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Gastroesophageal reflux symptoms are not sufficient to guide esophageal function
testing in lung transplant candidates
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SUMMARY. Gastroesophageal reflux disease and esophageal dysmotility are prevalent in patients with advanced
lung disease and are associated with graft dysfunction following lung transplantation. As a result, many transplant
centers perform esophageal function testing as part of the wait-listing process but guidelines for testing in this pop-
ulation are lacking. The aim of this study is to describe whether symptoms of gastroesophageal reflux correlate with
abnormal results on pH-metry and high-resolution manometry and can be used to identify those who require testing.
We performed a retrospective cohort study of 226 lung transplant candidates referred for high-resolution manom-
etry and pH-metry over a 12-month period in 2015. Demographic data, results of a standard symptom questionnaire
and details of esophageal function testing were obtained. Associations between the presence of symptoms and test
results were analyzed using Fisher’s exact tests and multivariable logistic regression. The most common lung disease
diagnosis was interstitial lung disease (N = 131, 58%). Abnormal pH-metry was seen in 116 (51%) patients and
the presence of symptoms was significantly associated with an abnormal study (p < 0.01). Dysmotility was found
in 98 (43%) patients, with major peristaltic or esophageal outflow disorders in 45 (20%) patients. Symptoms were
not correlated with findings on esophageal high-resolution manometry. Fifteen of 25 (60%) asymptomatic patients
had an abnormal manometry or pH-metry. These results demonstrate that in patients with advanced lung disease,
symptoms of gastroesophageal reflux increase the likelihood of elevated acid exposure on pH-metry but were not
associated with dysmotility. Given the proportion of asymptomatic patients with abnormal studies and associated
post-transplant risks, a practice of universal high-resolution manometry and pH-metry testing in this population is
justifiable.

KEYWORDS: esophageal motility, gastroesophageal reflux, high-resolution manometry, lung transplantation, pH
monitoring.

INTRODUCTION

Esophageal dysfunction is common in patients with
advanced lung disease (ALD) and those awaiting lung
transplant, but prevalence estimates of esophageal
dysmotility and gastroesophageal reflux disease
(GERD) are wide ranging from 33–80% and 24–94%,
respectively.1–10 Underlying thoracic pressure changes
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likely predispose to altered esophageal function that
can lead to increased proximal esophageal acid expo-
sure and risk of microaspiration.2 This pathologic
feed-forward loop can persist after lung transplan-
tation, increasing the risk of allograft failure and
bronchiolitis obliterans (BOS).1,11–16

Given the coexistence of these conditions, patients
with ALD typically undergo esophageal function
testing as part of thewait-listing process. This serves to
identify patients who should be excluded from trans-
plant or can be expected to have a complicated post-
transplant course. Some patients found to have severe
reflux will be referred for antireflux surgery in the
post-transplant period to decrease the risk of allograft
damage.
Data on risk factors for esophageal dysfunction in

this population are limited. Current practice is vari-
able and no consensus guidelines for optimal pre-
transplant testing strategies exist. Some transplant
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centers universally test all candidates while others use
the presence of reflux symptoms to determine which
patients require testing.6

Within the general population, reflux symptoms
are not reliably predictive of abnormal acid exposure
on ambulatory pH-metry.17 In patients with ALD,
there is evidence that dysmotility and GERD fre-
quently occur without manifesting symptoms, how-
ever these findings have been limited to small studies
using conventional manometry.2,8–10 Data correlating
symptoms with findings on high-resolution manom-
etry (HRM) are absent in this population. With no
clear evidence to guide who should be tested, we
aimed to assess whether symptoms of esophageal dys-
motility andGERDare predictive of abnormal results
on ambulatory pH-metry and HRM and can be used
to triage which lung transplant candidates require
testing. Secondary aims were to identify patient-level
characteristics associated with specific motility pat-
terns and to determine if traditional anatomic predic-
tors of GERD are found in patients with ALD.

