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Abstract: Though idiopathic pulmonary fibrosis (IPF) is characterized by single-organ involvement,
many comorbid conditions occur within other organ systems. Patients with IPF may present
during evolution different complications and comorbidities that influence the prognosis and modify
the natural course of their disease. In this chapter, we highlight common comorbid conditions
encountered in IPF, discuss disease-specific diagnostic modalities, and review the current treatment
data for several key comorbidities. The diagnosis and treatment of these comorbidities is a challenge
for the pulmonologist specialized in interstitial lung diseases (ILDs). We will focus on pulmonary
emphysema, lung cancer, gastroesophageal reflux, pulmonary hypertension, obstructive sleep apnea
(sleep disorders), and acute exacerbation of IPF.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive, chronic, and unpredictable disease with few
useful treatments and a poor survival.

Although the appearance of new treatments, such as nintedanib and pirfenidone, has given new
hope to these patients, its management is complex and is influenced by the coexistence of several
comorbidities. The presence of these comorbidities may decrease patients’ survival and quality of
life and might accelerate the progression of the disease. Some comorbidities might coexist with IPF
because of a common risk factor for both diseases (e.g., tobacco and lung cancer) or, in other cases,
they could be a consequence of IPF itself (e.g., acute exacerbation or pulmonary hypertension).

There is increasing evidence that the early diagnosis and treatment of comorbidities is as important
as the treatment of idiopathic pulmonary fibrosis itself.

2. Pulmonary Emphysema

Smoking is a common risk factor for both emphysema and pulmonary fibrosis [1–3].
Not surprisingly, about 30% of IPF patients have concurrent pulmonary emphysema, including
8–27% with ≥10% emphysematous involvement throughout the lungs [4].

The syndrome of combined pulmonary fibrosis and emphysema (CPFE) has been proposed as
an important phenotype of pulmonary fibrosis and is defined by the presence of emphysema and
parenchymal pulmonary fibrosis in the same patient [1]. In this proposal, CPFE includes pulmonary
fibrosis other than IPF and is considered an independent entity, differentiated from IPF [3], but with
similar radiological, epidemiological, clinical, and functional characteristics.

It has been suggested that cigarette smoke is the main causal factor, given the fact that a history of
smoking is constant in all the published cohorts [2]. Several common mechanisms have been described
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in the physiology of emphysema and idiopathic pulmonary fibrosis such as: (a) aging cell mediated by
telomerase shortening, (b) dysregulation of the molecular pathways that respond to mechanical stress,
and (c) alterations in the production of modulating proteins of the cell cycle in fibroblasts (caveolins).

Kaolinite or aluminium silicate, for example, is an inorganic substance with industrial use which
is present in tobacco smoke and has been isolated in the alveolar macrophages of smokers with
pulmonary fibrosis and emphysema [1,3,5].

Usually, individuals with CPFE tend to be males with an extensive smoking history and increased
oxygen requirement [1–4].

The coexistence of emphysema and fibrosis determines a characteristic functional profile that
contrasts with the degree of dyspnea manifested by these patients.

Pulmonary mechanics are altered by emphysema and pulmonary fibrosis. In emphysema,
elastic forces are reduced, and both lung compliance and pulmonary volumes are increased.
Pulmonary fibrosis leads to increased lung elastic recoil, decreased compliance, and reduced lung
volumes [3]. The simultaneous presence of these alterations with opposed mechanics can explain the
“pseudonormalization” of lung volumes in patients with CFPE.

The forced vital capacity (FVC), the forced expiratory volume in the first second (FEV1), and the
total pulmonary capacity (TLC) are usually within normal values or only slightly decreased, while the
diffusing capacity of carbon monoxide (DLCO) is disproportionately reduced (Figure 1) [6]. There is
also an important exercise-induced desaturation during the six min walking test.
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These physiologic hallmarks of CPFE likely reflect the opposing impact of parenchymal 
fibrosis and parenchymal destruction on airflow and lung volumes, along with their additive 
impact on gas exchange. High-resolution computed tomography (HRCT) is part of the routine 
diagnostic evaluation of all patients with suspected IPF [4], and routine semi-quantitative 
assessment of emphysematous involvement may help to easily identify those with CPFE, once a 
multidisciplinary diagnosis has been established (Figure 2). 

Figure 1. Pulmonary function test in a patient with combined pulmonary fibrosis and emphysema.
The flow-volume loop (A) shows a mild obstructive morphology but normal spirometry (B). Lung
volumes (B) are normal. The diffusing capacity (DL) (B) is markedly reduced. C.I. (95): 95% confidence
interval; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; FEF: forced
expiratory flow; PEF: peak expiratory flow; FET: forced expiratory time; FIVC: forced inspiratory
vital capacity; PIF: peak inspiratory flow; TLC: total lung capacity; VC: vital capacity; IC: inspiratory
capacity; FRC: functional residual capacity; ERV: expiratory reserve volume; RV: residual volume;
DLCO: diffusing capacity of carbon monoxide; VA: volume adjusted.

These physiologic hallmarks of CPFE likely reflect the opposing impact of parenchymal fibrosis
and parenchymal destruction on airflow and lung volumes, along with their additive impact on gas
exchange. High-resolution computed tomography (HRCT) is part of the routine diagnostic evaluation
of all patients with suspected IPF [4], and routine semi-quantitative assessment of emphysematous
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involvement may help to easily identify those with CPFE, once a multidisciplinary diagnosis has been
established (Figure 2).Med. Sci. 2018, 6, x FOR PEER REVIEW  3 of 12 
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basal reticular opacities. Increased diameter of the interlobar artery (pulmonary hypertension). (b–d) 
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reconstruction. Areas of low centrilobular density without defined wall with apical predominance 
(centrilobular emphysema). Honeycombing is basal, bilateral, and symmetrical with loss of volume 
of the lower lobes. Traction bronchiectasis is observed. 
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Figure 2. Combined pulmonary fibrosis and emphysema (CPFE). (a) Bilateral chest radiography
with basal reticular opacities. Increased diameter of the interlobar artery (pulmonary hypertension).
(b–d) High-resolution computed tomography (HRCT) axial slices (apexes and bases) and coronal
reconstruction. Areas of low centrilobular density without defined wall with apical predominance
(centrilobular emphysema). Honeycombing is basal, bilateral, and symmetrical with loss of volume of
the lower lobes. Traction bronchiectasis is observed.

The recognition of CPFE has potential management implications. Some studies suggest that
CPFE is associated with reduced survival [7], but others have not replicated this observation [2,7].
Paradoxically, patients with CPFE have a slow rate of FVC decline, perhaps due to the impact of
emphysema on the manner in which FVC reflects progressive fibrosis [8]. An increased prevalence of
pulmonary hypertension (PH) has also been demonstrated among those with CPFE [2,7], which may
also impact survival [2,8] and is the principal negative prognostic factor for this condition.

Regarding therapy, nintedanib and pirfenidone seem to have a similar effect in CPFE patients
as that produced in subjects with IPF alone. The ASCEND (Pirfenidone) and INPULSIS (Nintedanib)
studies recruited patients with emphysema. However, the whole spectrum of severity of emphysema
was not represented in those studies, because those patients who presented an obstructive ventilatory
pattern or a very severe reduction of DLCO on lung function testing were excluded. It is unclear
whether patients with IPF and CPFE can benefit from treatments with inhaled drugs, such as
long-acting beta-agonists, long-acting muscarinic antagonists, and inhaled corticosteroids [2,6–8].
We think that clinicians should consider the addition of these therapies, according to chronic
obstructive pulmonary disease consensus guidelines [8], but this is an empiric non-evidence-based
recommendation. The recommendations for smoking cessation counseling and for prescribing
long-term oxygen therapy, pulmonary rehabilitation, and vaccination in patients with CPFE are
based on the evidence available for patients with chronic obstructive pulmonary disease (COPD).
Therefore, the endorsement of these actions in this group of patients is also empirical.

