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Abstract
Background Even though the pathogenesis of idiopathic pulmonary fibrosis (IPF) is unknown, there is mounting evidence that
abnormal reflux (GERD) and aspiration of gastric contents may play a role in the pathogenesis of this disease.
Aims The aims of this study were to determine in patients with GERD and IPF: (a) the clinical presentation, (b) the esophageal
function, and (c) the reflux profile.
Methods We compared the clinical presentation, the esophageal function (as defined by high-resolutionmanometry), and the reflux
profile (by dual sensor pH monitoring) in 80 patients with GERD (group A) and in 22 patients with GERD and IPF (group B).
Results Heartburn was present in less than 60 % of patients with GERD and IPF. Lower esophageal sphincter pressure and
peristalsis were normal in both groups, while the upper esophageal sphincter (UES) was more frequently hypotensive in IPF
patients (p =0.008). In patients with GERD and IPF, the proximal esophageal acid exposure was higher (p =0.047) and the supine
acid clearance was slower as compared with patients with GERD only (p <0.001).
Conclusions The results of this study show that in patients with GERD and IPF: (a) reflux is frequently silent, (b) with the
exception of a weaker UES, the esophageal function is preserved, and (c) proximal reflux is more common, and in the supine
position, it is coupled with a slower acid clearance. Because these factors predisposing IPF patients to the risk of aspiration,
antireflux surgery should be considered early after the diagnosis of IPF and GERD is established.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and progres-
sive form of usual interstitial pneumonia of unknown origin
which leads to lung fibrosis. IPF affects approximately 38,000
individuals every year in the USA, and it is an irreversible
disease.1,2 Median survival after the diagnosis is established is
between 3 and 5 years, with approximately 80 % of all deaths
secondary to respiratory failure.2 Because pharmacological
therapy is mostly ineffective, lung transplantation offers the
only chance for increased survival.3 Unfortunately, the num-
ber of available organs is limited, and in about 50 % of
patients, a double lung transplant is performed. In addition,
the 5-year survival of patients after lung transplantation is
much lower than the survival after other organ transplants
such as heart and kidneys, being close to only 50 %.

Today, there is increasing evidence that gastroesophageal
reflux (GERD) may play a role in the pathogenesis of IPF.
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Recent studies have, in fact, suggested that this disease might
not be as idiopathic as previously thought and that GERD, by
inducing microaspiration, might be one of the causative
factors.4–6 In addition, other studies support the use of
fundoplication in the management of patients with IPF and
GERD, as they have shown that by controlling reflux and
avoiding aspiration, a fundoplication can stop the progression
of this disease.7–9

Thus, even in the absence of a prospective and randomized
trial confirming the positive impact of antireflux surgery in
patients with IPF andGERD, it has become a common practice
in most lung transplant centers to perform a fundoplication in
IPF patients when GERD is demonstrated.7–9 It is not clear,
however, on what type of preoperative work-up is necessary
and what is the motility and reflux profile in patients in whom
microaspiration is thought to be the original lung insult that
leads to fibrosis.

The aims of this study were to compare in a group of
patients with GERD and a group of patients with GERD and
IPF: (a) the clinical presentation, (b) the esophageal function
as defined by high-resolution manometry, and (c) the reflux
profile by dual sensor pH monitoring.

Materials and Methods

This is a retrospective review of a prospectively set institutional
review board-approved database of patients referred to the
Center for Esophageal Diseases of the University of Chicago
Medical Center between October 2008 and October 2012.
Patients with prior antireflux or gastric surgery and patients with
pulmonary disorders other than IPF were excluded from the
study. Overall, 102 patients with GERD proven by pH monitor-
ing were included in the analysis. Of these, 80 patients had a
diagnosis of GERD but no respiratory symptoms (group A) and
22 had both GERD and IPF (as established by lung biopsy)
(group B). There were 44 (43 %) men and 58 (57 %) women,
whosemean agewas 57±14 years (range, 27–86 years). In these
two groups, we compared (a) the clinical presentation, (b) the
esophageal function, and (c) the reflux profile.

Clinical Presentation Patients were questioned regarding the
presence of typical (heartburn, regurgitation, dysphagia) and
atypical symptoms (hoarseness, cough, chest pain) of GERD.

Esophageal Function High-resolution manometry was per-
formed in all patients after an overnight fast using a solid-
state catheter with 36 circumferential sensors spaced at 1-cm
intervals. The probe was inserted transnasally and positioned
in order to record from the pharynx to the stomach. Pressure,
length, and relaxation of the lower esophageal sphincter (LES),
as well as the pressure of the upper esophageal sphincter
(UES), were measured. Esophageal body motility was

assessed starting with a basal period without swallowing,
followed by tenwet swallows of 5ml of water at 30-s intervals.
Amplitude, duration, and velocity of the peristaltic waves were
recorded. Peristalsis was considered normal if the distal esoph-
ageal amplitude (DEA) was greater than 40mmHg. Ineffective
esophageal motility (IEM) was defined by DEA less than
30 mmHg or by presence of simultaneous waves following
more than 30 % of the wet swallows.10 A nonspecific esoph-
ageal motility disorder (NSEMD) was defined as the presence
of abnormal esophageal peristalsis without meeting the criteria
for IEM. The data were analyzed using a commercially avail-
able computer software.