MATERIALS ANDMETHODS

Study design

A retrospective cohort study was performed on all
lung transplant candidates undergoing upper gas-
trointestinal evaluation from January 1 through
December 31, 2015 at our institution. This time-
period was chosen since it correlated with the publi-
cation of new criteria for evaluating HRM.18

Selection of participants

At our institution, ambulatory pH-metry and HRM
are performed universally on all candidates as part
of the pretransplant evaluation. Nearly all candidates
also undergo barium esophagram. Eligible subjects
were identified by indication for prelung transplant
evaluation through manual review of our esophageal
HRM database. Patients were eligible for inclusion
independent of age. Initial review excluded those
patients undergoing testing for post-transplant or
retransplant evaluation, or other general gastroin-
testinal evaluation. Patients were also excluded if they
did not complete both HRM and ambulatory pH
testing. Among the remaining eligible records, clinical
data were manually abstracted using a standardized
form and defined variables from the electronicmedical
record (EMR) and in accordance with methodologic
guidelines for chart review. Abstractors were trained
and performance was monitored.

Methods and measurements

Standard demographic data were collected, including
patient age, gender, body mass index (BMI), eti-
ology of lung disease, results of HRM and pH

testing. The presence of hiatal hernia was extracted
from barium esophagram radiology reports. Patient
symptoms were documented at the time of proce-
dure using a standardized institutional questionnaire
(Appendix 1). All patients undergoing HRM were
studied after an overnight fast.Medications that affect
esophageal smooth motor function (calcium channel
blockers, nitrates, opioids, benzodiazepines, tricyclic
antidepressants, and promotility agents like metoclo-
pramide) were discontinued 24 hours prior to testing.
HRM tests were performed with a 36 channel solid
state catheter (Medtronic, Minneapolis, MN) with
recording sites at 1 cm intervals. The catheter was
placed through an anesthetized nasal canal followed
by a 5 minute acclimatization period. Recordings of
10 supine swallows of 5 mL ambient temperature
water spaced 30 seconds apart were obtained. Studies
were interpreted on a dedicated display (Manoview,
Medtronic) by three esophagologists (DAL, RKW,
RAS).
After review of the results, patients were charac-

terized by esophageal motor disorder based on the
Chicago Classification (CC) version 3.0.18 Some of
the studies reviewed were initially interpreted using
CC version 2.019 however these studies were reinter-
preted using updated criteria.18 Ultimately, patients
were classified as having disorders of the esopha-
gogastric junction (EGJ), major or minor disorders
of peristalsis and normalmotility patterns. Additional
data including mean distal contractile integral (DCI),
mean resting and residual upper and lower esophageal
sphincter (LES) pressures were also acquired.
For ambulatory pH monitoring, utilizing the LES

location obtained during HRM, a dual-channel pH
probe (Medtronic, Minneapolis, MN) was inserted
transnasally. The distal probe was positioned 5 cm
and the proximal probe positioned 15 cm above the
LES. All studies were done off proton-pump inhibitor
(PPI) and histamine 2 receptor antagonist (H2RA)
therapy, stopping at least 5 and 1 days prior to the
test, respectively. During monitoring, patients kept a
record of their symptoms, medication administration
times, meal times, and supine position. Patients were
instructed to perform usual activity and diet during
the study period. Three variables including acid expo-
sure time (AET), symptom index (SI), and symptom
association probability (SAP) were analyzed for this
study. Abnormal values for either measure consti-
tuted a positive study. AET was calculated as the
percentage of time with intraluminal pH < 4 and is
reported separately for the proximal and distal esoph-
agus. For the former, AET is considered abnormal at
0.9%, 1.3%, and 0%, whereas in the distal esophagus
it is 4.2%, 6.3%, and 1.2%, for the total study, upright
and supine positions, respectively. SI and SAP were
calculated as percentage of total symptoms occur-
ring 60 seconds before through 300 seconds after a
reflux episode.
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Data analysis and statistical considerations

We calculated a required sample size of the study
assuming a conservative estimate of GERD-related
symptomprevalence in the lung transplant population
of 40% and prevalence of dysmotility ranging from
33–80%, based on prior data.6–10 We estimated a total
of 250 patients, the approximate annual volume at our
center, were required to achieve 80% power to reject
the null hypothesis at a two-tailed type I error of 0.05.
All data were analyzed using the SAS software