3. Gastroesophageal Reflux

Gastroesophageal reflux (GER) is another common comorbidity in patients with IPF [9–11],
and both conditions can simultaneously be present in 60% of cases. The prevalence might be even
higher, because some studies that used esophageal pH monitoring suggest that GER may affect over
80% of individuals with IPF [12,13].

If GER is severe, it may imply pulmonary aspiration of gastric fluid, which may have a role in the
natural history of IPF, as it might be a trigger of alveolar damage.

Esophageal pH monitoring remains the gold standard for diagnosis of acid GER, with a reported
sensitivity and specificity over 80% [14,15]. Recent studies suggest that multichannel intraluminal
esophageal impedance testing may be a better modality for detecting both acid and non-acid GER,
but this test is not widely available at present [15,16].

The survival of IPF patients might be reduced if GER is left untreated. Medications to treat GER
are a predictor of better survival in subjects with IPF. Reflux has also been related to exacerbations in



Med. Sci. 2018, 6, 71 4 of 13

patients with pulmonary fibrosis. It has been demonstrated that bronchoalveolar lavage (BAL) pepsin
levels are raised in 30% of the cases with acute exacerbation of IPF (AE-IPF) [17]. These findings support
the hypothesis that occult aspiration of gastric content plays a role in some patients with AE-IPF.

On the other hand, it has been found that the presence of reflux occurs more frequently when
pulmonary fibrosis is asymmetric, with one lung more affected than the other, and this finding suggests
a relationship between these diseases [18].

In patients in whom both diseases occur, reflux is often silent and associated with preserved
esophageal function but with slow clearance of gastric acid, and it is usually present in the
supine position.

There is a need for further investigation of the association between GER and IPF and the effect
of anti-acid therapy in patients with this disease. Although the effectiveness of anti-reflux surgery is
controversial, and, thus, this treatment should not be performed routinely, it should be considered for
selected IPF patients.

4. Lung Cancer

Compared to the general population, individuals with IPF have a nearly five-fold increased risk
of developing lung cancer, with 3–22% of cases affected, and an estimated incidence of 11 cases per
100,000 person-year [19–21].

The strong link between IPF and cigarette smoking [4] likely explains a portion of the increased
lung cancer risk, as the overwhelming majority of patients with IPF who develop lung cancer have a
history of tobacco consumption.

Some studies show that squamous cell carcinoma predominate over adenocarcinoma [22],
while a recent investigation of IPF-related adenocarcinoma demonstrated a high frequency of
bronchiole-associated markers in IPF cases compared to non-IPF controls, suggesting that these
tumors may arise from abnormally proliferating bronchioles in areas of honeycomb cyst [23].

The survival among those patients with IPF and comorbid lung cancer is poor [22,23], and death is
often related to clinical deterioration caused by the malignancy, as similar rates of pulmonary function
decline have been demonstrated in those subjects with and without comorbid lung cancer [22].

While surgical resection of early-stage lung cancer may be curative, IPF severity and disease
evolution must be taken into consideration, because of the increased risk of postoperative morbidity
and mortality. These patients have a higher mortality associated with the surgical treatment,
usually due to the development of an acute exacerbation (5–15%), which leads to a short-term mortality
of approximately 50%. Exacerbations may also occur after treatment with radiation therapy or
chemotherapy (especially in regimens that include docetaxel) [22]. The strategies used to improve
the surgical prognosis of these patients include performing sublobar lung resections, reducing fluid
overload, avoiding pulmonary hyperinflation, employing high-flow oxygen therapy during surgery,
and using prophylactic antibiotic treatment [23].

Recent studies suggest that the anti-proliferative effects of pirfenidone and nintedanib may
synergize with concurrent chemotherapeutic oncologic agents, but additional research is needed to
confirm this hypothesis [22–25].

5. Pulmonary Hypertension

Precapillary PH is defined by a mean pulmonary arterial pressure (mPAP) ≥25 mmHg,
a pulmonary artery wedge pressure ≤15 mmHg, and elevated pulmonary vascular resistance >3
wood units with a cardiac index <2.5 L/min/m2 (Table 1) [26]. An important complication that
is strongly linked to the increased morbidity and mortality in patients with IPF is the presence of
PH. Pulmonary hypertension is more frequently found at advanced stages of the disease or when
emphysema is associated, as in the combined pulmonary fibrosis and emphysema syndrome [27–29].
The actual prevalence of PH in patients with IPF is difficult to establish. Most of the studies on this
topic are case reports and retrospective series. In early stages of the disease or at diagnosis, 8% to
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15% of IPF patients may already have PH [29,30]. However, as IPF advances, this frequency rises
to 32–50% of patients [31]. Subsequent studies have largely supported that this proportion of PH
may be increased by comorbidities such as obstructive sleep apnea, cardiac diastolic dysfunction, or
pulmonary thromboembolism [32].

Pulmonary hypertension in patients with IPF is a challenging clinical diagnosis, because the
symptoms are very similar for both entities. PH should be suspected in IPF patients with dyspnea
on exertion, oxygen requirements that are out of proportion to pulmonary function impairment,
severe limitation to exercise capacity, DLCO values that are disproportionately decreased in relation to
the values of spirometry, evidence of right heart failure on physical exam, and evidence of pulmonary
artery enlargement or right ventricular hypertrophy on imaging studies [33–35]. In addition, it has
been observed that there are differing phenotypes of PH in IPF. It is recognized that there are patients
with IPF who develop PH as a consequence of extensive, underlying fibrosis, whereas a smaller subset
of patients is found to have severe PH in the setting of mild to moderate fibrosis [36].

Table 1. Hemodynamic classification of pulmonary hypertension (PH) due to lung disease.

Terminology Haemodynamics (Right Heart Catetherization)

COPD/IPF/CPFE without PH mPAP < 25 mmHg

COPD/IPF/CPFE with PH mPAP ≥ 25 mmHg

COPD/IPF/CPFE with severe PH mPAP > 35 mmHg, or mPAP ≥ 25 mmHg in the presence of low
cardiac output (CI < 2.5 L/min/m2, not explained by other causes)

Adapted from Galiè et al. and Harari et al. [29,36]. COPD: chronic obstructive pulmonary disease; CPFE: combined
pulmonary fibrosis and emphysema; IPF: idiopathic pulmonary fibrosis; CI: cardiac index; mPAP: mean pulmonary
arterial pressure.

