
2015 SSAT PLENARY PRESENTATION

Pathophysiology of Gastroesophageal Reflux in Patients
with Chronic Pulmonary Obstructive Disease
Is Linked to an Increased Transdiaphragmatic Pressure
Gradient and not to a Defective Esophagogastric Barrier

Leonardo M. Del Grande1 & Fernando A. M. Herbella1 & Amilcar M. Bigatao2 &

Henrique Abrao1 & Jose R. Jardim2
& Marco G. Patti3

Received: 7 April 2015 /Accepted: 14 September 2015 /Published online: 24 September 2015
# 2015 The Society for Surgery of the Alimentary Tract

Keywords Gastroesophageal reflux . Chronic obstructive
pulmonary disease . High-resolution esophageal manometry .

Esophageal pHmonitoring

Introduction

The association of gastroesophageal reflux disease (GERD)
and pulmonary diseases is well known.1 Early studies showed
that gastroduodenal contents may reflux up to the proximal
esophagus2 and cause aspiration.3 Other studies showed a
higher incidence of GERD in patients with asthma,4 interstitial
fibrosis,5 chronic cough,6 and chronic obstructive pulmonary
disease (COPD).7–10

Esophageal (or typical) GERD symptoms (heartburn, re-
gurgitation, and dysphagia) are not always present in these
patients, and even when they are reported, they yield a low
accuracy for GERD diagnosis.11 Extra-esophageal symptoms
such as cough are common and thus represent a confounding
factor. As a consequence, clinical questionnaires are

insufficient and objective determination of GERD is manda-
tory for the correct management of these patients.

COPD is attributed to tobacco smoking in the majority of
cases, different from adult asthma and pulmonary fibrosis that,
although still considered idiopathic, have GERD as a putative
etiologic factor. However, a great number of smokers will
never develop COPD leading to the suggestion that tobacco
alone is not responsible for the disease in every patient and
that aspiration of gastroduodenal contents may play a
contributory role. In addition, COPD disrupts the venti-
latory dynamics, and this may promote abnormal reflux.
COPD is probably the main pulmonary disease that
lacks a satisfactory number of studies dealing with ob-
jective evaluation of esophageal motility and acid expo-
sure by esophageal function tests.We believe that the study of
the incidence of GERD, esophageal motility, and ventilatory
dynamics by esophageal manometry and ambulatory pHmon-
itoringmay shed some light on the association between COPD
and GERD.

This study aims to evaluate in patients with COPD (1) the
incidence and profile of GERD, (2) esophageal motility, and
(3) the transdiaphragmatic pressure gradient.

Patients and Methods

Population

We studied 48 consecutive patients (56 % females, mean age
66.2±9.6 years) with COPD diagnosed by spirometry, over
40 years of age, treated at the Lung Rehabilitation Center of
the Federal University of São Paulo. Patients that could not
understand or comply with the protocol and those who refused
to sign the informed consent were excluded. Patients with
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previous foregut surgery or primary esophageal motility dis-
orders were also excluded from the study.

Esophageal Function Tests

High-resolution esophageal manometry (HRM) was per-
formed in all patients. Medications that interfere with esoph-
ageal and gastric motility were discontinued 3 days before the
study. HRMdata of all volunteers were acquired using a solid-
state HRM assembly with 36 sensors spaced at 1-cm intervals
(Given Imaging, Los Angeles, CA). All studies were per-
formed with patients in sitting position, after a minimum
fasting period of 8 h.

Position, pressure (defined as the mid-respiratory
pressure), relaxation, and length of the lower esophageal
sphincter (LES) were recorded. Esophageal body func-
tion was assessed by giving 10 wet swallows of 5-ml
water boluses at 30-s intervals when amplitude, dura-
tion, and propagation of the peristaltic waves were
assessed at 3 and 7 cm above the LES. Upper esopha-
geal sphincter (UES) pressure was also measured.

