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Silent gastro-oesophageal reflux and microaspiration in

IPF: mounting evidence for anti-reflux therapy?
G. Raghu and K.C. Meyer

I
diopathic pulmonary fibrosis (IPF) is a distinct clinical
entity that generally affects people who are over 60 yrs of
age, and median survival ranges from 3 to 5 yrs after the

diagnosis is ascertained. The natural course of IPF is well known:
the majority of patients with IPF display steady decline in lung
function, some patients remain stable for prolonged periods of
time, a subgroup of patients rapidly decline, and a subset of
patients manifest acute exacerbations of IPF preceding death [1].
While several key cellular and molecular events that are thought
to follow ‘‘injury’’ have been identified in the pathogenesis of IPF
[2], the ultimate cause of IPF and the triggering factor(s) that
injure the lung remain elusive, and none of the currently available
pharmacological agents have demonstrated improved outcomes
and survival in patients with IPF.

The incidence and prevalence of IPF is highly linked to advanced
age with an estimated incidence and prevalence of 71 and 271 per
100,000 per year for males and 67 and 266 per 100,000 per year for
females aged 75 yrs or greater versus an overall incidence and
prevalence of 16.3 and 42.7 per 100,000 per year using broad diag-
nostic criteria [3]. Interestingly, many observations suggest that
the aged lung is more susceptible to injury and fibrosis induced by
a variety of stimuli, and this susceptibility may be linked to age-
associated changes in gene expression or genetic polymorphisms
such as age-associated telomerase dysfunction [4–7].

Advanced age is also accompanied by a decline in oesophageal
and gastric motility, diminished upper oesophageal sphincter
pressure, and an increase in oesophageal acid exposure [8]. Hiatal
hernias appear with advancing age and have been detected in up
to 60% of individuals older than 60 yrs [9]. The formation of a
hiatal hernia, which tends to increase in size with advancing age,
is associated with lower oesophageal sphincter dysfunction
(diminished lower oesophageal sphincter basal pressure, greater
oesophageal acid exposure and increased likelihood of erosive
oesophagitis) [9]. The association of the presence of hiatal hernia
and/or gastro-oesophageal reflux (GER) with pulmonary fibrosis
has been well documented [10–12]. The severity and frequency of
symptoms associated with GER (heartburn, epigastric discomfort
and regurgitation) tend to decrease in older individuals [13] and
hence contributes to the concept of ‘‘silent/occult GER and
microaspiration’’. When one considers the strong association of

GER, GER disease, hiatal hernia and IPF with advanced age, the
possibility that GER and microaspiration are linked to the
pathogenesis of IPF and/or episodes of acute exacerbations of
IPF must be seriously considered.

Proximal GER has been documented in healthy subjects during
sleep [14], and resting upper oesophageal sphincter pressure also
falls considerably during sleep [15]. Indeed, GLEESON et al. [14]
found that nearly half of the healthy adult subjects that they
evaluated aspirated small amounts of their oropharyngeal
secretions during sleep, indicating that ‘‘silent’’ microaspiration
is a common phenomenon in adults. Microaspiration has been
postulated as an aetiological factor in the pathogenesis of IPF, a
hypothesis that is based on the abnormal, ‘‘silent’’ acid GER
observed in ,90% of patients with IPF based on 24-h oesophageal
pH monitoring [16, 17]. However, the lack of histological features
of ‘‘micro and/or macro aspiration’’ in areas of usual inters-
titial pneumonia (UIP) raises an appropriate hesitation to the
acceptance of a role for GER and microaspiration in the patho-
genesis of IPF. Nonetheless, an increasing body of evidence that
has accumulated over the past few years support the concept that
occult microaspiration of refluxed gastric juice may play a signi-
ficant role in the pathogenesis of IPF. Interestingly, these studies
have shown that typical GER symptoms (heartburn and regu-
rgitation) are poor predictors of GER in patients with IPF.

Despite the increasing number of studies that have documented a
high prevalence of GER in patients with IPF [16–20], a causal
relationship between GER and IPF has yet to be firmly
established. Regardless, it is notable that a number of case series
have suggest a link between GER suppression and clinical
stabilisation. This has led to the clinical evaluation of ‘‘anti-
reflux’’ therapy as the sole treatment for IPF in patients with
abnormal GER. RAGHU et al. [21] described four patients with
well-defined IPF whose clinical course stabilised or improved
over a 4-yr period of time with the sole intervention of using anti-
reflux therapy – the suppression of acid GER by proton pump
inhibitors (PPIs) and/or anti-reflux surgery – was confirmed via
24-h oesophageal pH monitoring in all four patients. LINDEN et al.
[22] reported a series of 14 patients and found that oxygen
requirements stabilised in those patients who underwent Nissen
fundoplication. More recently, LEE et al. [23] reported that use
of agents to suppress GER in a cohort of 204 patients with IPF
was associated with a lower radiological fibrosis score on high-
resolution computed tomography and was an independent
predictor of longer survival time. The retrospective observation
of enhanced survival in patients with IPF who were allegedly
taking medications to suppress acidity of gastric secretions [23]

Dept of Medicine, Divison of Pulmonary and Critical Care Medicine, University of Washington,

Seattle, WA, USA.

