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Abstract
Background—Lung transplantation has become an effective therapeutic option for selected
patients with end stage lung disease. Long-term survival is limited by chronic rejection manifest as
bronchiolitis obliterans syndrome (BOS). The aspiration of gastric contents has been implicated as
a causative or additive factor leading to BOS. Gastroesophageal reflux (GER) and altered foregut
motility are common both before and after lung transplantation. Further, the normal defense
mechanisms against reflux are impaired in the allograft. Recent studies using biomarkers of
aspiration have added to previous association studies to provide a growing body of evidence
supporting the link between rejection and GER. Further, the addition of high-resolution
manometry (HRM) and impedance technology to characterize bolus transit and the presence and
extent of reflux regardless of pH might better identify at-risk patients. Although additional
prospective studies are needed, fundoplication appears useful in the prevention or treatment of
post-transplant BOS.

Purpose—This review will highlight the existing literature on the relationship of
gastroesophageal reflux and altered motility to lung transplant rejection, particularly BOS. The
article will conclude with a discussion of the evaluation and management of patients undergoing
lung transplantation at our center.

Background/Introduction
Both single and double lung transplantation have become effective treatments for end stage
lung disease resulting from a variety of etiologies [1]. Currently in the United States, there
are nearly 30,000 solid organ transplants performed each year of which nearly 1,200 are
lung [2]. Since the first human lung transplantation in 1963 [3], improvements in surgical
technique, lung preservation, immunosuppression and the treatment of ischemic reperfusion
injury and infection have increased the 1-year survival of lung transplant recipients to over
80% [4,5]. Despite these improvements, the survival of lung allograft recipients is
significantly lower than with other solid organ transplants [2]. The primary limiting factor in
long-term survival is the development of chronic rejection characterized by bronchiolitis
obliterans (OB) [6].
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Obliterative Bronchiolitis and Bronchiolitis Obliterans Syndrome
OB is distinguished pathologically by the compromise of small airways via lymphocytic
infiltration and collagen deposition leading to luminal obliteration and progressive airway
obstruction [7]. Because of patchy involvement, OB is challenging to diagnose by
transbronchial biopsy [8]. As such, a clinical correlate for OB was introduced in 1993
known as bronchiolitis obliterans syndrome (BOS), which characterizes the progressive
decline in forced expiratory volume in one second FEV1 [9]. The prevalence of BOS at five
years post transplant is 50% [10]. Five-year survival after the onset of BOS is only 30% to
40%, and survival at 5 years after transplantation is 20% to 40% lower in patients with BOS
[11].

Several risk factors for the development of BOS have been identified including alloimmune-
dependent mechanisms such as the number and severity of acute rejection episodes and
HLA mismatching [12]. Infection, particularly from CMV, and ischemia have been
identified as alloimmune independent factors [12] [13].

More recently, aspiration secondary to gastroesophageal reflux (GER) and altered foregut
motility has been identified as potential contributors to lung allograft dysfunction [14,15].
Although establishing a causal relationship between GER and BOS has been difficult, there
is accumulating evidence supporting the role of GER, whether primary or additive to other
factors in the development of chronic allograft dysfunction. Establishing the role of GER in
allograft dysfunction along with elucidating mechanisms and causative agents is important,
as GER is amenable to treatment.

Gastroesophageal reflux and lung disease
Gastroesophageal reflux has long been associated with lung disease. Common in advanced
lung disease, changes in diaphragmatic position, decreased lower esophageal sphincter
pressure, and changes in intrathoracic pressure are proposed mechanisms favoring reflux
[16]. Several studies have shown GER to be highly prevalent in numerous lung diseases
including pulmonary fibrosis, systemic sclerosis, cystic fibrosis, COPD, and asthma [16–
21]. To this point, the relationship between GER and lung disease has been based on
association studies. The largest of these studies was a retrospective case-control study using
esophagitis or peptic stricture as a surrogate for GER involving more than 200,000 US
veterans. This study showed increased odds ratios associated with underlying GER of 1.36
for pulmonary fibrosis, 1.51 for asthma, 1.28 for chronic bronchitis, and 1.22 for chronic
obstructive pulmonary disease (COPD), which all met statistical significance [17].