The transdiaphragmatic gradient was calculated
subtracting the thoracic pressure measured at 2 cm
above the upper border of the LES considering its re-
spiratory excursion and the abdominal pressure at 2 cm
below the lower border of the LES considering its re-
spiratory excursion. Both pressures were calculated
based on the average pressure in a 30-s period
encompassing all phases of the respiration (mid-respira-
tory measurement). LES retention pressure was calculat-
ed subtracting the transdiaphragmatic gradient from the
mid-respiratory LES basal pressure. All measurements
were obtained at the beginning of the test in the same
time window.

The normal values considered in this study were LES
length >2.7 cm, LES basal pressure 13–43 mmHg, LES resid-
ual pressure <15 mmHg, distal esophageal amplitude (DEA)
(sensor located 3 cm above the upper border of the
LES) 41–168 mmHg, and proximal esophageal ampli-
tude (PEA) (sensor located 7 cm above the upper border
of the LES) 37–166 mmHg. Distal contractile integral (DCI)
defined esophageal contractions as ineffective (failed+weak)
if <800mmHg.s.cm or hypercontractile if >8000mmHg.s.cm,
and distal latency (s) <4.5 s defined a premature contraction.12

Crural and LES dissociation was classified according to
Pandolfino et al. 13

Esophageal pH monitoring was performed in all patients.
Acid-suppressing medications were discontinued 14 days be-
fore the study. During the study, the patients consumed an
unrestricted diet. A dual pH probe catheter (sensor at 5 and
15 cm above the upper border of the manometric determined
lower esophageal sphincter) was used. The data were incor-
porated into a composite score (DeMeester score). A score

greater than 14.7 was set as abnormal.14 Patients were
grouped according to abnormal pH monitoring in GERD+
or GERD−.

COPD

All patients underwent spirometry (performed no more
than 6 months prior to the esophageal tests). COPD was
defined as a forced expiratory volume in the first sec-
ond over forced volume capacity (FEV1/FVC) ratio be-
low 88 % of predicted after bronchodilator use and no
response to bronchodilator. All patients were free of
exacerbations at least 4 weeks previous to the esopha-
geal tests.

Patients’ distribution according to COPD severity was 8
stage I (FEV>80 %), 16 stage II (FEV1 50–80 %), 17 stage
III (FEV1 30–50 %), and 7 stage IV (FEV1<30 %). All pa-
tients but one had chronic use of inhaled beta agonists and 26
(54 %) were under the use of inhaled anticholinergics. All
patients were past smokers but not active for at least 1 year.

Statistical Analysis

Data were presented as mean±SD. Student’s t, Pearson corre-
lation, and Fisher tests were used when appropriate. A p value
<0.05 was considered statistically significant.

Ethics

The study protocol was approved by the local ethics commit-
tee (#1960/11) and written informed consent was obtained
from each subject. No financial compensation was provided
to the individuals.

The authors had no conflict of interest. All authors
contributed sufficiently to be named as authors and are
responsible for the manuscript. No professional or ghost
writer was hired.

Results

Demographic data are shown in Table 1. GERD+ and GERD−
groups did not differ in regard to gender, age, body mass
index, and COPD severity (p=0.9).

Esophageal symptoms (heartburn or regurgitation) were
referred by 10 (48 %) patients GERD+ and 14 (52 %) patients
GERD− (p=1). Respiratory symptoms were referred by 17
(81 %) patients GERD+ and 24 (89 %) patients GERD−
(p=0.7).

Manometric data are shown in Table 2. The incidence of
distal hypocontractility and UES basal pressure was different
between groups. Thoracic pressure was lower in GERD+ pa-
tients with a higher transdiaphragmatic pressure gradient and
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lower LES retention pressure (LES basal pressure-
transdiaphragmatic gradient) in this group. A positive corre-
lation is noticed between the transdiaphragmatic gradient and
the DeMeester score (p=0.00253) (Fig. 1).

pH monitoring data are depicted in Table 3. As expected,
group GERD+ had higher values compared to group GERD−
patients for both proximal and distal reflux. Abnormal supine
reflux (>3.5 %) and upright reflux (>8.4 %) were present in 52
and 5 % of the GERD+patients, respectively.

