be offered palliative care than patients with COPD (Halpin, 2018).
Furthermore, in a study by Edmonds et al., patients with lung cancer were more
aware of approaching death, and they were told of it earlier prior to death than
patients suffering chronic lung disease (Edmonds etal., 2001). In a study by Nava
et al., only approximately one-fifth of the patients treated in European respiratory
intermediate care units had end-of-life care decisions made, although the
mortality rate was 68% during the study period of 6 months (Nava et al., 2007).
The timing of ACP conversations is difficult in advanced respiratory diseases,
as the disease progress differs vastly among individuals. At the time of diagnosis,
the disease stage can be from mild to very severe, and sudden exacerbations can
further affect the progression of disease. A review by Patel et al. and the GOLD
guidelines suggest discussing ACP with patients shortly after the diagnosis of
COPD or after the first exacerbation or hospitalization (“GOLD,” 2021; Patel et
al., 2012). Furthermore, some trigger points may be used to initiate ACP
conversations, even if they may be poorly recognized by clinicians and patients.
These trigger points may be, e.g., FEV; under 30%, the need for LTOT or NIV,
one or more hospitalized exacerbations during the previous year, weight loss or
cachexia, age at least 70 years, decreased functional status, increased dependence
on others, a lack of further treatment options or a request from the patient or
family member (Jabbarian et al., 2018; Meehan et al., 2020; Patel et al., 2012).
The prognosis of patients with chronic respiratory insufficiency varies greatly
as a result of different underlying diseases with varying disease progression. It is
important to know different factors associated with prognosis in chronic
respiratory insufficiency and thus to be able to recognize the trigger points for
ACP conversations. Furthermore, sorting out the most typical and burdensome
symptoms together with their relationship to other symptoms can provide the
background for comprehensive therapy and the planning of palliative care.
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3 AIMS OF THE STUDY

The study was conducted to assess symptoms and survival among patients with

chronic respiratory insufficiency.
The specific aims of the study were as follows:

1. To describe the overall symptom burden and its relation to depression in
patients with chronic respiratory insufficiency (Study I)

2. To evaluate the association between dyspnoea upon exercise and overall
symptom burden in patients with chronic respiratory insufficiency due to
COPD or ILDs (Study II)

3. To study the survival and factors associated with survival in patients with
chronic respiratory insufficiency (Studies III and IV)

4. To study the end-of-life aspects in patients with chronic respiratory
insufficiency (Studies III and IV)
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4 MATERIALS AND METHODS

4.1 Data collection (Studies I-1V)

This was a retrospective study based on the evaluation of medical records. All
patients were treated in the respiratory insufficiency clinic at Tampere University
Hospital due to chronic respiratory insufficiency. Tampere University Hospital,
as well as the respiratory insufficiency clinic, provides care for approximately
530 000 inhabitants of Pirkanmaa county. The initiation of LTOT or NIV takes
place in the acute pulmonary ward or in the respiratory insufficiency clinic. After
the first visit, patients visit the respiratory insufficiency clinic or the pulmonary
ward after one to three months and 1-2 times a year thereafter, or in some cases,
less frequently. The need for long-term NIV or LTOT was re-evaluated during
the following visits, and only the patients who were eligible for long-term
treatment were included in the studies. Chronic respiratory insufficiency was
defined as the need for LTOT or NIV based on the international criteria
(Andersen et al.,, 2012; Bushby et al,, 2010; Current Care Guidelines, 2019;
Goldberg et al., 1999; Hardinge et al., 2015; NICE, 2016; Windisch et al., 2010).

Collected data included sex; age; height and weight; smoking status; need for
help with activities of daily living (ADL); diagnoses; comorbidities; the results of
microspirometry or spirometry, and arterial or capillary blood gas analyses; and
settings and usage data of LTOT or NIV. In addition, the date of death, decisions
on not to resuscitate and decisions to start end-of-life care were recorded. The
data of the death certificates were recorded for patients included in Studies III
and IV. The need for help in ADL was defined as the need for assistance from a
family member working as a caregiver, receiving home care services from society
(e.g., dietary services, ablution, dressing or medication) or staying permanently in
a nursing home or a community hospital.

In addition to patient characteristics, data from the questionnaires, including
the ESAS, mMRC and DEPS, were recorded for the patients included in Studies
T'and IL

The oxygen flow and pressures of NIV were recorded when a patient was
discharged at the time of the initiation of the treatment in Studies III and IV. The
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median daily usage hours for NIV between the previous and current visits were
recorded from the memory card of the device at each visit.

The disease causing chronic respiratory insufficiency and the need for long-
term NIV or LTOT was defined as the primary diagnosis, while other diseases
were considered comorbidities. The attending physician of the chronic
respiratory insufficiency clinic or the acute pulmonary ward made the diagnosis
of chronic respiratory insufficiency, as well as the underlying diseases, complying
with the current guidelines and clinical practice. The Charlson comorbidity index
(CCI) was calculated for each patient based on the number and severity of
comorbidities (Charlson et al., 1987, 1994). The Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stages for the severity of airflow limitation
was defined for patients with COPD (“GOLD,” 2021).

42  Patients (Studies I-1V)

Respiratory insufficiency clinic of Tampere University Hospital

Follow-up time (r‘.itudies Il and V) Follow-up timf (Studies | and Il)
/—_ ',' — S
| | | | | 1.10.2016 | 31.10.2017 | 1
1.1.2012 1.1.2013 1.1.2014 1.1.2015 1.1.2016 \ 1.1.2017 | 1.1.2018 31.1%.2013
Refused,
n=4
Ne s Clinic visit No ESAS Inability to
New c|e! 4 itdrlecl. “n ) "2-,0 completed, complete
n= 397 - n=44 n=9

Technical or
unknown

ESAS completed, COPDorllDasa
primary diagnosis
for chronic

LTOT, NIV or both
started,
n=338

reason,
n=231

respiratory
insufficiency,
n=128

LTOT started, NIV started,
n=195 n =205
(Study Il) (Study IV)

mMRC completed,
n=101
(Study II)

Figure 3. Selection of patients for enrolment in Studies I-IV

LTOT, Long-Term Oxygen Therapy; NIV, Noninvasive Ventilation; ESAS, Edmonton Symptom Assessment Scale;
COPD, Chronic Obstructive Pulmonary Disease; ILD, Interstitial lung disease; mMRC, modified Medical Research
Council dyspnoea scale
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The key criteria for and timelines of patient selection for enrolment in the studies

are shown in Figure 3.

421  Selection of patients (Studies | and II)

All the patients who visited the respiratory insufficiency clinic during the period
from 1.10.2016 to 31.10.2017 were evaluated, and those included were followed
up until 31.12.2018 or death. Patients who completed the ESAS questionnaire
were included in Study I. Furthermore, patients who had COPD or an ILLD as a
primary diagnosis for chronic respiratory insufficiency and completed the mMRC
were included in Study II.

4.2.2  Selection of patients (Studies lll and 1V)

Patients with chronic respiratory insufficiency who initiated LTOT (Study III) or
NIV (Study 1V) in the respiratory insufficiency clinic or pulmonary ward during
the period from 1.1.2012 to 31.12.2015 were included in Studies III and IV. Only
patients with no previous LTOT or NIV use were included. The patients were
followed up until 31.12.2017 or death. During the study period, 397 patients were
initiated with a new device. Of them 59 patients were initiated with only exertional
oxygen. However, these patients were not included in this study because they did
not fulfil the criteria for chronic respiratory insufficiency. Only 338 patients with
LTOT (n = 133), NIV (n = 143) or both LTOT and NIV (n = 62) were included
in Studies III and IV.

4.3  Questionnaires (Studies | and Il)

The different symptoms affecting the everyday lives of patients with chronic
respiratory insufficiency are evaluated routinely with different questionnaires in
the respiratory insufficiency clinic. Patients complete the primary questionnaires
(e, the ESAS and DEPS) and some other disease-specific secondary
questionnaires (i.e.,, the mMRC, COPD Assessment Test, and Epworth
Sleepiness Scale) to evaluate the treatment outcomes and well-being of the

patients at each visit.
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431  Edmonton Symptom Assessment System (ESAS)

The Edmonton Symptom Assessment System was originally developed to assess
symptoms in patients with advanced cancer in palliative care (Bruera et al., 1991;
Hui & Bruera, 2017) However, the ESAS has been widely used in many advanced
diseases to assess the overall symptom burden (Hui & Bruera, 2017). The
questionnaire assesses the severity of symptoms perceived on that day as self-
rated on a numeric rating scale (NRS) from 0 (no symptoms) to 10 (worst possible
symptoms) (Chang et al., 2000; Hannon et al., 2015). A modified version of the
ESAS, first introduced in the Palliative Care Unit of Tampere University
Hospital, was used in the respiratory insufficiency clinic during the study years.
This modified version was also added with questions regarding pain in
movement, dry mouth, insomnia and constipation compared with the widely used
versions. In addition, drowsiness and tiredness were measured by only one
question of tiredness/fatigue due to very similar expressions in the Finnish
language. The modified version of the ESAS, with 12 questions, is shown in Table
4.

The cut-off value for moderate or severe symptoms was considered an ESAS
score = 4 points (Oldenmenger et al., 2013; Selby et al., 2010; Serlin et al., 1995).

Table 4. A modified version of the Edmonton Symptom Assessment System (ESAS) used in the
respiratory insufficiency clinic of Tampere University Hospital
No symptoms Worst possible symptom
Pain at rest 0 1 2 3 4 5 6 7 8 9 10
Pain upon movement 0 1 2 3 4 5 6 7 8 9 10
Tiredness/Fatigue 0 1 2 3 4 5 6 7 8 9 10
Shortness of breath 0 1 2 3 4 5 6 7 8 9 10
Lack of appetite 0 1 2 3 4 5 6 7 8 9 10
Nausea 0 1 2 3 4 5 6 7 8 9 10
Dry mouth 0 1 2 3 4 5 6 7 8 9 10
Constipation 0 1 2 3 4 5 6 7 8 9 10
Depression 0 1 2 3 4 5 6 7 8 9 10
Anxiety 0 1 2 3 4 5 6 7 8 9 10
Insomnia 0 1 2 3 4 5 6 7 8 9 10
Best Worst possible
Well-being 0 1 2 3 4 5 6 7 8 9 10

43.2 Depression Scale (DEPS)

The Depression Scale questionnaire is a validated tool widely used in Finnish

health care in which the patients self-rate their perceived mood and symptoms
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during the last month (Salokangas et al., 1995). The DEPS was originally
developed for screening for depression in primary health care, as shown in Table
5 (Salokangas et al.,, 1995). The questionnaire consists of 10 questions, each
scored from zero to three points; thus, the total score varies from 0 to 30 points.
The suggested cut-off scores are 9 points for depressive symptoms and 12 points
for clinical depression (Kerminen et al, 2019; Poutanen et al, 2008,
2010;Sheehan & McGee, 2013). The cut-off score of 9 points has a high
sensitivity for the identification of depressive symptoms and is therefore used as
a threshold for further evaluation or diagnostic tests for depression (Kerminen et
al., 2019; Poutanen et al., 2008, 2010).

Table 5. The Depression Scale (DEPS) questionnaire (Salokangas et al., 1995)

Not at all Alittle  Quite alot Extremely
I have suffered from insomnia 0 1 2 3
I have felt blue
I have felt everything was an effort
I have felt low energy or slowed down
I have felt lonely
I have felt hopeless about the future
I have not gotten any fun out of life
I have had feelings of worthlessness

[=NeleBoEel=Nel =)
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I have felt all pleasure and joy has gone from life
I have felt that I cannot shake off the blues even
with help from family and friends

=)
—_
A}
(S8

43.3  Modified Medical Research Council dyspnoea scale (MMRC)
questionnaire on dyspnoea

The modified Medical Research Council questionnaire on dyspnoea is a self-rated
questionnaire on exertional dyspnoea (Bestall et al., 1999; Fletcher et al., 1960;
Mahler & Wells, 1988). The scoring ranges from 0 to 4, as shown below in Table
0.
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Table 6. Modified Medical Research Council dyspnoea scale (mMRC) (Mahler & Wells, 1988)

0 I only get breathless with strenuous exercise.
1 I get short of breath when hurrying on the level or walking up a slight hill.
2 I walk slower than people of the same age on the level because of breathlessness, or I have to stop for

breath when walking on my own pace on the level.

3 I stop for breath after walking about 100 meters* or after a few minutes on the level.
4 I am too breathless to leave the house or I am breathless when dressing or undressing.

* Originally 100 yards, which accounts for 91.4 metres. The distance has been rounded to approximately 100 metres
in ST units (“GOLD,” 2021; Mahler & Wells, 1988).

44  Statistical analysis

Nonparametric tests were used because most of the distributions were non-
normally distributed. The Mann-Whitney U or Kruskal-Wallis tests were used for
comparisons of continuous variables, and Pearson’s chi-square test or Fisher’s
exact test was used for comparisons of categorical variables for comparison
between different groups. To calculate the survival estimates, the Kaplan-Meier
method and Cox proportional hazard regression analysis were used. The
statistical significance was set as P < 0.05.

In Study I, a receiver operating characteristic curve (ROC) analysis was used
to evaluate the ability of the ESAS depression score to predict DEPS scores = 9
points. The sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated for ESAS depression scores of 0-10.

In Studies I and II, logistic regression multivariate analyses were conducted to
assess the relationship between depression or dyspnoea upon exercise and other
symptoms. In Study IV, Cox multivariate analysis was conducted in patients with
COPD and OHS.

The data analyses were performed with IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY).
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4.5 Ethical considerations

This was a retrospective study based on the evaluation of the medical records of
patients treated in the respiratory insufficiency clinic of Tampere University
Hospital. The Regional Ethics Committee of Tampere University Hospital,
Finland, approved the study (approval code R15180/1.12.2015). The Research
Director of Tampere University Hospital Research Centre approved access to
medical records (10.12.2015).
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5 SUMMARY OF RESULTS

5.1 Characteristics of the patients (Studies I-1V)

Overall, 270 patients visited the respiratory insufficiency clinic from 1.10.2016 to
31.10.2017. Of those, 226 patients who completed the ESAS questionnaire and
101 patients with COPD or an ILD and who completed the mMRC questionnaire
were included in Studies I and I1, respectively (Figure 3). For the patients included
in Study I, the DEPS questionnaire was available for 208 patients. The ESAS and
DEPS questionnaires were available in 98 and 91 patients in Study 11, respectively.

Altogether, 338 patients initiated LTOT, NIV or both between 1.1.2012 and
31.12.2015. Of these patients, LTOT was initiated for 195 patients (Study I1I)
and NIV was initiated for 205 patients (Study IV) (Figure 3). Both LTOT and
NIV was initiated for 62 patients.

The patient characteristics are shown in Table 7. Most of the patients were
men, and approximately two-thirds of the patients were ex-smokers or smokers
in Studies III and IV. Patients on LTOT (Study III) were older (median age of
74 vs. 67 years, P < 0.001), had lower BMI (27.7 vs. 33.2, P < 0.001) and had
more comorbidities (CCI 2.0 vs. 1.0, P = 0.065) than patients needing NIV (Study
IV). The need for help with ADL was more common in patients on LTOT than
in patients on NIV (46.2% vs. 34.6%, P = 0.019) (Studies I1I and IV). The most
common diseases leading to chronic respiratory insufficiency were COPD and
ILDs in patients on LTOT (Study III) and COPD and OHS in patients on NIV
(Study IV). Of the patients with ILDs, 59.1% of them had IPF. Most of the
patients with COPD had severe or very severe airflow limitation according to the
GOLD classification, as 69.5% and 83.0% of the patients on LTOT or NIV
belonged to GOLD III and IV, respectively (Studies III and IV) (“GOLD,”
2021). Of the patients on LTOT or NIV, 17.0% and 27.2% belonged to GOLD
11, respectively. Only three (3.3%) patients on LTOT had mild disease with severe
emphysema.
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Table 7. Patient characteristics (Studies I-1V)

Study | Study Il Study Il Study IV
Total, n 226 101 195 205
Sex, n (%)

Male 130 (57.5) 65 (64.4) 121 (62.1) 120 (58.5)
Age, median (IQR) 72.0 (65.0-79.0)  75.0(70.0-81.0) 74.0 (67.0-81.0)  67.0(60.3-75.1)
BMI, kg/m2, median (IQR)* 30.0(23.8-38.5)t  24.5(21.1-29.3) 27.7(23.1.-33.2)*  33.2(25.5-43.3)t
Need for help in ADL, n (%) 78 (34.5) 38 (37.6) 90 (46.2) 71 (34.6)¥
Smoking status, n (%)

Never-smoker 19 (8.4) 9(8.9) 60 (30.8) 69 (33.7)

Ex-smoker 141 (62.4) 88 (87.1) 133 (68.2) 89 (43.4)

Smoker 65 (28.8) 4(4.0) 1(0.5) 46 (22.4)

Unknown 1(0.4) 0(0.0) 1(0.5) 1(0.5)
Primary disease causing the chronic respiratory
insufficiency, n (%)

COPD 104 (46.0) 89 (88.1) 92 (47.2) 53 (25.9)

Interstitial lung diseases 13 (5.8) 12 (11.9) 44 (22.6) 8(3.9)

Heart diseases 12(5.3) 0(0.0) 15(7.7) 0(0.0)

Obesity hypoventilation syndrome 61(27.0) 0(0.0) 18 (9.2) 97 (47.3)

Amyotrophic lateral sclerosis 0(0.0) 0(0.0) 0(0.0) 10 (4.9)

Other neurological diseases than

Amyotrophic lateral sclerosis 14 (6.2) 0(0.0) 3(1.5) 17 (8.3)

Sleep apnoea 2(0.9) 0(0.0) 0(0.0) 0(0.0)

Thoracic deformity 14 (6.2) 0(0.0) 5(2.6) 14 (6.8)

Other 6 (2.7)§ 0(0.0) 18 (9.2)Y 6 (29)F
Comorbidities, n (%)

Hypertension 151 (66.8)% 65 (64.4)¥% 120 (61.5) 127 (62.0)

Cardiovascular diseases 133 (58.8)¥ 63 (63.4)¥ 125 (64.1) 117 (57.1)

Diabetes 83 (36.7)¥ 22 (21.8)¥ 60 (30.8) 85 (41.5)

COPD 26 (11.5)% 1(1.0)¥ 18(9.2) 26 (12.7)

Asthma 55 (24.3)¥% 21 (20.8)¥ 27 (13.8) 48 (23.4)

Sleep apnoea 75 (33.2)¥ 11(10.9)¥ 38 (19.5) 87 (42.4)

Neurological diseases 20 (8.8)¥ 9(8.9)¥ 33(16.9) 20(9.8)

Renal diseases 25 (11.1)¥ 8 (7.9)¥ 18(9.2) 19(9.3)

Rheumatic diseases 16 (7.1)¥ 7 (6.9)¥ 18(9.2) 15(7.3)

Cancer 42 (18.6)¥ 31(30.7)¥ 38 (19.5) 31(15.1)

Others 70 (31.0)¥ 22 (21.8)¥ 49 (25.1) 99 (48.3)

No comorbidities 9 (4.6) 12(5.9)
Charlson Comorbidity Index, median (IQR) 2.0(1.0-3.0) 2.0(0.0-2.0) 2.0(1.0-3.0 1.0 (1.0-2.0)

* Data missing in three patients due to being confined to bed, i.e., unable to perform measurements because of
tetraplegia or muscle dystrophy

T Data missing in five patients due to being confined to bed, i.c., unable to perform measurements because of
tetraplegia, multiple sclerosis, spinocerebellar ataxia or otherwise poor general condition (2)

1 Data missing in one patient due to being confined to bed

§ Asthma with severe chronic obstruction (n = 4), bronchomalacia (n = 1), metastatic lung cancer (n = 1)

Y Post pulmonary embolism (n = 9), postpneumonic state (n = 2), granulomatosis with polyangiitis (n = 1), asthma
with severe chronic obstruction (n = 2), chronic multifocal Langerhans cell histiocytosis (n = 1), alcohol-related liver
disease (n = 1), lung cancer (n = 1), malignant pleural mesothelioma (n = 1)

E Central hypoventilation due to opioids (n = 1), bronchiolitis obliterans (n = 1), severe asthma (n = 1),
tracheobronchomalacia (n = 1), vocal cord dysfunction (n = 1), chronic pleuritis (n = 1)

¥ Unpublished data

IQR, Interquartile Range; BMI, Body Mass Index; ADL, Activities of Daily Living; COPD, Chronic Obstructive
Pulmonary Disease
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In Study I, 11 patients with heart disease had pulmonary hypertension and one
patient had LTOT as a consequence of CHF being part of their palliative care.
Patients with LTOT (Study I1I) and heart disease as the main cause of chronic
respiratory insufficiency suffered from pulmonary hypertension (n = 11), very
severe diastolic dysfunction (n = 2) and two patients with severe CHF received
LTOT as part of their palliative treatment.

The most common comorbidities in all the studies were hypertension,
cardiovascular diseases and diabetes (Table 7). Sleep apnoea was a comorbidity
in 42.4% of the patients on NIV and in 33.2% of the patients included in Study
I

The results of spirometry and blood gas analyses, as well as the settings and
usage data of the device used, are shown in Table 8. Spirometry results were
available in all the studies, but the usage data and settings of devices and results
of blood gas analyses were available only for the patients in Studies III and IV.