Reflux Profile All patients underwent ambulatory catheter-
based 24-h pH monitoring. Acid-suppressing medications were
discontinued 10 days (proton pump inhibitors (PPIs)) or 3 days
(histamine-2 receptor antagonists) before the study. The pH
probe was calibrated in a buffer solution at pH 7 and 1 before
and after the monitoring. The test was performed by placing
transnasally the dual-channel pH catheter with two sensors
located 15 cm apart so that the distal and the proximal sensors
were positioned, respectively, 5 and 20 cm above the upper
border of the manometrically determined LES. Patients were
encouraged to consume an unrestricted diet during the study, but
to avoid snacks and carbonated beverages in between meals.

Gastroesophageal reflux was evaluated in terms of (1)
number of reflux episodes, (2) number of episodes longer than
5 min, (3) duration of the longest reflux episode, (4) acid
exposure (percentage of time with pH less than 4), and (5)
esophageal acid clearance (mean duration of a reflux episode)
in total, in the distal and proximal esophagus, in the supine
and upright position. Data were integrated into the DeMeester
score, with a value greater than 14.7 set as abnormal.11

Barium Swallow and Upper Endoscopy In the majority of
patients, these tests were performed in outside hospitals and
only the report was available.

Statistical Analysis Statistical analysis was performed using
SPSS version 19 (Copyright © SPSS Inc., 2000). The data
were collected in an Excel spread sheet. Quantitative data are
given as mean and Standard Deviation (SD). Proportions were
compared using the χ2 test or the Fisher exact test where
appropriate. Student's t test was used to compare normally
distributed variables. A level of 5 %was set as the criterion for
statistical significance.

Results

Table 1 summarizes the results in the two groups of patients:
group A, 80 patients with GERD, and group B, 22 patients
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with GERD and IPF. No differences were observed between
the two groups in terms of age and gender.

Clinical Presentation Heartburn was present less frequently
in group B than in group A patients (59 vs. 84 %, p =0.028),
while the prevalence of regurgitation was similar between the
two groups. Extra-esophageal manifestations of GERD were
significantly more common among group B patients. Duration
of symptoms was 138±128 months in group A patients and
86±49 months in group B patients (p =0.375). Four IPF
patients (18 %) recently underwent a laparoscopic total
fundoplication, but the follow-up is too short to draw any
conclusions.

Esophageal Function An average of 16±19 months had
passed between the time the diagnosis of IPF was established
and the performance of the esophageal function tests. There
was no difference between the two groups in terms of LES
pressure and presence of abnormal peristalsis. Amplitude of
peristalsis in the proximal and distal esophagus was similar in
both groups, while proximal and distal wave duration was
significantly shorter among group B patients (3.9±0.9 vs. 3.2
±0.7 mmHg, p =0.001 and 3.4±0.8 vs. 3.0±0.8 mmHg, p =
0.040). A higher percentage of group B patients had a hypo-
tensive UES (31.8 vs. 7.5 %, p =0.008).

Reflux Profile Mean DeMeester score was similar in the two
groups (39.5±24.9 vs. 39.1±36.3, p =0.952). Table 1 sum-
marizes the esophageal acid exposure and esophageal

clearance for the proximal and distal esophagus in the upright
and supine position in the two groups of patients.

Distal Esophagus There was no difference between the two
groups with regard to the total and the supine acid exposure.
Group B patients had a greater esophageal acid exposure in
the upright position.

Total and upright acid clearances were significantly slower
in group B, while acid clearance in supine position was similar
in the two groups.

Proximal Esophagus Total acid exposure was significantly
higher in group B patients. This difference was mainly ob-
served in the supine position, while the acid exposure in the
upright position was similar between the two groups. We did
not find a correlation between the degree of reflux and the
extent of pulmonary damage.

Total and supine acid clearances were significantly slower
in group B patients, while no significant differences were
observed in the upright position.

Barium Swallow and Upper Endoscopy The barium swallow
results were available in 75 patients in group A and 16 patients
in group B. A hiatal hernia was present in 52 and 38 % of
patients, respectively (p =0.437). No information was avail-
able about the size of the hernia.

An upper endoscopy was performed in 45 patients in group
A and in 4 in group B. Esophagitis was present in 40 and 50%
of patients, respectively (p =0.888). No information was avail-
able about the degree of esophagitis.