Proximal reflux (episodes of reflux >0 at the proximal sen-
sor) was present in 20 (95 %) of patients GERD+ and in 21
(78 %) of patients GERD− (p=0.2).

Discussion

Our results show that (1) almost half of COPD patients have
GERD on pH monitoring, (2) esophageal motility is not

Table 1 Patients demographics
according to the presence or
absence of gastroesophageal
reflux disease (GERD)

n (%) GERD+ 21 (44 %) GERD− 27 (56 %) p

Females (%) 43 67 0.1

Age (mean±standard deviation years) 67.42±9.37 65.33±9.91 0.5

Body mass index (kg/m2) 25.91±4.82 26.34±5.24 0.8

GERD gastroesophageal reflux disease

Table 2 Manometric data in patients with chronic pulmonary obstructive disease (COPD) and presence or absence of gastroesophageal reflux disease
(GERD)

Manometric parameter GERD+ (n=21) GERD− (n=27) p

LES length (cm) 3.58±0.92 3.86±1.31 0.412

Abnormal 4 (19 %) 5 (18 %) 1

LES abdominal length (cm) 1.83±1.06 2.34±1.42 0.183

LES basal pressure (mmHg) 20.44±10.35 22.35±10.9 0.541

Hypotonic 4 (19 %) 6 (22 %) 1

Hypertonic 0 0 1

Mean wave amplitude at 3 cm (mmHg) 62.40±42.94 69.72±29.75 0.489

Hypocontractility 10 (48 %) 3 (11 %) 0.008*

Hypercontractility 0 0 1

Mean wave amplitude at 7 cm (mmHg) 67.47±38.8 77.84±38.19 0.359

Hypocontractility 3 (14 %) 4 (15 %) 1

Hypercontractility 1 (5 %) 1 (4 %) 1

Peristalsis (%) 87.23±10 79.48±27.81 0.230

Distal contractile integral (mmHg.s.cm) 1919±1834 1838±1338 0.860

Ineffective hypercontractility 7 (33 %) 2 (7 %) 0.0306*
Ineffective hypercontractility 0 0

Distal latency (s) 5.8±2.6 5.8±1.9 1.000

Premature 5 (24 %) 6 (22 %) 1.000

UES basal pressure (mmHg) 48.13±38.82 82.71±54.93 0.018*

Abdominal pressure (mmHg) 11±5 10±4 0.6

Thoracic pressure (mmHg) 0.8±6 5±6 0.02*

Transdiaphragmatic gradient (abdominal pressure-thoracic pressure) 10±7 5±4 0.001*

LES retention pressure (LES basal pressure-transdiaphragmatic gradient) 10±10 18±11 0.01*

Crural-LES dissociation

Type I 9 (43 %) 17 (63 %) 0.244

Type II 6 (29 %) 3 (11 %) 0.153

Type III 6 (29 %) 7 (26 %) 1.000

LES lower esophageal sphincter, UES upper esophageal sphincter

*Statistical significance

106 J Gastrointest Surg (2016) 20:104–110



different in COPD GERD+ and COPD GERD−, and (3)
GERD+ patients have a higher transdiaphragmatic pressure gra-
dient and lower LES retention pressure

Association Between GERD and COPD

The association of GERD in COPD varies from 17 to
62 %.10,15 This variability may be explained by different def-
initions for COPD (spirometry criteria for the diagnosis, de-
grees of severity, selection by cause, inclusion of active
smokers, etc.) and different definitions for GERD (symptom-
atic evaluation by distinct questionnaires, pH monitoring,
multichannel intraluminal impedance, detection of gastroduo-
denal contents in the bronchi, etc.). We included in our study a
group of patients with a wide range of COPD severity and
opted for an objective diagnosis of GERD based on pH mon-
itoring. The standardized GOLD criteria for COPD definition
of FEV1/FVC <0.70 are for epidemiological studies, and it is
well known that underdiagnose COPD in smoking and symp-
tomatic young patients but overdiagnose COPD in persons
over 65 years old (due to a normal reduction in lung elastic
recoil). The use of FEV1/FVC <88 % predicted for COPD
diagnosis makes our sample more robust as it takes in consid-
eration the individual age, sex, and height. As our sample
included several patients over 65 years old, the use of a ratio

<0.70 for the COPD diagnosis could by chance include pa-
tients that did not have COPD.