Table 8. Details of the spirometry and blood gas analyses and the settings and usage data of the
device used (Studies I-1V)
Study | Study Il Study lll Study IV
Total, n (%) 226 101 195 205

FEV/*
litres, median (IQR)

% of predicted, median (IQR)

FVC*t
litres, median (IQR)

1.16 (0.71-1.67)
40.0 (27.0-57.0)

246 (1.86-3.12)t

0.90 (0.60-1.25)
31.0 (23.048.5)

2.77 (2.20-3.37)t

130 (0.96-1.82)
51,0 (36.5-64.5)

2.49 (1.86-3.06)

1.23 (0.86-1.83)
455 (33.0-59.0)

2.30(1.60-2.78)

% of predicted, median (IQR) 71.0 (54.0-83.0)f  77.0(66.3-89.8)1  72.0(57.0-84.0) 61.0 (49.0-71.5)
FEV4/FVC, median (IQR)*t 0.62 (0.44-0.75)t  0.44(0.31-0.62)t  0.63 (0.44-0.75) 0.67 (0.48-0.77)
Pa0; with room air, (kPa), median (IQR)* 6.9 (6.3-7.4)

PCO, (kPa), median (IQR)* 8.2(7.1-9.6)
Used device, n (%)

LTOT 85 (37.6) 64 (63.4) 133 (68.2) 0(0.0)

NIV 92 (40.7) 10(9.9) 0(0.0) 143 (69.8)

LTOT and NIV 21(9.3) 6(5.9) 62 (31.8) 62 (30.2)

Portable oxygen only 22(9.7) 17 (16.8) 0(0.0) 0(0.0)

CPAP 1(0.4) 0(0.0) 16 (8.2) 0(0.0)

None 5(22) 4(5.9) 0(0.0) 0(0.0)

Oxygen flow, (I/min), median (IQR)* 1.5(1.0-2.0)

IPAP, cmH:0, median (IQR)* 16.0 (14.0-18.0)
EPAP, cmH:0, median (IQR)* 8.0 (6.0-10.0)
Average usage per day during the first year,

hours, median (IQR)* 19.3 (10.0-24.0)t 5.9 (4.0-8.0)

* Number and reasons for missing values are described in detail in the original publications

T Unpublished data

FEVi, Forced Expiratory Volume in 1 second; FVC, Forced Vital Capacity; PaO2, Partial Pressure of Oxygen in
arterial blood gas; PCO2, Partial Pressure of Carbon Dioxide in blood gases; LTOT, Long-Term Oxygen Therapy;
NIV, Noninvasive Ventilation; CPAP, Continuous Positive Airway Pressure; IPAP, Inspiratory Positive Airway
Pressure; EPAP, Expiratory Positive Airway Pressure
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Concomitant LTOT and NIV were needed by 62 patients in Studies 11T (31.8%)
and IV (30.29%), while only 9.3% and 5.9% of the patients in Studies I and II had
concomitant needs for both LTOT and NIV, respectively. Five patients in Study
I and four patients in Study II did not have either LTOT or NIV as they were
unwilling to initiate LTOT or NIV, even they fulfilled the criteria for device

initiation.

5.2 Overall symptom burden (Study I)

Measured with the ESAS questionnaire, the most severe symptoms in all the
patients in Study I were shortness of breath (median 4.0, interquartile range (IQR)
2.0-7.0), pain upon movement (median, 3.0 IQR 0.0-6.0), tiredness (median 3.0,
IQR 1.0-6.0) and dry mouth (median 3.0, IQR 1.0-7.0). Well-being was impaired
as well (median 4.0, IQR 2.0-5.0). ESAS scores for pain at rest were missing in 9
patients and in other categories in 3-6 patients.

The threshold for moderate or severe symptom (NRS median score = 4) was
reached by 57.0% of the patients in shortness of breath, by 48.0% in dry mouth,
by 44.1% in pain upon movement and by 41.8% in tiredness, as shown in Figure
4. The median scores and corresponding IQRs for each question in the ESAS
questionnaire are shown in Figure 5.

The prevalence and severity of different symptoms according to the primary
diagnosis are shown in Table 9. The most prevalent and severe symptoms in
patients with COPD were shortness of breath and dry mouth. Pain upon
movement was the most severe symptom in patients with OHS. Patients with
ILDs had, on average, moderate or severe symptoms (NRS median score = 4) in
tiredness (median 5.0, IQR 1.5-8.0), shortness of breath (median 5.0, IQR 2.5-
7.0) and dry mouth (median 7.0, IQR 4.5-9.0).

The median total score on the ESAS was 27.0 (IQR 14.5-43.0) for all patients.
The total median scores for patients with COPD, OHS, ILDs and other diseases
were 31.0 IQR 20.0-45.0), 22.0 (9.5-39.5), 31.0 (20.0-52.0) and 22.5 (11.8-38.8),

respectively.
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Figure 4. The proportion (%) of patients with at least moderate symptoms (= 4 points) on each question of
the Edmonton Symptom Assessment System (ESAS) questionnaire (Study [)
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Figure 5. Median scores and interquartile ranges (IQRs) on the Edmonton Symptom Assessment
System (ESAS) questionnaire in patients with chronic respiratory insufficiency (Study )

NRS, Numeric Rating Scale
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Table 9. Scores and prevalence of symptoms measured with the modified Edmonton Symptom
Assessment Scale (ESAS) questionnaire according to the most prevalent disease
responsible for respiratory insufficiency (Study 1)

COPD OHS Otherst P value
(n=104) (n=61) (n=61)

Prevalencet Score, median Prevalencet Score, median Prevalencet Score, median

(%) (IGR) (%) (IGR) (%) (IGR)
Symptoms
Pain at rest 50.5 1.0 (0.0-3.0) 62.5 2.0 (0.0-4.0) 525 1.0(0.0-2.0) 0.15
Pain upon movement 70.3 2.0 (0.0-5.5) 729 4.0 (0.0-7.0) 733 2.5(0.0-4.0) 0.29
Tiredness 86.1 3.0 (2.0-6.0) 75.9 2.0(0.8-6.0) 78.7 3.0 (1.0-5.0) 0.18
Shortness of breath 95.1 6.0 (3.0-8.0) 741 3.0 (0.0-5.0) 75.0 3.0(0.3-5.0) <0.001
Lack of appetite 62.1 1.0 (0.0-4.0) 345 0.0 (0.0-2.0) 426 0.0 (0.0-2.0) 0.004
Nausea 33.0 0.0 (0.0-1.0) 24.6 0.0 (0.0-0.5) 283 0.0 (0.0-1.0) 0.60
Dry mouth 87.5 5.0 (2.0-7.0) 67.8 2.0 (0.0-6.0) 80.0 3.0 (1.0-7.0) 0.01
Constipation 534 1.0 (0.0-4.0) 474 0.0 (0.0-2.0) 50.0 1.0 (0.0-3.0) 0.47
Depression 56.9 1.0 (0.0-4.0) 51.7 1.0(0.0-3.3) 54.1 1.0(0.0-3.0) 0.91
Anxiety 55.9 1.0 (0.0-4.0) 46.6 0.0(0.0-3.0) 52.5 1.0(0.0-3.0) 0.50
Insomnia 70.6 2.0(0.0-4.0) 54.2 1.0 (0.0-5.0) 62.3 1.0(0.0-3.0) 0.40
Well-being 4.0(2.5-5.0) 3.0(1.8-5.3) 3.0 (2.0-5.0) 0.20

T Others consisted of neurological diseases (n = 14), thoracic deformity (n = 14), interstitial lung diseases (n = 13),
heart diseases (n = 12), sleep apnoea (n = 2) and others (n = 6)

1 Prevalence defined as the proportion of patients with ESAS score 2 1

COPD, Chronic Obstructive Pulmonary Disease; OHS, Obesity Hypoventilation Syndrome; IQR, Interquartile
Range

5.3  Screening of depression and symptoms associated with
depression (Studies I-11)

Although depression was not one of the most common symptoms reported in
the ESAS questionnaire, one-fourth (24.9%) of the patients scored at least the
threshold for moderate or severe symptoms (NRS median score = 4) on the
ESAS depression question (Study I). The median DEPS score was 6.5 (IQR 3.0-
11.8) points for all patients. The threshold for depressive symptoms (DEPS score
2 9) and depression (DEPS score = 12) was reached by 38.9% and 25.0% of the
patients, respectively. The cut-off for depressive symptoms was reached by
41.7%, 38.2%, 53.8% and 36.4%, whereas the cut-off for depression was reached
by 27.1%, 23.6%, 38.5% and 27.3% of the patients with COPD, OHS, ILDs and
heart diseases, respectively. The median DEPS scores were 7.0 (IQR 3.0-12.0),
6.0 (IQR 2.0-11.0), 10.0 AQR 5.5-15.0) and 8.0 IQR 3.0-17.0) for patients with
COPD, OHS, ILDs and heart diseases, respectively.
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The capability of the ESAS depression score to predict DEPS scores = 9
points was evaluated in Study I by an ROC curve (Figure 6) (Study I). The area
under the curve was 0.840 (P < 0.001).
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Figure 6. The receiver operating characteristic curve (ROC) for the Edmonton Symptom Assessment Scale
(ESAS) depression score to predict a Depression Scale (DEPS) score of at least 9 points (Study I)

AUC, Area Under the Curve

The sensitivity, specificity, and positive and negative predictive values for ESAS
scores to predict DEPS = 9 points are shown in Table 10 (Study I). There was
an 89% probability of a patient scoring under 9 points on the DEPS if he/she
scored zero on the depression question of the ESAS. In addition, patients who
scored at least four on the depression question of the ESAS had an 89%
probability of scoring at least 9 points on the DEPS.
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Table 10. Edmonton Symptom Assessment System (ESAS) depression scores’ capability to predict
Depression Scale (DEPS)* = 9 points (Study I)

ESAS Depression score Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

21 87 62 59 89 72
22 80 74 66 85 76
23 67 84 73 80 7
24 59 95 89 79 81
25 48 95 86 74 7
26 35 98 90 4l 74
27 25 98 N 68 70
28 15 100 100 65 67
29 4 100 100 62 63
10 3 100 100 62 62

* DEPS was filled in 208 patients

PPV, Positive Predictive Value; NPV, Negative Predictive Value

The median scores and proportions of patients scoring at least four on each of
the items of the ESAS questionnaire are shown according to DEPS category (<
9 or 2 9 points) in Table 11 (Study I). All the symptoms screened with the ESAS
questionnaire were significantly more severe in patients scoring 9 points or more
on the DEPS than in patients scoring < 9 points. Patients scoring at least 9 points
on the DEPS had moderate or severe symptoms (NRS median score = 4) in pain
upon movement, tiredness, shortness of breath, dry mouth, depression and
anxiety measured with the ESAS questionnaire. Overall well-being was better in
patients scoring < 9 points on the DEPS than in patients scoring = 9 points on
the DEPS. The association of DEPS category with ESAS total score is shown in
Figure 7.
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Table 11. Median scores and proportions of patients with at least moderate symptoms (= 4 points) on
the Edmonton Symptom Assessment System (ESAS) questionnaire according to Depression
Scale (DEPS)t category (Study 1)

DEPS <9 DEPS 29 P value*
(n=127) (n=81)
ESAS scores

Pain at rest
median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-4.5) 0.02
24, % 15.6 325

Pain upon movement
median (IQR) 2.0 (0.0-4.0) 4.5(1.0-7.0) 0.001
24, % 36.3 57.7

Tiredness
median (IQR) 2.0 (0.0-4.0) 5.0 (3.0-7.0) <0.001
24, % 29.0 63.3

Shortness of breath
median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-8.0) <0.001
24, % 48.8 69.2

Lack of appetite
median (IQR) 0.0 (0.0-2.0) 2.0 (0.0-5.0) <0.001
24, % 10.4 38.0

Nausea
median (IQR) 0.0 (0.0-0.0) 1.0 (0.0-3.0) <0.001
24, % 24 15.6

Dry mouth
median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-8.0) <0.001
24, % 36.2 67.9

Constipation
median (IQR) 0.0 (0.0-2.5) 2.0 (0.0-5.0) <0.001
24, % 15.2 333

Depression
median (IQR) 0.0 (0.0-2.0) 4.0 (2.0-7.0) <0.001
24, % 4.8 59.5

Anxiety
median (IQR) 0.0 (0.0-1.0) 4.0 (2.0-7.0) <0.001
24, % 8.0 50.6

Insomnia
median (IQR) 1.0 (0.0-2.0) 3.0 (1.0-6.0) <0.001
24, % 12.8 45.6

Well-being
median (IQR) 3.0 (1.0-5.0) 5.0 (4.0-6.0) <0.001

Total score
median (IQR) 21.0(11.0-30.3) 43.0 (31.0-61.0)

* Between patients with DEPS scores < 9 and those with DEPS scores = 9 points

T DEPS score missing in 18 patients

IQR, Interquartile Range
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Figure 7. The total score on the Edmonton Symptom Assessment System (ESAS) according to the
Depression Scale (DEPS) category in patients with chronic respiratory insufficiency (Study I)

Patients in categories mMRC 0-3 and mMRC 4 scored medians of 6.0 (2.5-10.5)
and 9.5 (IQR 4.8-18.5) on the DEPS questionnaire, respectively (Study II). The
cut-off threshold of 12 points on the DEPS, indicating depression, was reached
by 20.8% and 42.1% of the patients in categories mMRC 0-3 and mMRC 4,
respectively (P = 0.028) (Study II).

9.4  Symptoms and factors associated with exertional
dyspnoea (Study II)

Patients with COPD and ILDs suffered from many symptoms, of which
dyspnoea during exercise was the most common. Dyspnoea upon exercise was
measured with the mMRC and ESAS questionnaires. The median dyspnoea
scores on the mMRC and ESAS were 3.0 IQR 3.0-4.0) and 6.0 (IQR 3.0-8.0),
respectively. There was no difference in mMRC scores between patients with
COPD (median 3.0, IQR 3.0-4.0) and those with ILLDs (median 3.0, IQR 2.3-4.0)
(P = 0.495). The median dyspnoea scores measured with the ESAS were 6.0 IQR
3.5-8.0) for patients with COPD and 4.0 IQR 2.3-6.8) for patients with ILDs (P
=0.175).
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The symptom severities according to the mMRC category (mMRC 0-3 and
mMRC 4) are shown in Table 12. Patients in category mMRC 4 had moderate or
severe symptoms (NRS median score = 4) measured with the ESAS questionnaire
in pain upon movement, tiredness, shortness of breath and dry mouth. The total
ESAS scores of the patients in mMRC categories 0-3 and 4 are shown in Figure
8.

Table 12. ESAS scores and prevalence of moderate and severe symptoms (NRS median score = 4)
according to mMMRC* category in patients with chronic respiratory insufficiency due to COPD
and ILDs (Study II)

mMRC 0-3 mMRC 4 P value
(n=55) (n=43)
ESAS scores
Pain at rest
median (IQR) 0.0 (0.0-3.0) 2.0 (0.0-4.0) 0.063
24,% 17.0 27.9 0.198
Pain upon movement
median (IQR) 2.0(0.0-4.0 5.0 (0.0-6.0) 0.068
24,% 30.2 55.8 0.011
Tiredness
median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-7.0) <0.001
24,% 321 69.8 <0.001
Shortness of breath
median (IQR) 4.0 (2.0-6.0) 8.0 (6.0-9.0) <0.001
24,% 574 90.7 <0.001
Lack of appetite
median (IQR) 1.0 (0.0-3.0) 3.0 (0.0-6.0) 0.001
24,% 14.8 46.5 0.001
Nausea
median (IQR) 0.0 (0.0-0.3) 0.0 (0.0-2.0) 0.027
24,% 37 9.3 0.255
Dry mouth
median (IQR) 3.0(1.0-6.0) 7.0 (4.0-8.0) <0.001
24,% 47.3 76.7 0.003
Constipation
median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-6.0) 0.072
24,% 18.5 41.9 0.012
Depression
median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-5.0) 0.120
24,% 222 40.5 0.053
Anxiety
median (IQR) 1.0 (0.0-3.0) 3.0 (0.0-5.5) 0.007
24,% 222 45.2 0.017
Insomnia
median (IQR) 2.0(0.0-3.0 3.0 (1.0-7.0) 0.027
24,% 18.9 39.5 0.025
Well-being
median (IQR) 3.0(2.0-5.0) 5.0 (4.0-6.0) <0.001
Total score
median (IQR) 24.0 (15.8-34.8) 44.0 (34.0-63.0) <0.001

* Data missing in three patients: inability to fill in the questionnaire (2), unwillingness to answer the questionnaire
M.

ESAS, Edmonton Symptom Assessment System; NRS, Numeric Rating Scale; mMRC, modified Medical Research
Council dyspnoea scale; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IQR,
Interquartile range
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Figure 8. The total score on the Edmonton Symptom Assessment Scale (ESAS) according to the
modified Medical Research Council dyspnoea scale (nMRC) category in patients with chronic
respiratory insufficiency due to COPD and ILDs (Study II)

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IQR, Interquartile range

Patients with more severe dyspnoea (mMRC 4) were significantly more
dependent on outside help in ADL (63.0%) than patients in dyspnoea categories
mMRC 0-3 (16.4%, P <0.001).

9.5  Survival of the patients

5.5.1  Patients with chronic respiratory insufficiency and chronic
respiratory insufficiency due to COPD or ILDs (Studies | and l)

Nearly one-third (31.4%, n = 71) of the patients included in Study I died during
the follow-up time, and 59.2% of them died during the year following the visit to
the respiratory insufficiency clinic (Study I, unpublished data). Of the patients
included in Study II, 47.5% (n = 48) died during the follow-up time, and 60.4%
of them died during the year following the visit to the clinic (Study II, unpublished
data).
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5.5.2  Patients on LTOT and NIV (Studies Ill and 1V)

During the follow-up period, 133 (68.2%) and 90 (43.9%) of the patients on
LTOT (Study III) and NIV (Study IV) died, respectively (Table 13). The overall
survival of the patients using LTOT, NIV or both in Studies III and IV is shown
in Figure 9.

1.0 W1V, median NAéIQR 3.0-NA
LTOT, median 1.6 years (IQR 0.8-4.5)
Baoth MV and LTOT, median 2.9 years gOR 1.0-5.3)
P < 0.001 between patients on NIV, LTOT and
concomitant NIV and LTOT
i _.‘._“‘_L‘_‘—-_H
______ _HL.___HH
TR — NIV (n=143)
T I— 1
] D& L _H.-.‘.__-.u._._.
=
£
2 ( =T/t BEES
0 H
o4’ T SR
1, Both NIV and LTOT
s 2
LTOT (n=133)
02
00

00 100 2,00 3,00 4,00 5,00 6,00

Follow-up time in years

Figure 9. The overall survival of patients on NIV, LTOT and both NIV and LTOT (modified from Studies Il
and IV)

NIV, Noninvasive Ventilation; NA, Not Available; IQR, Interquartile Range; LTOT, Long-Term Oxygen Therapy

Patients needing only NIV had longer survival than patients needing only LTOT
or patients needing both NIV and LTOT. The proportion of patients surviving
over the first year after the initiation of LTOT, NIV or both was 66.9% (n = 89),
95.1% (n = 1306) and 74.2% (n = 406), respectively (P < 0.001).

In patients on NIV (Study IV), the need for concomitant LTOT was
associated with shorter survival than in no need for LTOT (hazard ratio, HR 2.8,
95% Confidence Interval, CI 1.9-4.3, P < 0.001). The median survival was 2.9
years (IQR 1.0-5.3) in patients with concomitant LTOT and the median was not
reached in patients with only NIV (P < 0.001). Altogether, 69.6% (n = 106) of the
patients who died during the first year after the initiation of NIV needed
concomitant LTOT, whereas only 25.3% (n = 46) of the patients who survived
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over the first year needed concomitant LTOT (P < 0.001) (Study IV, unpublished
data).
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Figure 10. The survival of the patients according to the primary diagnosis causing the need for
LTOT (Study Ill) (A) or NIV (Study IV) (B)

COPD, Chronic Obstructive Pulmonary Disease; IQR, Interquartile Range; ILDs, Interstitial Lung Diseases; OHS,
Obesity Hypoventilation Syndrome
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The survival of the patients varied according to the primary diagnosis (Figure 10).
The median survival of the patients with COPD was 2.4 years and 4.4 years in
Studies III and IV, respectively. The survival of the patients with ILDs was the
worst, as 90.9% of the patients with ILDs needing LTOT and 100.0% (n = 8) of
those needing NIV died during the follow-up period (Studies III and IV). There
was no significant difference in survival between patients with IPF and those with
other ILDs diagnoses, as the survival was 0.8 years (IQR 0.3-2.2) and 0.9 years
(IQR 0.5-2.1) (P = 0.467) in patients with IPF and those with other diagnoses for
ILDs, respectively (Study IV). Patients with COPD had longer survival than
patients with ILDs (Study III). However, 63.0% and 58.5% of the patients with
COPD on LTOT or NIV died during the follow-up, respectively (Studies III and
IV). The detailed survival of patients on NIV due to other diagnoses shows that
the median survival of patients with ALS, thoracic deformity or an ILD was 1.8,
3.7 and 0.2 years, respectively (Original publication IV, Supplementary Figure 1).
The longest survival was in patients with OHS (Study IV).

Patients who were independent in ADL had longer survival than patients who
needed help with ADL (Studies III and IV, Figure 11). The median survival of
the patients needing help with ADL was 1.2 years (IQR 0.4-2.8, Study III) and
3.5 years (IQR 1.8-NA, Study IV) in patients with LTOT (with or without NIV)
and NIV (with or without LTOT), respectively.

In multivariate analysis of patients on LTOT, the CCI and ILDs as the primary
disease were independently associated with shorter survival (Table 3 in original
publication of Study III). In patients on NIV, hypertension and older age were
associated with shorter survival in multivariate analysis in patients with COPD,
but none of the comorbidities were associated with shorter survival among
patients with OHS (Supplementary Table 2 in original publication of Study IV).
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Figure 11. Survival of the patients according to the need for help in activities of daily living (ADL) in patients

on long-term oxygen therapy (LTOT) (A) (Study Ill) and those on noninvasive ventilation (NIV) (B) (Study
V)
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9.6 Aspects of end of life

Among patients with chronic respiratory insufficiency and treatment on LTOT
or NIV, the reasons for death varied according to the underlying disease. In
patients with COPD, the causes of death were COPD, heart diseases, cancer and
chronic respiratory insufficiency in 59.2%, 22.5%, 15.5% and 2.8% of the
patients, respectively. In patients with ILDs, the causes of death were ILD, heart
diseases, cancer and other diseases in 62.5%, 10.0%, 15.0% and 12.5% of the
patients, respectively. Finally, in patients with OHS, the causes of death were
heart diseases, cancer, chronic respiratory insufficiency and other diseases in
36.0%, 12.0%, 16.0% and 36% of the patients, respectively. Overall, regardless
of the device used, DNR and EOL decisions were made in 77.5% and 28.2% of
the patients with COPD, respectively, and 40% of the patients with COPD and
DNR  decision arrived through the emergency department for the last
hospitalization before death.

5.6.1  Patients on LTOT (Study Ill, unpublished data)

The end-of-life aspects in patients on LTOT are shown in Table 13 (Study III,
unpublished data). Most of the patients had DNR decisions made previously or
during the study period, and almost half of them had EOL decisions (consisting
of decisions to withhold or withdraw life-prolonging treatments). The DNR
decision was made for 70.7%, 80.0% and 80.0% of the deceased patients with
COPD, ILDs and other diseases, respectively. The EOL decision was made for
29.3%, 27.5% and 51.4% of the patients with COPD, ILDs or other diseases,
respectively. Altogether, 20 (76.9%) and 6 (23.1%) patients with IPF had DNR
and EOL decisions made, respectively. The median time from DNR decision to
death was 96 days (IQR 11-258) in all the patients on LTOT and 16 days (IQR
4-172) and 141 days (IQR 24-451) in patients with ILDs and COPD, respectively.
Furthermore, 43.8% (n = 14) of the DNR decisions were made within 14 days
prior to death in patients with ILDs.

