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Abstract
Background—Gastroesophageal reflux disease (GERD) is thought to be a risk factor for the
development or progression of chronic rejection after lung transplantation. However, the
prevalence of GERD and its risk factors, including esophageal dysmotility, hiatal hernia and
delayed gastric emptying after lung transplantation, are still unknown. In addition, the prevalence
of Barrett’s esophagus, a known complication of GERD, has not been determined in these
patients. The purpose of this study was to determine the prevalence and extent of GERD, as well
as the frequency of these risk factors and complications of GERD in lung transplant patients.

Methods—Thirty-five consecutive patients underwent a combination of esophageal function
testing, upper endoscopy, barium swallow, and gastric emptying scan after lung transplantation.

Results—In this patient population, the prevalence of GERD was 51% and 22% in those who
had been retransplanted. Of patients with GERD,36% had ineffective esophageal motility (IEM),
compared with 6% of patients without GERD (P = .037). No patient demonstrated hiatal hernia on
barium swallow. The prevalence of delayed gastric emptying was 36%. The prevalence of biopsy-
confirmed Barrett’s esophagus was 12%.

Conclusion—Our study shows that, after lung transplantation, more than half of patients had
GERD, and that GERD was more common after retransplantation. IEM and delayed gastric
emptying are frequent in patients with GERD. Hiatal hernia is rare. The prevalence of Barrett’s
esophagus is not negligible. We conclude that GERD is highly prevalent after lung transplantation,
and that delayed gastric emptying and Barrett’s esophagus should always be suspected after lung
transplantation because they are common risks factors and complications of GERD.

Lung transplantation is currently performed on selected patients with end-stage lung disease.
However, the median survival of patients after lung transplantation is inferior to that of any
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other solid organ transplantation, only 5 years.1 This low survival rate is primarily due to the
development of obliterative bronchiolitis, which clinically manifests as bronchiolitis
obliterans syndrome (BOS).2 BOS develops in almost half of lung transplant recipients
within 5 years and is a source of considerable morbidity because of its detrimental effect on
lung function and quality of life.1 The pathophysiology of obliterative bronchiolitis is not
fully understood. However, evidence suggests that obliterative bronchiolitis might represent
a nonimmunologic aberrant response to a chronic stimulus injury.3–6 Recently,
gastroesophageal reflux disease (GERD) has been proposed as a potential factor responsible
for chronic injury. Several studies have indirectly shown that the presence of GERD in lung
transplant recipients is a risk factor for the development and progression of BOS, because of
the high prevalence of GERD demonstrated after lung transplantation and because operative
control of GERD may control the decline in lung function characteristic of BOS.4–7 Despite
the evidence that supports the detrimental effect of GERD before and after lung
transplantation, the prevalence of risk factors of GERD, including esophageal dysmotility,
hiatal hernia, and delayed gastric emptying, are still unknown. In addition, the prevalence of
Barrett’s esophagus, a known complication of GERD, has not been determined in lung
transplant patients. The purpose of this study was to determine the prevalence and extent of
GERD, as well as the frequency of these risk factors and complications of GERD in lung
transplant patients.

PATIENTS AND METHODS
Thirty-five consecutive patients underwent a symptomatic assessment, a combination of
esophageal function testing (esophageal high-resolution impedance manometry and dual-
sensor pH-monitoring), upper endoscopy, barium swallow, and gastric emptying scan after
single lung transplantation, bilateral lung transplantation, or retransplantation.

Symptomatic assessment
All patients were interviewed by a single physician before undergoing esophageal function
testing. During this visit, all patients underwent symptomatic assessment, including the type,
dosage, and schedule of anti-secretory medications used (proton pump inhibitors [PPIs] or
histamine H2-receptor antagonists), transplant history, and metabolic evaluation, including
the calculation of body mass index.