We found an intermediate prevalence of GERD in COPD
patients in comparison to current literature data. Regardless, the
association between the diseases is higher than the prevalence
in normal population to be considered only a coincidence

The normal limit for proximal reflux is a very controversial
topic. Although higher degrees of acid exposure were noted in
patients GERD+, any amount of proximal reflux was noted in
the majority of patients from both groups; however, we be-
lieve this is not a pathologic finding since proximal reflux is
not a guarantee that the refluxate will be aspirated and it is
found even in healthy volunteers.16 If the threshold of >1 %
total time pH <417 is adopted, 57 % of GERD+ patients had
pathologic proximal reflux, while only 4 % of the GERD−
patients had pathologic proximal reflux. This finding is in
accordance with previous studies.11

Esophageal Motility in COPD

Our results show that the majority of patients with COPD have
normal esophageal motility and that the differences between
GERD+ and GERD− patients are subtle.

The LES was abnormal in only 20 % of our patients with
COPD. Previous studies have shown that LES pressure may
not discriminate patients with normal versus abnormal acid

Fig. 1 Correlation between transdiaphragmatic gradient and DeMeester score
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exposure in patients without COPD;18 however, a hypotonic
LES is frequently found in up to 75 % of GERD+ patients.19

Even though most reports focused only on pHmonitoring and
omitted results for esophageal manometry, previous studies
also showed a majority of normal LES in COPD patients20

and no difference between GERD+ and GERD−.9

Although mean distal wave amplitudes are similar between
groups, a higher percentage of patients in group GERD+ had
the amplitudes below normal values. The same is true if a
more sophisticated metric, DCI, is compared between groups.
This may be secondary to reflux.

UES pressure was found to be hypotonic in GERD patients.
This may predispose to the risk for aspiration. A similar finding
was noticed in patients with idiopathic pulmonary fibrosis.5

Pathophysiology of GERD and COPD

It is questionable whether the association of GERD and
COPD is primary or secondary. COPD is usually credited to
smoking in over 75 % of the cases;21 however, the most pes-
simist analysis showed that no more than 50% of the smokers
will develop COPD.22 This leads to the assumption that ge-
netic factors may be involved.23

GERD has a multifactorial pathophysiology.24Manometric
findings in patients with COPD and GERD did not show a
defective esophagogastric barrier neither an important pan-
esophageal dysmotility, different from other pulmonary dis-
eases such as idiopathic pulmonary fibrosis that occurs in the
presence of a hypotensive LES and abnormal esophageal
peristalsis.25,26 Crural-LES dissociation was not different in
patients with or without GERD.

These findings lead to the hypothesis that GERD has a
different pathophysiology in patients with COPD. GERD is

probably secondary to COPD, and it has its pathophysiology
based on increased transdiaphragmatic pressure gradient
caused by COPD due to frequent cough, a flattened dia-
phragm, and increased respiratory effort. GERD may contrib-
ute to COPD genesis as an adjuvant to tobacco but certainly
plays a part in COPD aggravation as the presence of GERD
has been imputed as a predictor for COPD gravity and clinical
exacerbations by previous studies27 and in this series of pa-
tients (data reported in a separate paper focused on the pulmo-
nary and symptomatic side of the association) and GERD
therapy leads to improvement in COPD symptoms.28,29

Study Limitations

Our study has some limitations. First, although the number of
studied patients matches other similar studies, it is small since
the esophageal function tests are still not part of their care and
they volunteered to the study irrespective of symptoms. Sec-
ond, upper digestive endoscopy and barium esophagram were
not performed in the patients; thus, no information on the
presence of hiatal hernia was available. Third, non-acid reflux
was not studied by impedance pH monitoring; however, we
believe that non-acid reflux parallels acid reflux and imped-
ance series still show controversial results and lack clinical
implication regarding prognosis, therapeutic decisions, or
postoperative evaluation.30

Conclusions

COPD patients have a high incidence of GERD whose phys-
iopathology is linked to an increased transdiaphragmatic pres-
sure gradient and not to a defective esophagogastric barrier.