Approximately half of the patients arrived through emergency care for the last
hospitalization before death, and 60% of the deceased patients died in the
hospital. Of the deceased patients, 51.7%, 70.0% and 62.9% of the patients with
COPD, ILDs and other diseases died in the hospital, respectively. Altogether, 17
(66.7%) patients with IPF died in the hospital. Of the deceased patients with
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COPD, 58.6% died due to COPD, and 60.0% of the patients with ILDs died due
to ILD according to the death certificates.

Table 13. Characteristics related to the end of life among the deceased patients according to the
device used (Studies Il (unpublished data) and V)

LTOT NIV
Total, n 195 205
Died before 31.12.2017, n (% of all) 133 (68.2) 90 (43.9)
Primary disease, n (%)
COPD 58 (43.6) 31(34.4)
OHS 7(5.3) 24 (26.7)
ILDs 40 (30.1) 8(8.9)
Cardiovascular disease 8(6.0) 0(0.0)
ALS 0(0.0) 9(10.0)
Neurological disease other than ALS 2(1.5) 8(8.9)
Others 18 (13.5) 10 (11.1)
DNR decision made before death, n (%) 101 (75.9) 79 (87.8)
End-of-life care decision made before death, n (%) 46 (34.6) 39 (43.3)
Place of death, n (%)
Hospital 80 (60.2) 50 (55.6)
Home 22 (16.5) 18(20.0)
Nursing home 11(8.3) 7(7.8)
Hospice 9(6.8) 8(8.9)
Emergency department 9(6.8) 6(6.7)
Not known 2(1.5) 1(1.1)
Cause of death, n (%)
COPD 36 (27.1) 26 (28.9)
Heart disease 32 (24.1) 17 (18.9)
ILD 24 (18.0) 8(8.9)
Cancer 21(15.8) 10 (11.1)
Neurological disease 4(3.0) 14 (15.6)
Chronic respiratory failure 3(2.3) 5(5.6)
Pneumonia or other infection 2(1.5) 2(2.2)
Other 11(8.3) 8(8.9)
Admission through the emergency department for the last hospitalization before
death, n (%) 66 (49.6) 40 (44.4)

LTOT, Long-Term Oxygen Therapy; NIV, Noninvasive Ventilation; COPD, Chronic Obstructive Lung Disease;
OHS, Obesity Hypoventilation Syndrome; ILD, Interstitial Lung Diseases; ALS, Amyotrophic Lateral Sclerosis;
DNR, Do Not Resuscitate

5.6.2  Patients on NIV (Study IV)

The end-of-life characteristics of the deceased patients on NIV are shown in
Table 13. The majority of the patients had DNR decisions made, and nearly half
of them also had EOL decisions made. The DNR decision was made for 96.8%,
75.0% and 88.6% of the patients with COPD, OHS and other diseases,
respectively. EOL decisions were made for 38.7%, 45.8% and 45.7% in patients
with COPD, OHS and other diseases, respectively. The median time from DNR
decision to death was 199 days (IQR 43-642) for all patients on NIV and 171
days (IQR 35-500) and 144 days IQR 20-665) for patients with COPD and OHS,
respectively. Of the patients with COPD, OHS and other diseases, 54.8%, 70.8%
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and 45.7% died in the hospital, respectively. According to the death certificates,
74.2%, 12.9% and 12.9% of the patients with COPD died due to COPD, heart
diseases and cancer, respectively, while the most common cause of death in
patients with OHS was heart diseases (37.5%).
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6 DISCUSSION

6.1 Patient populations

This thesis includes two retrospective samples of patients with chronic
respiratory insufficiency who were treated in the respiratory insufficiency clinic
of Tampere University Hospital. The first sample (Studies I and II) included
patients visiting the clinic for about 12 months beginning in October 2016. These
studies concentrated on the symptom burden in patients with chronic respiratory
insufficiency and the association of dyspnoea or depression with other
symptoms. Previous studies on overall symptom burden in patients with chronic
respiratory insufficiency have been disease-specific, and patients in these studies
often received LTOT with or without NIV. To our knowledge, there are no
previous studies comparing the symptom burden between patients on LTOT and
those on NIV due to COPD or other diseases. Gainza-Miranda et al. studied the
symptom burden in patients with advanced COPD on LTOT, with one-third of
them needing concomitant NIV (Gainza-Miranda et al., 2019). Other studies
have focused on the symptom burden in specific diseases, in chronically ill
patients or in association with specific symptoms, e.g., depression (Rajala et al.,
2018; Wajnberg et al., 2013; Walke et al., 20006), but these have not reported the
usage of LTOT or NIV. Some studies have reported the high prevalence of
symptoms beyond respiratory symptoms in patients with acute exacerbations of
COPD (Antoniu et al., 2019), but these patients are, of course, different from
patients who have chronic respiratory insufficiency.

The second sample (Studies III and IV) included all patients who initiated
LTOT or NIV between 2012 and 2015 due to chronic respiratory insufficiency.
These patients were followed up until the end of 2017 or death, with follow-up
times varying from 2 to 6 years, and information on survival and end-of-life
aspects was obtained. Previous studies on undivided NIV users include the
Eurovent study by Lloyd-Owen et al. in 2005 and a study by Cantero et al. in
2020, which focused mainly on the prevalence, aspects of initiation and settings
used but not on end-of-life aspects or factors associated with survival. There are

only a few studies on end-of-life aspects and survival in oxygen-dependent
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patients with IPF and patients with OHS needing NIV, while the survival of
patients with COPD is more widely studied (Ahmadi, et al., 2016b; Blankenburg
et al., 2017; Budweiser, et al., 2007a).

6.2  Underlying diseases

In this thesis, the most common diseases leading to chronic respiratory
insufficiency and the need for NIV were OHS and COPD, similar to the findings
reported in a recent study by Cantero et al. (Cantero et al., 2020). However, in
that cross-sectional study, COPD was by far the most common disease (38.9%),
and only 26.0% of the patients had OHS, whereas in our study, 47.3% of the
patients on newly initiated NIV had OHS. Furthermore, a smaller proportion of
patients (27.0%) visiting the clinic during the year for routine check-ups had OHS
because patients with OHS usually have less frequent follow-up check-ups if they
have no problems with device usage. In contrast, patients with COPD had more
frequent follow-ups due to more severe and advanced disease, as 46.0% of the
patients visiting the clinic during the year had COPD. The most common diseases
with indications for LTOT were COPD and ILDs, a finding that was also
reported in a study by Ekstrém et al. (Ekstrom et al., 2017).

6.3  Symptom prevalence and degree of severity

In this study, patients with chronic respiratory insufficiency suffered from a
variety of symptoms, which might be due to their primary disease or several
comorbidities. The symptom burden in advanced cancer is far more studied than
that in chronic respiratory insufficiency, and in fact, the ESAS was originally
developed for screening symptoms in patients with advanced cancer (Hui &
Bruera, 2017). In a previous study by Wajnberg et al., chronically ill patients were
reported to have more severe symptoms if they had COPD (Wajnberg et al.,
2013). In this thesis, the most severe symptoms in all the patients with chronic
respiratory insufficiency were shortness of breath, dry mouth, pain upon
movement and tiredness, as over 40% of the patients scored at least 4 in these
categories. A previous study by Blinderman et al. reported that the most prevalent
symptoms in patients with advanced COPD were dyspnoea, fatigue, dry mouth,

cough and anxiety, as measured by another symptom questionnaire, the Memorial
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Symptom Assessment Scale (MSAS) (Blinderman et al., 2009); however, in this
study, the most prevalent symptoms in patients with advanced COPD were
dyspnoea, tiredness, dry mouth, insomnia, pain upon movement and a lack of
appetite.

Shortness of breath and dry mouth were found to be the most severe
symptoms in patients with COPD and ILDs, which is understandable, as
dyspnoea is one of the main symptoms in these diseases (Carvajalino et al., 2018;
Moens etal., 2014). Furthermore, dyspnoea has also been reported to be the most
bothersome symptom in COPD (Miravitlles et al., 2013). Dry mouth is less often
recognized as an important symptom in COPD, although over half of the patients
with at least moderate COPD suffer from it (Blinderman et al., 2009; Eckerblad
etal., 2014), and dry mouth has been reported to increase before death in patients
with IPF (Rajala et al., 2018). However, these earlier studies did not report the
use of LTOT or NIV in the patients studied. In this thesis, the severity of dry
mouth was more severe and prevalent in patients with chronic respiratory
insufficiency due to COPD or ILDs compared with previous studies (Eckerblad
et al., 2014; Lim et al., 2017; Rajala et al., 2018). This might be due to the more
frequent use of NIV or LTOT, as all the patients in our study had either LTOT
or NIV compared with these previous studies concerning the symptoms of
patients with certain diseases needing or not needing LTOT or NIV. The use of
NIV or LTOT might cause dry mouth through the stronger airflow. Additionally,
other factors, such as medication (e.g., anticholinergics) and mouth breathing due
to shortness of breath, may lead to dry mouth. We observed that patients with
OHS also suffered from several symptoms, of which pain upon movement was
the most severe. We suggest that this might be due to musculoskeletal symptoms
as a result of overweight. To our knowledge, the symptom burden in patients
with OHS has not been reported previously.

Altogether, 38.9% of the patients with chronic respiratory insufficiency
suffered from depressive symptoms (scoring at least 9 points on the DEPS), as
reported in a previous study by Kerminen et al. (34%) (Kerminen et al., 2019).
Depression is often underdiagnosed in patients with COPD and has been
reported to be common in those with severe COPD needing or not needing
LTOT (Lewis et al, 2007). However, some previous studies have reported
contradictory results that depression may be even more prevalent in patients
needing LTOT than in those not needing LTOT (Kayhan et al., 2018; Lacasse et
al., 2001; Matte et al., 2016). There are no specific studies on the prevalence of

depression in the overall population of patients on NIV, as previous studies have
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focused on some specific diseases. Few studies on patients with OHS have
reported CPAP treatment to reduce depressive symptoms (Argun Baris et al.,
2016; Bouloukaki et al., 2018). In our study, the median DEPS score was over 9
(threshold for depressive symptoms) in patients with ILDs and under 9 in
patients with COPD, OHS or heart diseases. Previous studies have shown
depression to be prevalent in patients with ILDs, especially IPF, even without
oxygen therapy (Carvajalino et al., 2018; Lee et al., 2017).

Depression should be screened systematically in patients with chronic
respiratory insufficiency, as depression has been reported to be associated with
more exacerbations and a greater utilization of emergency care (Blakemore et al.,
2019; Miravitlles et al., 2014). We observed that depressive symptoms (as
determined by a score of at least 9 on the DEPS) were also associated with a
higher overall symptom burden. In a previous study by Kerminen et al,
depressive patients with chronic respiratory insufficiency were reported to have
more severe dyspnoea than patients without depression (Kerminen et al., 2019).
In this thesis, we observed that the threshold for depression in the DEPS was
more commonly reached in patients with more severe dyspnoea and vice versa.
Patients with depressive symptoms suffered from more severe dyspnoea,
therefore suggesting that both were associated with each other. Additionally,
previous studies have reported the association of dyspnoea and depression in
patients with ILLDs and COPD (Holland et al., 2014; Martinez Rivera et al., 2016;
Rajala etal., 2017; Ryerson et al., 2011, 2012). Furthermore, pulmonary symptoms
have been reported to be more severe in depressive patients with COPD (Doyle
et al,, 2013; Sundh & Ekstrém, 2016). However, to our knowledge, there are no
previous studies concerning the association of other symptoms, apart from
pulmonary symptoms, with depression in patients with chronic respiratory
insufficiency.

In this study, we observed that the depression question on the ESAS was able
to identify patients with depressive symptoms as measured with the DEPS
questionnaire. Cut-point scores between 2 and 4 on the ESAS depression
question have been suggested for patients with cancer or in palliative care as a
trigger point for a more detailed depression evaluation (Boonyathee et al., 2018;
Oldenmenger et al., 2013; Ripamonti et al., 2014; Vignaroli et al., 2000).
Additionally, in this study, the probability of a patient scoring at least 9 on the
DEPS was 89% if they scored at least 4 on the ESAS depression question.
Therefore, a score of at least 4 on the ESAS depression question might also be
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considered a trigger point for further diagnostic tests for depression in patients
with chronic respiratory insufficiency.

Respiratory failure has been reported to be an independent factor associated
with a higher perception of dyspnoea in general (Ekstrém et al., 2016b). We also
observed that more severe dyspnoea was associated with a higher overall
symptom burden, including depression, in patients with chronic respiratory
insufficiency due to COPD or ILDs. In our study, patients with severe dyspnoea
(mMRC 4) had moderate or severe symptoms of pain upon movement, tiredness,
shortness of breath and dry mouth. They also had significantly higher total scores
on the ESAS than patients scoring 0-3 on the mMRC. A previous study by Rajala
et al. showed that a higher mMRC score was associated with a more severe overall
symptom burden in patients with IPF, but they did not report whether this was
associated with chronic respiratory insufficiency (Rajala et al., 2017). A previous
study by Elbehairy et al. reported on the use of comprehensive, individualized
treatment of dyspnoea to reduce perceived dyspnoea as well as emergency visits
(Elbehairy et al., 2020).

More severe dyspnoea should be a trigger point for comprehensive symptom
screening and the treatment of other possible symptoms. Depression should be
screened for in every patient with chronic respiratory insufficiency, as it is
common and might worsen the overall symptom burden and dyspnoea.

6.4 Survival and factors associated with survival

We observed that the survival was worse in patients on LTOT (68.2%) than in
those needing NIV (43.9%). The median survival time was 1.8 years in patients
on LTOT but slightly longer (2.9 years) in those needing concomitant NIV. In
this study population, the median survival time was not reached in patients on
NIV, as less than 50% of them died during the follow-up. However, a recent
study by Patout et al. reported the median survival time to be 6.6 years in patients
needing NIV due to various underlying diseases (Patout et al, 2020) The
difference between survival in patients on LTOT and those on NIV is probably
not due to the type of device used but the differences in the underlying diseases
and the type of respiratory insufficiency concerned.

The survival of patients with chronic respiratory insufficiency was greatly
associated with the underlying disease, as previously reported (Chailleux et al.,
1996; Laub & Midgren, 2007; Patout et al., 2020). The survival was worst in
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patients with ILDs, as 91% of these patients died during the follow-up time, and
their median survival was only 0.9 years, which was approximately the same as
that previously reported in a study by Ahmadi et al. on oxygen-dependent patients
with ILDs (0.7 years) (Ahmadi et al., 2016b). However, a far eatlier study reported
a survival of 1.3 years in patients with pulmonary fibrosis on LTOT (Chailleux et
al,, 1996). In our study, IPF was the most common diagnosis in patients with
ILDs. The disease course in IPF is often unpredictable, with varying disease
progression, but its course is usually progressive and fatal, as the median survival
time from diagnosis is only approximately 4.5 years (Kaunisto etal., 2019). As the
disease progresses, impaired gas exchange leads to hypoxaemia; therefore,
survival is even worse at the time of LTOT initiation. Only a small proportion of
patients with ILDs needed both LTOT and NIV (8 patients), and their median
survival was only 0.2 years.

In patients on LTOT, the survival of patients with ILDs was worse than that
of patients with COPD (0.9 years vs. 2.4 years), which is in line with an earlier
study by Crockett et al. (Crockett et al., 1991). The survival of patients with
COPD on LTOT in our study was better than that in a study by Law et al. (1.5
years) (Law et al., 2014). The median survival of patients with COPD on NIV
was slightly better (4.4 years) than that in a previous study by Blankenburg et al.
(3.9 years) (Blankenburg et al., 2017). Survival has been reported to be poor
despite the use of NIV in patients with COPD and LTOT (Murphy et al., 2017).
The actual reason for this is probably not studied well enough; however, it might
be due to the initiation of LTOT fairly late in the disease course, although
according to the specific criteria defined by guidelines, or due to the worse
survival in patients with an emphysematous phenotype causing hypoxaemia (Brat
etal, 2021). Another COPD phenotype results in hypoventilation, in which goal-
directed NIV has been reported to have an effect on mortality (Kohnlein et al.,
2014) and thus probably better survival than patients on LTOT. A previous study
by Gainza-Miranda et al. on patients with advanced COPD on LTOT, of whom
one-third had concomitant NIV, reported the survival being only 8.3 months
after these patients had been referred to palliative care (Gainza-Miranda et al.,
2019) In our study, those patients on NIV, despite the underlying disease, who
also needed LTOT had worse survival than those not on LTOT. Most of the
previous studies have been conducted in patients with COPD receiving LTOT,
and some of them have had concomitant NIV; thus, there are no specific studies
on differences in survival between patients on NIV and patients on NIV and
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concomitant LTOT concerning patients with chronic respiratory insufficiency
due to heterogeneous underlying diseases.

Patients with OHS needing NIV had the best survival compared with patients
with other diagnoses, even though approximately one-fourth of them died during
the follow-up time; thus, the survival was approximately 75%, with varying
median follow-up times of approximately 2-6 years. Previous studies have
reported 5-year survival rates between 65.0 and 70.2% in patients with OHS
needing NIV (Budweiser et al., 2007a; Masa et al., 2019b). Patients with OHS
have hypoventilation due to obesity and not progressive or advanced respiratory
disease, probably explaining their better survival than other patients on NIV
(Patout et al, 2020). NIV may prolong survival but it does not affect the
underlying disease progression in advanced respiratory diseases and ALS, whereas
NIV may be regarded as a treatment modality for chronic and stable OHS. Even
though the sample of patients with ALS was small, with only 10 patients, their
median survival (1.8 years) was impaired compared with that in other patients.
This median survival was slightly higher than that reported in previous studies by
Kleopa et al. and Sancho et al., who reported a mean survival time of 1.2 years
and a median survival time of 1.5 years, respectively (Kleopa et al., 1999; Sancho
et al., 2018). A previous study by Laub et al. reported that the survival was only
20% 2 years after the initiation of NIV or invasive ventilation (2.4%) in patients
with ALS (Laub & Midgren, 2007).

Being able to act independently in activities of daily living is an important
factor affecting the survival of patients with chronic respiratory insufficiency.
Even in the general population of elderly people, the increased need for help in
ADL is associated with impaired survival in the short term (Stineman et al., 2012).
In our study, in both patients on LTOT and those on NIV, needing help in ADL
was associated with worse survival. In a previous study concerning ADL in
people at least 70 years of age, patients with COPD were more likely to have
difficulties in ADL and were less likely to be physically active than patients
without COPD (Liu et al., 2014), and further, moderate and severe COPD was
associated with increased difficulties in ADL (Kanervisto et al., 2010). Patients
with COPD and on LTOT have been reported to be less likely to be independent
in ADL than patients with COPD not needing LTOT, but several factors, such
as depression, also affect the loss of independence in ADL (Okubadejo et al,,
1997; Paneroni et al., 2019).

At the time a patient with ILD has an advanced disease leading to the initiation
of LTOT, the end-of-life aspects should be taken into consideration with the
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patient, as these patients are at risk of dying during the following year.
Additionally, the initiation of LTOT for patients with COPD and the need for
help with ADL should be trigger points for ACP conversations, as their survival
is markedly impaired.

6.5  End-of-life aspects

Overall, most of the patients on LTOT and NIV had DNR decisions made, and
these decisions were made approximately 3 and 6 months prior to death in
patients on LTOT and NIV, respectively. Furthermore, far fewer patients had
EOL decisions made before death, a finding that is in line with those of previous
studies (Nava et al., 2007; Rajala et al., 2016; Tavares et al., 2017).

Of the patients with IPF and on LTOT, as many as 67% died in the hospital,
which was considerably more than previously reported (46%) (Ahmadi et al.,
2016b). Additionally, another previous study on patients with IPF that did not
report the need for LTOT reported that 57% of the patients died in the hospital
(Lindell et al., 2015). However, in a Finnish study on deceased patients with IPF,
in 80% of the patients, the place of death was a hospital (Rajala et al., 2016). As
the disease course is variable and unpredictable in IPF, it is difficult to make DNR
decisions and have timely ACP conversations with well-planned and
comprehensive treatment even in advanced disease, although this is strongly
recommended (Jabbarian et al., 2018). In our study population, more patients
with IPF on LTOT had DNR decisions made (83%) than in a previous study by
Rajala et al. (57%), but fewer patients had EOL decisions made (25%) than in the
studies by Rajala et al. (32%) and Ahmadi et al. (41%) (Ahmadi et al., 2016b;
Rajala etal., 2016). In our patients with ILD, the median time from DNR decision
to death was 16 days, and the DNR decision was made for 44% of the patients
two weeks before death, whereas in the previously mentioned study by Rajala et
al., as many as 42% of the DNR decisions were made 3 days prior to death. Taken
together, these results show that DNR decisions are made very late in the course
of disease, which therefore might explain, at least partly, the high proportion of
hospital deaths. In the study by Lindell et al., only a few patients (13.7%) were
referred to palliative care, which occurred close to death (Lindell et al., 2015).
Patients with ILDs are even less likely to be referred to palliative care than
patients with lung cancer, although they have been reported to suffer from more
severe and often untreated dyspnoea (Ahmadi et al., 2016b).
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The cause of death in patients with COPD was most commonly COPD
(59%), and other causes were heart diseases, cancer and chronic respiratory
insufficiency. A previous study by Soto-Campos et al. reported the causes of
death to be malignancies, acute respiratory insufficiency and cardiovascular
diseases in hospitalized patients with COPD (Soto-Campos et al., 2013). In this
thesis, DNR decisions were made for approximately 78% of the patients with
COPD on LTOT or NIV, which was slightly less than that in a previous study
by Fu et al. (86%) (Fu et al., 2018). Fu et al. also reported that only 30% of the
DNR decisions were made before the last admission prior to death. In this study,
patients with COPD were less likely to die in the hospital than patients with ILDs,
but 53% of patients with COPD died in the hospital. In a previous study by
Gainza-Miranda et al., patients with advanced COPD treated by a palliative home
care team reported that 55% had an ACP conversation before death, and only
9% of the patients died in the hospital (Gainza-Miranda et al., 2019). EOL
decisions were made for 29% of the patients with COPD in our study population.
Our number of patients with DNR decisions was far higher and our percentage
of patients with EOL decisions was far lower than those in the study by Gainza-
Miranda et al., but their study population concerned patients already in palliative
care, which might partly explain the lower percentage of deaths in the hospital.
However, the treatment of patients with advanced respiratory disease and chronic
respiratory insufficiency should contain a more systematic evaluation of the state
of disease and ACP conversations, as recommended in guidelines (“GOLD,”
2021; Lanken et al., 2008).