It has already been shown that antifibrotic treatments can have a positive effect on the disease
course of patients with PH and IPF. However, given that IPF is a progressive disease, efforts are still to
be made to detect PH as early as possible. The follow-up for PH assessment in patients with IPF is also
controversial, because there is not a validated screening tool. Transthoracic echocardiography (TTE),
which estimates the right ventricular systolic pressure (RVSP) by the systolic tricuspid regurgitation
velocity at Doppler as a surrogate for mPAP, is the first and most widely used test to search for PH [35].
Although TTE-estimated RVSP > 35 mmHg has a high sensitivity for detecting PH in patients with
IPF, the specificity of this RVSP cut-off value is only 29% [6,37,38]. Because TTE has such a low
accuracy in patients with IPF, right heart catheterization (RHC) remains the gold standard for PH
diagnostic confirmation, but it is not appropriate as a routine screening tool in clinical practice because
of its invasiveness [34,39]. Therefore, efforts have being made to identify less invasive and more
accessible diagnostic tools for PH screening, such as scoring systems based on echocardiographic signs
of right heart dysfunction, pulmonary artery diameter to ascending aorta diameter ratio (PA/Pa) on
chest computed tomography, pulmonary physiology tests, biomarkers, or a combination of multiple
techniques. Fukurama et al. have developed a scoring system which is based on three variables: DLCO
< 50% of the predictive value, PA/Pa ratio ≥ 0.9, and PaO2 < 80 mmHg [40]. When the three criteria
are present (score of 3), precapillary PH is likely to be confirmed with a specificity of 95.8% and a
negative predictive value of 85.1%. Precapillary PH is unlikely in patients with a score of zero, and as
a consequence, RHC should not be needed to rule out an elevated mPAP in a significant proportion
of patients [40]. Unfortunately, these tools have not been validated yet. Additionally, Kimura et al.
reported that mPAP > 20 mmHg at the initial evaluation of patients with mild-to-moderate IPF was a
better cut-off point for survival [35]. Therefore, many studies have suggested the importance of an
early and accurate diagnosis of precapillary PH among patients with IPF for predicting prognosis.

In addition to enhance the non-invasive detection of PH, there is a need to evaluate new
treatments that might improve either the hemodynamic or the clinical parameters in patients with
IPF-PH. Therapies used to treat group 1 pulmonary arterial hypertension, such as endothelin
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receptor antagonists, phosphodiesterase-5 inhibitors, guanylate cyclase stimulators, or prostacyclin
analogues, have not been effective to treat the underlying PH in the setting of IPF. Raghu et al.
reported negative results for ambrisentan, an endothelin receptor type-A selective antagonist, for
the treatment of IPF in patients with RHC-proven PH [41]. The trial was finished early because
of lack of benefit in the subgroup of IPF patients with underlying PH. A small trial with riociguat,
a guanylate cyclase stimulator, was also prematurely stopped because of an increased risk of death
and other serious adverse events in the active treatment arm. STEP-IPF (Sildenafil Trial of Exercise
Performance in Idiopathic Pulmonary Fibrosis) was a randomized controlled trial on the use of
sildenafil, a phosphodiesterase-5 inhibitor, in patients with advanced IPF (defined by a baseline DLCO
< 35% of the predictive value). Although the primary endpoint of a significant increase of the six
min walking test (6 MWT) distance was not reached, improvements of dyspnea score, quality of life,
oxygenation, and DLCO were noted among patients treated with sildenafil [42]. Hoeper et al. have
analyzed COMPERA (Comparative, Prospective Registry of Newly Initiated Therapies for PH) data
for patients with PH and idiopathic interstitial pneumonia [43]. Eighty percent of the patients in this
registry had been treated with phosphodiesterase type 5 inhibitors. The accepted criteria for a positive
therapeutic response to PH therapies were either an increase of at least 20 m in the 6 MWT distance or
an improvement in functional class. Those patients who reached any of these criteria tended to have
better survival. However, there is no evidence up to date of a positive effect on outcomes in those
patients with PH secondary to interstitial lung diseases treated with PH therapies. Based on these data,
the role of sildenafil as add-on therapy in combination with anti-fibrotic treatments for patients with
PH in the setting of IPF is being investigated in several clinical trials (clinicaltrials.gov NCT02951429,
NCT02802345) that are currently enrolling participants. Nowadays, there is not an effective specific
therapy for PH associated with IPF. Furthermore, several trials have demonstrated that pulmonary
vasodilators might increase the v/q mismatch, which could result in a worsening of the hypoxemia
and disease progression in IPF patients.

With the approval of pirfenidone and nintedanib, a new scenario is open for the role of these
drugs in PH associated with IPF. A tyrosine kinase inhibitor as imatinib has been reported to
improve exercise capacity and hemodynamics, but serious adverse events led to a high rate of study
discontinuation in the active treatment arm, precluding definitive conclusions. The antiproliferative
and anti-inflammatory activity of pirfenidone could theoretically be beneficial in the treatment of
PH associated to IPF, but presently there is no definitive data that support this hypothesis. Thus,
the possible beneficial role of nintedanib in PH due to IPF remains an open area of investigation [27].

Although hypoxemia correction confers a survival advantage in patients with COPD, the role of
long-term oxygen therapy in PH-IPF has not been clearly established. Moreover, it has been suggested
that long-term oxygen therapy for this disease does not result in either improvement of PAP or reversal
of pulmonary vascular remodeling. Nevertheless, the only therapeutic approaches to PH in the
setting of IPF currently recommended by the European Society of Cardiology/Eureopean Respiratory
Society (ESC/ERS) guidelines are to correct hypoxia with supplemental oxygen therapy, to treat the
underlying interstitial lung disease, and to refer the appropriate candidate for lung transplantation [34].
Pulmonary rehabilitation is another important measure to enhance the care of IPF patients with PH,
since it improves exercise tolerance—as measured by the 6 MWT—and quality of life (Short Form-36
Healthy Survey). Lastly, in IPF patients with PH that is out-of-proportion to their degree of ventilatory
restriction, referral to a PH specialist for diagnosis and treatment might provide some benefit. To the
best of our knowledge, the role of regenerative therapies with stem cells have been assessed only in
preclinical studies in experimental models of lung fibrosis or PH, but not in patients with PH-IPF.
In the future, this modality of treatment might be a promising strategy in patients with IPF and
underlying PH.

In conclusion, research in PH-IPF can be considered an emerging field. Further prospective
studies are required to determine the best methods to detect PH in patients with IPF. In addition,
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and more importantly, current strategies for treating PH in IPF are far from perfect, and this fact should
stimulate investigators to explore whether PH-IPF patients might benefit from novel therapies.

6. Sleep Disorders in Idiopathic Pulmonary Fibrosis

In healthy people, sleep is a state of restoration which covers approximately one-third of human
life. Overall across studies, sleep is reported to be markedly disturbed in patients with IPF (Table 2).
In fact, sleep-related disorders are increasingly recognized as important comorbidities in IPF patients.
Sleep is associated with a degree of hypoventilation, especially during the vulnerable rapid eye
movement (REM) period. This is normally well tolerated by healthy individuals, but it is potentially
harmful for patients with chronic respiratory diseases. The possible lack of body and brain recovery
during sleep in patients with IPF might be related to the negative consequences of the disease that take
place both during wakefulness and during sleep time [44]. Thus far, research regarding sleep disorders
associated to chronic respiratory disease has mainly focused on patients with COPD, but markedly
fewer investigations have been performed in subjects with lung restriction, such as IPF.

Table 2. Sleep disorders in IPF.

Sleep Macro and Microarchitecture Increased Stage N1 Sleep, Arousal Index, WASO Decreased REM,
Slow-Wave Sleep, and Sleep Efficiency

Respiratory pattern Increased respiratory frequency during sleep
Rapid and shallow breathing (especially during REM sleep)

Nocturnal oxygenation parameters
Episodic desaturation during REM sleep
Desaturation during NREM sleep
Desaturation due to respiratory events (apneas and hypopneas)

Sleep-disordered breathing and other sleep problems
Increased incidence of OSA
Increased periodic leg movements during sleep Insomnia
Nocturnal cough

Adapted from Mermigkis, et al. [44]. N1: stage 1; WASO: wake time after sleep onset; REM: rapid eye movement;
NREM: non-REM; OSA: obstructive sleep apnea.