Discussion

The results of this study showed that in patients with GERD
and IPF: (a) reflux was often asymptomatic, as heartburn was
present in less than 60 % of patients; (b) with the exception of
a weaker UES, the esophageal function was preserved; and (c)
proximal reflux was more common, and in the supine position
it was coupled with a slower acid clearance.

IPF and Reflux Symptoms

While heartburn was experienced by most patients with
GERD, it was present in less than 60 % of patients with
GERD and IPF. In other words, in approximately 40 % of
patients with IPF, the abnormal reflux was silent and it was
only identified because all patients were screened by ambula-
tory pH monitoring. Our observation confirms the findings of
other studies that have shown that typical symptoms of GERD
are frequently absent in patients with lung disease.12–15 For
instance, Sweet et al. studied the prevalence of reflux

Table 1 Demographic, manometry, and pH monitoring results

GERD
(80 patients)

GERD+IPF
(22 patients)

P value

Age (years) 55.7±15 61.3±8.9 0.098

Gender (male), N (%) 31 (38.8) 13 (59.1) 0.143

Heartburn, N (%) 67 (83.8) 13 (59.1) 0.028

LES pressure (mmHg) 19.9±9.7 20.5±11.9 0.807

Normal peristalsis, N (%) 51 (63.8) 14 (63.6) 0.810

Hypotensive UES, N (%) 6 (7.5) 7 (31.8) 0.008

% time <4 total

Distal 9.7±6.6 12.7±13.6 0.149

Proximal 0.9±1.1 2.5±6.9 0.047

Acid clearance total (s)

Distal 85.3±65.2 137.5±112.4 0.006

Proximal 42.4±67.1 169.9±406.8 0.008

% time <4 supine

Distal 10.5±12.8 8.6±17.1 0.569

Proximal 0.5±1.2 2.9±7.6 0.007

Acid clearance supine (s)

Distal 181.1±270.1 171.5±259.9 0.882

Proximal 47.6±72.3 899.1±1668.1 <0.001
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symptoms among patients awaiting lung transplantation for
end-stage lung disease and found that typical symptoms of
GERD had low sensitivity (67 %) and specificity (26 %), and
could not distinguish between patients with and without ab-
normal reflux.14 The positive predictive and the negative
predictive values were 64 and 28 %, respectively. Based on
these findings, we feel that all patients in whom a diagnosis of
IPF is established should be screened by esophageal manom-
etry and ambulatory pH monitoring with a dual probe to
determine if abnormal reflux is present and if it extends all
the way to the proximal esophagus.

IPF and Esophageal Motility

The LES pressure was normal in both groups, suggesting that
transient LES relaxations (TLESR) rather than a mechanically
defective LES caused the abnormal reflux. Peristalsis was also
normal and similar in the two groups. This is somewhat
surprising as IEM is frequently found in patients with respi-
ratory disorders other than IPF.10 The UES pressure was lower
in group B patients, and this could theoretically increase the
risk of aspiration. The esophageal function is however differ-
ent in patients with other types of end-stage lung disease who
might need a lung transplant. For instance, Gasper et al. found
that among 26 patients with connective tissue disorders and
end-stage lung disease awaiting lung transplant, peristalsis
was either impaired or absent in 78 %. In 60 % of patients
who underwent a fundoplication, a partial rather than a total
wrap was performed because of the absence of peristalsis and
the fear of causing severe postoperative dysphagia.16 Because
of the finding of normal peristalsis in our patients with IPF, a
total (360°) fundoplication was either performed or planned.
This is particularly important as in the USA, contrary to the
results obtained in European centers; a total fundoplication
has been found to have better long-term control of reflux as
compared to a partial fundoplication.17–22 In addition, a total
fundoplication has been shown to normalize the esophageal
motility profile as it increases LES pressure and decreases
TLESR, while improves esophageal peristalsis.23–25

IPF and Reflux Profile

The reflux score was similar in the two groups. However, the
total esophageal acid exposure in the proximal esophagus was
significantly higher in group B patients. This difference was
mainly observed in the supine position, while the acid expo-
sure in the upright position was similar between the two
groups. In addition, total and supine acid clearances were
significantly slower in group B patients while no significant
differences were observed in the upright position. Even
though we did not prove that patients with proximal reflux
had aspiration by measuring pepsin or bile acids in the bron-
choalveolar lavage fluid (BALF), we think that this reflux