Patients with OHS had better survival, with approximately 25% of them dying
during the follow-up. The most common causes of death were heart diseases and
other comorbidities. Previously hospitalized patients with OHS have been
reported to have a survival of 81% at a mean follow-up time of 3.2 years, and
48% of them had been misdiagnosed as having COPD instead of OHS (Marik &
Chen, 2016). Thus, OHS itself, if treated on NIV, might not affect survival as
much as the prevalence and severity of other diseases associated with marked
obesity, as these are more important predictors of survival (Borel et al., 2013),
even though there are also controversial studies on the effect of comorbidities
(Budweiser et al., 2007a).

DNR decisions were carried out well in patients with chronic respiratory
insufficiency, but, especially in patients with ILDs, they were made too late in the
course of disease. EOL decisions had been made for far fewer patients with

chronic respiratory insufficiency, which might have affected the high proportion
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of hospital deaths. Patients with COPD and ILDs died mainly of the disease
concerned, but patients with OHS died of comorbidities, thus suggesting more

comprehensive treatment of patients with OHS.

6.6  Strengths and limitations

This thesis, which was based on retrospective studies, provides a real-life
undivided sample of patients visiting the respiratory insufficiency clinic and
therefore also needing more health-care services. This study provides information
on which aspects a clinician should pay attention to when treating a patient on
LTOT or NIV. These studies have quite a long follow-up time, and the sample
of patients is large. Additionally, comprehensive information on other diseases
suffered by patients with chronic respiratory insufficiency is included. This thesis
provides practical information for clinicians treating patients with chronic
respiratory insufficiency, in particular, which patients needs closer follow-up and
which factors may be trigger points for advance care planning.

In elderly multimorbid people it is sometimes difficult to state the main disease
and primary cause of respiratory insufficiency and which diseases are
comorbidities. Due to the retrospective nature of the study, there were missing
values in questionnaires, arterial blood gas samples in room air and spirometry
results as a result of poor condition or an unwillingness of patients or missing
values for unknown reasons. Some of the arterial blood gas values were missing
the information on whether they were taken with or without oxygen or NIV. The
first study comprised patients who visited the clinic for one year. Therefore, the
patients with more difficulties on LTOT or NIV might have had more visits to
the clinic and therefore a greater tendency to be included in the study than the
patients with fewer problems and longer periods between visits. Furthermore,
some patients might have been more willing to answer the questionnaires than
other patients with poorer clinical conditions and co-operation.

In Study IV, which dates back to 2012-2015, the pressures used in NIV were
lower than suggested based on studies published after our study years
(Duiverman, 2018). However, the target PCO: level was achieved in these
patients as recommended (Ergan et al., 2019; Macrea et al., 2020), even though
initiation in an acute setting might have affected the results. A previous study by
Crimi et al. reported that although high-pressure settings have been
recommended to normalise PCO; to obtain improved survival and quality of life,
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the most common mode of NIV was still low-pressure settings (Crimi et al.,
2016). Crimi et al. also reported that NIV was also initiated in some cases to
relieve dyspnoea, reduce hospital admissions and improve quality of life in
patients with COPD. However, based on the current recommendations, some of
the patients might have needed higher pressures to obtain a faster and sufficient
reduction in PCOz (Ergan et al., 2019).

6.7  Clinical implications and future considerations

Patients with chronic respiratory insufficiency suffer from a wide variety of
symptoms that are often underdiagnosed and become more difficult and
prevalent as the severity of dyspnoea increases. Depression is often
underdiagnosed and undertreated in these patients, further increasing dyspnoea
and overall symptom burden. Therefore, systematic overall symptom screening
is suggested for all patients with chronic respiratory insufficiency. Furthermore,
effective treatment of dyspnoea and depression is suggested, as it might positively
affect the quality of life and use of health-care services in these patients. If a
patient scores at least 4 points on the ESAS depression question, more accurate
diagnostic tests of depression should be targeted for these patients, and, if
needed, a referral to a psychiatric nurse or psychiatrist should be made. Overall,
a score at least 4 on any of the ESAS questions should lead to a more precise
evaluation and treatment of the symptoms.

Clinicians treating patients with chronic respiratory insufficiency should be
aware of the factors associated with survival. Trigger points for ACP
conversations might be the need to initiate LTOT, especially if the underlying
disease is an ILD. However, the need for NIV in patients with OHS is not a sign
of poor survival, but clinicians should pay attention to the comprehensive
treatment of these patients, including comorbidities. In all the patients with
chronic respiratory insufficiency, regardless of the underlying disease or the type
of respiratory insufficiency, the need for help in ADL was associated with worse
survival, and they were at a risk of dying during the following year or two after
the initiation of LTOT and during the three years following the initiation of NIV.
Therefore, the need for help in ADL should be screened at every follow-up visit,
and when the time comes for the need for outside help, it might be considered a
trigger point for ACP conversations.
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The treatment of patients with chronic respiratory insufficiency should be
even more comprehensive in the future, taking into account the symptoms
deriving from the underlying disease and comorbidities. More research is needed
to obtain long-term follow-up information on how the overall symptom burden
evolves before death in patients with chronic respiratory insufficiency and how
these symptoms respond to different treatments. Furthermore, more research is
needed on how DNR decisions with ACP conversations affect health-care
utilization in the last months of life in patients with chronic respiratory
insufficiency. Additionally, education and guidelines for end-of-life planning are
needed for the palliative care of patients with non-malignant diseases with
chronic respiratory insufficiency, excluding OHS. There is some evidence that
NIV and high-flow oxygen alleviate dyspnoea in patients with advanced cancer
but more studies are needed (Hui et al., 2013). More studies are also needed to
determine how patients on LTOT and NIV are cared for in different hospitals
and for whom not to initiate LTOT or NIV. Furthermore, it is also important to
develop national guidelines on how the processes of the initiation of LTOT and
NIV are carried out, as well as how follow-ups are organized in the future to
provide uniform treatment protocols for patients with chronic respiratory

insufficiency, including symptom-centred and palliative care aspects.
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7 SUMMARY AND CONCLUSION

This was a retrospective cross-sectional study concerning patients with chronic

respiratory insufficiency visiting the respiratory insufficiency clinic of Tampere

University Hospital. We studied the symptom burden among patients with

chronic respiratory insufficiency (Studies I and II) and the survival and factors

associated with survival in patients in whom long-term oxygen therapy or long-

term noninvasive therapy was initiated (Studies I1I and IV).

The main findings are as follows:

1.

Patients with chronic respiratory insufficiency suffered from a high
symptom burden. The most severe symptoms were shortness of breath,
dry mouth, tiredness and pain upon movement. The symptoms were more
severe in patients with depressive symptoms, who scored at least 9 points
on the Depression Scale questionnaire. The depression question on the
ESAS seemed to be able to identify patients’ depressive symptoms as
measured by the DEPS questionnaire.

More severe dyspnoea upon exercise was associated with more severe
symptoms and overall symptom burden in patients with chronic
respiratory insufficiency due to COPD or ILDs, as tiredness, shortness of
breath, a lack of appetite, nausea, dry mouth, anxiety and well-being
measured with the ESAS were significantly more severe in patients with
an mMRC score of 4 than in patients with mMRC score of 0-3. More
severe dyspnoea upon exercise was also associated with an increased need
for help in ADL.

The overall survival of patients with chronic respiratory insufficiency
varied greatly depending on the underlying disease and type of chronic
respiratory insufficiency. The need for help in activities of daily living was
associated with shorter survival in all patients. Overall, patients on LTOT
had shorter survival than patients on NIV, and of them, patients with
ILDs were at a greater risk of dying in approximately one year. In addition,
concomitant use of LTOT in patients on NIV was associated with poor

survival.
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4. Patients with chronic respiratory insufficiency mainly died in the hospital
after they had been admitted through the emergency department. Most of
the deceased patients had DNR decisions made, but less than half of them
had EOL decisions made even though they had advanced disease with

OOt prognosis.

In conclusion, patients with chronic respiratory insufficiency suffer from a
wide variety of symptoms, of which dyspnoea is the most common and severe,
further aggravating other symptoms. Untreated depression further worsens
dyspnoea and other symptoms. Therefore, comprehensive and systematic
symptom screening and efficient symptom management are needed. As the
survival of patients needing help with ADL and those on LTOT is poor, ACP
conversations should be considered at the time of the initiation of LTOT or when
a patient becomes more dependent on outside help in ADL. Since many of the
deceased patients died in the hospital even though they had DNR decisions made,
timely ACP conversations with context expanding over limits of care should be
integrated for the treatment of patients with chronic respiratory insufficiency due

to advanced respiratory disease to obtain a better quality of end of life.
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9 APPENDIX

Edmonton Symptom Assessment System (ESAS) Questionnaire

Nimi
TAYS Henkil Stunnus
OIREKYSELYKAAVAKE
ESAS (mubkasltuversio) Pvm Osasto
Kuinka voitte tinfifin?

Ympyroikii sopivin vaihtoehto numeroista ajatellen vointianne nvkyiselli liskitykselli ja
hoidolla Lopuksi alleviivatkaa hiiritsevin oire.

Kipu- levossa | |

Eilwmkaan © 1 2 3 4 5 ¢ 7 8 % 10 Pahmmahdolimen

Kipu-liikkuessa | 1

Eilainkaan 0 1 2 3 4 5 6 7 8 9 10  Pahin mahdolinen

Viisymys/uup

I
|
Eilamkaan 0 1 2 3 4 5 6 T 8 ¥ 10 Pahinmahdollinen

Hengenahdistus

Eilainkaan 0 1 2 3 4 5 6 7 8 9 10 Pahin mahdollinen

Roolahabatt 1 ]

Eilaikaan ¢ 1 2 3 4 5 & T & P 10 Pahimmahdelinen

Pahoinvointi | |

Eilaimkaan 0 1 2 3 4 5 6 7 8 9 10  Pahinmahdollinen
Suun knivuminen | |

Filainkaan 0 1 2 3 4 5 1] T 8 9 10  Pahin mahdollinen

Eilamkazn 0 1 2 3 4 5 6 7 8 9 10  Pahin mahdolimen

Masennus } |

Elhmkamn 0 1 2 3 4 5 [ 7 8 o 10 Pahimmahdolinen

Ahdistuneisuus | |

Eilamkaan 0 1 2 3 4 5 6 7 &8 9 10  Pahinmahdolinen

Unettomuus

|
|
Eilakaan 0 1 2 3 4 5 6 7 8 9 10 Pahinmahdollinen

Millaisena koette vointinne kokonasundessaan tindin ?

| ]
1

|
Parasmahdolimen 0 1 2 3 4 5 6 7 8 9 10 Huonoinmahdollnen
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Depression Scale (DEPS)

DEPS-testi

Alla olevassa luettelossa esitetaan Sinua itsedsi koskevia vaitteita. Valitse jokaisen vaitteen kohdista se vaihtoehto,
joka parhaiten vastaa mielentilaasi viimeksi kuluneen kuukauden aikana.

Viimeksi kuluneen kuukauden aikana Enlainkaan (0 p) Jonkin verran (1 p) Melko paljon (2 p) Erittédin paljon (3 p)
Kérsin unettomuudesta. E E & B
Tunsin itseni surumieliseksi. C ‘@ ] @
Minusta tuntui, etta kaikki vaati ponnistusta. Cl C Cl C
Tunsin itseni tarmottomaksi. '® ‘@ &l &
Tunsin itseni yksindiseksi, (@] C Cl |
Tulevaisuus ndytti toivottomalta. B B B B
En nauttinut elimdsténi. @] C Cl B
Tunsin itseni arvottomaksi. ] C Cl C
Tunsin, ettd kaikki ilo on havinnyt elimésténi. C C Cl B
Minusta tuntui, ettei alakuloisuuteni hellittanyt edes C ‘el &

perheeni tai ystavieni avulla.

Pisteet yhteensa:

DEPS-seulassa 9 pistettd tai enemman saaneista noin kolmasosalla ja 12 pistetta tai enemman saaneista
lahes puolella on depressio.
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Medical Research Council Dyspnoea Scale (mMRC)

Medical Research Councilin hengenahdistusasteikko

Nimi ja sotu:

Pvmn:

Laittakaa rasti sen tason kohdalle, joka kuvastaa hengenahdistustanne parhaiten.

Hengistyn vain rasittavasta litkkunnasta

Hengistyn, jos lukun kureisesti tasamaalla tai kiavelen

loivaa ylamakea

Kivelen hengenahdistuksen takia samanikiisia thmisia
hitaammin tasamaalla tai minun taytyy pysahtya hengittamasn,

kun kavelen tasamaalla omaan tahtiini

Pysihdyn hengittiamain kaveltyani nom 100 metria tai

muutaman minuutin tasamaalla

Olen niin hengidstynyt, etten voi lihted kotoa tai hengiistyn,

kun pukeudun tai rusuudun
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Abstract

Obijectives: Patients with chronic respiratory insufficiency suffer from advanced disease, but their overall symptom burden is
poorly described. We evaluated the symptoms and screening of depression in subjects with chronic respiratory insufficiency
by using the Edmonton symptom assessment system (ESAS). Methods: In this retrospective study, 226 subjects with chronic
respiratory insufficiency answered the ESAS questionnaire measuring symptoms on a scale from 0 (no symptoms) to 10
(worst possible symptom), and the depression scale (DEPS) questionnaire, in which the cut-off point for depressive symptoms
is 9. Results: The most severe symptoms measured with ESAS (median [interquartile range]) were shortness of breath 4.0
(1.0-7.0), dry mouth 3.0 (1.0-7.0), tiredness 3.0 (1.0-6.0), and pain on movement 3.0 (0.0-6.0). Subjects with a chronic obstructive
pulmonary disease as a cause for chronic respiratory insufficiency had significantly higher scores for shortness of breath, dry
mouth, and loss of appetite compared to others. Subjects with DEPS >9 reported significantly higher symptom scores in all
ESAS categories than subjects with DEPS <9. The area under the receiver operating characteristic curve for ESAS depression
score predicting DEPS >9 was 0.840 (P<.001). If the ESAS depression score was 0, there was an 89% probability of the
DEPS being <9, and if the ESAS depression score was >4, there was an 89% probability of the DEPS being >9. The relation
between ESAS depression score and DEPS was independent of subjects’ characteristics and other ESAS items. Conclusions:
Subjects with chronic respiratory insufficiency suffer from a high symptom burden due to their advanced disease. The severity
of symptoms increases with depression and 4 or more points in the depression question of ESAS should lead to a closer diag-
nostic evaluation of depression. Symptom-centered palliative care including psychosocial aspects should be early integrated into
the treatment of respiratory insufficiency.

Keywords
chronic respiratory insufficiency, Edmonton symptom assessment system, depression, symptoms, chronic obstructive pulmonary
disease

Introduction ) o L
risk of hospitalization, emergency care use, and impaired prog-

Chronic respiratory insufficiency and the need for noninvasive
ventilation (NIV) or long-term oxygen therapy (LTOT) are
often signs of advanced disease and poor prognosis. Patients
with advanced respiratory disease typically have severe breath-
lessness, but some other symptoms are reported as well.'™
Patients may suffer from pain, loss of energy, dry mouth,
cough, depression, and anxiety in addition to dyspnea.®”
Comorbidities further enhance the symptom burden in advanced
respiratory diseases and significantly affect patients’ quality of
life and survival.'®'! Guidelines and previous studies have
recommended to systematically screen symptoms other than
dyspnea in patients with advanced respiratory disease."'*'?
Depression is common in diseases causing chronic respira-
tory insufficiency, such as chronic obstructive pulmonary
disease (COPD) and interstitial lung disease.>*'* Depressive
symptoms increase perceived symptom burden and impair
quality of life 341510 They have also been associated with a

nosis.'*!7!8 Therefore, systematic screening of depression in
patients with advanced respiratory diseases and chronic respira-
tory insufficiency is warranted.
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Patients with chronic respiratory insufficiency suffer from
multimorbidity demanding medical attention. Their proper
treatment requires knowledge of individual symptom
burdens beyond breathlessness. Previous studies have
focused on different advanced pulmonary diseases, but not
on an unselected population of chronic respiratory insuffi-
ciency.">?1®  Therefore, studies describing the overall
symptom burden, prevalence of depression, or the relationship
between depression and other symptoms in patients with
chronic respiratory insufficiency are needed.

We aimed to describe the overall symptom burden in sub-
jects with chronic respiratory insufficiency and to assess the
association between depression and other symptoms. We also
assessed how well a single question on depression as part of
the Edmonton symptom assessment system (ESAS) reflects
depressive symptoms measured by a more thorough depression
scale (DEPS) questionnaire.

Methods

All patients with chronic respiratory insufficiency who visited
the respiratory insufficiency clinic of Tampere University
Hospital from October 1, 2016, to October 31, 2017, were
included in this retrospective study. Information on sex, age,
weight, height, living conditions, smoking status, diagnoses,
microspirometry results, scores of ESAS and DEPS, and the
date of death (follow-up until December 31, 2018) were col-
lected from the medical records. The disease-causing chronic
respiratory insufficiency and the need for NIV or LTOT were
defined as the primary disease, while all other diseases were
considered as comorbidities. The Charlson comorbidity index
was calculated for the subjects based on the number and severity
of their comorbidities.'*°

Questionnaires

In the respiratory insufficiency unit of Tampere University
Hospital, patients are asked to complete the ESAS and DEPS
in addition to the normal medical assessment. The ESAS was
originally developed for assessing the symptoms of patients
with advanced cancer in palliative care, but it is a commonly
used method for assessing symptoms in patients with many
advanced diseases.”"** In the ESAS, different symptoms per-
ceived on that day are measured on a numeric rating scale
from 0 (no symptoms) to 10 (the worst possible symptoms).>>*
In our clinic, we use a modified version with 12 questions cov-
ering 11 symptoms (pain at rest, pain on movement, tiredness,
shortness of breath, loss of appetite, nausea, dry mouth, consti-
pation, depression, anxiety, and insomnia) and general well-
being (0 for the best possible well-being and 10 for the worst
possible well-being).

The DEPS is a validated, self-assessed screening tool for
depression.”> The DEPS questionnaire consists of 10 questions
and provides a total score varying from 1 to 30 points. The sug-
gested cut-offs for depressive symptoms and clinical depression
are >9 and >12, respectively.26 The cut-off level of 9 points has

a high sensitivity to detect the possibility of depression and is
therefore used as a threshold for further diagnostic evaluation
of depression.?*%°

Statistical Analysis

The distributions were nonnormal based on Shapiro—Wilk test
and, thus, nonparametric tests were used. Comparisons of dif-
ferent groups were performed by the Mann-Whitney U test or
Kruskal-Wallis test for continuous variables and Pearson’s
chi-square test or Fisher’s exact test for categorical variables.
To evaluate the capacity of the ESAS depression score to
predict DEPS >9, a receiver operating characteristic curve
(ROC) analysis was performed. Additionally, the sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of the values were calculated. To assess
if the relation between depression and other symptoms is inde-
pendent of other demographic factors, we conducted a logistic
regression multivariate analysis. Statistical significance was
set as P<.05. Analyses were performed with IBM SPSS
Statistics version 26.0. (IBM Corp.).

Ethical Consideration

This study was approved by the Regional Ethics Committee of
Tampere University Hospital, Finland (approval code R15180 /
December 1, 2015).

Results

Altogether, 270 subjects with chronic hypoxemic or hypercap-
nic respiratory insufficiency visited the respiratory insuffi-
ciency clinic of Tampere University Hospital during the
follow-up time. Of those, 226 subjects had completed the
ESAS questionnaire. The reasons for missing ESAS results
were as follows: inability to complete the questionnaire (n =
9), unwillingness to answer the questionnaire (n =4), and tech-
nical or unknown reasons (n=31). Of these 226 subjects with
ESAS questionnaires, DEPS was available for 208 subjects.
The reasons for missing DEPS were as follows: unwillingness
to answer the questionnaire (n=4) and technical or unknown
reasons (n = 14).

The subject characteristics are shown in Table 1. The most
common primary diseases causing the need for NIV or LTOT
were COPD and obesity-hypoventilation syndrome (OHS).
The treatment for respiratory insufficiency was NIV in 92
(40.7%) and LTOT in 85 (37.6%) of the subjects, while 21
(9.3%) of the subjects had both NIV and LTOT. Twenty-two
subjects had only portable oxygen, and 1 subject was treated
with continuous positive airway pressure (CPAP) due to
OHS. Five subjects with respiratory insufficiency refused to
use NIV or LTOT. Of the deceased subjects, 59.2% died
during the first year after visiting the respiratory insufficiency
clinic.

Symptoms measured by ESAS in the whole group and
according to the primary disease are shown in Table 2. In
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Table I. Subject Characteristics in all Subjects and According to the Primary Diagnosis Causing Respiratory Insufficiency.
All subjects COPD OHS Others®
(n=1226) (n=104) (n=61) (n=61) P-value*
Gender, n (%)
Male 130 (57.5) 69 (66.3) 31 (50.8) 30 (49.2) .046
Female 96 (42.5) 35(33.7) 30 (49.2) 31 (50.8)
Age, median (IQR) 72.0 (65.0-79.0) 73.0 (68.3-79.0) 69.0 (61.0-78.0) 71.0 (60.5-80.0) .009
BMI (kg/m?), median (IQR)® 30.0 (23.8-38.5) 24.6 (20.8-30.7) 423 (38.5-49.9) 28.8 (24.9-32.5) <.001
Smoking status, n (%)
Never-smoker 65 (28.8) 3(29) 23 (37.7) 39 (63.9) <.001
Ex-smoker 141 (62.4) 94 (90.4) 27 (44.3) 20 (32.8)
Smoker 19 (8.4) 7 (6.7) 11 (18.0) 1 (1.6)
Unknown 1 (0.4) 0 (0.0) 0 (0.0 1 (1.6)
FEV), liters, median (IQR)* 1.16 (0.71-1.67) 0.78 (0.57-1.18) 1.60 (1.20-1.95) 1.37 (0.96-1.80) <.001
Charlson comorbidity index, 2.0 (1.0-3.0) 2.0 (0.0-2.0) 2.0 (1.0-3.0) 1.0 (0.0-2.5) .032
median (IQR)
Died before December 31, 2018, n (%) 71 (31.4) 44 (42.3) 7 (11.5) 20 (32.8) <.001

Abbreviations: COPD, chronic obstructive pulmonary disease; OHS, obesity-hypoventilation syndrome; IQR, interquartile range; BMI, body mass index; FEV/,

forced vital capacity in | s.
*P-value between the subjects with COPD, OHS, and others.