Altered motility in lung disease
Ineffective esophageal motility (IEM) is the most common motility disorder in patients with
GER-associated respiratory symptoms [22]. Fouad et al. retrospectively investigated the
frequency of esophageal motility abnormalities in patients with extra-esophageal symptoms
of GERD and abnormal esophageal acid exposure on pH-metry [22]. They found IEM in
41% of patients with chronic cough (p < 0.003) and 53% with asthma (p < 0.01). The
presence of IEM was associated with delayed esophageal acid clearance. While the criteria
and terminology have evolved [23–25], the principle behind IEM is to identify manometric
abnormalities that lead to ineffective esophageal bolus transit. The characterization of
effective bolus clearance was initially based on normal esophageal contraction parameters in
95 healthy adults [26], and the evaluation of bolus clearance using video-manometry during
barium swallows [27–29]. Manometric findings of failed or hypotensive peristalsis were
shown to correlate with impaired forward transit and retrograde escape of barium [27]. Prior
to this, in 1979 Pellegrini et al. evaluated 100 patients with abnormal pH studies. Using
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symptoms along with pH and manometry studies, they found that patients aspirating (drop in
pH, followed by acid taste and onset of cough or wheezing spell) had a 75% incidence of
esophageal motor abnormality characterized by non-peristaltic contractions, and that acid
clearance was significantly delayed in the supine position. Thus, without adequate
esophageal motility and effective acid clearance, reflux events were more likely to cause
respiratory symptoms. They also noted that subjective GER symptoms were insensitive for
objective findings on pH studies [30].

DeMeester et al. evaluated 77 patients with respiratory symptoms for occult GER [31]. They
found that the presence of nonspecific esophageal motility abnormality, subsequently re-
classified as IEM, was directly related to increased esophageal acid exposure and the
number of respiratory symptoms during pH testing (p < 0.05). Similarly, Patti et al.
identified a higher prevalence of ineffective esophageal peristalsis and decreased lower
esophageal sphincter (LES) pressure in patients with unexplained respiratory symptoms
[32]. They diagnosed aspiration by respiratory symptoms during or within 3 minutes of a
reflux episode on pH-metry. In patients aspirating, abnormal peristalsis caused delayed
clearance in the proximal esophagus and higher acid exposure. Further, Sweet et al.
evaluated 109 patients with end stage lung disease awaiting transplantation. They also found
that reflux symptoms were not predictive of finding GER on pH-metry. Among patients
with reflux, there was high prevalence of a hypotensive LES (55%) and impaired esophageal
peristalsis (47%) [33].

Newer technology, as shown by Fox et al. with HRM [34], and Bulsiewicz et al. [35] with
HRM combined with multichannel intraluminal impedance, has the ability to more
accurately evaluate bolus clearance. Using this technology in patients with lung disease may
strengthen the evidence for abnormal bolus transit as a contributor to GER-related
aspiration. Further, as symptoms have been shown to be a poor correlation for objective
findings, advancements in technology may allow more accurate identification of patients at
risk. As discussed later, this is particularly relevant after lung transplantation.

Gastroesophageal reflux and altered motility in lung transplantation
Impaired Defense Mechanisms

Lung transplant recipients appear to be at increased risk of GER and aspiration through a
number of mechanisms. The cough reflexes and mucociliary clearance which are the normal
defense mechanisms against aspiration are dramatically impaired [36]. Further, mucociliary
clearance has been measured to be less than 15% of normal in transplanted lungs [37,38].
Therefore, it can be hypothesized that even small amounts of aspiration could lead to
significant injury, particularly with multiple repeated episodes over time.

Esophageal Dysmotility
To date, there are limited data on the impact of lung transplantation on esophageal motility.
An increase in esophageal dysmotility and delayed gastric emptying after pneumonectomy
has been described, which may be attributed to vagal nerve injury, ischemia, and local
scarring related to surgery [39,40]. A small prospective study showed that a decrease in
coordinated esophageal peristalsis was common after pneumonectomy for carcinoma [41].
Our center is currently investigating this potential association further in lung transplant
recipients. Given the impaired defense mechanisms against reflux in this population, it can
be hypothesized that impaired bolus transit may be of particular importance.
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Gastroparesis
Gastroparesis is frequently present after heart and lung transplantation [42–45]. D’Ovidio et
al. found delayed gastric emptying in 39 of 43 (91%) at 3 months and 17 of 21 (81%) at 12
months after lung transplant [44]. A recent AGA technical review indentified lung
transplantation as a cause of gastroparesis, and concluded that gastroparesis in lung
transplant recipients predisposes to GER with microaspiration [46]. Proposed mechanisms
for gastroparesis in this population include vagal nerve injury related to surgery, infection,
and effects of immunosuppressive drugs [42]. Gastroparesis in these patients can make
medical management difficult. It may lead to complications such as electrolyte
abnormalities, malnutrition, and weight loss. Further, variable absorption of
immunosuppressive medications may increase the risk of allograft rejection. The nausea,
vomiting, and gastroesophageal reflux related to gastroparesis may also increase the risk of
aspiration pneumonitis.

