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Abstract

Patients with interstitial lung disease commonly exhibit
abnormal sleep architecture and increased sleep frag-
mentation on polysomnography. Fatigue is a frequent
complaint, and it is likely that poor sleep quality is a
significant contributor. A number of studies have shown
that sleep disordered breathing is prevalent in this pop-
ulation, particularly in the idiopathic pulmonary fibrosis
subgroup. The factors that predispose these patients to
obstructive sleep apnoea are not well understood, how-
ever it is believed that reduced caudal traction on the
upper airway can enhance collapsibility. Ventilatory con-
trol system instability may also be an important factor,
particularly in those with increased chemo-responsive-
ness, and in hypoxic conditions. Transient, repetitive
nocturnal oxygen desaturation is frequently observed in
interstitial lung disease, both with and without associ-
ated obstructive apnoeas. There is increasing evidence
that sleep-desaturation is associated with increased
mortality, and may be important in the pathogenesis of
pulmonary hypertension in this population.
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Core tip: This article reviews the literature on sleep dis-
ordered breathing in interstitial lung disease, seeking to
define the important contributing factors and sequelae.
The key concepts that are explored include the contri-
bution of nocturnal hypoxaemia to the development of
pulmonary hypertension, and the mechanisms behind
the observed high prevalence of obstructive sleep ap-
noea in interstitial lung disease patients.
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INTRODUCTION

The interstitial lung diseases (ILD) are a heterogeneous
group of disorders characterized by varying degrees of
fibrosis and inflammation of lung parenchyma. Suffer-
ers exhibit lung restriction and exercise intolerance, often
developing progressive hypoxia over time. Independent
of the presence of daytime hypoxia, many individuals
with ILD are observed to desaturate during sleep, with or
without associated apnoea.

There is mounting evidence that nocturnal hypoxia
and sleep-disordered breathing (SDB) may contribute
to adverse outcomes. Aside from resulting in poor sleep
quality and daytime fatigue, transient repetitive desatura-

tion and associated sympathetic nervous system activa-
tion may play a role in the development of pulmonary
hypertension and contribute to increased mortality" .
Existing evidence on aspects of sleep physiology and
pathophysiology in ILD will be considered within this

review.
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Figure 1 Classification scheme of interstitial lung disease (Adapted from™?). ILD: Interstitial lung disease; IIP: Idiopathic interstitial pneumonia.

POPULATION AT RISK

SLEEP CHARACTERISTICS IN ILD

There are estimates of more than two hundred known
causes of 1LD, leading to resttictive physiology, dyspnoea
and often a pervasive cough. These diseases can be di-
vided into broad subcategories: (1) those with known
actiology such as the pneumoconioses, drug-related 1LD,
and connective tissue disease-associated ILD; (2) the
granulomatous diseases such as sarcoidosis and chronic
hypersensitivity pneumonitis; (3) the idiopathic interstitial
pneumonias such as idiopathic pulmonary fibrosis (IPF),
non-specific interstitial pneumonia, cryptogenic organiz-
ing pneumonia (COP); and (4) a miscellaneous group
including pulmonary Langerhans cell histiocytosis™”. A
classification scheme is depicted in Figure 1.

Many of these diseases evolve from an initial inflam-
matory process involving the lung interstitium with vary-
ing inclusion of the lung vasculature and airways. Over
time, inflammation may give way to advancing fibrosis,
especially in cases where diagnosis and treatment are
delayed and inflammation persists unabated. In contrast,
IPF is a distinct entity, in which inflammation does not
appear to play an important role in the pathogenesis of
fibrosis, which often progresses rapidly and relentlessly.

Irrespective of underlying aetiology, advancing fibro-
sis often leads to wotsening gas exchange across a thick-
ened collagen-dense interstitium, and respiratory failure
may eventually ensue. Hypoxic vasoconstriction, endo-
thelial remodelling and vascular obliteration all contribute
to the development of pulmonary hypertension, a poor

prognostic feature when present in ILD patients™”,
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Breathing pattern during sleep

During wakefulness, ILD patients are known to have a
rapid, shallow breathing pattern both at rest and with
exercise™”. This is thought to be due to increased intrin-
sic elastic loading of respiratory muscles and stimulation
of peripheral mechanoreceptors™”. Even in the face of
severely impaired gas exchange, this respiratory pattern
allows ILD patients to maintain ventilation and daytime
eucapnia until very advanced stages of disease. During
sleep, some investigators have found respiratory frequen-
cy, fto be no different to that when awake!' ™. Others
have shown that f falls, but with an attendant increase in
tidal volume, so that overall, the increased minute ventila-
tion is preserved during sleep!”.