*Others consisting of neurological diseases (n = 14), thoracic deformity (n= [4), interstitial lung diseases (n= 13), heart diseases (n=12), sleep apnea (n=2),

and others (n=6).
®Data were missing in | subject: confined to bed.
“Data were missing in 7 subjects: lack of cooperation (3), no respiratory disease (4).

addition to shortness of breath, the most noticeable symptoms
were dry mouth (3.0), pain on movement, and tiredness.
Subjects with COPD reported more severe shortness of
breath, dry mouth, and loss of appetite compared to other
groups. Symptom scores for pain at rest were missing in 9 sub-
jects and in other categories in 3 to 6 subjects.

Of the subjects who completed the DEPS questionnaire, 81
(38.9%) scored >9 points reaching the cut-off for depressive
symptoms. The symptom severities measured by ESAS in the
subjects with <9 and >9 points in DEPS are shown in
Table 3. The proportion of subjects having DEPS >9 points
did not significantly differ between subjects with different
primary diseases (41.7% in COPD, 38.2% in OHS, and
35.1% in other diseases, P =.72). All the symptoms were signif-
icantly more severe in subjects with DEPS >9 compared to
those with DEPS <9.

We evaluated the capacity of the ESAS depression score to
predict whether DEPS is below 9 or at least 9 points by creating
a ROC curve. The area under the ROC curve was 0.840 (P<
.001) (Figure 1). The sensitivity, specificity, and positive and
negative predictive values for ESAS scores to predict DEPS
>9 are shown in Table 4. If the ESAS depression score was
0, there was an 89% probability that the subject would score
below 9 points in DEPS. Similarly, if the subject reported at
least 4 points in the ESAS depression score, there was an
89% probability for him/her to score at least 9 points in the
DEPS.

To assess if the ESAS depression score is associated with
DEPS independently of other ESAS questions and demographic
details of subjects, we conducted a logistic regression model
with DEPS >9 points as the dependent variable and gender,

age, use of NIV, and use of LTOT and ESAS depression
score as explanatory variables. In this model, only the ESAS
depression score was independently associated with DEPS
being >9 points. We then 1 by 1 added other ESAS variables
to the model and only ESAS well-being and insomnia scores
separately were associated with DEPS being >9 points, but
they did not affect the significance of ESAS depression score
in predicting DEPS >9 points. Further, they were not associated
with DEPS being >9 points, if included both in the model
(Supplemental Table 1). Other ESAS items and other demo-
graphic details were not significantly associated with DEPS
>9 points and did not affect the relation between ESAS depres-
sion score and DEPS.

Discussion

We showed a high symptom burden in subjects with chronic
respiratory insufficiency. In addition to impaired well-being,
the most severe symptoms were shortness of breath, pain on
movement, tiredness, and dry mouth. Shortness of breath, dry
mouth, and loss of appetite were more severe in subjects with
COPD compared to other subjects. Subjects with depressive
symptoms measured with the DEPS questionnaire had higher
scores in all ESAS categories than those without. Compared
to the more thorough DEPS, the single question on depression
as part of the ESAS seems to work as a reasonable screening
tool for depressive symptoms.

In clinical practice, it would be reasonable to have 1 simple
screening tool for both depression and other symptoms.
According to the present study, the ESAS could serve as such
a tool. We showed that if a subject scores 4 or more in the
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Table 2. Scores and Prevalence of Symptoms Measured by the Modified ESAS Questionnaire According to the Primary Diagnosis Causing Respiratory

Insufficiency.

All subjects COPD OHS Others®

(n=226) (n=104) (n=6l) (n=61)

Prevalence® Score, median Prevalence® Score, median Prevalence® Score, median Prevalence® Score, median

*) (IQR) *) (1QR) *) (1QR) %) (IQR) P-value®

Symptoms

Pain at rest  54.4 1.0 (0.0-3.0)  50.5 1.0 (0.0-3.0) 625 2.0 (0.0-4.0) 525 1.0 (0.0-2.0) 5
Pain on 71.8 3.0 (0.0-6.0) 703 2.0 (0.0-5.5) 729 4.0 (0.0-70) 733 2.5 (0.0-4.0) 29
movement
Tiredness 81.4 3.0 (1.0-6.0)  86.1 3.0 (2.0-6.0) 759 2.0 (0.8-6.0) 787 3.0 (1.0-5.0) .18
Shortness of 84.2 4.0 (2.0-70)  95.1 6.0 (3.0-80) 74.1 3.0 (0.0-5.0) 75.0 3.0 (0.3-5.0)  <.00I
breath
Loss of 49.5 0.0 (0.0-3.0)  62.1 1.0 (0.0-4.0) 345 0.0 (0.0-2.0) 426 0.0 (0.0-2.0) .004
appetite
Nausea 29.5 0.0 (0.0-1.0)  33.0 0.0 (0.0-1.0) 246 0.0 (0.0-0.5) 283 0.0 (0.0-1.0) .60
Dry mouth  80.3 3.0(1.0-7.0) 875 5.0 2.0-7.0) 678 2.0 (0.0-6.0)  80.0 3.0 (1.0-7.0) .0l
Constipation 51.1 1.0 (0.0-3.0) 534 1.0 (0.0-4.0) 474 0.0 (0.0-2.0)  50.0 1.0 (0.0-3.0) A7
Depression  54.8 1.0 (0.0-35) 569 1.0 (0.0-4.0) 51.7 1.0 (0.0-3.3)  54.1 1.0 (0.0-3.0) 91
Anxiety 52.5 1.0 (0.0-3.0) 559 1.0 (0.0-4.0) 46.6 0.0 (0.0-3.0) 525 1.0 (0.0-3.0) .50
Insomnia 64.0 2.0 (0.0-4.0) 706 2.0 (0.0-4.0) 542 1.0 (0.0-5.0) 623 1.0 (0.0-3.0) 40
Well-being 4.0 (2.0-5.0) 4.0 (2.5-5.0) 3.0 (1.8-5.3) 3.0 (2.0-5.0) 20

Abbreviations: ESAS, Edmonton symptom assessment system; COPD, chronic obstructive pulmonary disease; OHS, obesity-hypoventilation syndrome.
*P-value for the difference in ESAS scores between the subjects with COPD, OHS, and others.
®Others consisting of neurological diseases (n= 14), thoracic deformity (n= 14), interstitial lung diseases (n= |3), heart diseases (n = 12), sleep apnea

(n=2), and others (n=6).
Prevalence is defined as a proportion of subjects with an ESAS score >1.

ESAS depression category, the probability of depressive symp-
toms according to the DEPS is high. This same cut-off level has
also been shown to be useful in detecting clinical depression
defined by standardized questionnaires among patients with
cancer.’® According to the logistic regression analysis, the rela-
tion between ESAS depression scores is not affected by

subjects’ characteristics or other ESAS items. Based on the
current results, we suggest that in patients scoring 0 on the
ESAS depression question, there is probably no need for
further evaluation of depression. Those scoring 1 to 3 would
need to complete a specific depression questionnaire (eg, the
DEPS), while those scoring 4 or more could be referred to

Table 3. Scores and Prevalence of Symptoms Measured by the Modified ESAS Questionnaire According to DEPS Category.

DEPS <9 DEPS >9

(n=127) (n=81)

Prevalence® (%) Score, median (IQR) Prevalence® (%) Score, median (IQR) P-value*

Symptoms®

Pain at rest 50.8 1.0 (0.0-3.0) 61.0 2.0 (0.0-4.5) .02
Pain on movement 66.9 2.0 (0.0-4.0) 84.6 4.5 (1.0-7.0) .001
Tiredness 73.4 2.0 (0.0-4.0) 97.5 5.0 (3.0-7.0) <001
Shortness of breath 76.8 3.0 (1.0-5.0) 94.9 6.0 (3.0-8.0) <.001
Loss of appetite 39.2 0.0 (0.0-2.0) 68.4 2.0 (0.0-5.0) <001
Nausea 19.2 0.0 (0.0-0.0) 50.6 1.0 (0.0-3.0) <.001
Dry mouth 78.0 3.0 (1.0-5.0) 85.9 6.0 (3.0-8.0) <001
Constipation 416 0.0 (0.0-2.5) 67.9 2.0 (0.0-5.0) <001
Depression 376 0.0 (0.0-2.0) 873 4.0 (2.0-7.0) <.001
Anxiety 336 0.0 (0.0-1.0) 86.1 4.0 (2.0-7.0) <001
Insomnia 51.2 1.0 (0.0-2.0) 83.5 3.0 (1.0-6.0) <.001
Well-being 3.0 (1.0-5.0) 5.0 (4.0-6.0) <.001

Abbreviations: ESAS, Edmonton symptom assessment system; DEPS, depression scale; IQR, interquartile range.

*P-value for the difference in medians of DEPS <9 and >9.
?Prevalence is defined as a proportion of subjects with ESAS score >1.

®Data were missing in 18 subjects: unwilling to answer DEPS questionnaire (4), technical or unknown reason (14).
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clinical evaluation of depression. These cut-offs for clinical
decision-making should be tested in further prospective studies.

In the present study, the subjects with chronic respiratory
insufficiency, especially those with COPD, suffered from a
high symptom burden measured with a systematic ESAS ques-
tionnaire. In previous studies, the symptoms described have
varied according to the study design or disease severity, but

Table 4. ESAS Depression Scores’ Capacity to Predict DEPS >9.

ESAS

depression Sensitivity ~ Specificity PPV~ NPV Accuracy
score *) *) @ ) )
>1 87 62 59 89 72
>2 80 74 66 85 76
>3 67 84 73 80 77
>4 59 95 89 79 8l
>5 48 95 86 74 77
>6 35 98 90 71 74
>7 25 98 9l 68 70
>8 15 100 100 65 67
>9 4 100 100 62 63
10 3 100 100 62 62

Abbreviations: ESAS, Edmonton symptom assessment system; DEPS, depression
scale; PPV, positive predictive value; NPV, negative predictive value.
DEPS was filled in 208 subjects.

they all have reported dyspnea as the main symptom.
Blinderman et al® described symptoms in patients with
advanced COPD, for whom they did not report LTOT or NIV
usage, and the most prevalent symptoms in addition to
dyspnea were fatigue, xerostomia, coughing, pain, and
anxiety. However, dry mouth was more prevalent in our sub-
jects with chronic respiratory insufficiency than in the
Blinderman study.® In a recent study by Gainza-Miranda
et al,? the highest ESAS scores were found in dyspnea and
loss of well-being in 60 patients with severe COPD and
LTOT with or without NIV. This is in line with our study, but
anxiety and depression were even more severe in the study by
Gainza-Miranda et al,®> compared to the subjects with COPD
in our study. In a study by Walke et al,®! patients with severe
COPD reported shortness of breath, anxiety, and physical dis-
comfort even more frequently than patients with cancer or
chronic heart failure. There are only a few studies concerning
symptoms on top of sleepiness in patients with OHS. In a
small study evaluating 10 patients with OHS, Baris et al'®
reported depression and anxiety in all patients. In the present
study, the number of subjects with a primary diagnosis other
than COPD or OHS was too small for any disease-specific con-
clusions. However, these subjects also suffered from multiple
symptoms, and it is therefore essential to screen symptoms com-
prehensively in all patients with chronic respiratory insuffi-
ciency and to integrate symptom-centered palliative care into
the treatment.
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In the current study, 39% of the subjects with a completed
DEPS questionnaire reached the threshold of 9 points for
depressive symptoms without a significant difference between
the subject groups. Our result is in line with a previous study
in a similar patient population showing a prevalence of depres-
sive symptoms of 34%.% In a review by Smith and Wrobel, '®
the prevalence of depression varied from 8% to 80% in patients
with COPD, exceeding the prevalence found in the general pop-
ulation. Even in mild COPD, depression is reported in ~15% of
the patients. Lewis et al* found no difference in the prevalence
of depression between patients with COPD with or without
LTOT as in both patient groups, the prevalence of depression
was ~15%. The prevalence of depression in patients with inter-
stitial lung disease varies from 10% to 49%.%33 In contrast to
COPD and interstitial lung disease, there are only a few studies
concerning depression in OHS.'®*

Higher scores on the DEPS questionnaire were associated
with greater symptom scores in all ESAS categories in our sub-
jects. Similar results have been reported among patients with
advanced cancer.®® In COPD, clinically significant depression
has been associated with a greater level of dyspnea and with
other symptoms of COPD, such as cough, wheezing, and
sputum production.36 Severe pulmonary disease with severe
dyspnea can restrict a patient’s ability to leave home or take
part in activities, leading to social exclusion and later on to
depressive symptoms or clinical depression. Moreover, depres-
sive patients are physically less active, have impaired quality of
life, and may experience their symptoms more severely than
others.*>**7 In addition to higher symptom burden, depression,
and depressive symptoms are associated with increased risk of
exacerbations, longer hospital stays, more frequent emergency
room visits, and shorter survival in COPD.>”-3® Depression
may also influence compliance to treatment, and different treat-
ments may influence depression. In a previous study, noncom-
pliant LTOT users with COPD had major depression more often
than compliant LTOT users.* However, depressive symptoms
are shown to decrease after CPAP therapy in OHS and by pul-
monary rehabilitation in COPD.'®**4? Regardless of the etiol-
ogy of the chronic respiratory insufficiency, depressive
symptoms are associated with many clinically important vari-
ables and should trigger a comprehensive symptom evaluation
and therapy.

Strengths and Limitations

We presented a real-life study on an unselected sample of sub-
jects with chronic respiratory insufficiency. This study offers
practical information on the symptom burden and screening of
depressive symptoms in these subjects. The subjects with
chronic respiratory insufficiency are a heterogeneous group
with different underlying diseases, of which we focused on
the most common ones, COPD and OHS, while other subject
groups were too small to make conclusions.

We studied the overall symptom burden in these subjects
during their treatment. However, we did not have the results
of the ESAS questionnaires at the initiation of LTOT or NIV

in every subject, which prevented us from evaluating the
change in symptoms during the therapy. The ESAS question-
naire used in these subjects did not include questions concerning
cough or secretions, which might have been informative in sub-
jects with respiratory disease. Some of the subjects had missing
values in the ESAS and the DEPS due to the retrospective nature
of the study. Although the proportion of missing questionnaires
was limited, it is possible that subjects with depression or
without any symptoms were more unwilling to answer, which
might have influenced our results. The questionnaires were
given to the subjects at the same time when arriving at the
clinic, but as they were not asked to fill the forms out in a spe-
cific order, the random order may have affected the results.
Depressive symptoms in the ESAS were compared with a vali-
dated thorough questionnaire for depression (ie, the DEPS).
However, we could not compare the results of the ESAS depres-
sion score to a clinical diagnosis of depression made by a psy-
chiatrist. The focus of this study was to screen depressive
symptoms in all subjects visiting a pulmonary unit to find
those needing closer examination of depression.

Conclusion

Systematic assessment with the ESAS questionnaire revealed
that subjects with chronic respiratory insufficiency, especially
those with COPD, suffer from multiple symptoms beyond
breathlessness. The single ESAS depression question seems to
serve as a reasonable screening tool for depressive symptoms,
which were associated with a higher prevalence and severity
of other symptoms. We suggest that there is a need for systema-
tic symptom screening as well as integrated palliative care with
psychosocial support for patients with chronic respiratory
insufficiency.
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Supplementary Table 1. Association of DEPS > 9 points with other variables in logistic regression analysis

HR (95% CI) P-value
Gender 1.0 (0.4-2.3) 0.996
Age 1.0 (1.0-1.1) 0.094
Usage of NIV 1.5(0.6-3.7) 0.385
Usage of LTOT 1.1(0.4-2.7) 0.865
ESAS depression 1.7 (1.4-2.1) <0.001
ESAS well-being 1.2 (1.0-1.5) 0.087
ESAS insomnia 1.2 (1.0-1.4) 0.079

DEPS, Depression scale; NIV, noninvasive ventilation; LTOT, long-term oxygen therapy, ESAS, Edmonton Symptom Assessment System
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Abstract

Background: Patients with chronic respiratory insufficiency suffer from many symptoms together with dyspnea.
Objective: \We evaluated the association of dyspnea on exercise with other symptoms in patients with chronic
respiratory insufficiency due to chronic obstructive pulmonary disease or interstitial lung disease.

Design: This retrospective study included 101 patients in Tampere University Hospital, Finland. Dyspnea on exercise
was assessed with modified Medical Research Council (mMRC) dyspnea questionnaire, and other symptoms were
assessed with Edmonton Symptom Assessment System (ESAS) and Depression Scale (DEPS). The study was approved
by Regional Ethics Committee of Tampere University Hospital, Finland (approval code R15180/December 1, 2015).
Results: Patients with mMRC 4 (most severe dyspnea) compared with those with mMRC 0-3 reported higher
symptom scores on ESAS in shortness of breath (median 8.0 [IQR 6.0-9.0] vs. 4.0 [2.0-6.0], p<0.001), dry
mouth (7.0 [4.0-8.0] vs. 3.0 [1.0-6.0], p<0.001), tiredness (6.0 [3.0-7.0] vs. 3.0 [1.0-5.0], p<0.001), loss of appetite
(3.0 [0.0-6.0] vs. 1.0 [0.0-3.0], p=0.001), insomnia (3.0 [1.0-7.0] vs. 2.0 [0.0-3.0], p=0.027), anxiety (3.0 [0.0-5.5] vs.
1.0 [0.0-3.0], p=0.007), and nausea (0.0 [0.0-2.0] vs. 0.0 [0.0-0.3], p=0.027). Patients with mMRC 4 were more
likely to reach the DEPS threshold for depression than those scoring mMRC 0-3 (42.1% vs. 20.8%, p=0.028).
Conclusions: Patients with chronic respiratory insufficiency need comprehensive symptom screening with rel-
evant treatment, as they suffer from broad symptom burden worsening with increased dyspnea on exercise.

Keywords: chronic obstructive pulmonary disease; chronic respiratory insufficiency; dyspnea on exercise;
Edmonton Symptom Assessment System; interstitial lung disease; modified Medical Research Council dyspnea
questionnaire

Introduction

Vast majority of patients with chronic obstructive
pulmonary disease (COPD) or interstitial lung disease
(ILD) suffer from dyspnea, but only a smaller fraction
with advanced disease have chronic respiratory insuffi-
ciency, a marker of impaired life expectancy. Dyspnea,
which may occur with or without respiratory insuffi-
ciency, is a subjective experience of breathing discom-
fort,) whereas chronic respiratory insufficiency is an
objective finding defined by hypoxemia (partial pres-
sure of oxygen in arterial gas <8.0 kPa) or hypercapnia

(partial pressure of carbon dioxide in blood gas
>6.0kPa) caused by disturbance of gas exchange be-
tween pulmonary alveoli and circulation or by insuf-
ficient ventilation.”

Patients with advanced COPD or ILD typically suffer
from severe dyspnea,” > which increases with approach-
ing death and is associated with impaired quality of
life.>® In addition to dyspnea, patients with COPD
and ILD suffer frequently from other symptoms, such
as fatigue, weight loss, depression, and anxiety, further
impairing their quality of life.” Previous studies have
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shown the association of dyspnea and other symptoms
in patients with COPD and ILD in general.>'*'" How-
ever, the overall symptom burden specifically in patients
with chronic respiratory insufficiency due to COPD or
ILD and increasing dyspnea remains unknown.

Centers managing patients with chronic respiratory
insufficiency commonly screen for dyspnea as a target
of therapy. However, assessment of other symptoms
and their association with increasing dyspnea would
be important to offer more comprehensive treatment
for these patients.

Our aim was to assess how dyspnea on exercise is as-
sociated with overall symptom burden in patients with
chronic respiratory insufficiency due to COPD or ILD.

Materials and Methods

This was a retrospective study performed in patients
with chronic respiratory insufficiency visiting the respi-
ratory insufficiency clinic of Tampere University Hos-
pital between 1.10.2016 and 31.10.2017. All the patients
with chronic respiratory insufficiency due to COPD or
ILD, who had filled in the modified Medical Research
Council (nMRC) dyspnea questionnaire during the rou-
tine visits, were included. Patients’ clinical character-
istics, diagnoses, mMRC dyspnea scores, Edmonton
Symptom Assessment System (ESAS), and Depression
Scale (DEPS) were collected from medical records. The
Charlson comorbidity index (CCI) was calculated for
each patient.'>"?

Questionnaires
The mMRC questionnaire asks patients to self-report
dyspnea in daily activities. The scale varies from 0 to
4: 0 for “T only get breathless with strenuous exercise,”
1 for “T get short of breath when hurrying on the level
or up a slight hill,” 2 for “I walk slower than people of
the same age on the level because of breathlessness
or have to stop for breath when walking at my own
pace on the level,” 3 for “I stop for breath after walking
about 100 meters or after a few minutes on the level,”
and 4 for “I am too breathless to leave the house.”"*"
ESAS is used for assessing symptoms in many ad-
vanced diseases."®'” Patients rate different symptoms
on a numeric rating scale from 0 (no symptoms) to
10 (the worst possible symptoms).'®!* We used a mod-
ified version with 12 questions covering 11 symptoms
and general well-being (0 for the best possible well-
being and 10 for the worst possible well-being). The
cutoff point for each symptom to be categorized as mod-
erate or severe was >4.27
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The DEPS is a validated self-assessed screening tool
for depression consisting of 10 questions and provides
a total score varying from 1 to 30 points.”> The sug-
gested cutoffs for depressive symptoms and clinical
depression are =9 and >12, respectively.**

Statistical analysis

The five-step mMRC scale was converted to two-step
scale by comparing scores 0-3 and 4 to sort out
the group with most difficult dyspnea on exercise.
Comparisons of different groups were performed by
Mann-Whitney U test for continuous variables as the
distributions were non-normal based on visual estima-
tion, and Pearson’s chi-square or Fisher’s exact tests for
categorical variables.

To assess if the relation between dyspnea on exercise
and other symptoms is independent of other clinical
factors, we conducted a logistic regression multivariate
analysis including also gender, age, body mass index,
primary diagnosis for chronic respiratory insufficiency,
CCI, and ESAS total score. Statistical significance was
set as p<0.05. Analyses were performed with IBM
SPSS Statistics version 26.0. (IBM Corp, Armonk, NY).

Ethics approval and consent to participate

This study was approved by the Regional Ethics Com-
mittee of Tampere University Hospital, Finland (ap-
proval code R15180/December 1, 2015).