Gastroesophageal Reflux After Transplantation
The potential relevance of GER and chronic aspiration as a cause for OB after lung
transplantation was first proposed in a case series of eleven heart-lung transplant recipients
in 1990 [14]. In this study, 5 patients had slow gastric emptying and aspiration with OB in 3
of these patients. More recently, a retrospective study involving lung transplant patients who
survived at least six months and had pH-metry showed that 30 of 43 (69.8%) patients had
abnormal total acid contact times. Further, a negative correlation was found between total or
upright acid reflux and the FEV1 ratio at the time of pH-metry. This correlation persisted
after multivariable analysis [47].

GER to the proximal sensor of a pH probe has been shown to be a reasonable surrogate for
predicting the risk of aspiration [32,48,49]. In 1993, Patti et al. used dual sensor pH studies
to strengthen the correlation between GER and respiratory symptoms in a group of 340
patients who underwent fundoplication for GER. They performed pH studies with a sensor
at 5 and 20 cm above the manometrically-determined LES. They found a more predictable
response to surgery in patients whose cough was correlated with both abnormal proximal
and distal acid exposure [50]. They concluded that GER-related respiratory symptoms are
multifactorial. They proposed that with only distal reflux, symptoms might be related to
activation of a vagal reflex with consequent bronchoconstriction. However, with reflux into
the proximal esophagus, symptoms are likely related to microaspiration [50]. Interestingly,
they also commented that acid-reducing medications alter the pH of the refluxate, but the
underlying mechanisms causing reflux persist and anti-reflux surgery more definitively
treats reflux regardless of pH [50].

Multichannel Intraluminal Impedance
The introduction of esophageal multichannel intraluminal impedance testing by Silny in
1991 has provided a more accurate method of describing intraesophageal bolus movement
[51]. Impedance testing is able to discriminate between gas and fluid reflux regardless of pH
[52]. As expected, the use of esophageal impedance has confirmed that PPIs alter the pH of
gastric refluxate, but do not significantly change the number of reflux events [53].

Impedance testing has recently started to be applied to the lung transplant population.
Halsey et al published a single case report of a lung transplant patient with progressive
allograft dysfunction on twice-daily PPI. Evaluation with impedance revealed significant
non-acid reflux, which led to a laparoscopic Nissen fundoplication. The patient improved
symptomatically, and spirometry values returned to the post-transplant baseline [54]. King et
al evaluated 59 lung transplant patients with impedance. They found a significant prevalence
of GER, both acid (65%) and non-acid (27%). They also found symptoms to be unreliable as
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a predictor of objective findings. Further, they were able to demonstrate BOS-free survival
in patients without abnormal liquid reflux exposure when both acid and non-acid events
were included. The authors concluded that the method of identifying reflux is important and
strengthens the association between GERD and BOS. This study provides further evidence
that acid suppression may be inadequate to prevent GER-related BOS [55]. Although further
studies are needed, the added information from impedance testing should continue to
strengthen the association between GER and BOS.

Evaluation of Biomarkers
The agent in gastric refluxate that leads to allograft dysfunction is currently unknown and is
an area of active investigation. There has been accumulating evidence related to the
investigation of biomarkers in brochoalveolar lavage fluid (BALF). Ward et al measured
pepsin in the serum and BALF of stable lung transplant patients and controls. Although
there is currently no validated method to standardize measured levels, pepsin was found in
all allograft recipients suggesting gastric aspiration. Further, in the non-transplant control
group, pepsin levels were below the limit of detection. Treatment with a PPI was not
correlated with pepsin levels [56]. This group then performed a larger prospective study to
further investigate pepsin in BALF [57]. They looked at a group of 36 transplant patients, 4
normal volunteers, and 17 patients with unexplained chronic cough. They again found that
pepsin levels in BALF were significantly higher in the transplant group. Interestingly,
among transplant patients, pepsin levels were highest in the patients with acute rejection, a
risk factor for progression to BOS [12,58]. Thus, the highest risk of significant aspiration
leading to acute rejection may be early after transplantation. Continued efforts to better
identify patients at risk of aspiration early after transplantation, and subsequent treatment
may prevent or delay the development of BOS. Additionally, this study highlights that
cough does not necessarily equal aspiration. In normal subjects, if refluxate reaches the
upper airway it is likely to be cleared by intact defense mechanisms. However, as discussed
previously, these defense mechanisms are dramatically impaired in the allograft.