Sleep architecture and sleep quality

Not surprisingly, sleep quality is comparatively poorer
than that of the normal population. Nocturnal cough,
medications, breathing difficulties, hypoxia and obstruc-
tive apneas have all been implicated in disrupting sleep in
this population. Perez-Padilla ez a/'" in 1985, compared
11 ILD patients with age- and sex-matched controls.
They reported decreased amounts of rapid eye move-
ment (REM) sleep as well as significant sleep fragmenta-
tion in the patient groupm]. Further prospective studies,
with particular focus on IPF confirm these findings, and
also report increased stage 1 and 2 sleep, reduced slow
wave sleep and poorer overall sleep efﬁciencym’”’m]. Sleep
characteristics in ILD subjects are shown in Table 1.
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Table 1 Sleep characteristics in interstitial lung disease

Sleep characteristic Abnormality  Patient group Ref.
Respiratory rate Decreased ILD [15]
Unchanged ILD, IPF [11-14]
Stage 1/2 sleep Increased ILD [14]
IPF [19,20]
REM sleep Reduced ILD [11,14,15,25]
Scleroderma [26]
IPF [2,19,20]
Slow wave sleep Reduced IPF [13]
ILD [17,25]
Arousal index Increased ILD [12,14,15]
IPF [2,19,20]
Sleep efficiency Reduced ILD [25]
IPF [13,19,20]

ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis; REM:
Rapid eye movement.

Daytime symptoms and quality of life

The symptoms of sleepiness and fatigue often co-exist
in ILD patients. Common causative factors include
systemic inflammation, treatment side effects, age and
comorbidities. Depression and disease-related stressors
also affect many. In addition, sleep fragmentation ap-
pears to be a substantial contributor, as demonstrated in
studies using numerous sleep and health-related quality
of life (QoL) questionnaires in ILD subjects. Fatigue is
frequently reported, impacting on wellbeing and daytime
function*"*, The Epworth Sleepiness Scale (ESS),
and Pittsburgh Sleep Quality Index (PSQI) scores are
higher in unselected ILD patients than in normal con-
trols, indicating poorer quality sleepm’w. However, in
ILD cohorts with polysomnography, the ESS and other
tools do not reliably predict severity of sleep-disordered
breathingp’m’zﬂ. The PSQI does appear to correlate with
health-related QoL indices, particularly physical function
and vitality, highlighting the pervasive influence of sleep
fragmentation[zzl. Nocturnal hypoxia in ILD patients is
also independently associated with a reduction in energy
levels, as well as physical and social functioning, as as-
sessed by a variety of QoL instruments' ",

Non-respiratory disturbances to sleep

Increased periodic limb movements and restless legs syn-
drome (RLS) have been documented in IPF and sclero-
derma patientsm’zol. A self-reported study in IPF patients
and normal controls, however, did not find any difference
in the incidence of RLS" Gastro-oesophageal reflux
disease may also play a role in sleep disruption, particu-
larly in high-risk groups including scleroderma patientsm.

OBSTRUCTIVE SLEEP APNOEA IN ILD

Increasing attention has been focused on the prevalence
of obstructive sleep apnoea (OSA) in ILD, with much of
the cross-sectional data coming from studies in IPF pa-
tients. Three prospective studies showed the incidence of
OSA in IPF subjects to markedly exceed that reported in
healthy age-matched populations, with estimates between

Roishidenge ~ WJCC | www.wjgnet.com

59% and 90%™"*". This increased tisk however, does
not appear to be unique to IPF, with studies of mixed
ILD populations (and in particular sarcoidosis and sclero-
derma subgroups) demonstrating similar findings'***",

These results are summarized in Table 2.

Association between degree of OSA and severity of lung
disease

Although retrospective analyses of ILD subjects suggest
an association between the degree of lung restriction
and the risk and severity of sleep disordered breathing,
this has not been demonstrated in larger, prospective stud-
es®! 17052 "The only correlation between measured lung
volumes and PSG parameters, reported by Mermigkis e
a”’ was in total lung capacity and REM sleep apnoea hy-
popnoea index (AHI). Kolilekas ez al” found an association
between overall AHI and peak VO2 on exercise testing, but
this may simply reflect poorer daytime function and more
deconditioning in those with more fragmented sleep.

Hypotheses for why SDB is increased in patients with
ILD

In the general OSA literature, recent attention has been
turned towards the inherent characteristics that predis-
pose individuals to sleep disordered breathing, The two
key components believed to underscore the pathogenesis
of OSA are increased upper airway collapsibility and en-
hanced ventilatory control system instability™. Tt is use-
ful to consider these processes in the ILD population.