Esophageal high-resolution impedance manometry
After an overnight fast, the patients underwent esophageal high-resolution impedance
manometry using a 32-channel solid state catheter (insight HRIM system with BioVIEW
software; Sandhill Scientific Inc., Denver, CO) with 4 active impedance channels located at
5, 10, 15, and 20 cm above the high-pressure zone of the lower esophageal sphincter (LES).
This system assessed the esophageal muscular activity in both the LES and the esophageal
body with high-resolution manometry and the esophageal bolus transit dynamics with
impedance. The system also assisted in locating the distance of the LES from the nostril and
determined its pressure, length, and relaxation (normal LES pressure, 10–45 mm Hg;
relaxation was determined by a drop of the resting pressure to a residual pressure of <8 mm
Hg). The esophageal body function was assessed after the patients performed 10 serial
swallows in the supine position with 5 mL of normal saline (liquid swallows) and 5 mL of
viscous material (viscous swallows), each separated by 20 seconds. The amplitude, duration,
and velocity of the peristaltic waves were simultaneously recorded. Peristaltic wave
amplitude was then calculated for the distal esophagus (distal esophageal amplitude [DEA])
based on data recorded from pressure sensors located 5 and 10 cm above the LES.
Esophageal motility was considered normal on manometry if normal peristaltic waves were
present in >80% of the swallows with DEA <180 mm Hg. Ineffective esophageal motility
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(IEM) was manometrically defined when DEA was <30 mm Hg or when >30%
simultaneous waves were present in the distal esophagus.8 The system also utilized
impedance to analyze esophageal bolus transit dynamics. Transit abnormalities were defined
as abnormal liquid transit if >30% of the 10 liquid swallows had incomplete transit and
abnormal viscous transit if >40% of 10 viscous swallows had incomplete bolus transit.9
Completeness of bolus transit was defined by successful bolus exit from all 3 distal
impedance sensors (15, 10, and 5 cm above the LES). The bolus was identified (bolus entry)
when the change of impedance value dropped 50% from the baseline and returned (bolus
exit) to >50% of the baseline for >5 seconds.9

Ambulatory pH monitoring
PPIs were stopped for 14 days and histamine H2-receptor antagonists were stopped for 3
days before pH monitoring in all patients. A dual-sensor pH catheter (Sleuth system with
BioVIEW software; Sandhill Scientific, Inc.) was passed through the nose and the 2 pH
sensors were positioned 5 and 20 cm, respectively, from the manometrically determined
upper border of the LES. This allowed us to measure the pH in the distal (5 cm above the
LES) and in the proximal esophagus (20 cm above the LES). The pH catheter was then
connected to a recording device that was worn by the patient for approximately 24 hours.
Patients were asked to perform their normal activities and maintain an unrestricted diet.
They were instructed to record the occurrence of their symptoms, as well as time and
duration of meals, and time and duration of supine and upright position. The DeMeester
score was calculated by the software for the distal pH recordings by taking into account: the
percentage of total time pH <4; the percentage of upright time with pH <4; the percentage of
supine time with pH <4; the number of reflux episodes in 24 hours; the number of reflux
episodes >5 minutes; and the duration of the longest reflux episode. A score >14.7 was
considered abnormal.10 Proximal reflux was defined as >1% total time that pH <4 recorded
at the proximal sensor (located 20 cm above the LES).11

Upper endoscopy
An upper endoscopy with biopsies of the gastroesophageal junction was performed in
patients with GERD. The definitive confirmation of Barrett’s metaplasia was obtained by
pathologic interpretation of the endoscopic biopsies. Dysplasia was classified as negative for
dysplasia, indefinite for dysplasia, low-grade dysplasia, or high-grade dysplasia.12

Barium swallow
The presence and size of a hiatal hernia was assessed by measuring the axial length of the
hernia, relative to the diaphragm, in the upright position on a posteroanterior barium
esophagram, using eFilm Lite software (Merge Healthcare; Milwaukee, WI). The hiatal
hernia was classified as small if its axial length was <3 cm, moderate if its axial length was
3–5 cm, and large if its axial length was >5 cm.

Gastric emptying scan
Nuclear medicine gastric emptying studies were performed in patients with GERD by
obtaining dynamic scintigraphic images through the abdomen for 90 minutes after oral
administration of 0.4 mCi 99mTc–labeled sulfur colloid in ovalbumin. Gastric emptying was
considered delayed if computer analysis demonstrated that <30% of the gastric contents
were emptied into the small bowel by 90 minutes.