CORRESPONDENCE: G. Raghu, Dept of Medicine, Division of Pulmonary Critical Care Medicine,

Box 356175, University of Washington, Seattle, WA 98195, USA. E-mail: graghu@uw.edu

Eur Respir J 2012; 39: 242–245

DOI: 10.1183/09031936.00211311

Copyright�ERS 2012

242 VOLUME 39 NUMBER 2 EUROPEAN RESPIRATORY JOURNAL



implies that treatment with PPIs and/or H2 receptor antagonists
may decrease the ‘‘injury’’ and/or prevent subsequent conse-
quences of recurrent ‘‘injury’’ to the epithelial barrier of distal
pulmonary parenchyma that may have been otherwise induced
by intermittent episodes of microaspiration of the acid compo-
nent of gastric juice.

An evolving approach to detecting reflux and associated
microaspiration is the detection of biomarkers of aspiration in
respiratory secretions such as pepsin. Bile acids and pepsin have
been quantified in sputum and bronchoalveolar lavage (BAL)
fluid as markers of microaspiration [24–27]. STAROSTA et al. [28]
reported that the number of proximal reflux events detected by
24-h pH monitoring correlated with pepsin levels in BAL fluid.
Although BAL pepsin or bile salt detection represents a direct
marker of aspiration of refluxed gastric juice, further studies that
measure pepsin and bile salts in BAL fluid are warranted to
correlate with disease severity, risk of progression and/or the
development of acute exacerbation in patients with IPF.

In this issue of the European Respiratory Journal, two independent
groups of investigators have further explored the concept of
microaspiration in IPF [29, 30]. Using multi-detector compu-
terised tomographic imaging in patients with IPF, NOTH et al. [29]
confirmed the previously known increased prevalence of hiatal
hernia in patients with IPF, demonstrated that IPF patients with
hiatal hernia had greater physiological impairment on pulmon-
ary function testing than patients who did not have hiatal hernia,
and, in a small subset of IPF patients who were subjected to 24-h
pH monitoring (n514), demonstrated that abnormal acid GER
was associated with the presence of hiatal hernia. In a larger
subset of 74 patients for whom data on the use of anti-reflux

medications were available, the group receiving therapy had
significantly better diffusing capacity of the lung for carbon
monoxide and composite physiological index scores.

LEE et al. [30] are the first to have detected a biomarker of
microaspiration, pepsin, in BAL fluid from patients with IPF. A
substantial number of their patients had clinical evidence of acute
exacerbations of IPF, and BAL pepsin and neutrophil percentages
on differential BAL cell counts were significantly increased for the
group with acute exacerbations of IPF versus stable patients. An
increase in BAL pepsin level by one standard deviation from that
of the stable group was associated with an odds ratio of 1.46 (95%
CI 1.03–2.09; p50.04) for having an acute exacerbation. However,
the prevalence or size of radiologically identified hiatal hernia did
not correlate with exacerbation status. Additionally, BAL pepsin
levels were not predictive of survival, and the increased pepsin
levels were driven by a subgroup (33% of cases) with markedly
elevated pepsin levels in BAL. Nonetheless, the observations in
the retrospective study by LEE et al. [30] are intriguing, as the
detection of pepsin in BAL fluid at the onset of an acute
exacerbation of IPF episode is direct evidence that the contents of
gastric juice can reach the lower respiratory tract without an overt
aspiration event. These findings support the long-standing
hypothesis that microaspiration plays a role in the pathogenesis
of IPF and that the unknown ‘‘trigger’’ and/or the aetiological
agent causing lung injury may be translocation of refluxed gastric
juice to distal areas of the pulmonary parenchyma (fig. 1).

The clinical consequences of an aspiration event depend upon the
nature (acidity, presence of pepsin, bile acids and other
constituents of gastric juice), volume, frequency of aspiration,
and the subject’s ability to neutralise and clear the aspirated
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FIGURE 1. a) High-resolution computed tomography (HRCT) image of the chest in a patient with idiopathic pulmonary fibrosis (IPF; diagnosis ascertained per criteria

described [1]) demonstrating the co-presence of hiatal hernia (arrow). b) Concepts of gastro-oesophageal reflux (GER) and microaspiration in the pathogenesis of IPF and

acute exacerbation of IPF. Note the schematic representation of the presence of a hiatal hernia (small) and the contents of gastric juice refluxate gaining access to the distal

pulmonary parenchyma via GER and microaspiration (shown by the dots from the distal oesophagus into the proximal oesophagus and aspirating into the lung (arrowhead)),

which can cause lung injury. Recurrent injury caused by intermittent microaspirations leads to aberrant wound healing and subsequent pulmonary fibrosis (which manifests as

a usual interstitial pneumonia pattern on lung histopathology and a clinical diagnosis of IPF), especially in a genetically predisposed person (e.g. telomerase deficiency or

increased MUC5B expression) and in elderly individuals, who are more susceptible to manifest IPF (because of aged lung and dysfunctional upper and lower oesophageal

sphincters).