As described previously, decreased foregut motility is common after lung transplantation,
which may place transplant recipients at risk for duodenogastroesophageal reflux (DGER).
D’Ovidio et al. investigated this further by evaluating for bile acids in BALF, and their
potential role in BOS [59]. Elevated BALF bile acids were found in 20 (17%) of 120
transplant patients. Further, freedom from BOS was significantly reduced in patients with
elevated BALF bile acids. Blondeau et al. used impedance and BALF testing for both pepsin
and bile acids to further characterize GER in lung transplant recipients with and without
BOS and non-transplant controls [60]. Similar to previous studies [56,57], all lung transplant
recipients had increased levels of pepsin in the BALF compared to controls. Patients with
BOS did not have increased GER or elevated pepsin in BALF. However, 70% of the patients
with BOS had bile in BALF, compared with 31% of stable patients. Overall, bile acids were
detected in BALF of 49% of the transplant patients and none of the non-transplant patients.
Again, PPI treatment reduced acid reflux but did not affect nonacid reflux. Importantly,
pepsin and bile levels in BALF were not reduced by PPI. The authors concluded that pepsin
might be a more general marker of gastric aspiration. Further, bile acids may be a more
specific marker for BOS and act as an important pathophysiologic factor. D’Ovidio et al.
added to their previous work by further investigating whether GER and aspiration in lung
transplant patients predicted the development of BOS. Proximal and distal esophageal pH
testing and BALF assays for bile acids were performed prospectively at 3-months post-
transplant in 50 patients. Freedom from BOS was reduced in patients with abnormal
(proximal and/or distal) pH findings or BALF bile acids. They also found impaired
pulmonary surfactant phospholipids and surfactant-associated proteins which function in the
innate immune defense mechanisms of the lung. [44]. They concluded that bile acids could
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promote BOS through direct epithelial injury or indirect dysregulation of lung surfactant
proteins. Blondeau et al sought to determine reflux characteristics that may promote
aspiration of bile acids using impedance. They studied 24 stable patients 1 year after
transplantation. Acid exposure and the number of reflux events were unrelated to the
presence of bile acids in the BALF. However, both nocturnal esophageal volume exposure
and the number of nocturnal weakly acidic reflux events were significantly higher in patients
who had bile acids in BALF. The authors hypothesized that the diminished defense
mechanisms in transplant patients may be further impaired by physiologic changes that
occur at night. These changes include delayed esophageal clearance and delayed gastric
emptying. Further gastric bile acids have been found to be highest at night [61–63].

Animal Model
Hartwig et al have recently published a study using a model of rat lung transplantation to
study the affects of filtered gastric aspirate on allograft dysfunction [64]. In these studies in
which bile acids were directly aspirated into the transplanted lung, aspiration led to an
exacerbation of lymphocytic lung inflammation and allograft rejection. This model may
allow further elucidation of mechanisms leading to rejection, and provide additional
candidate biomarkers involved in allograft injury.