Upper airway collapsibility: It is generally believed that
restrictive lung disease leads to increased upper airway
collapsibility through reduced caudal traction on these
structures” . The inability to demonstrate a relation-
ship between lung function parameters and AHI seems to
refute this theory. One limitation with all reported data,
however, is the assessment of lung function in the upright
position only. There may be more robust associations
between supine measurements and SDB, but this is yet to
be investigated in ILD subjects. Increased body mass in-
dex (BMI) is associated with deposition of adipose tissue
around upper airway structures, enhancing collapsibility.
BMI correlates with AHI in some, but not all studies of
ILD subjects, suggesting that other mechanisms are im-

portan (2182025

Ventilatory control system instability: In sleep, any
rise in arterial CO2 (such as occurs with an apnoea) will
stimulate carotid and medullary chemoreceptors, result-
ing in a central respiratory motor output responsem. The
direct activation of respiratory pump muscles and upper
airway dilator muscles (e.g., genioglossus) restores upper
airway patency, and is often accompanied by an arousal.
Some individuals with heightened chemo-responsiveness
may overshoot the eucapnic range, by overventilating in
response to apnoea-induced hypercapnia. The ensuing
hypocapnia will then cause a further apnoea, sometimes
leading to a cyclical pattern of repetitive apnoeas as the
ventilatory system continues to attempt to achieve ho-
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Table 2 Prevalence of obstructive sleep apnoea in interstitial lung disease populations 7 (%)

Ref. Population Prevalence of M/F Age (mean) BMI Comment
OSA (mean)
Aydogdu et al™, 2006 ILD 24 (65) Abstract only
Mermigkis et al'”!, 2007 IPF 11 (61) 12/6 68.1 33.2 Retrospective study; subjects with symptoms of SDB
Lancaster et al™, 2009 IPF 44 (88) 34/16 65.7 322 Prospective study of unselected patients; 16 subjects used
oxygen during PSG
Mermigkis et al™, 2010 IPF 20 (59) 21/13 65.0 273 Prospective study of subjects with newly diagnosed IPF
Kolilekas et al™, 2013 IPF 28 (90) 24/7 68.0 28.7 Increased AHI associated with decreased survival, after
exclusion of those prescribed CPAP
Pihtili et al®™, 2013 ILD 34 (68) 14/36 539 25.9 Prospective study; excluded obese subjects (BMI = 30)
IPF 14 (82)
Sarcoidosis 10 (67)
Scleroderma 10 (56)

OSA: Obstructive sleep apnoea; BMI: Body mass index; ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis; SDB: Sleep disordered breathing;
PSG: Polysomnography; AHI: Apnoea hypopnoea index; CPAP: Continuous positive airway pressure.

meostasis. This ventilatory system instability is believed to
be an important contributing factor in many with OSAPY,

Intermittent hypoxia enhances chemo-responsiveness,
and is likely to exacerbate ventilatory instability in sus-
ceptible individuals”™. This may at least partly explain
the frequent observation in some ILD patients, where
repetitive apnoeas are unmasked during REM sleep when
hypoxia is most pronouncedlzo}.

NOCTURNAL OXYGEN DESATURATION
IN ILD

Nocturnal hypoxia is common in ILD, both with and
without concomitant OSA. The relative importance of
this has been debated, with some early studies concluding
that desaturation was minimal, having little clinical impact
in ILD">'**!. Other observational studies found that
ILD patients experience transient or sustained hypoxia
repetitively throughout sleep, leading to a substantial cu-
mulative period of time with SpO2 below 90%!*!*2!,
More recently, sleep-desaturation has been found to be
an independent predictor of poorer prognosis'™.

Whilst obstructive events will undoubtedly be the
cause for a proportion of the transient desaturations,
there are many other pathophysiologic contributions.
Perez-Padilla ¢ a/'¥, did not observe OSA in any of their
subjects, but transient desaturation was a frequent occus-
rence amounting to an average of nearly 50% of total
sleep time with SpO2 below 90%. Further studies found
the degree of desaturation that subjects experienced dur-
ing sleep was independent from oxygen desaturation dur-
ing moderate and maximal exercise™ "'

There are a number of reasons why ILD patients
might be more vulnerable to desaturation during sleep
than normal subjects, and indeed than sufferers of OSA
with normal lungs. Firstly, many patients will be on the
steep portion of the oxygen-haemoglobin dissociation
curve, whereby small changes in arterial oxygen ten-
sion lead to large decrements in saturation. In support
of this is the observation of greater degrees of sleep
desaturation in those with lower awake resting PaO2 and
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Sa0,!'21 7, Hypoxia may also occur due to worsening
ventilation/perfusion inhomogeneity, and also alveolar
hypoventilation, particularly during REM sleep". Find-
ley ez al™ studied the effect of lung volume on apnoea-
related desaturation in normal subjects lying supine. Ap-
noeas were initiated at a range of lung volumes between
total lung capacity and residual volume. The most severe
desaturations occurred with apneas at the lower volumes,
presumably because of the greater relative impact of
dependent airway closure. This is a further mechanism
of sleep-related hypoxia that may be extrapolated to indi-
viduals with lung restriction from ILD and concomitant
sleep apnoea.