Table 3 pH monitoring data in
patients with chronic pulmonary
obstructive disease (COPD) and
presence or absence of
gastroesophageal reflux
disease (GERD)

pH monitoring parameter GERD+ (n=21) GERD− (n=27) p

Distal sensor

Number of reflux episodes 35±11.4 10.22±8.17 0.000*

Number of reflux episodes ≥5 min 5.52±3.91 0.85±1.19 0.000*

Longest reflux episode (min) 1839±2212 398±542 0.002*

Percent total time pH<4 12.1±12.46 1.59±1.25 0.000*

Percent Upright time pH<4 3.7±2.1 1.6±2.1 0.001*

Percent supine time pH<4 9.6±11.5 0.9±0.9 0.000*

DeMeester score 40.3±20,0 6.8±3.9 0.000*

Proximal sensor

Number of reflux episodes 10.1±10.16 3.19±4.64 0.003*

Number of reflux episodes ≥5 min 0.52±1.03 0.11±0.32 0.05*

Longest reflux episode (min) 394±635 232±635 0.385

Percent total time pH<4 1.55±1.65 0.28±0.32 0.000*

Percent Upright time pH<4 1.7±2.2 0.5±0.6 0.009*

Percent Supine time pH<4 1.3±3.0 0.04±0.1 0.03*

*Statistical significance

108 J Gastrointest Surg (2016) 20:104–110



GERD should be aggressively investigated and treated in
these patients since other series showed that GERD is associ-
ated to COPD worsening.
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Primary Discussant

Dr. Mario Costantini, M.D. (Padua, Italy): In this paper, the authors
suggest an interesting hypothesis on the cause of the increased frequency of
GERD detected in patients with chronic obstructive pulmonary disease.

Their study has several limitations the authors have already acknowl-
edged (recruitment of the patients on a voluntary basis, the lack of im-
pedance data….); that lessened the strength of their findings and their
conclusions.

I would not like to discuss them again.
I have, however, some further enquiries, and I would like to know the

opinion of the authors on them.
1. Duration of symptoms: If GERD in these patients is secondary to

chronic cough and respiratory distress, I should expect a longer duration
of respiratory symptoms in patients with abnormal acid reflux.

2. Reflux or reflex: Several papers report that respiratory symptoms in
GERD patients may be due to a vagal reflex more than to a gastroesoph-
ageal reflux.

3. Therapy: The authors do not discuss GERD symptoms present in
these patients and how they eventually respond to PPI therapy.

Partial or absent symptomatic response may happen (for example, for
the association with weakly acidic reflux). Do the authors have any ex-
perience in treating these patients with fundoplication, i.e., is the rate of
recurrence or wrap disruption higher than usual?

I appreciated reading and discussing this paper, with the new insights
it suggests on the fascinating relationship between GERD and respiratory
symptoms. However, I think further studies are necessary in order to
confirm the findings and the hypothesis of the authors.

Closing Discussant

Dr. Herbella: Thank you for your thoughtful comments.
Our report has indeed limitations, and further studies are necessary to

better understand the pathophysiology of the association of gastroesoph-
ageal reflux disease (GERD) and chronic pulmonary obstructive disease
(COPD).

In regard to the duration of the respiratory symptoms, both groups had
a similar average—5.8 years for the GERD− group versus 5.5 for the
GERD+ group; however, it is hard to tell if the respiratory symptoms
were originally related to the lung disease, GERD, or both.

Answering your second question: We firmly believe that reflux, i.e.,
aspiration, is contributory to COPD genesis in some patients, but we do
acknowledge that reflex, i.e., bronchoconstriction, may be contributory to
COPD severity and the onset of clinical exacerbations.

Finally, all patients on antirreflux medication had a good response
controlling esophageal symptoms but a poor response to respiratory
symptoms. We are still discussing with the pulmonologists how the pa-
tients with GERD should be treated. To this point, we have not operated
any patients from this series.
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