(SAS Institute Inc., Cary, NC). Descriptive statistics
(percentage, median, interquartile range) were cal-
culated for the demographic and clinical character-
istics. Associations between the presence of symp-
toms and abnormal esophageal HRM or abnormal
pH-metry were analyzed using the Chi-square test
or Fisher’s exact test, as appropriate. Multivariable
logistic regressionwas performed to calculate the odds
ratio that symptoms, defined by presence of any upper
gastrointestinal symptom, were associated with a pos-
itive study. These analyses were repeated stratifying
symptoms by esophageal (heartburn, regurgitation,
chest pain, or dysphagia) and extraesophageal (cough,
hoarseness, nausea, vomiting, and belching). Fisher’s
exact tests were also used to determine the correla-
tion between the etiology of lung disease and presence
of abnormal esophageal testing. The Duke University
Medical Center (DUMC) Institutional Review Board
approved this study.

RESULTS

Study population

A total of 665 esophageal HRM were performed at
DUMC in 2015. Of these, 236 were performed on lung
transplant candidates as part of pretransplant evalua-
tion. All patients had testing performed, independent
of the presence of symptoms. Ten of these patients had
no ambulatory pH-metry and were excluded. A final
cohort of 226 patients was used for analyses (Table 1).
The majority of patients were male (N = 145, 64%)
and the median age was 62. Interstitial lung disease
(ILD;N= 131, 58%) was themost common diagnosis.

Patient-reported symptoms

The majority of patients in the cohort (N= 201, 89%)
reported symptoms consistent withGERD, withmost
(N = 103, 51%) describing typical esophageal symp-
toms of heartburn, regurgitation, dysphagia, or chest
pain. Only one symptom was reported in 88 patients
(44%), but the overall most common symptom was
cough (N = 127, 63%). In 66 patients who had cough
as their only symptom, it was presumed to be of pul-
monary origin in 40 patients with normal pH-metry.

Table 1 Baseline characteristics of study population (N = 226)

Male (n, %†) 145 64.2
Age, years (median, IQR‡) 62 53–68
Body mass index, kg/m2 (median, IQR) 25 22–28

Lung disease diagnoses (n, %)
COPD‡ 49 21.7
ILD‡ 131 58.0
Pulmonary fibrosis 69 30.5
Sarcoidosis 10 4.4
Connective tissue disease 8 3.5
Pneumoconiosis 3 1.3
Unspecified ILD 41 18.1

Cystic fibrosis 23 10.2
Pulmonary hypertension 6 2.7
Bronchiectasis 4 1.8
Alpha-1 antitrypsin 6 2.7
Other/Not characterized 7 3.1
Symptomatic, any (n, %) 201 88.9
Symptomatic, esophageal§ 103 45.6
Symptomatic, atypical§ 98 43.4

†All percentages represent % of total 226 lung transplant candi-
dates;
‡ COPD, chronic obstructive lung disease; ILD, interstitial lung dis-
ease; IQR, interquartile range;
§Esophageal symptoms = heartburn, regurgitation, dysphagia or
chest pain. Atypical symptoms = cough, hoarseness, nausea, vom-
iting or belching, with absence of esophageal symptoms.

Table 2 Results of esophageal function testing

N %

High resolution manometry† (N = 226)
Disorders of the EGJ‡ 12 5.3

Achalasia 1 0.4
EGJ outflow obstruction 11 4.9

Major disorders of peristalsis 33 14.6
Jackhammer esophagus 15 6.6
Absent contractility 12 5.3
Distal esophageal spasm 6 2.7

Minor disorders of peristalsis 53 23.5
Ineffective esophageal motility 43 19.0
Fragmented peristalsis 10 4.4

Normal motility 128 56.6

Ambulatory pH testing, 24 hour (N = 226)
Elevated acid exposure time 116 51.3

Symptomatic during study 34 29.3§

Positive symptom index 17 14.7§

Barium esophagram (N = 220)
Hiatal hernia present 61 27.7¶

†Major disorders of peristalsis and EGJ obstruction diagnosed per
Chicago classification (CC) v3.0;
‡EGJ = esophagogastric junction;
§Percentages reported of 116 patients with elevated acid exposure
time;
¶Percentages reported of 220 patients who underwent barium
esophagram.