Statistical analysis
Tests of statistical significance were conducted with SPSS Statistical Software, version 16
(SPSS, Chicago, IL). Nonparametric statistical methods were utilized. The Chi-square test
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for association was used for differences in groups on categorical variables (eg, reason for
transplant) and the Mann-Whitney U test was used for scaled variables (eg, age). Results
were reported as percentages for categorical variables and as median (with interquartile
range) for scaled variables. A difference between observed variables was considered
statistically significant when P < .05.

This study was approved by the Loyola University Medical Center Institutional Review
Board (LU202258).

RESULTS
After lung transplantation, the prevalence of GERD was 51% (18/35 patients; 15 patients
(48%) had GERD on pH monitoring, whereas 3 patients had typical symptoms of GERD
and evidence of aspiration on bronchoscopy and refused pH monitoring; Table I). Patients
with and without GERD had comparable clinical characteristics. Both groups were
composed of patients with similar age, gender, race, body habitus, and prevalence of end-
stage lung diseases (Table I).

The manometric profile of the LES was similar between patients with and without GERD
(Table II). Patients in both groups had similar resting pressures, as well as total and
abdominal LES lengths. In addition, the LES had a normal resting pressure in 87% of
patients with GERD and 94% of patients without GERD (P = .47).

The manometric profile of the esophageal body was different between patients with and
without GERD (Table II). The DEA was lower in patients with GERD (median DEA, 46 vs
90 mmHg in patients without GERD; P = .029; Table II). Similarly, IEM was more common
among patients with GERD. Specifically, 36% of patients with GERD had IEM compared
with 6% of patients without GERD (P = .04). Significantly delayed esophageal transit (both
liquid and viscous) was also noted in patients with GERD (53% vs 18% in patients without
GERD; P = .037), as were delays in liquid and solid transit when independently assessed
(60% vs 18% in patients without GERD [P = .015] and 80% vs 29% in patients without
GERD [P = .004], respectively). The analysis of the distal reflux profile of patients with
GERD showed that these patients had more, and longer, episodes of reflux; more exposure
to acid reflux in the supine and upright positions; and slower total acid clearance in both the
supine and upright positions (Table II).

Analysis of the proximal reflux profile showed a significantly higher prevalence of proximal
GERD (50% vs 13% of patients without GERD; P = .032), and that these patients
experienced more severe proximal reflux in the supine position compared with patients
without GERD (P = .0034). Proximal GERD occurred in 2 patients with normal distal
esophageal acid exposure: 1 patient had chronic obstructive asthma and 1 had chronic
obstructive pulmonary disease, for which they both underwent bilateral lung transplantation;
1 patient had a normal esophageal motility profile, whereas the patient with chronic
obstructive asthma had an abnormal esophageal transit (both liquid and viscous) and a
hypotensive LES.

The relationship between type of transplant and presence, or absence, of GERD after lung
transplantation is illustrated in Table III. Patients who underwent single lung transplantation
were less likely to have GERD. Specifically, 69% of patients without GERD had a single
lung transplant compared with only 31% of patients with GERD and single lung transplant
(P = .047). Conversely, patients who have been retransplanted were more likely to present
with GERD. In fact, 22% of patients with GERD had been retransplanted, whereas none of
the patients without GERD had been retransplanted. The distribution of the underlying end-
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stage lung disease (obstructive or restrictive) was similar among the transplant groups
(unilateral, bilateral, retransplant; P = .7).

None of the patients with GERD demonstrated hiatal hernia on barium swallow. Only 18%
of patients without GERD underwent a barium swallow and none had hiatal hernia.

The prevalence of delayed gastric emptying in patients with GERD was 36% (2 patients
with α1-antitrypsin deficiency, 1 with idiopathic pulmonary fibrosis, and 2 with cystic
fibrosis): 4 patients received bilateral lung transplants and 1 was re-transplanted; 3 patients
had abnormally delayed esophageal transit (both liquid and viscous).