Results

During the follow-up time, 128 patients with COPD or
ILD and chronic respiratory insufficiency visited the
clinic. The mMRC questionnaire was available in 101
patients, among whom ESAS and DEPS questionnaires
were available in 98 and 91 patients, respectively. Rea-
sons for the missing ESAS or DEPS questionnaires
were unwillingness to answer the questionnaire, inabil-
ity to complete the questionnaire, and technical or un-
known reasons.

The patient characteristics are shown in Table I.
COPD was severe (GOLD grade III: FEV; 30%-50%
predicted) or very severe (GOLD grade IV: FEV; <30%
predicted)9 in most (75.2%) of the patients with COPD.
Patients in mMRC category 4 were more likely to need
help in activities of daily living and had lower FEV,
and body mass index than those scoring 0-3 in mMRC.
The treatment for respiratory insufficiency was oxygen
therapy in 81 (80.2%), noninvasive ventilation (NIV) in
10 (9.9%), and both in 6 (5.9%) patients. Four patients
(4.0%) refused to use NIV or oxygen therapy despite
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Table 1. Patient Characteristics According to the Modified Medical Research Council Dyspnea Scale Category
All patients mMRC 0-3 mMRC 4 p?

Total, n 101 55 46
Male, n (%) 65 (64.4) 36 (65.5) 29 (63.0) 0.801
Age, years, median (IQR) 75.0 (70.0-81.0) 74.0 (69.0-80.0) 75.5 (71.0-81.5) 0.141
BMI, kg/mz, median (IQR) 24.5 (21.1-29.3) 27.0 (22.5-33.2) 233 (19.3-27.7) 0.001
Smoking status, n (%)

Never-smoker 9 (8.9) 3(5.5) 6 (13.0) 0.104

Ex-smoker 89 (88.1) 48 (87.3) 40 (87.0)

Smoker 4 (4.0) 4 (7.3) 0 (0.0)
Disease causing the chronic respiratory insufficiency, n (%)

COPD 89 (88.1) 47 (85.5) 42 (91.3) 0.366

ILD 12 (11.9) 8 (14.5) 4 (8.7)
FEV,

Liters, median (IQR) 0.90 (0.60-1.25) 0.98 (0.68-1.48) 0.72 (0.46-1.1) 0.008

% of predicted, median (IQR) 31.0 (23.0-48.5) 34.0 (27.0-54.0) 25.5 (19.0-44.3) 0.003
Charlson comorbidity index, median (IQR) 0 (0.0-2.0) 0 (0.0-2.0) 2.0 (0.0-2.0) 0.789
Need for help with ADL, n (%) 38 (37.6) 9 (16.4) 29 (63.0) <0.001
Died before 31.12.2018, n (%) 48 (47.5) 22 (40.0) 26 (56.5) 0.098

“Between the patients in categories mMMRC 0-3 and mMRC 4.

ADL, activities of daily living; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in one second;
ILD, interstitial lung disease; IQR, interquartile range; mMRC, modified Medical Research Council.

chronic respiratory insufficiency. Of the deceased pa-
tients, 29 (60.4%) died during the following year after
the visit in the clinic.

The symptom severities measured by ESAS in the
two mMRC categories are shown in Table 2. In the
total study population, shortness of breath and dry
mouth were the most severe symptoms. Compared with
patients with mMRC 0-3, those with mMRC 4 reported
significantly higher scores in shortness of breath, dry
mouth, tiredness, loss of appetite, anxiety, insomnia,
nausea, and impaired well-being.

A significantly higher proportion of patients with
mMRC 4, compared with those scoring 0-3 in
mMRC, reached the threshold for moderate or severe
symptom (=4) in shortness of breath, pain on move-
ment, tiredness, loss of appetite, constipation, anxiety,
insomnia, and dry mouth. The total ESAS score
among patients in mMRC category 4 compared with
those in mMRC 0-3 category remained statistically sig-
nificantly higher also in the logistic regression multi-
variate analysis accounting for other clinical factors.

The scores of DEPS in the two mMRC categories are
shown in Table 3. As compared with patients scoring
0-3 in mMRGC, those in mMRC category 4 had higher
median DEPS scores and a significantly higher propor-
tion of them reached the threshold for clinical depression.

Discussion
We identified a high symptom burden among patients
with chronic respiratory insufficiency due to COPD or

ILD. Patients with more severe dyspnea on exercise and
scoring 4 in mMRC had more severe symptoms of dry
mouth, tiredness, loss of appetite, anxiety, nausea, and in-
somnia in addition to impaired well-being measured with
ESAS, compared with those with mMRC 0-3. Also de-
pression measured with DEPS was more common in pa-
tients with mMRC 4 than in patients with mMRC 0-3.

Our finding that patients with COPD or ILD suffer
from many symptoms, which worsens by increasing
dyspnea on exercise, is in line with previous stud-
ies.2>2° However, although earlier studies have shown
that symptoms are worse in those patients with COPD
or ILD who suffer from more severe dyspnea,®*’ this
is the first study to assess this specifically in patients
with chronic respiratory insufficiency.

Many of the symptoms found in this study, such as
fatigue, loss of appetite, and tiredness, may be conse-
quences of an advanced disease.?® In contrast, some of
the symptoms, for example, dry mouth, could be directly
associated with dyspnea on exercise as a result of mouth
breathing and higher frequency of breathing, but also
oxygen therapy or NIV and used medication, for exam-
ple, inhaled anticholinergics, may provoke dryness of
mouth.

Scoring at least 12 points in DEPS questionnaire,
the cutoff for depression,>* was significantly more com-
mon in patients with mMRC score 4 than in those with
mMRC score 0-3. This is in line with previous studies
that have focused on the same relation from the oppo-
site perspective and showed higher levels of dyspnea
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Table 2. Median Scores and Proportion of Patients with at Least Moderate Symptoms (>4 Points) in Edmonton Symptom
Assessment System Questionnaire According to Modified Medical Research Council Dyspnea Scale Category

All (n=98) mMRC 0-3 (n=55) mMRC 4 (n=43) p?

ESAS scores®
Pain at rest

Median (IQR) 0.0 (0.0-3.0) 0.0 (0.0-3.0) 2.0 (0.0-4.0) 0.063

>4, % 219 17.0 279 0.198
Pain on movement

Median (IQR) 2.0 (0.0-6.0) 2.0 (0.0-4.0) 5.0 (0.0-6.0) 0.068

>4, % 4.7 30.2 55.8 0.011
Tiredness

Median (IQR) 3.0 (2.0-6.0) 3.0 (1.0-5.0) 6.0 (3.0-7.0) <0.001

>4, % 49.0 321 69.8 <0.001
Shortness of breath

Median (IQR) 6.0 (3.0-8.0) 4.0 (2.0-6.0) 8.0 (6.0-9.0) <0.001

>4, % 722 574 90.7 <0.001
Loss of appetite

Median (IQR) 1.0 (0.0-5.0) 1.0 (0.0-3.0) 3.0 (0.0-6.0) 0.001

>4, % 289 14.8 46.5 0.001
Nausea

Median (IQR) 0.0 (0.0-1.0) 0.0 (0.0-0.3) 0.0 (0.0-2.0) 0.027

>4, % 6.2 37 9.3 0.255
Dry mouth

Median (IQR) 5.0 (2.0-7.0) 3.0 (1.0-6.0) 7.0 (4.0-8.0) <0.001

>4, % 60.2 47.3 76.7 0.003
Constipation

Median (IQR) 1.0 (0.0-4.0) 1.0 (0.0-3.0) 2.0 (0.0-6.0) 0.072

>4, % 289 185 41.9 0.012
Depression

Median (IQR) 1.0 (0.0-4.0) 1.0 (0.0-3.0) 2.0 (0.0-5.0) 0.120

>4, % 30.2 222 40.5 0.053
Anxiety

Median (IQR) 1.0 (0.0-4.8) 1.0 (0.0-3.0) 3.0 (0.0-5.5) 0.007

>4, % 323 222 45.2 0.017
Insomnia

Median (IQR) 2.0 (0.0-4.0) 2.0 (0.0-3.0) 3.0 (1.0-7.0) 0.027

>4, % 28.1 189 395 0.025
Well-being

Median (IQR) 4.0 (3.0-5.0) 3.0 (2.0-5.0) 5.0 (4.0-6.0) <0.001
Total score

Median (IQR) 34.0 (21.0-51.5) 24.0 (15.8-34.8) 44.0 (34.0-63.0) <0.001

“Between the patients in categories mMRC 0-3 and mMRC 4.

Data missing in three patients: inability to fill in the questionnaire (2), unwillingness to answer the questionnaire (1).

ESAS, Edmonton Symptom Assessment System.

Table 3. Median Scores and Proportion of Patients
with at Least 9 or 12 Points in Depression Scale
Questionnaire According to Modified Medical
Research Council Dyspnea Scale Category

mMRC 0-3 mMRC 4
All (n=91) (n=53) (n=38) p?
DEPS score, 8.0 (3.0-14.0) 6.0 (2.5-10.5) 9.5 (4.8-18.5) 0.025
median (IQR)b
DEPS 29 points, 41 (40.6) 20 (37.7) 21 (55.3) 0.097
n (%)
DEPS 212 points, 27 (26.7) 11 (20.8) 16 (42.1) 0.028
n (%)

“Between patients in categories mMMRC 0-3 and mMRC 4.

PData missing in 10 patients: inability to complete in the questionnaire
(2), unwillingness to answer DEPS questionnaire (3), technical or unknown
reason (5).

and other symptoms in patients with COPD suffering
from anxiety and depression.”*** Dyspnea has also
been associated with higher depression scores in pa-
tients with ILD.'® In a previous study on an unselected
population of patients with chronic respiratory insuffi-
ciency, one third of the patients suffered from depres-
sive symptoms and a quarter from depression,’’ being
less than in this study focusing only on patients with
COPD or ILD causing respiratory insufficiency.

The patients with mMRC score 4 have, by definition,
restricted ability to leave home or take part in activities,
which may lead to social exclusion and depression.
This further underlines the importance of screening
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depression in patients with chronic respiratory insuffi-
ciency to find those patients who will benefit from the
treatment of depression.

Strengths and limitations
This was a retrospective study performed in patients
with chronic respiratory insufficiency due to COPD
or ILD, offering practical information on symptom
burden of these patients. Owing to the retrospective
nature of the study, there were some questionnaire
data missing. This may have biased the sample to
those with less severe symptoms, and thereby under-
estimated the total symptom burden of the patient
population. Medical treatment of the underlying pul-
monary disease and treatment of chronic respiratory
insufficiency may affect the relationship between dysp-
nea on exercise and other symptoms, but we were not
able to assess this effect in our cross-sectional setting.
Further long-term follow-up studies would provide
more information on how the relationship between
dyspnea on exercise and other symptoms develop dur-
ing the course of the disease.

Conclusions

In patients with chronic respiratory insufficiency due
to pulmonary disease increasing dyspnea on exercise
is associated with higher overall symptom burden, es-
pecially symptoms such as dry mouth, tiredness, loss
of appetite, anxiety, nausea, depression, and insomnia.
Therefore, these patients need a comprehensive symp-
tom screening and management, including psychoso-
cial support and early integrated palliative care.
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Predictors of Impaired Survival in Subjects With Long-Term
Oxygen Therapy

Heidi A Rantala, Sirpa Leivo-Korpela, Lauri Lehtimiki, and Juho T Lehto

BACKGROUND: The need for long-term oxygen therapy (LTOT) is usually a sign of advanced
disease, which could trigger advance care planning. However, LTOT is used in patients with
different characteristics and multiple diagnoses beyond COPD. We studied the factors associated
with survival in an unselected sample of subjects who started LTOT. METHODS: We conducted
a retrospective study that included 195 subjects for whom LTOT was initiated in Tampere Uni-
versity Hospital from January 1, 2012, to December 31, 2015, and followed up until December 31,
2017. RESULTS: The most frequent diseases that caused the need for LTOT were COPD and
interstitial lung diseases. Most of the subjects (69%) died during the study period; the median
survival time was 2.2 y. The subjects with interstitial lung disease as a primary disease for LTOT
had a shorter survival time (median 0.9 y) compared with those with COPD (median 2.4y, P < .001).
Survival was shorter in the subjects ages >75 y (median 1.4 y) compared with those who were ages
=75y (median 2.8 y, P = .001) and also in those who required help with daily activities (median
1.2 y) compared with those who did not (median 3.3 y, P < .001). In multivariate analysis, a
diagnosis of interstitial lung disease (hazard ratio 2.1, 95% CI 1.4-3.2), Charlson comorbidity index
(hazard ratio 1.26, 95% Cl 1.11-1.43), and required help in activities of daily living (hazard
ratio 2.1, 95% CI 1.4-3.1) were associated with impaired survival. CONCLUSIONS: The survival
of the subjects who started LTOT varied greatly. The subjects with interstitial lung disease and
those who required assistance with activities of daily living were at risk of dying in ~1 y, which
suggested that advance care planning should be directed especially to these patients. Key words:
chronic hypoxemia; long-term oxygen therapy; interstitial lung disease; chronic obstructive pulmonary
disease; activities of daily living; survival. [Respir Care 2019;64(11):1401-1409. © 2019 Daedalus
Enterprises]

Introduction

Chronic hypoxemia is a common feature in many end-
stage respiratory diseases. Long-term oxygen therapy
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(LTOT) can be used to treat hypoxemia, but the effects of
LTOT on survival and precise indications for it have been
assessed only in subjects with COPD. LTOT prolongs
survival and is recommended in patients with COPD who
have severe hypoxemia, defined as P,o, = 55 mm Hg or
P,o, between 55 and 60 mm Hg in the presence of com-
plicating factors, such as peripheral edema, polycythemia
(hematocrit = 55%) or pulmonary hypertension.'-*> There
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is clear evidence for LTOT usage in patients with COPD
and with these criteria, but LTOT does not seem to im-
prove survival in patients with COPD and with moderate
hypoxemia only.*+7

Although the best evidence for the use of LTOT is
based on studies in subjects with COPD, LTOT is also
recommended in many other diseases that cause hypox-
emia (interstitial lung disease, cystic fibrosis, pulmonary
hypertension, and cardiac failure) even though there is no
clear evidence of its effectiveness on survival or allevia-
tion of symptoms.? In many diseases, chronic respiratory
insufficiency and hypoxemia develop at the late stages of
the disease, when the life expectancy of the patient is
limited.8-1° Therefore, the clinical decision to initiate LTOT
should be concomitantly considered with timely advance
care planning and palliative care consultation. However,
the individual prognosis in patients who receive LTOT is
difficult to estimate due to considerable variation in the
rate of progression among different pulmonary diseases
and to the effects of other factors, such as age and comor-
bidities. At the moment, there is little information regard-
ing which factors among patients on LTOT are associated
with their prognosis in clinical practice. Our aim was to
study the factors associated with survival in subjects for
whom LTOT was initiated in a real-life setting.

Methods
Patients

All the patients who were started on LTOT in the re-
spiratory insufficiency unit of the Tampere University Hos-
pital from January 1, 2012, to December 31, 2015, were
included in this study. The subjects were followed up until
death or December 31, 2017.

Data Collection

All medical records, including notes of the nurses, were
reviewed. The collected characteristics of the subjects in-
cluded age, sex, weight, height, living conditions, working
status, smoking status, medication, diagnoses, and date of
death. Results of spirometry, arterial blood gases, and noc-
turnal or daytime oxygen saturation were recorded as well.
According to the comorbidities, the Charlson comorbidity
index was calculated for each subject based on the disease
severity.!!-12 For subjects with COPD, the Global Initiative
for Chronic Obstructive Lung Disease stages for the se-
verity of the air-flow limitation were defined.'? The sub-
jects were considered to require assistance in activities of
daily living (ADL) if they needed continuous help from a
family member who worked as a caregiver, received home
care services (eg, dietary services, ablution, dressing, or
medication), or permanently stayed in a nursing home or

1402

QUICK LOOK

Current knowledge

Long-term oxygen therapy (LTOT) prolongs survival
in patients with COPD and severe hypoxemia. It is also
used in several other diseases that cause hypoxemia,
although there is no clear evidence of its effectiveness.
The need for LTOT is considered a marker of advanced
disease, but there is no current knowledge about which
factors are associated with poor survival among these
patients in a real-life setting.

What this paper contributes to our knowledge

The overall survival of subjects with LTOT was poor
but varied greatly. The subjects who had interstitial
lung disease as the primary disease that caused the need
for LTOT or needed help in activities of daily living
were more likely to die during the first year after the
onset of LTOT. The Charlson comorbidity index was
associated with worse overall survival as well.

community hospital. The disease that caused the need for
initiation of LTOT was defined as the primary disease,
whereas all other diseases were considered comorbidities.

Statistical Analysis

Based on a visual estimation, many of the distributions
were non-normal, and nonparametric tests were used. A
comparison of different groups was performed by using
the Mann-Whitney Test for continuous variables and the
Pearson chi-square test or Fisher exact test for categorical
variables. The Kaplan-Meier method and the Cox propor-
tional hazard regression analysis were used for survival
estimation. Statistical significance was set as P < .05.
Analyses were performed with IBM SPSS Statistics ver-
sion 22.0 (Armonk, NY).

Ethical Consideration

This study was approved by the regional ethics com-
mittee of Tampere University Hospital, Finland (approval
R15180/1.12.2015).

Results

Altogether 195 subjects started LTOT during the study
period and were included. Characteristics of the subjects
are shown in Table 1. Most subjects (68%) smoked before
the start of LTOT, and the median pack-years among smok-
ers was 40 (interquartile range [IQR] 20-50). Almost two
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Table 1. Subject Characteristics
Characteristic Value
Sex, n (%)
Males 121 (62.1)
Females 74 (37.9)
Age
Median (IQR) y 74.0 (67.0-81.0)
=75y, n(%) 113 (57.9)
>75y, n (%) 82 (42.1)

Body mass index, median (IQR) kg/mz* 27.7 (23.1-33.2)

Need for help with ADL, n (%)

No 105 (53.8)

Yes 90 (46.2)
Smoking status, n (%)

Never-smoker 60 (30.8)

Ex-smoker 133 (68.2)

Smoker 1(0.5)

Unknown 1(0.5)
FEV,{

Median (IQR) L

Median (IQR) % of predicted
FVCi

Median (IQR) L

Median (IQR) % of predicted
P,o, with room air, median (IQR) mm Hg§
Oxygen flow, median (IQR) L/min
Primary disease that caused the need

for LTOT, n (%)
COPD 92 (47.2)

1.30 (0.96-1.82)
51.0 (36.5-64.5)

2.49 (1.86-3.06)

72.0 (57.0-84.0)

51.7 (47.3-55.5)
1.5 (1.0-2.0)

Interstitial lung diseases 44 (22.6)
Heart diseases 18 (9.2)
Obesity-hypoventilation syndrome 18 (9.2)
Other 23 (11.8)
Comorbidities, n (%)
Hypertension 120 (61.5)
Heart diseases 112 (57.4)
Cerebrovascular diseases 13 (6.7)
Diabetes 60 (30.8)
COPD 18(9.2)
Asthma 27 (13.8)
Sleep apnea 38 (19.5)
Neurologic diseases 33 (16.9)
Renal diseases 18 (9.2)
Rheumatic diseases 18 (9.2)
Cancer 38 (19.5)
Others 49 (25.1)
No comorbidities 9 (4.6)
Charlson comorbidity index, median (IQR) 2.0 (1.0-3.0)

* Data were missing in 3 subjects: confined to bed i.e. unable to perform measurements
because of tetraplegia or muscle dystrophy.

F Data were missing in 18 subjects: lack of co-operation i.e. subject didn’t understand
instructions because of Alzhemer disease or schizophrenia etc. (9), acute illness i.e. respiratory
infections and pulmonary embolisms. (8), data not available (1).

4 Data were missing in 29 subjects: only microspirometry available (11), data same as stated
in part § (18).

§ Data were missing in 42 subjects: P,o, < 60 mm Hg or saturation < 92% with
supplemental oxygen (31), nocturnal or exertional desaturation (8), other reasons (3).

IQR = interquartile range

ADL = activities of daily living

LTOT = long-term oxygen therapy
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thirds of subjects on LTOT were men. Of the subjects with
COPD, 3.3, 27.2, 43.5, and 26.1% belonged to Global
Initiative for Chronic Obstructive Lung Disease stages 1,
2,3 and 4, respectively. Interstitial lung disease and COPD
were the most-common diseases that cause the need for
LTOT. Of the subjects with interstitial lung disease, 58%
had idiopathic pulmonary fibrosis (IPF). Eighteen subjects
had obesity-hypoventilation syndrome, and 16 of these
(89%) used CPAP or noninvasive ventilation, together with
LTOT, whereas the remaining 2 subjects only received
LTOT due to nonadherence with CPAP or noninvasive
ventilation. All the subjects had an oxygen concentrator,
and 60 of them (30.8%) also had ambulatory oxygen ther-
apy. Overall, the subjects had a median of 3 comorbidities,
and cardiovascular diseases were the most common. Con-
tinuous help at home was needed by 68 of the subjects
(35%), whereas 22 (11%) permanently stayed in a nursing
home or a community hospital.

Survival

During the study period, 133 subjects (69%) died, and
the median (IQR) survival time of the total study sample
was 2.2 (0.8—4.4) y. The subjects with interstitial lung
disease as the primary disease had a shorter survival time
(median [IQR] 0.9 [0.4-2.2] y) compared with subjects
with COPD (median [IQR] 2.4 [1.1-4.5] y, P <.001). In
addition, age > 75 y and the need for help with ADL were
associated with shorter survival (Fig. 1). Among the sub-
jects with COPD Global Initiative for Chronic Obstructive
Lung Disease stages were not significantly associated with
survival (P = .77) Fifty-six subjects (29%) died during the
first year after the initiation of LTOT. The characteristics
of the subjects who died in, or survived, over the first year
are shown in Table 2. Those who died during the first year
were older, needed help more often with ADL, and had
lower body mass index (BMI). The 1-y survival rate was
lower in the subjects with interstitial lung disease (47%)
compared with those with COPD (79%) (P < .001) as the
primary disease. None of the subjects with obesity-hy-
poventilation syndrome as their primary disease died in
the first year.