Treatment
Macrolides

With the increased prevalence of disordered motility after transplant, and evidence
suggesting that DGER may be important in BOS, it can be hypothesized that medications
that modify motility may have a beneficial effect. Azithromycin (AZI) is a macrolide
antibiotic that has frequently been used as a therapy for BOS with some success, although
the mechanism of benefit is currently unknown [65–67]. Macrolide antibiotics produce a
prokinetic effect on esophageal and gastric motility via activation of the motilin receptor
[68]. Edelbroek et al has shown that erythromycin increases the rate of total and proximal
stomach emptying of both solids and liquids [69]. To investigate this further, Mertens et al
used impedance and BALF testing to evaluate the effect of azithromycin on GER and gastric
aspiration parameters. They studied 3 groups; 35 patients off AZI, 12 patients on AZI
(250mg, three times per week), and a separate group of 30 patients studied both before and
after AZI treatment. They observed several notable findings. Patients on AZI treatment had
significantly less GER, including decreased total number of reflux events, fewer reflux
episodes reaching the proximal sensor, and decreased esophageal acid exposure.
Additionally, bile acid levels in the BALF were significantly reduced after AZI treatment
[70]. They speculated that AZI reduces gastric volume and modifies fundic acid distribution.
AZI might also reduce duodenopancreatic contents in the stomach. Sifrim et al. have shown
that AZI increases postprandial motility, and that gastric contractions originate more
proximally in the stomach with AZI use [71]. Further, Koek et al. found that erythromycin
induces faster clearance of DGER from the stomach [72]. Several recent studies have
described a postprandial acid pocket that typically resides just below the GE junction. In
patients with reflux, this acid pocket shows greater proximal extension. In normal subjects,
this pocket can persist up to 2 h postprandially and remains highly acidic compared with the
body of the stomach [73–75]. It is currently unknown what effect altered foregut motility
has on this acid pocket. This may be particularly relevant in the lung transplant population.

Fundoplication
In 2000, Palmer et al. were the first group to demonstrate improvement in pulmonary
function after fundoplication in a lung transplant recipient [76]. The patient initially received
a double lung transplant for cystic fibrosis. However, the development of OB ultimately led
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to retransplantation. There was an initial improvement in pulmonary function, but after 3
months, the FEV1 began to decline. Bronchoscopy with biopsy revealed inflammation
without infection or rejection. Upper endoscopy revealed severe esophagitis, and a gastric-
emptying study revealed marked gastroparesis with no appreciable emptying at 120 minutes.
An upper GI series confirmed severe gastroparesis without mechanical obstruction. Despite
aggressive medical treatment with TID PPI and QID cisapride, the patient had persistent
decline in the FEV1 consistent with BOS. The patient therefore underwent fundoplication
and experienced a dramatic and sustained improvement in the FEV1. In addition, the
bronchial inflammation present in previous biopsy specimens completely resolved after
surgery.

Davis et al. later published a retrospective review of 128 patients who underwent pH studies
after transplantation [77]. The pH study was abnormal in 93 (73%) of patients, and 43
underwent fundoplication. At the time of fundoplication, 26 patients met criteria for BOS.
After fundoplication, 16 patients had improved BOS scores such that 13 no longer met
criteria for BOS. Further, in patients at least 6 months after lung transplantation and 6
months after fundoplication, the FEV1 improved by an average of 24%. Overall actuarial
survival was significantly better in patients who had either normal pH studies or underwent
fundoplication. The authors further hypothesized that it might be important to perform
fundoplication before the late stages of BOS when irreversible scarring may be present.

Based on the hypothesis that treatment of reflux with early fundoplication might prevent
BOS and improve survival, Cantu et al. performed a retrospective review in which patients
were stratified into four groups: no history of reflux, history of reflux, history of reflux and
early (< 90 days) fundoplication, and history of reflux and late fundoplication [78]. Post-
transplant reflux was found in 76% of patients. In the 14 patients who underwent early
fundoplication, actuarial survival was 100% at 1 and 3 years, compared to those with reflux
and no intervention where survival was 92% and 76% at 1 and 3 years (p < 0.02). Further,
freedom from BOS was 100% at 1 and 3 years in the early fundoplication patients,
compared to 96% and 60% in patients with reflux and no fundoplication (p < 0.01).
Although these results are intriguing, additional prospective randomized clinical trials
(RCT) are needed to determine if surgical fundoplication provides a lasting benefit in terms
of BOS prevention. At present, our center is in the process of initiating a multi-center RCT
to prospectively evaluate the effect of fundoplication versus acid suppression alone on the
development of BOS.