Esophageal function testing

There were 98 patients (43%) with evidence of dys-
motility on their HRM and over half the patients
tested (N = 116, 51%) had abnormal AET on ambu-
latory pH-metry (Table 2). No single etiology of
lung disease had a significantly higher prevalence of
motility pattern or elevated AET than others. There
was also no significant association between motility
pattern and elevated AET.
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Table 3 Multivariable logistic regression analysis for characteris-
tics associated with abnormal acid exposure

Patient characteristic Odds ratio 95% Confidence interval

Gender (female) 1.20 0.64 2.25
Age (years) 1.02 0.99 1.05
BMI† (kg/m2) 1.03 0.95 1.11

Etiology of lung disease
COPD† Reference
ILD† 0.55 0.27 1.13
Cystic fibrosis 1.73 0.43 7.01
Pulmonary
hypertension

5.46 0.55 54.3

Other 1.10 0.31 3.88
Any symptom present 3.19 1.22 8.40
Dysmotility present 1.12 0.64 1.98
Hiatal hernia present 1.57 0.84 2.94

†BMI, body mass index; COPD, chronic obstructive pulmonary
disease; ILD,interstitial lung disease.

Despite the high proportion of patients reporting
reflux symptoms prior to HRM, 82 (71%) patients
with reported symptoms and abnormal acid expo-
sure times had no symptom episodes during their pH
testing study period. The median number of symptom
episodes reported during pH testing was 2. Of the 34
patients with a positive studywho reported symptoms,
17 (50%) had a positive SI and 14 (41%) had a pos-
itive SAP. Neither a positive SI nor a positive SAP
was associated with self-reported symptoms prior to
formal esophageal function testing.

An elevated AET was more common in patients
with symptoms (N = 109, 54%) compared to those
who were asymptomatic (N = 7, 28%). The sensi-
tivity of symptoms for elevated AET was 94%, with
a specificity of 16%. In a multivariable logistic regres-
sion model (Table 3), controlling for age, gender,
BMI, etiology of lung disease, motility, and pres-
ence of hiatal hernia, having any symptom was sig-
nificantly associated with elevated AET [Odds ratio
(OR) = 3.2 (95% CI 1.2 to 8.4)]. When stratifying
by symptom type, esophageal symptoms remained
significantly associated with abnormal acid exposure
but atypical symptoms were not associated with an
abnormal test (Fig. 1). In addition, patients reporting
an increased number of different symptoms had an
increased likelihood of abnormal pH-metry [OR= 1.9
(95% CI = 1.5 to 2.5)].

Of the 25 asymptomatic patients, 10 (40%) were
found to have dysmotility on HRM. Of the 201 symp-
tomatic patients, 88 (44%) had dysmotility. Symptoms
were statistically more common in minor disorders,
but there was no significant correlation between symp-
toms and presence of dysmotility overall, with sensi-
tivity and specificity of 90% and 12%, respectively. The
frequency of reported symptoms during reflux testing
was not associated with elevated AET or dysmotility.
Of 220 patients who had a barium esophagram, 61

(28%) had evidence of hiatal hernia. Neither hiatal
hernia nor BMI were associated with elevated AET.

Fig. 1 Prevalence of dysmotility and abnormal acid exposure by symptom type. Esophageal symptoms = heartburn, regurgitation, dys-
phagia, or chest pain present. Atypical symptoms= cough, hoarseness, nausea, vomiting or belching, with absence of esophageal symptoms.
For both high-resolution manometry and pH-metry, p values represent statistical significance in Fisher’s exact test comparing the differences
in prevalence between the three symptom groups simultaneously.
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Patient outcomes

Although not formally analyzed, among the 226
patients evaluated for transplant as part of this study,
90 were transplanted. Of the remaining 136, 31 (23%)
were excluded wholly or in part on the basis of
esophageal disease, with absent contractility and inef-
fective motility being the most common findings cited
for disqualification.