Factors Associated With Overall Survival

The factors associated with subjects’ survival time are
presented in Table 3. In univariate analysis, older age, the
need for help in ADL, lower BMI, interstitial lung disease,
the Charlson comorbidity index, and heart (coronary artery
disease or heart failure) or neurologic diseases as comor-
bidities were associated with shorter survival. In contrast,
sleep apnea as a comorbidity was associated with longer
survival. In multivariate analysis, the need for help with
ADL. Charlson comorbidity index, and interstitial lung
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Fig. 1. A: Overall survival after the initiation of long-term oxygen therapy in the total study sample. B: In subjects ages >75 y (median 1.4
[IQR 0.4-3.1] y) and =75 y (median 2.8 [IQR 1.1-NA] y), P = .001. C: According to primary disease, COPD (median 2.4 [IQR 1.1-4.5] y),
ILD (median 0.9 [IQR 0.4-2.2] y), or other (median 3.2 [IQR 1.1-5.8] y), P < .001 between COPD and ILD. D: According to the need for help
in activities of daily living, did not need help (median 3.3 [IQR 1.7-5.8] y) and needed help (median 1.2 [QR 0.4-2.8] y), P < .001. IQR =
interquartile range; ILD = interstitial lung disease, NA = not available.

disease as the underlying need for LTOT remained inde-
pendently associated with shorter survival (Table 3).

Discussion

We presented a real-life study in an unselected sample
of subjects for whom LTOT was prescribed and initiated.
The median survival of the total sample was ~2 y, but this
varied significantly among different subject groups. The
subjects with interstitial lung disease had significantly
shorter survival than did those with COPD, and more than
half of the subjects with interstitial lung disease died dur-
ing the first year after initiation of LTOT. The need for
help in ADL, a higher Charlson comorbidity index, and
interstitial lung disease as a primary disease that necessi-
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tated LTOT were independently associated with poorer
survival.

The subjects on LTOT who needed constant help with
ADL had worse overall and 1-y survival compared with
those who managed by themselves or needed only oc-
casional help. It seemed that the limited general perfor-
mance status better reflected the risk of death than did
lung function or blood gas levels in a nonselected sub-
ject sample with LTOT. To our knowledge, this was the
first study to show the association between the need for
help in ADL and survival among subjects with LTOT,
although the need for help in ADL is associated with
worse survival among subjects with interstitial lung dis-
ease or COPD in general.!!5 Leuchte et al'* showed
that subjects with IPF (with or without LTOT) who
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Table 2. Subject Characteristics According to 1 Year Survival After the Initiation of LTOT

Characteristic Died during the st Year Survived Over 1 Year P*
Total, n 56 139
Sex, n (%) 17
Males 39 (69.6) 82 (59.0)
Females 17 (30.4) 57 (41.0)
Age
Median (IQR) y 78.5 (68.0-85.0) 72.0 (66.0-79.0) .004
=75y, n(%) 23 (41.1) 90 (64.7) .002
>75y, n (%) 33(58.9) 49 (35.3)
Body mass index, median (IQR) kg/m? 25.5(22.9-29.9) 28.6 (23.2-33.9) .03
Need for help with ADL, n (%) <.001
No 17 (30.4) 88 (63.3)
Yes 39 (69.6) 51(36.7)
Smoking status, n (%) .61
Never-smoker 21(37.5) 39 (28.1)
Ex-smoker 35(62.5) 98 (70.5)
Smoker 0(0.0) 1(0.7)
Not known 0(0.0) 1(0.7)
FEV,
Median (IQR) L 1.47 (1.04-1.95) 1.28 (0.91-1.79) .10
Median (IQR) % of predicted 57.0 (40.0-66.0) 47.0 (35.0-63.0) .039
FVC
Median (IQR) L 2.32(1.91-3.00) 2.56 (1.82-3.09) .58
Median (IQR) % of predicted 70.0 (55.8-86.3) 72.5(57.3-83.8) 77
P, with room air, median (IQR) mm Hg 54 (46.5-58.5) 57.4 (48.0-54.8) 25
Oxygen flow, median (IQR) L/min 2.0 (1.0-2.0) 1.5 (1.0-2.0) .54
Primary disease that caused the need for LTOT, n (%) <.001
COPD 19 (33.9) 73 (52.5) .02
Interstitial lung disease 24 (42.9) 20 (14.4) <.001
Heart diseases 8 (14.3) 10 (7.2) 12
Obesity-hypoventilation syndrome 0(0.0) 18 (12.9) .005
Other 5(8.9) 18 (12.9) A3
Comorbidities, n (%)
Hypertension 34 (60.7) 86 (61.9) .88
Heart diseases 35 (62.5) 77 (55.4) .36
Cerebrovascular diseases 4(7.1) 9 (6.5) >.99
Diabetes 18 (32.1) 42 (30.2) .79
COPD 7(12.5) 11(7.9) 32
Asthma 4(7.1) 23 (16.5) .09
Sleep apnea 9(16.1) 29 (20.9) 45
Neurologic diseases 10 (17.9) 23 (16.5) .83
Renal diseases 7(12.5) 11(7.9) 32
Rheumatic diseases 5(8.9) 13(9.4) 93
Cancer 11 (19.6) 27 (19.4) 97
Others 13(23.2) 36 (25.9) .70
No comorbidities 2(3.6) 7(5.0) >.99
Charlson comorbidity index, median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-2.0) .09

LTOT = long-term oxygen therapy
IQR = interquartile range
ADL = activities of daily living

needed help in ADL had worse survival compared to

those who didn’t need help in ADL.

Similarly, in the subjects with COPD (no mention of the
possible use of LTOT), difficulties in ADL were associ-

ated with worse survival in a study by Liu et al.!> The need

for help in ADL probably reflected poor performance sta-
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tus and high morbidity, which are features of poor prog-
nosis in many diseases.'® In the current study, 83.3% of
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Table 3. Factors Associated With Survival in Cox Regression Analysis

Univariate Analysis Multivariate Analysis*
Factor
HR (95% CI) P HR (95% CI) P

Sex

Females Ref. ND

Males 1.02 (0.72-1.45) 92 ND ND
Age (continuous) 1.03 (1.01-1.05) .001 ND ND
Age (categorical)

=75y Ref. Ref.

>75y 1.81 (1.29-2.55) .001 1.31 (0.90-1.90) 15
Body mass index, kg/m? 0.97 (0.95-0.99) .007 0.97 (0.94-1.01) 11
Need for help in ADL

No Ref. Ref.

Yes 2.22(1.57-3.14) <.001 2.10 (1.44-3.06) <.001
Smoking status

Never-smoker Ref. ND

Ex-smoker 0.98 (0.68-1.42) 92 ND ND
FEV,

L 1.11 (0.84-1.48) A7 ND ND

% of predicted 1.01 (1.00-1.02) .09 ND ND
FvC

L 0.96 (0.78-1.19) 73 ND ND

% of predicted 1.00 (0.99-1.01) 48 ND ND
P,o, with room air, mm Hg 7.7 (6.15-9.53) .86 ND ND
Oxygen flow, L/min 0.99 (0.82-1.18) .87 ND ND
Primary disease that caused the need for LTOT

COPD Ref. Ref.

Interstitial lung disease 220 (1.46-3.29) <.001 2.08 (1.36-3.17) .001

Heart diseases 1.25 (0.65-2.38) .50 1.33 (0.69-2.57) 40

Obesity-hypoventilation syndrome 0.42 (0.19-0.92) .031 0.49 (0.20-1.24) 13

Other 0.98 (0.57-1.73) 98 1.08 (0.60-1.94) 81
Comorbidities

Hypertension 0.93 (0.66-1.31) .68 ND ND

Heart diseases 1.49 (1.04-2.12) .03 0.94 (0.63-1.39) 75

Cerebrovascular diseases 1.66 (0.92-3.02) .09 ND ND

Diabetes 1.03 (0.71-1.49) .88 ND ND

COPD 1.11 (0.63-1.97) 72 ND ND

Asthma 0.73 (0.43-1.23) 24 ND ND

Sleep apnea 0.40 (0.23-0.70) .001 1.54 (0.84-2.83) .16

Neurologic diseases 1.53 (1.00-2.32) .048 1.00 (0.63-1.56) 98

Renal diseases 1.64 (0.99-2.73) .057 ND ND

Rheumatic diseases 0.66 (0.35-1.27) 21 ND ND

Cancer 1.07 (0.69-1.65) 18 ND ND

Others 1.20 (0.81-1.75) .36 ND ND

No comorbidities 0.98 (0.46-2.13) .98 ND ND
Charlson comorbidity index 1.24 (1.11-1.39) <.001 1.26 (1.11-1.43) <.001

* Variables significantly associated with survival (P < .03) in univariate analysis, and all primary diagnoses were included.
F HR in comparison with subjects without the comorbidity in question.

HR = hazard ratio

Ref. = Reference

ND = no data

ADL = activities of daily living

LTOT = long-term oxygen therapy
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the patients who couldn’t perform any kind of lung func-
tion measurements (spirometry nor microspirometry) and
72.4% of those who could only perform microspirom-
etry were in need of help with ADL, which was prob-
ably associated with poor performance status and which
prevented the completion of spirometry. Due to this
association, our statistical analysis may not have been
sensitive enough to detect the association between poor
lung function and poor survival. Further, the lack of an
association between baseline P,o and survival might
have been because the baseline P, was not necessarily
related to the forthcoming progression rate of the dis-
ease or deterioration of the patient.

In addition, a relatively high proportion of our subjects
(46%) who started LTOT needed help with ADL, which,
to our knowledge, has not previously been clearly reported.
In a study by Okubadejo et al,!” subjects with advanced
COPD and on LTOT were reported as less independent
with ADL than those not on LTOT, but the actual propor-
tion of subjects who needed help with ADL was not re-
ported. Thus, coping with ADL should be discerned in
every patient who starts LTOT as an estimation of survival
and social support.

The median survival of the subjects with COPD who
received LTOT was reported to be approximately 2-3 y,%*
whereas, in a recent study on subjects with interstitial lung
disease and on LTOT, the survival was only 8.4 months.'?
Our results were well in line with these numbers, but we
were able to show this difference in a single center clinical
study as well. More than half of our subjects with inter-
stitial lung disease had a diagnosis of IPF, which further
explained the poor survival of this subject group because
the median survival after a diagnosis of IPF is only ap-
proximately 2—4 y.'8-22 Our results highlighted the impor-
tance of a primary diagnosis in patients with LTOT as a
clinical tool in estimating prognosis. Further, there is no
clear evidence for the beneficial role of LTOT on survival
or symptom alleviation in patients with interstitial lung
disease or IPF.?3

In the univariate analysis, FEV| was significantly higher
in the subjects who died during the first year, but this was
not significant in the multivariate analysis. This was prob-
ably explained because the subjects with interstitial lung
disease had shorter survival than those with COPD, whereas
COPD as an obstructive disease is associated with lower
FEV,. Our results were in line with previous studies that
showed that, although the decline in lung function indices
does predict worse survival in interstitial lung disease and
COPD, impaired exercise capacity is more closely associ-
ated with mortality.>+2>

Also, younger age and higher BMI in our subjects with
LTOT were associated with better survival in univariate
but not in multivariate analysis. We suggest that the better
survival in subjects with highed BMI was partly explained
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by the survivors being more likely to have obesity-hy-
poventilation syndrome rather than a progressive lung
disease as the main reason for initiation of LTOT. Unfor-
tunately, the small number of subjects with obesity-hy-
poventilation syndrome prevented us from evaluating this
group in detail. Most of the subjects with obesity-
hypoventilation syndrome also had noninvasive ventila-
tion or CPAP in addition to LTOT, as recommended in the
guidelines.? However, lower BMI has been associated with
poorer survival in several advanced diseases, such as
COPD>2¢28 and IPF,?* which might also explain the as-
sociation between shorter survival and lower BMI in uni-
variate analysis.

Most of our subjects had comorbidities, of which heart
and neurologic diseases were associated with shorter over-
all survival in univariate analysis. In previous studies, co-
morbidities were shown to be associated with impaired
survival in COPD and interstitial lung disease.’*-*! How-
ever, other factors, such as lung function and poor perfor-
mance status, have been more closely related to progno-
sis.32 Similarly, the relation of any single comorbidity to
mortality disappeared in the multivariate analysis of our
data, which indicated that other factors were more impor-
tant regarding survival. The multimorbidity index (Charl-
son comorbidity index), in turn, was associated with shorter
survival in univariate analysis and also in multivariate anal-
ysis. We suggested that the total burden of comorbidities
might be more closely related to poor survival than a sin-
gle disease as a comorbidity.

Advance care planning and palliative care are recom-
mended as integral parts of the treatment of patients
with advanced cardiopulmonary diseases.!3-33 However,
recent studies showed that advance care planning con-
versations are uncommon in patients with chronic re-
spiratory disease.3*35 The benefits of integrated pallia-
tive care in patients with COPD or interstitial lung disease
include better control of dyspnea, fewer emergency de-
partment visits during the last year of life, and an op-
portunity for patients to die at home instead of in the
hospital.3%-37 However, a recent study showed that sub-
jects with interstitial lung disease and on LTOT still
receive lower-quality end-of-life care compared with
subjects with cancer.!> One of the key questions in clin-
ical practice is the suitable timing of advance care plan-
ning and integrated palliative care. The need for LTOT
is usually a sign of advanced disease, but our study
showed the heterogeneity of subjects on LTOT. Based
on our results, the initiation of LTOT should be con-
sidered a trigger for advance care planning discussions
and palliative care consultations, especially in patients
with interstitial lung disease or those who continuously
need help with ADL.
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Strengths and Limitations

We presented data on all subjects who were started on
LTOT in a single university hospital during the study pe-
riod. This allowed us to compare prognostic factors in an
unselected subject sample and to give practical informa-
tion for physicians who are taking care of the patients with
LTOT. However, the study sample was relatively small,
and, therefore, statistical power may not be sufficient to
detect weak associations, especially among subjects with
diseases other than COPD and interstitial lung disease (eg,
obesity-hypoventilation syndrome). Due to the retrospec-
tive nature of the study, we were not able to study all the
possible factors that influenced the prognosis of the sub-
jects. The need for help with ADL was defined by using
strict criteria, which probably found subjects who needed
major help but might have omitted those with lesser im-
pairment in self-care. Further, our analysis included data
on important factors, for example, lung function, only at
baseline, and we thus were not able to study the predictive
ability of changes in these variables during LTOT.

Conclusions

The median overall survival among a real-life sample of
subjects started on LTOT was relatively short but with
considerable variation. The most important clinical pre-
dictors of poor survival were interstitial lung disease as the
underlying disease that necessitated LTOT, the need for
help with ADL, and multiple comorbidites. We suggest
that these factors could be used by clinicians as triggers for
advance care planning and palliative care consultations.
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ABSTRACT
Background: The need for noninvasive ventilation (NIV) is commonly considered a predictor of
poor survival, but life expectancy may vary depending on the underlying disease. We studied the
factors associated with decreased survival and end-of-life characteristics in an unselected popula-
tion of subjects starting NIV.

Methods: We conducted a retrospective study including 205 subjects initiating NIV from 1/1/
2012-31/12/2015 who were followed up until 31/12/2017.

Results: The median survival time was shorter in subjects needing help with activities of daily
living than in independent subjects (hazard ratio (HR) for death 1.7, 95% Cl 1.2-2.6, P = 0.008) and
was also shorter in subjects on long-term oxygen therapy (LTOT) than in those not on LTOT (HR
for death 2.8, 95% Cl 1.9-4.3, P < 0.001). There was marked difference in survival according to the
disease necessitating NIV, and subjects with amyotrophic lateral sclerosis or interstitial lung
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disease seemed to have the shortest survival. The two most common diseases resulting in the
need for NIV were chronic obstructive pulmonary disease (COPD) and obesity hypoventilation
syndrome (OHS). The median survival time was 4.4 years in COPD subjects, but the median
survival time was not reached in subjects with OHS (HR for death COPD vs. OHS: 3.2, 95% Cl
1.9-5.5, P < 0.001). Most of the deceased subjects (55.6%) died in the hospital, while only 20.0%
died at home. The last hospitalization admission leading to death occurred through the emer-
gency room in 44.4% of the subjects.

Conclusions: Survival among subjects starting NIV in this real-life study varied greatly depending
on the disease and degree of functional impairment. Subjects frequently died in the hospital after
admission through the emergency department. A comprehensive treatment approach with
timely advance care planning is therefore needed, especially for those needing help with
activities of daily living and those with both NIV and LTOT.

international guidelines for the initiation of NIV in
patients with COPD [8,9] and OHS [1,10], but the
criteria are not strict, leaving room for clinical judg-
ment. The use of NIV may also be beneficial in patients
with hypoventilation due to other diseases, such as
thoracic deformation. As the list of diseases causing
chronic hypoventilation is long and there are no uni-
form criteria for the initiation of NIV, the real-life
sample of patients initiating NIV is heterogeneous,
with different underlying diseases and comorbidities.
End-of-life care and advance care planning are
usually recommended if the patient is at considerable
risk of dying in the next 12 months [11]. Timely
advance care planning improves patient care and
decreases unnecessary treatments and hospital

Introduction

Chronic hypercapnia commonly occurs in the late
stages of pulmonary diseases, such as chronic obstruc-
tive pulmonary disease (COPD), some neuromuscular
disorders and, by definition, obesity hypoventilation
syndrome (OHS) [1]. It has been shown that the treat-
ment of hypoventilation with noninvasive ventilation
(NIV) in patients with OHS [2] or amyotrophic lateral
sclerosis (ALS) [3,4] improves survival [5], reduces
sleepiness and decreases daytime PaCO, [6].
Although the overall benefit of long-term NIV for
patients with COPD is under debate, the use of NIV
has been shown to improve survival and reduce read-
missions among patients with persistent hypercapnia
after acute exacerbation of COPD [7]. There are
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admissions [12]. In subjects with neuromuscular dis-
eases, such as ALS, hypoventilation is a sign of
advanced disease [4]. The overall survival of patients
with  COPD on NIV is difficult to estimate as
a consequence of the substantial impact of comorbid-
ities [13]. As patients treated with NIV form
a heterogeneous group, the need for NIV cannot be
uniformly used as an indicator of poor prognosis.
Therefore, it would be useful to identify relevant prog-
nostic factors to guide the appropriate timing of
advance care planning and arrangements for end-of-
life care in everyday practice.

Our aim was to identify the factors associated with
decreased survival and end-of-life characteristics in
subjects in whom NIV was initiated in a real-life setting
in an unselected patient population of a respiratory
insufficiency clinic.

Materials and methods
Subjects

All subjects who started NIV, excluding 11 subjects
with only sleep apnoea, between 1 January 2012, and
31 December 2015, in the respiratory insufficiency unit
of Tampere University Hospital were included in this
study. Tampere University Hospital provides care for
the 530 000 inhabitants of Pirkanmaa County. All the
subjects were treated in an acute pulmonary ward or
respiratory insufficiency unit at the time of initiation of
NIV, and they visited the respiratory insufficiency unit
1-3 months after the initiation of NIV and approxi-
mately once or twice per year thereafter. The decision
to initiate NIV was made on clinical grounds by the
attending pulmonologist, who applied the relevant
guidelines [2,4,8,14]. The subjects were followed up
until death or 31 December 2017.

Data collection

All the medical records of the subjects were reviewed.
The collected information included sex, age, weight,
height, living conditions, smoking status, primary diag-
noses, information about comorbidities, do not resus-
citate orders and decisions regarding end-of-life care.
We also collected the results of spirometry and arterial
or capillary blood gas analysis and the usage hours and
settings of NIV recorded by nurses or doctors. The
median daily usage hours from the device memory
card were registered at every control for the time
period between the previous and current visits. The
disease necessitating NIV was defined as the primary
disease, while all the other diseases were considered

comorbidities. Diagnoses of COPD and OHS were
made by the attending physician of the respiratory
insufficiency unit in compliance with the current
guidelines [1,15]. The Charlson comorbidity index
was calculated for the subjects based on the number
and severity of their comorbidities [16,17]. A subject
was defined as needing help with activities of daily
living (ADL) if he or she needed daily help from
a family member working as a caregiver, received
home care services provided by social services (e.g.,
dietary services, ablutions, dressing or medication) or
permanently resided in a nursing home or
a community hospital.

All the death certificates of the subjects who died
before 31 December 2017 were reviewed. The collected
information included the date and cause of death, place
of death, do not resuscitate orders and end-of-life care
decisions. An end-of-life care decision was defined as
a recorded decision to start comfort-only end-of-life
care or symptom-centred palliative care.

Statistical analysis

Almost all of the continuous variables were non-
normally distributed based on visual estimation; thus,
nonparametric tests were used. Comparisons of cate-
gorical variables were performed with the Mann-
Whitney U test or Kruskal-Wallis test for continuous
variables and Pearson’s chi-square test or Fisher’s exact
test for categorical variables. The Kaplan-Meier
method and Cox regression were used for survival
estimation. All comorbidities affecting more than five
subjects (hypertension, cardiovascular diseases, dia-
betes, asthma, previous cancer and sleep apnoea) and
age were included in the Cox multivariate analysis
conducted in subjects with COPD or OHS. Statistical
significance was set at P < 0.05. Analyses were per-
formed with IBM SPSS Statistics versions 22.0 and 26.0
(IBM Corp, Armonk, NY).

Ethics consideration

This study was approved by the Regional Ethics
Committee of Tampere University Hospital, Finland
(approval code R15180/1 December 2015).

Results

A total of 205 subjects started long-term NIV during
the study period and were included. The characteristics
of the subjects are shown in Table 1. The most com-
mon diseases necessitating NIV were COPD and OHS.
Three out of eight subjects with ILD initiated NIV with



concomitant LTOT due to hypercapnia >8 kPa and five
subjects with ILD initiated NIV as part of palliative
treatment for dyspnoea. Of the subjects included in the
analysis, 135 (65.9%) started NIV during an acute
exacerbation or airway infection, but they all fulfilled
the criteria for long-term NIV after the resolution of
the acute event. Altogether, 62 (30.2%) of all the
included subjects and 26 (49.1%) of the subjects with
COPD were treated with long-term oxygen therapy
(LTOT) concomitantly with NIV. Of all the subjects
who discontinued NIV during the follow-up period, 33
(16.1%) subjects discontinued due to lack of motivation
or insufficient usage hours (<4 h per 24 h), and 14
(6.8%) subjects did not fulfil the criteria for NIV any-
more. Furthermore, of those who discontinued NIV, 29
(60.0%) discontinued it during the first year, 6 (20.7%)
of whom had COPD, 17 (58.6%) of whom had OHS
and 6 (20.7%) of whom had other diagnoses. The
median partial pressure of pCO, was 8.1 kPa (IQR
7.0-9.5) at the initiation of NIV, and at the first con-
trol, it was reduced to 6.1 kPa (IQR 5.4-6.7). The
detailed settings of NIV, usage data and values of
pCO; are shown in Supplementary Table 1. The most
common comorbidities were cardiovascular diseases,
hypertension and diabetes. Of all the subjects, 56
(27.3%) needed daily help at home, and 15 (7.3%)
permanently resided in a nursing home or
a community hospital.