G. RAGHU AND K.C. MEYER EDITORIAL: PULMONARY FIBROSIS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 39 NUMBER 2 243



material from the lungs and thereby prevent/limit mucosal
damage, inflammation and subsequent pulmonary fibrosis. The
observed association of hiatal hernia and abnormal acid GER
coupled with the detection of pepsin in BAL retrieved from distal
pulmonary parenchyma support the long-standing hypothesis
that microaspiration is a causative role in IPF and may trigger
episodes of acute exacerbations of IPF. These two reports further
advance our knowledge of GER and microaspiration in the
pathogenesis of IPF and support the concept that GER and
microaspiration are associated with more severe pulmonary
impairment in patients without acute exacerbations of IPF and
that GER and occult aspiration may trigger an episode of acute
respiratory decompensation. Microaspiration of gastric juice as a
trigger of acute exacerbations is an attractive hypothesis,
particularly when one considers the observations that the
predominant histopathologic lesion of acute exacerbations of
IPF is diffuse alveolar damage, which has been observed when
acid or gastric juice is instilled into the lungs of laboratory
animals, and that the cause of acute exacerbations of IPF is
unknown. While acid is known to cause lung epithelial injury, the
observation that non-acid components of gastric juice, such as
pepsin, can be found in distal airways, especially during episodes
of acute exacerbations of IPF cannot be ignored and has im-
plications for therapeutic intervention. Indeed, pepsin in BAL
fluid may well be considered a biomarker of microaspiration and
may be useful to assess the efficacy of anti-reflux therapy. Pepsin
or bile salts could be monitored in BAL fluid to determine the
efficacy of anti-reflux surgical interventions such as fundoplica-
tion, as has been reported in lung transplant recipients with lung
allograft dysfunction [31].

We speculate that the collision of advanced age and its associated
changes in susceptibility to lung injury (which may be related to
gene expression changes such as mutations in telomerase and
MUC5B expression [32]) with an increased risk of having episodes
of GER, hiatal hernia and microaspiration of gastric juice and
its constituents, including the possibility of Helicobacter pylori, that
may lead to lung epithelial injury, aberrant repair responses and
fibrosis in susceptible individuals (fig. 1). Additionally, episodes
of gastric juice microaspiration may lead to ongoing injury and
fibrotic responses that lead to accelerated loss of lung function due
to fibrotic responses that are characteristic of the UIP histopathol-
ogy in IPF. Finally, episodes in which a larger bolus of gastric juice
reaches the lung may trigger episodes of acute exacerbations
of IPF.

The only intervention that has a significant impact on survival
and quality of life in patients with IPF to date is lung trans-
plantation, but only a minority of patients with IPF are accep-
table candidates for this intervention [33]. No pharmacological
treatment interventions evaluated in clinical trials have
demonstrated a survival benefit for patients with IPF, and new
approaches that can stabilise the disease and improve survival
are sorely needed. The observations by NOTH et al. [29] and LEE

et al. [30] clearly warrant further investigation and have implica-
tions for anti-reflux measures, including conservative measures
(avoiding total recumbence, limited meal size, avoiding certain
foods, avoiding alcohol or caffeinated beverages, etc.) to decrease
GER and/or laparoscopic anti-reflux surgery (e.g. Nissen
fundoplication) that may be important therapeutic interventions,
rather than merely suppressing the acidity of refluxed gastric

secretions by treating patients with acid-suppressing agents such
as PPIs and H2 receptor antagonists.

Additional research on the role of GER and microaspiration in the
pathogenesis of IPF should be pursued to gain further insights
that lead to a better understanding of pathogenesis and to
determine the role of anti-reflux therapies in the stabi-
lisation of IPF and prevention of acute exacerbations. Although
the use of pharmacological agents that suppress acidity have
been associated with disease stabilisation and improved survival,
it must be emphasised that the GER and aspiration per se are not
suppressed by PPI, and aspiration with alkaline gastric juice can
still occur. Strategies to use impedance pH monitoring and to
detect biomarkers of microaspiration need to be established in
order to allow reliable screening and monitoring for significant
GER and microaspiration, and to correlate such findings with the
disease course in patients with IPF. It is hoped that treatment
strategies to prevent GER will protect the already injured lung
from further insults and preserve the microenvironment of gas
exchange units of the lung, thus leading to improved outcomes
for patients with IPF.
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