The prevalence of biopsy-confirmed Barrett’s esophagus was 12% (1 patient with
scleroderma and 1 with emphysema). One patient had a normal LES and esophageal motility
profile, whereas the patient with scleroderma had a hypotensive LES and an abnormally
delayed esophageal transit (both liquid and viscous). None of the patients had dysplasia.

When we analyzed the effect of the underlying lung pathology on the pathophysiologic risk
factors for GERD and its complications, we found that the type of end-stage lung disease
(obstructive or restrictive) had no influence on the manometric and pH-metric profile, the
presence of delayed gastric emptying, or the prevalence of Barrett’s esophagus.

DISCUSSION
Our results demonstrate that after lung transplantation: GERD is highly prevalent, especially
after retransplantation; proximal reflux is common and more severe in the supine position;
abnormal esophageal motility and transit are frequent in patients with GERD; hiatal hernia is
rare; delayed gastric emptying is present in one third of patients with GERD; and the
prevalence of Barrett’s esophagus is not negligible.

Prevalence and extent of GERD after lung transplantation
In this study, the prevalence of GERD in lung transplant recipients is 51% (or 48% when
measured by pH monitoring alone). Our data confirm the observations of others that GERD
is highly prevalent after lung transplantation.5,6,13 For instance, Young et al13 and
Hadjiliadis et al5 showed a high prevalence (65% and 70%, respectively) of distal
esophageal reflux after lung transplantation. The lower prevalence in our study may be due
to referral bias, because not all lung transplant patients are referred for evaluation, given its
impracticality. Nevertheless, the high prevalence of GERD after lung transplantation is an
important finding because it may demonstrate, although indirectly, that reflux in lung
transplant recipients could contribute to the development and progression of BOS.

Although we were not able to demonstrate a relationship between the underlying cause of
pulmonary failure and the risk of reflux after lung transplantation, we have found that the
type of lung transplant may play a role in the pathophysiology of GERD. In particular, we
have found GERD in all of those who had been retransplanted, compared with only 31% of
patients with single lung transplant. The reasons for this finding is unclear and prior reports
failed to demonstrate such an association.13 We speculate that an increased risk of
esophageal or vagal nerve injury during retransplantation, the persistence of severe
pulmonary disease that eventually leads to retransplantation, or an increased
gastroesophageal pressure gradient may contribute to the development or exacerbation of
GERD. Analysis of a larger cohort is required to further substantiate these results.

Our study also showed that half of lung transplant patients with GERD were subject to
proximal reflux, which was more pronounced when supine. Similar findings were reported
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by Burton et al.7 Although they did not specify the overall percentage of patients who had
proximal reflux, they reported a 71% prevalence of proximal reflux in the supine position in
their cohort of lung transplant patients. The detrimental effect of proximal reflux, especially
when supine, lies in its potential to predispose to microaspiration. D’Ovidio et al14

demonstrated that proximal reflux in the supine position was common in patients who were
found to have bile in their bronchoalveolar lavage. More recently, Blondeau et al15 showed
that even nocturnal weakly acidic reflux promotes aspiration of bile acids in lung transplant
recipients. Therefore, our findings underscore the potential of proximal and supine reflux as
a predisposing risk factor for microaspiration and allograft injury in lung transplant patients.

Risk factors of GERD after lung transplantation
It is commonly believed that the etiology of GERD is multifactorial and that abnormalities
of the manometric profile of the LES (eg, low resting pressure or transient relaxations) or its
location (as with the presence of hiatal hernia), as well as abnormalities of the motility of the
esophagus (eg, ineffective peristalsis or slow transit) and the stomach (eg, delayed gastric
emptying) all play a pathogenic role in patients without end-stage lung diseases. However,
the mechanism and extent by which each of these factors contributes to the etiology of
GERD after lung transplantation is unknown.