Baseline characteristics in the subjects with COPD,
OHS and other diagnoses are presented in Table 2. As
expected, subjects with COPD had a more prominent
smoking history, while subjects with OHS were more
likely to be obese and more often suffered from con-
comitant sleep apnoea. Of those subjects with OHS, 20
(20.6%) also had mild or moderate COPD as
a comorbidity.

Survival

Almost half (43.9%) of the subjects died during the
study period. Needing help with ADL was associated
with worse survival than being independent (hazard
ratio for death (HR) 1.7, 95% CI 1.2-2.6, P = 0.008)
(Figure 1(a)). Lung function or discontinuation of NIV
therapy were not significantly associated with survival.
In the total study sample, subjects who used LTOT
concomitantly with NIV had worse survival than
those who did not use LTOT (HR 2.8, 95% CI
1.9-4.3, P < 0.001) (Figure 1(b)).

There were marked differences in survival between sub-
jects with different diseases, and the median survival was
significantly longer in subjects with OHS (median not
reached) than in those with COPD (median of 4.4 yrs.,
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IQR 1.4-5.3, P < 0.001) (Figure 1(c)). The numbers of
subjects in each of the other disease groups were relatively
small, and detailed survival data in these groups are pre-
sented in Supplementary Figure 1. Survival was shortest in
subjects with interstitial lung diseases and ALS.

Due to the small numbers of subjects in other disease
groups, Cox multivariate analysis was conducted only in
subjects with COPD and OHS (Supplementary Table 2). In
subjects with COPD, hypertension (HR 6.4 (95% CI 2.4—-
17.2, P < 0.001)) and older age (HR 1.1 (95% CI 1.0-1.2,
P =0.011)) were significantly associated with worse survi-
val, while diabetes (HR 0.2 (95% CI 0.1-0.6, P = 0.002)) and
previous cancer (HR 0.1 (95% CI 0.02-0.5, P = 0.006)) were
associated with longer survival. None of the comorbidities
in the survival analysis were associated with the survival
time among subjects with OHS.

End-of-life characteristics

Of the subjects who died, 87.8% had do not resuscitate
orders, and 43.3% had end-of-life care decisions (Table
3). The do not resuscitate decision was made a median
of 199 days before death (IQR 43-642 days), and the
medians were 171 days (IQR 35-506), 144 days (IQR
20-665) and 387 days (IQR 97-697) among subjects
with COPD, OHS and other diagnoses, respectively
(P = 0.344). The exact date of the DNR decision was
missing in 24 subjects. Fifty-six percent of all the
deceased subjects died in the hospital, and one-fifth
died at home. Of those who died at the hospital,
86.0% had a do not resuscitate order, and 40.0% had
an end-of-life care decision, while these proportions
were 83.3% and 38.9%, respectively, among those who
died at home. Forty-four percent of the subjects arrived
via the emergency department for their last hospital
admission before death. There was no difference in do
not resuscitate orders or end-of-life care decisions
between subjects who arrived via the emergency
department for the last hospitalization before death
and those who did not. The most common causes of
death were COPD and heart disease.

Discussion

In this retrospective study on subjects with NIV due to
respiratory insufficiency, the need for help with ADL
and simultaneous LTOT were associated with shor-
tened survival, while subjects with COPD had worse
survival than those with OHS. Among the comorbid-
ities, hypertension was associated with decreased sur-
vival in subjects with COPD. Decisions reflecting the
recognition of the approach of the end-of-life period
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Table 1. Subject characteristics.

Sex, n (%)

Males 120 (58.5)
Females 85 (41.5)
Age, Median (IQR) y 67.0 (60.3-75.1)
<65y, n (%) 85 (41.5)
65-75y, n (%) 74 (36.1)
> 75y, n (%) 46 (22.4)
Body mass index, Median (IQR) (kg/m?)* 33.2 (25.5-43.3)
<185, n (%) 11 (5.5)

18.5-24.9, n (%) 35(17.5)
25.0-29.9, n (%) 32 (16.0)
30.0-34.9, n (%) 29 (14.5)
35.0-39.9, n (%) 33 (16.5)
>40.0, n (%) 60 (30.0)
Need for help with ADL, n (%)
No 134 (65.4)
Yes 71 (34.6)
Smoking status, n (%)
Never-smoker 69 (33.7)
Ex-smoker 89 (43.4)
Smoker 46 (22.4)
Not known 1(0.5)
Pack years, Median (IQR) y 30.0 (15.0-50.0)
FEV, 1

Median (IQR) L

Median (IQR) % of predicted

FVC #

Median (IQR) L

Median (IQR) % of predicted
FEV,/FVC, Median (IQR) #

1.23 (0.86-1.83)
45.5 (33.0-59.0)

230 (1.60-2.78)
61.0 (49.0-71.5)
0.67 (0.48-0.77)

pCO,, Median (IQR) kPa 8.2 (7.1-9.6)
Primary disease that caused the need for
NIV, n (%)
Obesity hypoventilation syndrome 97 (47.3)
COPD 53 (25.9)
Amyotrophic lateral sclerosis 10 (4.9)
Other neurological disease than 17 (83)
amyotrophic lateral sclerosis
Thoracic deformity 14 (6.8)
Interstitial lung diseases 8 (3.9

Other § 6 (2.9)
Comorbidities, n (%)

Hypertension 127 (62.0)
Cardiovascular diseases 117 (57.1)
Sleep Apnea 87 (42.4)
Diabetes 85 (41.5)
Asthma 48 (23.4)
COPD 26 (12.7)
Cancer 31 (15.1)
Neurological diseases 20 (9.8)
Renal diseases 19 (9.3)
Rheumatic diseases 15 (7.3)
Others 99 (48.3)
No comorbidities 12 (5.9)
Charlson Comorbidity Index, Median (IQR) 1.0 (1.0-2.0)

* Data missing in five subjects due to being confined to bed (tetraplegia,
multiple sclerosis, spinocerebellar ataxia or otherwise poor general con-
dition (2)).

1 Data missing in 20 subjects: lack of co-operation (tetraplegia, muscle
dystrophy or subject didn't understand instructions because of e.g.
Alzheimer’s disease) in ten subjects and spirometry was not conducted
in nine subjects as the disease was not a lung disease and missing values
in one subject.

$ Data missing in 40 subjects: only microspirometry available (20) and same
reasons as for FEV;t (20)

§ Consisting of central hypoventilation due to opioids (n = 1), bronchiolitis
obliterans (n = 1), severe asthma (n = 1), tracheobronchomalacia (n = 1),
vocal cord dysfunction (n = 1), chronic pleuritis (n = 1)

IQR, interquartile range; ADL, activities of daily living; FEV;, forced expiratory
volume in one second; FVC, forced vital capacity; pCO,, partial pressure of
carbon dioxide; NIV, noninvasive ventilation; COPD, chronic obstructive
pulmonary disease

were commonly made, but many of the subjects still
died in the hospital.

The median survival time in subjects with COPD
(4.4 yrs.) was slightly better than that identified in
a study by Blankenburg et al. (3.9 yrs.), while a rela-
tively long survival of OHS subjects was found in both
studies[18]. Subjects with other diagnoses showed very
variable prognoses in our study. Furthermore, there
were very limited numbers of subjects in these groups,
precluding the drawing of firm conclusions. However,
subjects with amyotrophic lateral sclerosis and inter-
stitial lung disease had poor survival, which is in line
with previous studies [19,20]. Among subjects with
chronic hypoventilation, those with COPD, amyo-
trophic lateral sclerosis and interstitial lung diseases
could benefit from timely advance care planning.

To our knowledge, this is the first study to evaluate
the association between needing help with ADL and
survival in subjects with NIV. Impairment in ADL has
been previously shown to affect survival in the general
elderly population [21], and patients with COPD have
more difficulties with ADL than those without COPD
[22]. However, those previous studies did not report
the usage of NIV. Coping with ADL should be assessed
among patients needing domiciliary NIV because
needing help with ADL is common and is associated
with worse survival.

Most of the subjects starting NIV, especially those
with OHS, had several comorbidities, of which cardio-
vascular diseases, hypertension, diabetes and sleep
apnoea were the most common. In contrast to the
findings in some previous studies, cardiovascular dis-
eases were not associated with decreased survival
among subjects with COPD in our study [13,23,24].
However, hypertension was associated with poor sur-
vival in subjects with COPD in our results. In
a previous study by Mannino et al., hypertension was
common in subjects with at least severe COPD; hyper-
tension was only slightly associated with impaired sur-
vival, while cardiovascular disease had a larger effect on
survival [24]. We suggest that subjects with hyperten-
sion could actually have undiagnosed cardiovascular
disease and a higher risk of cardiovascular events.
Subjects with COPD and diabetes or previous non-
metastatic cancer had better survival than those with-
out. This somewhat unexpected finding might be due
to better health behaviours in subjects with diabetes
and cancer survivors. Although our results may also be
partly due to the lack of power or coincident results
related to multiple statistical testing, they highlight the
need for comprehensive care of patients treated with
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Table 2. Subject characteristics in subjects with COPD, obesity-hypoventilation syndrome or other diagnoses as the cause for

initiation of noninvasive ventilation.

COPD OHS Others P-value

Total, n 53 97 55
Sex, n (%)

Males 35 (66.0) 56 (57.7) 29 (52.7) 0.364
Females 18 (34.0) 41 (42.3) 26 (47.3)

Age, Median (IQR) y 69.0 (63.7-73.9) 66.3 (58.4-75.1) 65.9 (58.9-76.7) 0.523
<65y, n (%) 18 (34.0) 42 (43.3) 25 (45.5) 0.194
65-75y, n (%) 25 (47.2) 35 (36.1) 14 (25.5)
>75y, n (%) 10 (18.9) 20 (20.6) 16 (29.1)

Body mass index, Median (IQR) (kg/m?)* 259 (21.4-31.2) 43.5 (37.4-48.8) 25.5 (21.5-28.9) <0.001
<18.5, n (%) 7 (13.2) 0 (0.0 4 (7.8)
18.5-24.9, n (%) 16 (30.2) 0 (0.0 19 (37.3)
25.0-29.9, n (%) 13 (24.5) 0 (0.0) 19 (37.3)
30.0-34.9, n (%) 11 (20.8) 14 (14.6) 4(7.8)
35.0-39.9, n (%) 6 (11.3) 24 (25.0) 3 (5.9)
>40.0, n (%) 0 (0.0) 58 (60.4) 2 (3.9)

Need for help with ADL, n (%)

No 40 (75.5) 72 (74.2) 22 (40.0) <0.001
Yes 13 (24.5) 25 (25.8) 33 (60.0)

Smoking status, n (%)

Never-smoker 0 (0.0) 40 (41.2) 29 (52.7) <0.001
Ex-smoker 30 (56.6) 35 (36.1) 24 (43.6)

Smoker 23 (43.4) 21 (21.6) 2 (3.6)

Not known 0 (0.0) 1(1.0 0 (0.0)

Pack years, Median (IQR) y 45.0 (35.0-54.0) 25.0 (10.0-40.0) 15.0 (7.0-30.0) <0.001

FEV, T
Median (IQR) L 0.81 (0.68-1.06) 1.65 (1.13-1.98) 1.27 (0.94-2.11) <0.001
Median (IQR) % of predicted 29.0 (21.0-40.0) 53.0 (43.0-62.3) 47.0 (33.5-66.5) <0.001

FVC
Median (IQR) L 2.44 (2.00-2.74) 2.27 (1.72-2.84) 1.66 (1.20-2.53) 0.012
Median (IQR) % of predicted 66.0 (55.0-77.0) 62.0 (52.0-73.0) 51.0 (39.0-66.0) 0.002

FEV,/FVC, Median (IQR) % 0.41 (0.27-0.50) 0.70 (0.63-0.77) 0.77 (0.67-0.89) <0.001

pCO,, Median (IQR) kPa 84 (7.9-10.4) 8.6 (7.4-10.0) 7.3 (6.2-8.6) <0.001

Comorbidities, n (%)

Hypertension 28 (52.8) 71 (73.2) 28 (50.9) 0.007
Cardiovascular diseases 32 (60.4) 60 (61.9) 25 (45.5) 0.124
Diabetes 18 (34.0) 56 (57.7) 11 (20.0) <0.001
COPD 20 (20.6) 5(9.1) 0.001
Asthma 11 (20.8) 25 (25.8) 12 (21.8) 0.745
Sleep Apnoea 6 (11.3) 72 (74.2) 9 (16.4) <0.001
Neurological diseases 2 (3.8) 10 (10.3) 8 (14.5) 0.164
Renal diseases 5(9.4) 9 (9.3) 5(9.1) 1.000
Rheumatic diseases 3 (5.7) 6 (6.2) 6 (10.9) 0.545
Cancer 8 (15.1) 16 (16.5) 7(12.7) 0.824
Others 22 (41.5) 53 (54.6) 24 (43.6) 0.221
No comorbidities 4 (7.5) 0 (0.0) 8 (14.5) <0.001
Charlson Comorbidity Index, Median (IQR) 1.0 (0.0-2.0) 2.0 (1.0-3.0) 1.0 (0.0-2.0) 0.001

* Data missing in five subjects due to being confined to bed (tetraplegia, multiple sclerosis, spinocerebellar ataxia or otherwise poor general condition (2)).
t Data missing in 20 subjects: lack of co-operation (tetraplegia, muscle dystrophy or subject didn’t understand instructions because of e.g. Alzheimer’s
disease) in nine subjects and spirometry was not conducted in ten subjects as the disease was not a lung disease and missing values in one subject.

+ Data missing in 40 subjects: only microspirometry available (20) and same reasons as for FEV;t (20)
COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation sdr; IQR, interquartile range; ADL, activities of daily living; FEV,, forced expiratory
volume in one second; FVC, forced vital capacity; pCO,, partial pressure of carbon dioxide; COPD, chronic obstructive pulmonary disease

NIV, with a focus on comorbidities and not just
hypoventilation.

The subjects in this study were adherent to NIV,
with a median of 6 h. Our results are in line with those
of the study by Blankenburg et al., although the dis-
continuation percentages in subjects with COPD and
OHS in our study were slightly lower [18]. Moreover,
discontinuation was not associated with survival in the
subjects in the current study, even though discontinua-
tion has previously been shown to be associated with
worse survival in subjects with OHS [25]. Our finding

might be related to the tendency of subjects with
milder disease and better prognosis to perceive less
subjective gain from the treatment, making them
more likely to discontinue NIV, although again, the
lack of a significant association between survival and
the discontinuation of NIV may also be due to the
relatively small study population. In our study, the
decrease in pCO, after the initiation of NIV was quite
good even with relatively low pressures, especially in
subjects with COPD, compared to what is usually
recommended [26,27], and this might be related to
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Figure 1. Kaplan-Meier survival curve for overall survival in the total study sample according to the need for assistance with activities of daily living
(A), according to the concomitant use of long-term oxygen therapy with NIV (B) and after the initiation of noninvasive ventilation according to the
primary diagnosis for noninvasive ventilation in subjects with OHS and COPD (C).NIV, noninvasive ventilation; LTOT, long-term oxygen therapy; HR;
hazard ratio; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation syndrome; IQR, interquartile range; NA, not available.
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Table 3. Characteristics related to end-of-life among the deceased subjects according to primary diagnosis.

COPD OHS Others P-value

Total, n 53 97 55
Died before 31.12.2017, n (% of all) 31 (58.5) 24 (24.7) 35 (63.6) <0.001
DNR decision before death, n (%) t 30 (96.8) 18 (75.0) 31 (88.6) 0.053
End-of-life care decision before death, n (%) 12 (38.7) 11 (45.8) 16 (45.7) 0.814
Place of death, n (%)

Hospital 17 (54.8) 17 (70.8) 16 (45.7) 0.907

Home 7 (22.6) 3(12.5) 8 (22.9)

Nursing home 3(9.7) 1(4.2) 3 (8.6)

Hospice 2 (6.5) 2 (8.3) 4 (11.4)

Emergency 2 (6.5) 14.2) 3 (8.6)

Not known 0 (0.0) 0 (0.0) 129
Cause of death, n (%)

COPD 23 (74.2) 2(83) 1(2.9) <0.001

Heart diseases 4(12.9) 9 (37.5) 4(11.4)

Interstitial lung disease 0 (0.0) 0 (0.0) 8 (22.9)

Cancer 4 (12.9) 3(12.5) 3 (8.6)

Neurological diseases 0 (0.0 14.2) 13 (37.1)

Chronic respiratory failure 0 (0.0) 4 (16.7) 129

Pneumonia or other infection 0 (0.0) 1(42) 1(2.9)

Other 0 (0.0 4 (16.7) 4(11.4)
Admission through the emergency for the last hospitalization before death, n (%) 13 (41.9) 11 (45.8) 16 (45.7) 0.941

139 (49.4%) had also end-of-life care decision

COPD, chronic obstructive lung disease; OHS, obesity hypoventilation sdr; DNR, do not resuscitate

the fact that NIV was initiated in approximately 60% of
subjects in an acute setting.

In the total study sample, those subjects needing
LTOT in addition to NIV had worse survival than
those who did not need LTOT, and this was also
found when subjects with COPD and OHS were ana-
lysed separately. This is to be expected, as being hyper-
capnic is a sign of a pathological process that decreases
gas exchange. To our knowledge, there have been no
previous studies assessing whether the use of LTOT is
associated with survival in patients with COPD who
also use NIV. In contrast, a previous study by Murphy
et al. showed that survival was better in subjects with
concomitant NIV with LTOT than in subjects with
only LTOT after the acute exacerbation of COPD [7].
However, our results are in line with those of one
previous study by Priou and colleagues, in which
hypoxemia among patients with OHS and NIV was
also associated with worse survival than the absence
of hypoxemia [28].

Our study showed that the majority of the deceased
subjects had do not resuscitate orders, which is in line
with the findings in the study by Raskin et al. [29].
However, only half of our subjects had end-of-life care
decisions, although our numbers are higher than those
previously reported by European respiratory care units
[30]. Many of the subjects in this study died in the
hospital, and only one-fifth of them died at home,
which was also found in a study by Gruneir et al.
[31]. In contrast, 85% of the 60 patients with advanced
COPD died at home or in the palliative care unit in
a recent study by Gainza-Miranda et al., highlighting
the different practices in the arrangements of palliative

care in the context of advanced respiratory insuffi-
ciency [32]. In addition, almost half of the subjects
arrived via the emergency room for their last hospita-
lization prior to death in our study. When discussing
do not resuscitate orders with a patient, the physician
should also consider broader advance care planning
discussions, including arrangements for end-of-life
care, to avoid unnecessary hospitalization before death.

More than half of the subjects with COPD died in
our study; thus, the management of these subjects
should focus on slowing down the progression of
COPD. In contrast, we found that comorbidities were
a common cause of death in subjects with OHS, as
shown in previous studies [25,33]. This highlights the
importance of a comprehensive therapeutic approach
to comorbidities in patients with OHS.

Strengths and limitations

The strength of the study is the unselected subject
sample with NIV, which means that the findings
provide practical information to physicians caring
for similar patients. Due to the retrospective nature
of the study, consistent baseline settings of NIV were
lacking, and the criterion for the initiation of NIV
slightly differed due to the heterogeneity of the sub-
ject population and the clinical decisions made by
the attending pulmonologist. A minority of the sub-
jects with OHS (20/97) also had COPD, but none of
them had severe obstruction, and hypoventilation
was thus considered to be primarily due to OHS.
Due to missing lung function tests, the association
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between FEV,/FVC and survival could not be ana-
lysed. The need for assistance with ADL was defined
by using strict criteria, ensuring an accurate defini-
tion of those who needed help, although the criteria
might have excluded subjects with minor
impairment.

Conclusions

Survival in a real-life sample of subjects with NIV
varied depending on the primary disease, need for
help with ADL and use of LTOT. In addition, hyper-
tension in subjects with COPD was associated with
shortened survival. Most of the subjects died in the
hospital after being admitted through the emergency
department, although most of them had a do not
resuscitate order or end-of-life care decision. Among
patients treated with NIV, a comprehensive treatment
approach with timely advance care planning is needed,
and clinicians should pay attention to the underlying
primary diagnosis, functional impairment and
comorbidities.
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Supplementary Table 1. Details of the settings, usage and achieved pCO, levels in subjects with noninvasive ventilation.

COPD OHS Others P-value*

Total, n 53 97 55

IPAP, cmH,0, Median (IQR) T 16.0 (12.0-17.5)  18.0(16.0-20.0)  14.0(12.0-15.0)  <0.001
EPAP, cmH,0, Median (IQR) 6.0 (6.0-8.0) 10.0 (8.0-10.0) 6.0 (6.0-8.0) <0.001
Average usage per day during the first year,

hours, Median (IQR) 6.0 (4.0-8.0) 6.0 (4.0-7.5) 5.5(3.4-83) 0.904
pCO:; at the initiation, kPa, Median (IQR) 8.4 (7.9-10.4) 8.6 (7.4-10.0) 7.3 (6.2-8.6) <0.001
pCO; at the first follow-up, kPa, Median (IQR) § ¥ 6.2 (5.5-6.9) 6.0 (5.4-6.6) 6.2 (5.7-6.8) 0.201

* Between subjects with COPD and Obesity-hypoventilation syndrome.

T Data missing in 3 subjects.

1 Nine subjects died before the first follow-up visit in stable state and data missing in 8 subjects.

§ Nine subjects died before the first follow-up visit in stable state, data missing in one subject, data not analyzed in six subjects due to not having used
the device.

¥ Median length of the first follow-up was 42 days (IQR 35-63).

pCO,, partial pressure of carbon dioxide; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation syndrome; IQR, interquartile
range; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive airway pressure



Supplementary Table 2. Association of age and comorbidities on survival among subjects with COPD and OHS in Cox multivariate analysis.

COoPD OHS
HR (95% CI) P-value HR (95 % CI) P-value

Age at the initiation of NIV 1.1(1.0-1.2) 0.011 1.0 (1.0-1.1) 0.082
Comorbidities

Hypertensio 6.4(2.4-17.2) <0.001 1.1(0.4-3.2) 0.868

Cardiovascular diseases 1.2 (0.5-3.0) 0.627 2.8(0.9-8.5) 0.079

Diabetes 0.2 (0.1-0.6) 0.002 0.7 (0.3-1.7) 0.393

Asthma 0.5(0.2-1.7) 0.289 1.8 (0.7-4.5) 0.239

Previous cancer 0.1 (0.02-0.5) 0.006 0.8 (0.3-2.6) 0.748

Sleep apnea 0.7 (0.2-2.5) 0.599 0.4 (0.2-1.1) 0.081

NIV, noninvasive ventilation; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation syndrome; HR, hazard ratio
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