Recent studies have revealed that moderate-to-severe obstructive sleep apnea (OSA) syndrome,
defined by an apnea–hypopnea index (AHI) > 15 events per hour, is frequent in patients with IPF [45].
Moreover, although the increase of central respiratory drive in IPF is thought to be a protective factor
for the development of sleep disorders, OSA has been recognized as an important, high-prevalence
comorbidity in the latest official guidelines for the diagnosis and management of IPF. Two recent
studies reported that OSA had a high incidence in patients with IPF [46,47]. Mermigkis et al. showed an
incidence of 59% (44% mild and 15% moderate-severe OSA) in IPF cases [46]. Lancaster et al. showed
similar results (88% had AHI ≥ 5 events per hour, 20% had mild OSA, and 68% had moderate-to-severe
OSA) [47]. Both studies reported that the majority of the scored respiratory events were hypopneas.
However, these studies are limited by the small number of patients included. Mermigkis et al. found
a positive correlation between the AHI and body mass index values. They also found that REM
AHI and total AHI were negatively correlated with FEV1 and FVC percentages. These findings
suggest that obese IPF patients with decreased pulmonary function might have an increased risk for
OSA, especially during REM sleep [45]. Mermigkis et al. found that TLC was inversely correlated
with REM AHI. This finding might suggest a possible pathogenic link between IPF and OSA: upper
airway instability could be aggravated by the decrease in lung volumes caused by IPF [46]. However,
the pathogenic relationship, if any, between both diseases is probably complex. It is not clear whether
OSA might appear during the natural course of the interstitial lung disease, as a consequence of lung
function restriction, or whether it can promote gastroseophageal reflux disease (GERD) or increase
oxidative lung stress through chronic nocturnal intermittent hypoxia, and these mechanisms can, by
themselves, increase the risk for interstitial lung disease. An interesting study by Pillai et al. showed
that 90% of patients with moderate IPF had GERD, 64% had a diagnosis of OSA, and 50% presented
both diseases [48]. Investigators concluded that OSA is not a risk factor for GERD in IPF patients [48].



Med. Sci. 2018, 6, 71 8 of 13

Anyway, most studies have agreed on the finding of disturbance of sleep architecture.
The abnormal sleep macroarchitecture in patients with IPF is characterized by abnormal sleep stage
distribution with reduced slow-wave and REM sleep, increased stage 1 sleep, multiple awakenings,
decreased percentage of total sleep time, low sleep efficiency, and increased wake time after sleep
onset. These patients also have an altered microarchitecture, as they present with an increased number
of sleep microarousals resulting in sleep fragmentation. Therefore, these disorders in sleep architecture
and the resulting poor quality of sleep impair the quality of life in patients with interstitial lung diseases
(ILD) [49]. Another issue to take into account is that IPF patients present an altered sleep breathing
pattern. Classic studies have described a distinct, high-frequency respiratory pattern in patients with
interstitial lung diseases. Similarly, IPF patients exhibit an increased respiratory frequency during
wakefulness that persists during sleep [46]. Finally, several studies have reported that IPF patients
with the lowest awake oxygen saturation (SpO2) had greatest sleep-related desaturation, especially
during REM sleep. Thus, nocturnal hypoxemia seems to be common between patients with IPF (SpO2

< 90% was present during more than one-third of the total sleep time), and this also has a negative
impact on the quality of life and daytime function [44]. These findings open the door for the potential
use of overnight oxygen supplementation as a palliative treatment of IPF.

There is also some evidence that REM-associated sleep-related breathing disorders (SRBD) in IPF
patients might play an important role, not only in the quality of sleep and life, but also in the mortality
associated with ILD. The sleep-related desaturation in these patients might contribute to pulmonary
vascular disease development, with PH as one of the possible consequences. Therefore, it might be a
risk factor for increased mortality. It must be noted that, in the study by Corte et al., nocturnal oximetry
was not able to distinguish those patients with ILD who desaturated because of concomitant OSA [50].
Hence, more complex studies, like nocturnal respiratory poligraphy, might be indicated to evaluate
sleep disorders in IPF, in order to establish the optimal treatment in these cases.

Since SRBD in IPF patients seem to be so prevalent, even in the initial phase of IPF, and are likely to
be underdiagnosed, it is important for physicians to recognize the clinical phenotype of these patients.
Early detection and referral to a sleep center for evaluation is essential to promptly initiate treatment.
The therapy for SRBD in patients with IPF is decided on an individual basis, although the optimization
of sleep and quality of life through SRBD treatment should be recognized as a primary goal [49].

In this sense, available tools for treating patients with IPF and underlying SRBD are oxygen
therapy for REM-related SRBD and continuous positive airway pressure (CPAP) for the overlap of IPF
and OSA. Oxygen administration is reasonably well tolerated and recommended for advanced forms
of IPF. Nevertheless, long-term home oxygen therapy in IPF patients did not improve survival when
respiratory failure had been established. Moreover, only one study was carried out to analyze the use
of CPAP in patients with IPF and OSA. This investigation found that these patients had a significant
improvement in quality of life and sleep, daily living activities, and survival [49]. The study provides
the first evidence that treatment of some comorbidities such as OSA might influence mortality in IPF
patients. However, further research is needed to assess whether OSA contributes to IPF progression
and whether CPAP treatment might influence this progression. Also, the impact on quality of life of
untreated OSA in these patients should be adequately studied. Finally, one of the most interesting
future research fields is to study the potential effect of the new antifibrotic therapies on the underlying
comorbidities, such as the development of OSA.

In conclusion, alterations in sleep architecture, breathing pattern, and desaturations in IPF patients,
especially during REM sleep, as well as coexisting OSA, might have a significant negative impact on
the sleep quality of these patients. Physicians should ask the patient for symptoms during the night
and should maintain a high degree of clinical suspicion for the presence of possible comorbid sleep
disorders. As IPF is a progressive and life-threatening disease, the role of the poor quality of sleep as a
significant comorbidity must be reconsidered. The effective treatment of comorbidities in IPF patients,
such as sleep disorders, should be a field of future research.
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7. Acute Exacerbation

Idiopathic pulmonary fibrosis is a progressive disease that can present different types of evolution
overtime. Some patients may progress slowly, while others experience a rapid progression, with fast
decline of the lung function. Other subjects, however, may suffer episodes of sudden deterioration.
These episodes are defined as acute exacerbations (AE-IPF) [51].

Traditionally, AE-IPF have been defined as acute, clinically significant episodes of respiratory
deterioration without an identifiable cause. In recent years, the International Working Group in
AE-IPF has reviewed this definition as well as its diagnostic criteria (Table 3). The last workshop
eliminated the concept that the respiratory event should be necessarily idiopathic, as stated in previous
definitions of AE-IPF. Also, the strict 30-day time period interval has been made more flexible. It is
no longer necessary to demonstrate the absence of an infectious cause by endotracheal aspirate or
bronchoalveolar lavage, and there may be signs of heart failure, although this condition should not
fully explain the severity of the respiratory deterioration [52].

Table 3. Definition and diagnostic criteria for acute exacerbation of IPF.

Revised Definition

Acute, clinically significant respiratory deterioration characterized by evidence of new widespread alveolar abnormality

Revised Diagnostic Criteria

Previous or concurrent diagnosis of IPF
Acute worsening of development of dyspnea typically with less than one-month duration
CT scan with new bilateral ground-glass opacity and/or consolidation superimposed on a background with usual
interstitial pneumonia (UIP) pattern
Deterioration not fully explained by cardiac failure or fluid overload

Adapted from Acute Exacerbations of IPF, an International Working Group Report [51].