In this study, we found that abnormal LES pressures played a limited role in GERD after
lung transplantation as 87% of those with GERD and 94% of those without GERD had a
normal LES manometric profile. We believe that these normal LES resting pressures and
normal total and abdominal LES lengths are determined by the fact that the LES was located
intra-abdominally, and that no patient had a hiatal hernia. This is an important finding
because, although it is known that hiatal hernia is a definite risk factor in the general
population with GERD and that hiatal hernia size is a strong predictor of severe GERD, the
real contribution of the hiatal hernia in the pathogenesis of GERD in the lung transplant
population is still under scrutiny.16,17 In fact, no report has directly measured the prevalence
of hiatal hernia in the lung transplant population, and data available from the literature are
scant. For instance, Cantu et al6 indirectly showed a positive association of hiatal hernia
with GERD after lung transplantation (19% of patients with GERD had a hiatal hernia as
compared with only 2% without GERD), yet their study did not detail how the diagnosis of
hiatal hernia was made. Nonetheless, both our work and that of Cantu et al6 demonstrate a
much lower frequency of hiatal hernia in the lung transplant patient as opposed to the
general population with GERD. In fact, Patti et al17 showed that in patients with GERD
without end-stage lung diseases the prevalence of hiatal hernia on barium swallow was 54%
(51 patients out of 95 patients with GERD on pH monitoring). Therefore, the lower
prevalence of hiatal hernia among lung transplant recipients suggests that other risk factors
for GERD may play a more definite role in this patient population.

Abnormalities of the motility of the esophagus (eg, ineffective peristalsis or slow transit)
and the stomach (eg, delayed gastric emptying) may be more important risk factors for
GERD in the lung transplant population. In this study, we found that a high number of
patients with GERD had IEM and that all patients with GERD had decreased DEA,
clearance, and prolonged esophageal transit time on impedance compared with patients
without GERD. This confirms the findings of Gasper et al,18 who showed abnormal
esophageal motility in 80% of patients after transplantation. Our study also showed that
delayed gastric emptying was present in 36% of lung transplant patients with GERD.
Although the real prevalence of delayed gastric emptying after lung transplantation is
unknown, some studies estimate that it ranges from 23% to 92%. For instance, Gasper et
al18 showed that 77% of their post-transplant patients with GERD had delayed gastric
emptying of solids or liquids. Conversely, Young et al13 showed that 33% of lung transplant
patients with GERD had gastroparesis, compared with 57% of those without GERD. This
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discrepancy may be the result of selection bias of subjects studied, diagnostic criteria, or
may be a function of type of transplant received (single versus double lung, or combined
heart–lung transplantation).5,13,14,18,19–21 Regardless, the high prevalence of delayed
gastric emptying that we demonstrated is an important finding, because in this patient
population gastric stasis has been shown to be a source of considerable morbidity and
mortality because of its potential to cause aspiration.19,20,22,23

Lung transplantation and Barrett’s esophagus
In our cohort of lung transplant patients the prevalence of Barrett’s esophagus was 12%.
Similar results have been reported by Burton et al,7 who showed a prevalence of 13%.
Interestingly, the prevalence of Barrett’s esophagus in the lung transplant population is
similar to that of the general population with symptomatic GERD.24 Lung transplant
patients share many of the risk factors with the general population with GERD, including
male gender, IEM, prolonged reflux episodes, and a long history of GERD symptoms.25 The
concern for the lung transplant patient is that the potential progression of Barrett’s
esophagus to adenocarcinoma may be worsened by immunosuppression.26,27 More
important, lung transplant patients with Barrett’s esophagus developed metaplasia despite a
daily PPI regimen, which is routinely initiated in all patients during pretransplant evaluation.
This is relevant because this finding suggests that PPIs may play a limited role in the
management of GERD in this patient population, because they cannot prevent GERD-
induced aspiration and may not protect against Barrett’s esophagus. Until evidence suggests
otherwise, we recommend laparoscopic fundoplication with frequent endoscopic
surveillance and endoscopic ablative therapy for Barrett’s metaplasia.

We acknowledge specific limitations of our study. First, the overall sample size is relatively
small, rendering a multivariate analysis difficult. Second, not all lung transplant patients
without GERD were further assessed by upper endoscopy or gastric emptying studies,
limiting the comparisons of delayed gastric emptying, hiatal hernia, and Barrett’s esophagus
between groups with and without GERD. However, we believe that these studies would
have added little to the clinical management of patients without GERD.