Predicting nocturnal desaturation in ILD patients

As might be expected, daytime hypoxia has been identi-
fied as a predictor of night-time desaturation in a number
16213657 Severity of lung restriction and degree
of desaturation with exercise, on the other hand, do not
correlate well with nocturnal hypoxia“’16’21’37’39]. Respira-
tory drive during wakefulness, (measured as the change
in ventilation in response to changes in PaCOz), shows
a tight negative correlation with the degree of desatura-
tion in both REM and NREM sleep in ILD patients”,
suggesting the innate chemo-responsiveness of the in-
dividual will also influence susceptibility to hypoxia. It is
possible also that repeated severe episodes of nocturnal
desaturation will eventually blunt this responsiveness, fur-
ther perpetuating the problem as the disease advances.

of studies

Oxygen supplementation during sleep
Although there is widespread practice to provide supple-
mental oxygen for chronic lung disease patients with sig-
nificant sleep desaturation, there is very little supportive
evidence. In the COPD literature, the survival benefit
derived from continuous oxygen therapy has not been
demonstrated with overnight supplementation in those
with nocturnal hypoxia only™*. There is some sugges-
tion that pulmonary haemodynamics may be improved in
COPD patients with long-term nocturnal oxygen™.
Only two studies have looked at the acute use of noc-
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Figure 2 Mechanisms of sleep-related pathology in interstitial lung disease. BMI: Body mass index; VQ: Ventilation-perfusion; ET-1: Endothelin-1.

turnal oxygen in ILD. By eliminating sleep-hypoxia with
supplemental oxygen, Shea and co-workers were able to
demonstrate a fall in both fand minute ventilation com-
pared with awake values, approximating those of normal
controls'™, Vazquez studied ILD subjects at 2240 m
above sea-level, breathing air or oxygen on two separate
nights". Not surprisingly, all were hyposxic at rest (mean
PaO:2 51 mmHg). With the addition of low-flow oxygen
during sleep, heart rate and f were reduced and oxygen-
ation improved. Sleep architecture, efficiency and arousal
index were not significantly altered. To date, there have
been no studies to address whether sleep quality or hae-
modynamics may improve with long-term use in ILD.

NOCTURNAL DESATURATION AND
PULMONARY HYPERTENSION

The link between intermittent desaturation and increased
pulmonary arterial pressure was hypothesised nearly
forty years agow”m. Cross-sectional data in ILD subjects
confirms the association between sevetity of nocturnal

desaturation and the presence of pulmonary hypertension
on echocardiography and right heart catherisation!"*",
Furthermore, prolonged exposure to transient, repetitive
hypoxia in both animals and humans leads to measur-
able changes in pulmonary haemodynamics'®. Tatsumi
and colleagues studied subjects with both obstructive and
restrictive lung diseases, comparing those with significant
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nocturnal oxygen desaturation (NOD) to those without
NOD, but matched for other disease variables”. Daytime,
supine pulmonary arterial pressures (PAP) and pulmonary
vascular resistances (PVR) were significantly higher in the
NOD group. Under hypoxic conditions, these differences
became more marked. Hyperoxia, on the other hand, im-
proved PVR and PAP, but not to the normal range seen in
the non-NOD patients. This experimental data suggests
that the effects may last well beyond the acute period, due
to permanent structural changes in the vasculature.

Biomarkers in pulmonary hypertension

Serum Endothelin-1 (ET-1), a vasoactive peptide believed
to be important in the pathogenesis of pulmonary hyper-
tension, has been measured in ILD patients during sleep,
in a novel study by Trakada and colleagues[sol. During
wakefulness, ET-1 was significantly higher in those with
clevated pulmonary pressures. During sleep, ET-1 rose
acutely in all patients during episodes of desaturation
below 90%, and correlated with simultaneously measured
PaO: concentrations and pulmonary arterial pressures.
This very interesting research highlights a putative mech-
anistic pathway in the evolution of pulmonary vascular
disease in ILD patients.

In summary, there is increasing evidence that noc-
turnal desaturation is not a benign phenomenon in 11D
patients. In a large proportion, NOD occurs transiently
and repeatedly throughout sleep, both with and without
associated apnoeas. This may promote development of
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pulmonary hypertension, and is independently associated
with higher mortality. Mechanisms of SDB and NOD are
llustrated in Figure 2.

CONCLUSION

A small but growing body of literature suggests that SDB
and NOD are common in patients with IPF and other
ILD. There is still much to learn regarding the true impact
that these have on the natural history of disease. A large

area of uncertainty remains in whether targeted treatment

(eg., positive pressure ventilation, oxygen or other novel
therapies) will offer any quality of life or mortality ben-
efits.
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