The incidence of these episodes varies between 2% and 16% per year. Results from clinical trials
of nintedanib and pirfenidone suggest that IPF therapies may help to prevent the development of
AE-IPF [52].

The aetiology of AE-IPF remains unknown. It is thought to have similarities with the aetiology of
acute lung injury (ALI), so that experimental models of ALI have been used for the study of AE-IPF.
AE-IPF is most likely triggered by an acute event that leads to widespread acute lung injury [53]. There
is evidence of viral infections in the AE-IPF, both microbiological (genomic detection) and supported
by post-mortem studies. There are additional data provided by epidemiological studies. Episodes
of AE-IPF are more frequent in wintertime and in those patients who receive immunosuppressive
medication [54]. Other potential triggers that have been proposed are GER, pulmonary surgery
(either lung cancer resection or a lung biopsy), and the performance of bronchoalveolar lavage [55].

AE-IPF is more common in patients with physiologically and functionally advanced disease
(low FVC, DLCO, 6 MWT distance, and poor baseline oxygenation). Other identified risk factors are
younger age, coronary artery disease, and high body mass index [56].

The presence of AE-IPF not only implies a high mortality during the event (up to 50%), but also a
significant decrease in short-term survival after the episode. IPF patients who suffer an exacerbation
have a subsequent average survival of three to four months. Mortality reaches 90% in cases in which
the patient needs mechanical ventilation [57].

Given the lack of knowledge on the pathogenesis of AE-IPF, it is understandable that there is
no current effective therapy available. Treatment with corticosteroids is a recommendation based on
weak-strength, very low-quality evidence. The evidence available is based on isolated case reports,
and there are no controlled clinical trials that endorse the benefits of their use [58]. The exact dose,
route of administration and duration of the treatment are not precisely known.

The use of mechanical ventilation is also controversial because of the high mortality observed
when this therapy is employed, so it is usually reserved as a life-supporting procedure for those patients
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who will undergo a lung transplantation. Anyway, the decision to initiate mechanical ventilation must
be carefully considered on an individual basis [58].

Several potential therapies for AE-IPF have been described over the last decade, but these studies
are mostly small and uncontrolled: cyclosporine, rituximab, tacrolimus, azithromycin, and intravenous
thrombomodulin are some examples [51].

Funding: This review received no external funding.

Acknowledgments: This chapter is dedicated to our beloved teacher.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cottin, V.; Nunes, H.; Brillet, P.Y.; Delaval, P.; Devouassoux, G.; Tillie-Leblond, I.; Israel-Biet, D.;
Court-Fortune, I.; Valeyre, D.; Cordier, J.F.; et al. Combined pulmonary fibrosis and emphysema: A
distinct underrecognised entity. Eur. Respir. J. 2005, 26, 586–593. [CrossRef] [PubMed]

2. Ryerson, C.J.; Hartman, T.; Elicker, B.M.; Ley, B.; Lee, J.S.; Abbritti, M.; Jones, K.D.; King, T.E., Jr.; Ryu, J.;
Collard, H.R. Clinical features and outcomes in combined pulmonary fibrosis and emphysema in idiopathic
pulmonary fibrosis. Chest 2013, 144, 234–240. [CrossRef] [PubMed]

3. Mejia, M.; Carrillo, G.; Rojas-Serrano, J.; Estrada, A.; Suárez, T.; Alonso, D.; Barrientos, E.; Gaxiola, M.;
Navarro, C.; Selman, M. Idiopathic pulmonary fibrosis and emphysema: Decreased survival associated with
severe pulmonary arterial hypertension. Chest 2009, 136, 10–15. [CrossRef] [PubMed]

4. Baumgartner, K.B.; Samet, J.M.; Stidley, C.A.; Colby, T.V.; Waldron, J.A. Cigarette smoking: A risk factor for
idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 1997, 155, 242–248. [CrossRef] [PubMed]

5. Silva, D.R.; Gazzana, M.B.; Barretto, S.S.; Knorst, M.M. Idiopathic pulmonary fibrosis and emphysema in
smokers. J. Bras. Pneumol. 2008, 34. [CrossRef]

6. Oldham, J.M.; Collard, H.R. Comorbid Conditions in idiopathic Pulmonary Fibrosis: Recognition and
Management. Front. Med. 2017, 4, 123. [CrossRef] [PubMed]

7. Kurashima, K.; Takayanagi, N.; Tsuchiya, N.; Kanauchi, T.; Ueda, M.; Hoshi, T.; Miyahara, Y.; Sugita, Y.
The effect of emphysema on lung function and survival in patients with idiopathic pulmonary fibrosis.
Respirology 2010, 15, 843–848. [CrossRef] [PubMed]

8. Kohashi, Y.; Arai, T.; Sugimoto, C.; Tachibana, K.; Akira, M.; Kitaichi, M.; Hayashi, S.; Inoue, Y. Clinical
impact of emphysema evaluated by high-resolution computed tomography on idiopathic pulmonary fibrosis
diagnosed by surgical lung biopsy. Respiration 2016, 92, 220–228. [CrossRef] [PubMed]

9. Raghu, G. Silent gastro-esophageal reflux and microaspiration in IPF: Mounting evidence for anti-reflux
therapy? Eur. Respir. J. 2012, 39, 242–245. [CrossRef] [PubMed]

10. Lee, J.S.; Collard, H.R.; Raghu, G.; Sweet, M.P.; Hays, S.R.; Campos, G.M.; Golden, J.A.; King, T.E., Jr. Does
chronic microaspiration cause idiopathic pulmonary fibrosis? Am. J. Med. 2010, 123, 304–311. [CrossRef]
[PubMed]

11. Lee, J.S.; Ryu, J.H.; Elicker, B.M.; Lydell, C.P.; Jones, K.D.; Wolters, P.J.; King, T.E., Jr.; Collard, H.R.
Gastroesophageal Reflux Therapy Is Associated with Longer Survival in Patients with Idiopathic Pulmonary
Fibrosis. Am. J. Respir. Crit. Care Med. 2011, 184, 1390–1394. [CrossRef] [PubMed]

12. Raghu, G.; Freudenberger, T.D.; Yang, S.; Curtis, J.R.; Spada, C.; Hayes, J.; Sillery, J.K.; Pope, C.E., 2nd;
Pellegrini, C.A. High prevalence of abnormal acid gastro-oesophageal reflux in idiopathic pulmonary fibrosis.
Eur. Respir. J. 2006, 27, 136–142. [CrossRef] [PubMed]

13. Savarino, E.; Carbone, R.; Marabotto, E.; Furnari, M.; Sconfienza, L.; Ghio, M.; Zentilin, P.; Savarino, V.
Gastro-oesophageal reflux and gastric aspiration in idiopathic pulmonary fibrosis patients. Eur. Respir. J.
2013, 42, 1322–1331. [CrossRef] [PubMed]

14. Madan, K.; Ahuja, V.; Gupta, S.D.; Bal, C.; Kapoor, A.; Sharma, M.P. Impact of 24-h esophageal pH monitoring
on the diagnosis of gastroesophageal reflux disease: Defining the gold standard. J. Gastroenterol. Hepatol.
2005, 20, 30–37. [CrossRef] [PubMed]