profile creates a potential milieu for aspiration. Other studies
have in fact shown that proximal acid reflux is associated with
high levels of pepsin in the BALF.1,5 The realization that in
these patients micro-aspiration occurs has important therapeu-
tic implications. It has been shown that acid is just one
component of the refluxate and that duodenal contents (con-
taining bile salts and pancreatic enzymes) play an important
role in the genesis of reflux symptoms. Kauer and colleagues
were the first to clearly show the mixed nature of the
refluxate.26 They studied simultaneously acid reflux (by con-
ventional pH monitoring) and duodenal juice reflux (by a
sensor for bilirubin) in 53 patients with GERD and found that
about 2/3 of patients had a mixed form of reflux. These
findings explain why some patients have only partial control
of symptoms when treated with proton pump inhibitors (PPIs)
as they only decrease the acid production by the parietal cells.
Furthermore, different studies using intraluminal impedance
technology have shown that PPIs just change the pH of the
gastric refluxate because of the reduced production of acid,
but indeed, reflux persists due to the incompetence of the
LES.27 Ambulatory impedance pH monitoring clearly iden-
tifies the relationship between typical and atypical symptoms
and reflux episodes, both acid and non-acid.28 And when non-
acid episodes of reflux are thought to be the cause of symp-
toms, a fundoplication is more effective than PPIs, as it is able
to restore the competence of the gastroesophageal junction,
therefore blocking any type of reflux.29

Conclusions

We do acknowledge that this study has some limitations.
Firstly, the number of IPF patients was small. However, it is
important to remember that this is a rare disease and that even
institutions with established IPF Centers have a limited num-
ber of patients.

Secondly, a barium swallow and upper endoscopy were
performed in outside hospitals in few patients only, and we did
not have data regarding the size of hiatal hernia and the degree
of esophagitis.

We feel, however, that even with these limitations, this
study contributes to the management of IPF patients as it
shows the importance of screening routinely all patients with
manometry and pH monitoring. IPF patients should not be
offered a fundoplication based on the presence or absence of
reflux symptoms only, but they should rather have a proper
work-up to document the presence and the extent of reflux.30

Overall, a definitive answer about the role of reflux control by
a laparoscopic fundoplication can only be given by a prospec-
tive and randomized trial comparing survival in IPF patients
with GERD treated by either a laparoscopic fundoplication or
no therapy. Until then, a fundoplication should only be
performed in selected IPF patients whose functional status
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does not preclude general anesthesia and in centers where a
skilled laparoscopic foregut surgeon is part of an experienced
multidisciplinary team.31
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Discussant

Dr. John Hunter (Portland, Oregon) : This is a descriptive paper,
demonstrating the similarities and differences in reflux pattern and esoph-
ageal function in patients with GERD and idiopathic pulmonary fibrosis
(IPF). From the outset, we must be careful not to read too much into these
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data, as the indication for evaluation creates an intrinsic selection bias.
The first sentence in the results section says that heartburn was less
common in IPF patients than GERD controls. Well, of course, in GERD
patients, the indication for study is most commonly heartburn, so you
would expect them to report primarily typical reflux symptoms such as
heartburn. In IPF, the indication for evaluation is most commonly IPF, so
you would expect more pulmonary symptoms and less heartburn. If the
authors want to learn whether the percentage of “silent” reflux is higher
than expected in IPF patients, you would need to define a suitable control
population, such as a cohort of patients with another chronic disease, such
as diabetes or kidney failure, and perform pH studies on them, then
determine the frequency of heartburn in the pH-positive patients. In such
a control population stratified for the presence of GERD, I suspect you
would find that at least 40 % denied heartburn symptoms.

So what can we learn from this paper?: While most parameters of
esophageal function are not different between GERD and GERD+IPF,
there appear to be differences in esophageal function between these
groups. IPF patients are more likely to have lower UES pressures, more
proximal reflux, especially supine, and diminished esophageal clearance
of acid. As the authors point out, this is a set-up for microaspiration, one
of the more plausible explanations for IPF. Two questions:

1. Your group B is GERD+IPF. As the indication for testing was IPF, I
cannot help but wonder how many IPF patients referred to you proved to

have normal pH studies. Said another way, what proportion of the IPF
population that you screened did not have GERD, by pH criteria?

2. Are your observations a “chicken or the egg” phenomenon? Could
chronic pulmonary disease, with all the physiologic consequences (great-
er work of breathing, tachypnea, more negative inspiratory pressures)
partially or completely explain your observations? Did the IPF create the
differences in observed physiology or did proximal GERD, poor clear-
ance, and a weak UES lead to IPF?

Closing Discussant

Dr. Marco Allaix: I want to thank Dr. Hunter for his comments.
In response to his first question, abnormal reflux was found by pH

monitoring in 61 % of IPF patients referred for evaluation. Interestingly,
however, heartburn was experienced by some IPF patients who had a
normal pH monitoring study. This observation stresses again the low
sensitivity and specificity of symptoms for the diagnosis of GERD.

Is GERD causing IPF or vice versa? This is a great question, but the
answer is not known. We do know however that stopping reflux in IPF
patients by a fundoplication can halt the progression of the disease. We
also know that stopping reflux after lung transplantation may avoid the
development of the bronchiolitis obliterans syndrome (BOS).
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