Peri-Transplant Evaluation and Management
Based on available data, experience at our center, and existing diagnostic modalities, we are
currently using the following approach for the evaluation and management of patients
undergoing lung transplantation. Prior to transplant, all patients undergo the following
diagnostic studies:

1. High-resolution esophageal manometry

2. 24-hour pH or pH-impedance study (off anti-secretory therapy)

3. Upper GI series

Presently, we perform both 24-hour pH and pH-impedance studies off anti-secretory
medications to increase the diagnostic yield. However, as stated previously, the proximal
extent of GER may be an important parameter and our approach may change, as data
emerge specific to this population.
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When abnormal GER is identified pre-transplantation, the patient is treated medically with
twice-daily PPI, and a fundoplication is performed as soon as clinically practical after
allowing appropriate time for recovery from transplant surgery. Typically, this is within the
first few weeks after transplantation. In an attempt to limit aspiration, these patients are
made NPO until after fundoplication, and receive nutrition beyond the pylorus by a jejunal
feeding tube placed at the time of transplantation. A gastric emptying study is obtained prior
to fundoplication.

In patients who do not have a contraindication, it is currently our practice to perform a
laparoscopic Nissen fundoplication in all patients with an abnormal pre-transplant pH study.
There is debate in the literature regarding altering the type of fundoplication performed in
patients with esophageal dysmotility. In non-transplant patients, it has been shown in two
RCTs that the type of fundoplication need not be altered in patients with IEM [86–88]. At
our institution, patients with more severe dysmotility generally undergo a Toupet (270
degree) fundoplication. In patients with aperistalsis, the management is more complicated.
In some cases, these patients may not qualify for lung transplantation on the basis of the
severity of esophageal dysmotility. If these patients do undergo lung transplantation, they
typically receive a Nissen fundoplication with both a gastrostomy and jejunostomy tube for
nutrition and medication delivery. This approach has been shown to be both safe and
effective [89–91].

It can be debated whether a pre-operative EGD should be standard, or performed based on
findings from an upper GI series and clinical symptoms. Given the often-tenuous pulmonary
status of patients with end stage lung disease, we have favored the latter approach.

Post-Transplant Evaluation and Management
Approximately one month after transplantation patients without pre-operative reflux
findings receive a follow-up 24-hour pH-impedance study off of anti-secretory medications.
This is based on the insensitivity of symptoms to predict GER, and the suggestion that early
rejection may lead to BOS. Further post-operative studies including manometry, gastric
emptying, and pH testing is based on clinical course. Patients with an abnormal pH-
impedance study post transplant who did not undergo fundoplication immediately after
transplantation on the basis of an abnormal pre-transplant study will receive fundoplication
at this time.

The management of gastroparesis after transplantation is similar to that in non-transplant
patients, with anti-emetics, pro-kinetics, acid suppression, and dietary modification being
the mainstay of initial therapy. Unfortunately, in refractory cases, there are limited suitable
options. The injection of botulinum toxin into the pylorus may provide transient relief of
symptoms [92,93]. However, a recent systematic review of available high-quality trials
concluded that overall, there is insufficient evidence to recommend botulinum toxin therapy
in patients with gastroparesis [94].

Although not ideal, in severe gastroparesis, surgical options including pyloroplasty or gastric
bypass with esophagojejunostomy have been effective in case series [43,95]. When
significant gastroparesis is identified prior to transplantation, pyloroplasty can be performed
at the time of fundoplication.

Interestingly, the use of gastric electrical stimulation (GES) for severe gastroparesis has
recently shown promise in this population. Yiannopoulos et al. first described the successful
use of GES for the management of severe gastroparesis associated with malnutrition and
recurrent aspiration in a heart-lung allograft recipient [96]. Filichia et al. reported similar
success in a post-lung transplant patient treated with GES who had significant improvement
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in symptoms and decreased variability in serum levels of immunosuppressive medications
[97]. They further reported a series of three lung transplant patients who had improvement in
nausea, vomiting, early satiety, appetite, and abdominal pain after GES [98]. Given the
limited options in refractory gastroparesis, this data is intriguing. However, GES will need
to be evaluated in a larger population to confirm its effectiveness.

Conclusions
Lung transplantation is an effective treatment for end stage lung disease. However, long-
term survival is limited by the development of chronic allograft dysfunction manifest as
BOS. GER and altered motility are common among patients with lung disease and the post
lung transplant population. The evidence collected to date strongly supports a role for the
aspiration of gastric contents as a causative or additive etiology to developing BOS. This is
of great clinical importance as GER and aspiration are modifiable. Ongoing efforts to
determine the ideal method for detecting GER-related aspiration should clarify which
patients will benefit from treatment. Ideally, multicenter prospective studies will be
performed to further address these issues.
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