15. Rosen, R.; Lord, C.; Nurko, S. The sensitivity of multichannel intraluminal impedance and the pH probe in
the evaluation of gastroesophageal reflux in children. Clin. Gastroenterol. Hepatol. 2006, 4, 167–172. [CrossRef]

http://dx.doi.org/10.1183/09031936.05.00021005
http://www.ncbi.nlm.nih.gov/pubmed/16204587
http://dx.doi.org/10.1378/chest.12-2403
http://www.ncbi.nlm.nih.gov/pubmed/23370641
http://dx.doi.org/10.1378/chest.08-2306
http://www.ncbi.nlm.nih.gov/pubmed/19225068
http://dx.doi.org/10.1164/ajrccm.155.1.9001319
http://www.ncbi.nlm.nih.gov/pubmed/9001319
http://dx.doi.org/10.1590/S1806-37132008001000005
http://dx.doi.org/10.3389/fmed.2017.00123
http://www.ncbi.nlm.nih.gov/pubmed/28824912
http://dx.doi.org/10.1111/j.1440-1843.2010.01778.x
http://www.ncbi.nlm.nih.gov/pubmed/20546187
http://dx.doi.org/10.1159/000448118
http://www.ncbi.nlm.nih.gov/pubmed/27576553
http://dx.doi.org/10.1183/09031936.00211311
http://www.ncbi.nlm.nih.gov/pubmed/22298612
http://dx.doi.org/10.1016/j.amjmed.2009.07.033
http://www.ncbi.nlm.nih.gov/pubmed/20362747
http://dx.doi.org/10.1164/rccm.201101-0138OC
http://www.ncbi.nlm.nih.gov/pubmed/21700909
http://dx.doi.org/10.1183/09031936.06.00037005
http://www.ncbi.nlm.nih.gov/pubmed/16387946
http://dx.doi.org/10.1183/09031936.00101212
http://www.ncbi.nlm.nih.gov/pubmed/23471347
http://dx.doi.org/10.1111/j.1440-1746.2004.03530.x
http://www.ncbi.nlm.nih.gov/pubmed/15610443
http://dx.doi.org/10.1016/S1542-3565(05)00854-2


Med. Sci. 2018, 6, 71 11 of 13

16. Hila, A.; Agrawal, A.; Castell, D.O. Combined multichannel intraluminal impedance and pH esophageal
testing compared to pH alone for diagnosing both acid and weakly acidic gastroesophageal reflux.
Clin. Gastroenterol. Hepatol. 2007, 5, 172–177. [CrossRef] [PubMed]

17. Lee, J.S. Bronchoalveolar lavage pepsin in acute exacerbation of idiopathic pulmonary fibrosis. Eur. Respir. J.
2012, 39, 352–358. [CrossRef] [PubMed]

18. Tcherakian, C. Progression of idiopathic pulmonary fibrosis: Lessons from asymetrical disease. Thorax 2011,
66, 226–231. [CrossRef] [PubMed]

19. Park, J.; Kim, D.S.; Shim, T.S.; Lim, C.M.; Koh, Y.; Lee, S.D.; Kim, W.S.; Kim, W.D.; Lee, J.S.; Song, K.S.
Lung cancer in patients with idiopathic pulmonary fibrosis. Eur. Respir. J. 2001, 17, 1216–1219. [CrossRef]
[PubMed]

20. Le Jeune, I.; Gribbin, J.; West, J.; Smith, C.; Cullinan, P.; Hubbard, R. The incidence of cancer in patients
with idiopathic pulmonary fibrosis and sarcoidosis in the UK. Respir. Med. 2007, 101, 2534–2540. [CrossRef]
[PubMed]

21. Ozawa, Y.; Suda, T.; Naito, T.; Enomoto, N.; Hashimoto, D.; Fujisawa, T.; Nakamura, Y.; Inui, N.;
Nakamura, H.; Chida, K. Cumulative incidence of and predictive factors for lung cancer in IPF. Respirology
2009, 14, 723–728. [CrossRef] [PubMed]

22. Karampitsakos, T.; Tzilas, V.; Tringidou, R.; Steiropoulos, P.; Aidinis, V.; Papiris, S.A.; Bouros, D.;
Tzouvelekis, A. Lung cancer in patients with idiopathic pulmonary fibrosis. Pulm. Pharmacol. Ther. 2017, 45,
1–10. [CrossRef] [PubMed]

23. Calio, A.; Lever, V.; Rossi, A.; Gilioli, E.; Brunelli, M.; Dubini, A.; Tomassetti, S.; Piciucchi, S.; Nottegar, A.;
Rossi, G.; et al. Increased frequency of bronchiolar histotypes in lung carcinomas associated with idiopathic
pulmonary fibrosis. Histopathology 2017, 71, 725–735. [CrossRef] [PubMed]

24. Reck, M.; Kaiser, R.; Mellemgaard, A.; Douillard, J.Y.; Orlov, S.; Krzakowski, M.; von Pawel, J.; Gottfried, M.;
Bondarenko, I.; Liao, M.; et al. Docetaxel plus nintedanib versus docetaxel plus placebo in patients with
previously treated non-small-cell lung cancer (LUME-Lung 1): A phase 3, double-blind, randomised
controlled trial. Lancet Oncol. 2014, 15, 143–155. [CrossRef]

25. Mediavilla-Varela, M.; Boateng, K.; Noyes, D.; Antonia, S.J. The anti-fibrotic agent pirfenidone synergizes
with cisplatin in killing tumor cells and cancer-associated fibroblasts. BMC Cancer 2016, 16, 176. [CrossRef]
[PubMed]

26. Hoeper, M.M.; Bogaard, H.J.; Condliffe, R.; Frantz, R.; Khanna, D.; Kurzyna, M.; Langleben, D.; Manes, A.;
Satoh, T.; Torres, F.; et al. Definitions and diagnosis of pulmonary hypertension. J. Am. Coll. Cardiol. 2013, 62,
D42–D50. [CrossRef] [PubMed]

27. Harari, S.; Elia, D.; Humbert, D. Pulmonary hypertension in parenchymal lung disease: Any future for new
therapies? Chest 2018, 153, 217–223. [CrossRef] [PubMed]

28. Cottin, V.; Le Pavec, J.; Prevot, G.; Mal, H.; Humbert, M.; Simonneau, G.; Cordier, J.F. Pulmonary hypertension
in patients with combined pulmonary fibrosis and emphysema syndrome. Eur. Respir. J. 2010, 35, 105–111.
[CrossRef] [PubMed]

29. Lettieri, C.J.; Nathan, S.D.; Barnett, S.D.; Ahmad, S.; Shorr, A.F. Prevalence and outcomes of pulmonary
arterial hypertension in advanced idiopathic pulmonary fibrosis. Chest 2006, 129, 746–752. [CrossRef]
[PubMed]

30. Collum, S.D.; Amione-Guerra, J.; Cruz-Solbes, A.-S.; DiFrancesco, A.; Hernandez, A.M.; Hanmandlu, A.;
Youker, K.; Guha, A.; Karmouty-Quintana, H. Pulmonary hypertension associated with idiopathic pulmonary
fibrosis: Current and future perspectives. Can. Respir. J. 2017, 2017, 1430350. [CrossRef] [PubMed]

31. Shorr, A.F.; Wainwright, J.L.; Cors, C.S.; Lettieri, C.J.; Nathan, S.D. Pulmonary hypertension in patients with
pulmonary fibrosis awaiting lung transplant. Eur. Respir. J. 2007, 30, 715–721. [CrossRef] [PubMed]

32. Nathan, S.D.; Cottin, V. Pulmonary hypertension in patients with idiopathic pulmonary fibrosis. In Pulmonary
Hypertension (ERS Monograph) Sheffield; Hoeper, M.M., Humbert, M., Eds.; European Respiratory Society:
Lausanne, Switzerland, 2012; pp. 148–160.