DISCUSSION

In this retrospective cohort study of patients with
ALD undergoing evaluation for lung transplantation,
esophageal symptoms were predictive of abnormal
pH-metry, but were not correlated with dysmotility on
HRM. These findings were seen across a wide range
of subtypes of pulmonary disease. Typical anatomic
factors associated with reflux do not explain the high
prevalence of pathologic GERD in this cohort, which
had a low prevalence of hiatal hernia and obesity. Dys-
motility was common, including disorders of the GEJ
and other major disorders of peristalsis.
Previous estimates of GERD and dysmotility in

ALD are wide-ranging and potentially biased due to
a practice of referring patients for esophageal testing
based on symptoms. In our large cohort, testing
was performed independent of patient symptoms and
we confirm a large burden of esophageal disease in
this population. Although we found a smaller preva-
lence of dysmotility than reported in prior similar
studies,6–8,10 those patients were from smaller cohorts
referred to testing based on the presence of symptoms
that a priori suggested dysmotility,6 or were tested
on conventional manometry without incorporation of
CC criteria.8–10 A recent study investigating results
of HRM in this population found patients with ILD
and obstructive lung disease had a higher prevalence
of esophageal hypomotility and hypermotility, respec-
tively.6 No such differences in motility pattern were
observed in our cohort.
We used AET off PPI as the main criterion for

abnormal pH studies, as this has been correlated
with decline in lung function post-transplant and is
used by some transplant centers to determine whether
patients require antireflux surgery.20 All pH-metry at
our institution are manually reviewed and both SI and
SAP are routinely reported to describe the relation-
ship between symptoms and reflux events. Although
some studies suggest an added benefit to incorpo-
rating novel impedance measurements into preoper-
ative testing,21 we chose SI and SAP as they have the
highest specificity among symptom-reflux indices.22,23

However, symptom-reflux indices including SI and
SAP have limitations of interpretability.24-27 We found
only 26% of patients reported symptoms during pH-
metry with amedian of only 2 symptom episodes, sug-
gesting an overall limited role of symptom indices in

evaluating these patients. It might be that our ques-
tionnaire is overly sensitive for the detection of any
symptoms, including mild or intermittent reflux. This
could explain the lack of correlation we observed
between self-reported symptoms captured on our
questionnaire and symptom indices obtained during
formal reflux testing. In this way, symptoms reported
before testing may best correlate with pathologic
GERD, which is ideally measured by AET.
Interpreting reflux symptoms in patients with

ALD poses a challenge, particularly when the dom-
inant complaint is cough. We attempted to distin-
guish pulmonary from GERD-mediated cough with
results of pH testing, however ultimately considered
any symptom significant as this imparts the least
bias. Interestingly, esophageal symptoms (heartburn,
regurgitation, dysphagia, or chest pain) were signifi-
cantly correlated with abnormal acid exposure on pH-
metry, however atypical symptoms alone were not.
This finding contrasts with prior smaller studies in this
population that found symptoms were not predictive
of pathologic reflux, but affirms that a significant pro-
portion of asymptomatic patients were found to have
abnormal acid exposure.8-10

With the proposed increased risk of aspiration
and bronchiolitis obliterans, transplant centers are
appropriately focused on diagnosing and treating
esophageal diseases perioperatively. In patients with
elevated AET, fundoplication is associated with
improved allograft function and survival.20 Although
typical symptoms are predictive of an abnormal test,
the absence of symptoms does not exclude abnormal
acid exposure and universal pH testing in this high-
stakes setting may be justified. We found symptoms to
be highly sensitive but not specific for an abnormal pH
or manometry study. The high prevalence of asymp-
tomatic dysmotility and significant potential conse-
quences, such as preclusion of antireflux surgery or
transplant listing as we found, also suggests benefit to
universal screening with HRM.
Unlike the general population, presence of a hiatal

hernia and BMI were not associated with abnormal
acid exposure.28,29 A current conceptual model of
GERD links increased abdominal pressure and BMI
to the development of hiatal hernia leading to increase
in reflux volume and transient lower esophageal
sphincter relaxation (TLESR) frequency.30 Although
not specifically addressed in our study, we conjec-
ture that the relationship between GERD, dysmotility
and ALD may operate at least in part via a different
mechanism.
In conclusion, we found that esophageal symp-

toms increase the likelihood of finding abnormal
acid exposure on pH-metry but were not associated
with dysmotility in lung transplant candidates. A
substantial proportion of asymptomatic patients had
abnormal studies, supporting the practice of screening
all candidates as part of the pretransplant evaluation
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process. With much at stake, larger studies are needed
to characterize changes occurring between pre- and
post-transplant HRM and pH-metry, and correlate
these findings with dedicated clinical outcomes.
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