We conclude that GERD is highly prevalent in the lung transplant population and that
delayed gastric emptying and Barrett’s esophagus should always be suspected after lung
transplantation because they are common risk factors for and complications of GERD.
Furthermore, in the evaluation of the patient with end-stage lung disease or after lung
transplantation, we recommend the use of esophageal function testing, with the addition of
upper endoscopy and gastric emptying studies in those testing positive for GERD. We
believe that the diagnosis of GERD in lung transplant patients should be an aggressive
endeavor as GERD may contribute to BOS and rejection. This effort should be directed at
the early surgical correction of reflux (even before lung transplantation if possible), when
the patient is fit to undergo elective surgery and has no contraindications (eg, oxygen
requirements at rest and pulmonary hypertension). Therefore, in lung transplant patients
with GERD, we support the role of laparoscopic antireflux surgery as a means to correct the
risk factors for GERD and to prevent its complications, with the goal of preserving lung
function.
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Table I

Characteristics of patients with and without GERD after lung transplantation

Patients with GERD Patients without GERD P value

Patients 51% 49%

Gender .404

 Males 28% 41%

 Females 72% 59%

Age (yrs)* 55 (46–60) 59 (52–63) .165

Race .615

 Caucasian, non-Hispanic 90% 94%

 Caucasian, Hispanic 5% 0

 African American 5% 6%

BMI* 24 (20–29) 26 (24–31) .085

Lung disease

 Obstructive 67% 76% .521**

 AAT deficiency 11% 6%

 Cystic fibrosis 22% 6%

 COPD 22% 52%

 Scleroderma 11% 0

 Bronchiectasis 0 6%

 Chronic obstructive asthma 0 6%

 Restrictive

 IPF 33% 24%

*
Data are presented as median (interquartile range).

**
Obstructive versus restrictive lung disease.

AAT, α1-Anti-trypsin; BMI, body mass index (expressed in kg/m2); COPD, chronic obstructive pulmonary disease; IPF, idiopathic pulmonary
fibrosis.
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Table II

Manometric and pH-metric profile

Patients with GERD Patients without GERD P value

Manometric profile

 LES

  LES pressure (mm Hg) 25 (16–35) 30 (24–36) .317

  LES total length (cm) 2 (2–3) 3 (3) .052

  LES abdominal length (cm) 2 (1–2) 2 (2–3) .084

Esophageal body

 DEA (mm Hg) 46 (32–81) 90 (53–137) .029

pH metric profile

 Total time pH <4 (%) 9 (6–18) 1 (1–2) .000001

  Upright 8 (6–12) 2 (1–3) .0004

  Supine 9 (4–18) 0 (0) .000003

 Episodes >5 min 6 (4–11) 1 (0–1.1) .000001

 Longest episode (minutes) 24 (16–38) 6 (3–11) .00004

 Total episodes 57 (35–84) 13 (11–26) .0001

 DeMeester score (normal: <14.7) 31 (22–65) 5 (4–9) .000001

Esophageal clearance (sec)

 Total mean acid clearance time 181 (132–280) 52 (30–106) .0002

  Upright 105 (87–149) 52 (30–106) .101

  Supine 236 (183–419) 0 (0–10) .00002

Proximal pH sensor data

 Total time pH <4 (normal: <1%) 0.9 (0.5–2.2) 0.2 (0–1.9) .0004

  Upright 0.4 (0.2–2.4) 0.3 (0–2.9) .238

  Supine 0.7 (0–1.9) 0 .0034

Data are presented as medians (interquartile ranges).

DEA, Distal esophageal amplitude; GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter.
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Table III

Relationship between type of transplant and GERD, or underlying end-stage lung disease

Transplant type Patients with GERD Patients without GERD*

Unilateral 31% 69%

Bilateral 56% 44%

Retransplant 100% 0

*
P = .047.

GERD, Gastroesophageal reflux disease.
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