33. Minai, O.A.; Santacruz, J.F.; Alster, J.M.; Budev, M.M.; McCarthy, K. Impact of pulmonary hemodynamics on
6-min walk test in idiopathic pulmonary fibrosis. Respir. Med. 2009, 106, 1613–1621. [CrossRef] [PubMed]

34. Galie, N.; Humbert, M.; Vachieri, J.L.; Gibbs, S.; Lang, I.; Torbicki, A.; Simonneau, G.; Peacock, A.; Vonk
Noordegraaf, A.; Beghetti, M.; et al. ESC/ERS Guidelines for the diagnosis and treatment of pulmonary
hypertension. Eur. Respir. J. 2015, 46, 903–975. [PubMed]

http://dx.doi.org/10.1016/j.cgh.2006.11.015
http://www.ncbi.nlm.nih.gov/pubmed/17296528
http://dx.doi.org/10.1183/09031936.00050911
http://www.ncbi.nlm.nih.gov/pubmed/22183478
http://dx.doi.org/10.1136/thx.2010.137190
http://www.ncbi.nlm.nih.gov/pubmed/20880868
http://dx.doi.org/10.1183/09031936.01.99055301
http://www.ncbi.nlm.nih.gov/pubmed/11491167
http://dx.doi.org/10.1016/j.rmed.2007.07.012
http://www.ncbi.nlm.nih.gov/pubmed/17870458
http://dx.doi.org/10.1111/j.1440-1843.2009.01547.x
http://www.ncbi.nlm.nih.gov/pubmed/19659650
http://dx.doi.org/10.1016/j.pupt.2017.03.016
http://www.ncbi.nlm.nih.gov/pubmed/28377145
http://dx.doi.org/10.1111/his.13269
http://www.ncbi.nlm.nih.gov/pubmed/28556957
http://dx.doi.org/10.1016/S1470-2045(13)70586-2
http://dx.doi.org/10.1186/s12885-016-2162-z
http://www.ncbi.nlm.nih.gov/pubmed/26935219
http://dx.doi.org/10.1016/j.jacc.2013.10.032
http://www.ncbi.nlm.nih.gov/pubmed/24355641
http://dx.doi.org/10.1016/j.chest.2017.06.008
http://www.ncbi.nlm.nih.gov/pubmed/28629920
http://dx.doi.org/10.1183/09031936.00038709
http://www.ncbi.nlm.nih.gov/pubmed/19643948
http://dx.doi.org/10.1378/chest.129.3.746
http://www.ncbi.nlm.nih.gov/pubmed/16537877
http://dx.doi.org/10.1155/2017/1430350
http://www.ncbi.nlm.nih.gov/pubmed/28286407
http://dx.doi.org/10.1183/09031936.00107206
http://www.ncbi.nlm.nih.gov/pubmed/17626111
http://dx.doi.org/10.1016/j.rmed.2012.07.013
http://www.ncbi.nlm.nih.gov/pubmed/22902266
http://www.ncbi.nlm.nih.gov/pubmed/26318161


Med. Sci. 2018, 6, 71 12 of 13

35. Kimura, A.; Taniguchi, H.; Kondoh, Y.; Kimura, T.; Kataoka, K.; Nishiyama, O.; Aso, H.; Sakamoto, K.;
Hasegawa, Y. Pulmonary hypertension as a prognostic indicator at initial evaluation in idiopathic pulmonary
fibrosis. Respiration 2013, 85, 456–463. [CrossRef] [PubMed]

36. Boer, K.; Lee, J.S. Under-recognised co-morbidities in idiopathic pulmonary fibrosis: A review. Respirology
2016, 21, 995–1004. [CrossRef] [PubMed]

37. Nathan, S.D.; Shlobin, O.A.; Barnett, S.D.; Saggar, R.; Belperio, J.A.; Ross, D.J.; Ahmad, S.; Saggar, R.; Libre, E.;
Lynch, J.P., 3rd; et al. Right ventricular systolic pressure by echocardiography as a predictor of pulmonary
hypertension in idiopathic pulmonary fibrosis. Respir. Med. 2008, 102, 1305–1310. [CrossRef] [PubMed]

38. Alkukhun, L.; Wang, X.F.; Ahmed, M.K.; Baumgartner, M.; Budev, M.M.; Dweik, R.A.; Tonelli, A.R.
Non-invasive screening for pulmonary hypertension in idiopathic pulmonary fibrosis. Respir. Med. 2016,
117, 65–72. [CrossRef] [PubMed]

39. Nathan, S.D.; Shlobin, O.A.; Ahmad, S.; Urbanek, S.; Barnett, S.D. Pulmonary hypertension and pulmonary
function testing in idiopathic pulmonary fibrosis. Chest 2007, 131, 657–663. [CrossRef] [PubMed]

40. Furukawa, T.; Kondoh, Y.; Taniguchi, H.; Yagi, M.; Matsuda, T.; Kimura, T.; Kataoka, K.; Johkoh, T.; Ando, M.;
Hashimoto, N.; et al. A scoring system to predict the elevation of mean pulmonary arterial pressure in
idiopathic pulmonary fibrosis. Eur. Respir. J. 2018, 51, 1701311. [CrossRef] [PubMed]

41. Raghu, G.; Behr, J.; Brown, K.K.; Egan, J.J.; Kawut, S.M.; Flaherty, K.R.; Martinez, F.J.; Nathan, S.D.;
Wells, A.U.; Collard, H.R.; et al. Treatment of idiopathic pulmonary fibrosis with ambrisentan: A parallel,
randomized trial. Ann. Intern. Med. 2013, 158, 641–649. Erratum in Ann. Intern. Med. 2014, 160, 658.
[CrossRef] [PubMed]

42. Idiopathic Pulmonary Fibrosis Clinical Research Network. A controlled trial of sildenafil in advanced
idiopathic pulmonary fibrosis. N. Engl. J. Med. 2010, 3, 620–628.

43. Hoeper, M.M.; Behr, J.; Held, M.; Grunig, E.; Vizza, C.D.; Vonk-Noordegraaf, A.; Lange, T.J.; Claussen, M.;
Grohé, C.; Klose, H.; et al. Pulmonary hypertension in patients with chronic fibrosing idiopathic interstitial
pneumonias. PLoS ONE 2015, 10, e0141911. [CrossRef] [PubMed]

44. Mermigkis, C.; Bouloukaki, I.; Schiza, S. Sleep as a new target for improving outcomes in idiopathic
pulmonary fibrosis. Chest 2017, 152, 1327–1338. [CrossRef] [PubMed]

45. Mermigkis, C.; Bouloukaki, I.; Antoniou, K.; Papadogiannis, G.; Giannarakis, I.; Varouchakis, G.; Siafakas, N.;
Schiza, S.E. Ostructive sleep apnea should be treated in patients with idiopathic pulmonary fibrosis.
Sleep Breath. 2015, 19, 385–391. [CrossRef] [PubMed]

46. Mermigkis, C.; Sagaki, E.; Tryfon, S.; Schiza, S.; Amfilochiou, A.; Polychronopoulos, V.; Panagou, P.;
Galanis, N.; Kallianos, A.; Mermigkis, D.; et al. How common is sleep-disordered breathing in patients with
idiopathic pulmonary fibrosis? Sleep Breath. 2010, 14, 387–390. [CrossRef] [PubMed]

47. Lancaster, H.L.; Masson, W.R.; Parnell, J.A.; Rice, T.W.; Loyd, J.E.; Milstone, A.P.; Collard, H.R.; Malow, B.A.
Obstructive sleep apnea is common in idiopathic pulmonary fibrosis. Chest 2009, 136, 772–778. [CrossRef]
[PubMed]

48. Pillai, M.; Olson, A.L.; Huie, T.J.; Solomon, J.J.; Fernandez-Perez, E.R.; Brown, K.K.; Hanna, P.; Lee-Chiong, T.;
Swigris, J.J. Obstructive sleep apnea does not promote esophageal reflux in fibrosing interstitial lung disease.
Respir. Med. 2012, 106, 1033–1039. [CrossRef] [PubMed]

49. Perez-Padilla, R.; West, P.; Lertzman, M.; Kryger, M. Breathing during sleep in patients with interstitial lung
disease. Am. Rev. Respir. Dis. 1985, 132, 224–229. [PubMed]

50. Corte, T.J.; Wort, S.J.; Talbot, S.; Macdonald, P.M.; Hansel, D.M.; Polkey, M.; Renzoni, E.; Maher, T.M.;
Nicholson, A.G.; Wells, A.U. Elevated nocturnal desaturation index predicts mortality in interstitial lung
disease. Sarcoidosis Vasc. Diffus. Lung Dis. 2012, 29, 41–50.

51. Collard, H.R.; Ryerson, C.J.; Corte, T.J.; Jenkins, G.; Kondoh, Y.; Lederer, D.J.; Lee, J.S.; Maher, T.M.;
Wells, A.U.; Antoniou, K.M.; et al. Acute exacerbationa of idiopathic pulmonary fibrosis. An international
Working Group Report. Am. J. Respir. Crit. Care Med. 2016, 194, 265–275. [CrossRef] [PubMed]

52. Kim, D.S.; Park, J.H.; Park, B.K.; Lee, J.S.; Nicholson, A.G.; Colby, T. Acute exacerbation of idiopathic
pulmonary fibrosis: Frequency and clinicalfeatures. Eur. Respir. J. 2006, 27, 143–150. [CrossRef] [PubMed]

53. Hemptinne, Q.; Remmelink, M.; Brimioulle, S.; Salmon, I.; Vincent, J.L. ARDS: A clinicopathological
confrontation. Chest 2009, 135, 944–949. [CrossRef] [PubMed]

http://dx.doi.org/10.1159/000345221
http://www.ncbi.nlm.nih.gov/pubmed/23257350
http://dx.doi.org/10.1111/resp.12622
http://www.ncbi.nlm.nih.gov/pubmed/26365251
http://dx.doi.org/10.1016/j.rmed.2008.03.022
http://www.ncbi.nlm.nih.gov/pubmed/18619825
http://dx.doi.org/10.1016/j.rmed.2016.06.001
http://www.ncbi.nlm.nih.gov/pubmed/27492515
http://dx.doi.org/10.1378/chest.06-2485
http://www.ncbi.nlm.nih.gov/pubmed/17356077
http://dx.doi.org/10.1183/13993003.01311-2017
http://www.ncbi.nlm.nih.gov/pubmed/29348178
http://dx.doi.org/10.7326/0003-4819-158-9-201305070-00003
http://www.ncbi.nlm.nih.gov/pubmed/23648946
http://dx.doi.org/10.1371/journal.pone.0141911
http://www.ncbi.nlm.nih.gov/pubmed/26630396
http://dx.doi.org/10.1016/j.chest.2017.07.019
http://www.ncbi.nlm.nih.gov/pubmed/28774636
http://dx.doi.org/10.1007/s11325-014-1033-6
http://www.ncbi.nlm.nih.gov/pubmed/25028171
http://dx.doi.org/10.1007/s11325-010-0336-5
http://www.ncbi.nlm.nih.gov/pubmed/20232261
http://dx.doi.org/10.1378/chest.08-2776
http://www.ncbi.nlm.nih.gov/pubmed/19567497
http://dx.doi.org/10.1016/j.rmed.2012.03.014
http://www.ncbi.nlm.nih.gov/pubmed/22521226
http://www.ncbi.nlm.nih.gov/pubmed/2411177
http://dx.doi.org/10.1164/rccm.201604-0801CI
http://www.ncbi.nlm.nih.gov/pubmed/27299520
http://dx.doi.org/10.1183/09031936.06.00114004
http://www.ncbi.nlm.nih.gov/pubmed/16387947
http://dx.doi.org/10.1378/chest.08-1741
http://www.ncbi.nlm.nih.gov/pubmed/19118274


Med. Sci. 2018, 6, 71 13 of 13

54. Oda, K.; Ishimoto, H.; Yamada, S.; Kushima, H.; Ishii, H.; Imanaga, T.; Harada, T.; Ishimatsu, Y.;
Matsumoto, N.; Naito, K.; et al. Autopsy analyses in acute exacerbation of idiopathic pulmonary fibrosis.
Respir. Res. 2014, 15, 109. [CrossRef] [PubMed]

55. Simon-Blancal, V.; Freynet, O.; Nunes, H.; Bouvry, D.; Naggara, N.; Brillet, P.Y.; Denis, D.; Cohen, Y.;
Vincent, F.; Valeyre, D.; et al. Acute exacerbation of idiopathic pulmonary fibrosis: Outcome and prognostic
factors. Respiration 2012, 83, 28–35. [CrossRef] [PubMed]

56. Kondoh, Y.; Taniguchi, H.; Katsuta, T.; Kataoka, K.; Kimura, T.; Nishiyama, O.; Sakamoto, K.; Johkoh, T.;
Nishimura, M.; Ono, K.; et al. Risk factors of acute exacerbation of idiopathic pulmonary fibrosis.
Sarcoidosis Vasc. Diffus. Lung Dis. 2010, 27, 103–110.

57. Natsuizaka, M.; Chiba, H.; Kuronuma, K.; Otsuka, M.; Kudo, K.; Mori, M.; Bando, M.; Sugiyama, Y.;
Takahashi, H. Epidemiologic survey of Japanese patients with idiopathic pulmonary fibrosis and
investigation of ethnic differences. Am. J. Respir. Crit. Care Med. 2014, 190, 773–779. [CrossRef] [PubMed]

58. Raghu, G.; Collard, H.R.; Egan, J.J.; Martinez, F.J.; Behr, J.; Brown, K.K.; Colby, T.V.; Cordier, J.F.; Flaherty, K.R.;
Lasky, J.A.; et al. An official ATS/ERS/JRS/ALAT statement. Idiopathic pulmonary fibrosis: Evidence-based
guidelines for diagnosis and management. Am. J. Respir. Crit. Care Med. 2011, 183, 788–824. [CrossRef]
[PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12931-014-0109-y
http://www.ncbi.nlm.nih.gov/pubmed/25176016
http://dx.doi.org/10.1159/000329891
http://www.ncbi.nlm.nih.gov/pubmed/21860222
http://dx.doi.org/10.1164/rccm.201403-0566OC
http://www.ncbi.nlm.nih.gov/pubmed/25162152
http://dx.doi.org/10.1164/rccm.2009-040GL
http://www.ncbi.nlm.nih.gov/pubmed/21471066
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pulmonary Emphysema 
	Gastroesophageal Reflux 
	Lung Cancer 
	Pulmonary Hypertension 
	Sleep Disorders in Idiopathic Pulmonary Fibrosis 
	Acute Exacerbation 
	References

