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Abstract
Background—Although gastroesophageal reflux disease (GERD) is highly prevalent in lung
transplantation, the pathophysiology of GERD in these patients is unknown. We hypothesize that
the pathophysiology of GERD after lung transplantation differs from that of a control population,
and that the 30-d morbidity and mortality of laparoscopic antireflux surgery (LARS) are
equivalent in both populations.

Methods—We retrospectively compared the pathophysiology of GERD and the 30-d morbidity
and mortality of 29 consecutive lung transplant patients with 23 consecutive patients without lung
transplantation (control group), all of whom had LARS for GERD between November 2008 and
May 2010.

Results—Both groups had a similar prevalence of endoscopic esophagitis and Barrett’s
esophagus, comparable manometric profiles, and similar prevalence of abnormal peristalsis.
However, hiatal hernia was more common in controls than in lung transplant patients (57% versus
24%; P = 0.04). Lung transplant patients had a higher prevalence and severity of proximal GERD
(65% versus 33%; P = 0.04). The 30-d morbidity and mortality following LARS were similar in
both groups regardless of the higher surgical risk of lung transplants (median ASA class: 3 versus
2 for controls, P < 0.001).

Conclusions—These results show that despite similar manometric profiles, lung transplant
patients are more prone to proximal reflux than the general population with GERD; the prevalence
of endoscopic esophagitis and Barrett’s esophagus is the same in both groups of patients; a hiatal
hernia is uncommon after lung transplantation; and the morbidity and mortality of LARS are the
same for lung transplant patients as the general population with GERD.
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INTRODUCTION
The long-term morbidity and mortality after lung transplantation is largely attributable to
bronchiolitis obliterans syndrome (BOS), a form of chronic rejection that occurs after lung
transplantation [1, 2]. Evidence suggests that the fibrosing process responsible for BOS may
be the result of a nonimmunologic chronic injury, such as that promoted by aspiration of
gastroesophageal contents in patients with gastroesophageal reflux disease (GERD) [3]. The
reasons why GERD has been given much attention as a risk factor for the development and
progression of BOS are 2-fold. First, lung transplant patients have a high prevalence of
GERD [4–6]. Second, surgical control of GERD has been shown to stabilize or improve
lung function in some patients with BOS [6–9]. GERD therefore may be a modifiable risk
factor for the progression of BOS because GERD and aspiration can be stopped by
laparoscopic antireflux surgery [LARS]. Collectively, these observations have led to an
increased emphasis on the diagnosis and surgical treatment of GERD after lung
transplantation. However, information regarding the pathophysiology of GERD and the
perioperative outcomes of the surgical treatment in these patients is limited, although initial
evidence suggests that LARS may be performed safely in the lung transplant population
[10–13]. We hypothesized that lung transplant patients have distinct pathophysiologic
characteristics that differentiate them from the patients with GERD, and that despite the
higher surgical risk of lung transplant patients, LARS can be performed with equivalent 30-
d morbidity and mortality.

PATIENTS AND METHODS
We retrospectively compared the pathophysiologic characteristics and the perioperative
outcomes of 29 consecutive patients who had single lung transplantation, double lung
transplantation, or re-transplantation with those of 23 consecutive patients without lung
disease or lung transplantation (control group) who underwent LARS for GERD between
November 2008 and May 2010. We excluded patients with open fundoplication and patients
who had a fundoplication for paraesophageal hernia. All patients underwent a symptomatic
assessment and a thorough preoperative evaluation, including esophageal function testing
(esophageal high-resolution impedance manometry and dual-sensor pH-monitoring), upper
endoscopy, and barium swallow. In addition, lung transplant patients with GERD were also
evaluated by a gastric emptying study. This study was approved by the Loyola University
Medical Center, Institutional Review Board (LU202400).

Symptomatic Assessment and Preoperative Evaluation
All patients underwent a symptom and medication assessment, including the type, dosage,
and schedule of antisecretory medications used (proton pump inhibitors or histamine H2-
receptor antagonists) as well as a metabolic evaluation, including the calculation of body
mass index (kg/m2). A transplant history was also attained from those in the transplant
group.

Lung transplant patients were referred for physiologic testing for GERD based on
symptoms, objective findings of aspiration at bronchoscopy (or evidence of aspiration on
transbronchial biopsy, as defined by the presence of exogenous material with foreign-body
giant-cell reaction, large lipid droplets, and/or macrophages with large vacuoles), and an
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unexplained decrease in pulmonary function. Their candidacy for LARS was then
determined by the results of ambulatory pH-monitoring. In one case, we have performed
LARS in a patient with direct evidence of aspiration (food in the trachea) and in another
patient with typical symptoms of GERD and an unexplained decrease in pulmonary function
who refused ambulatory pH-monitoring. Patients in the control group presented with
symptoms consistent with GERD, and surgical treatment was considered after a positive 24-
h esophageal pH study.

Esophageal High-Resolution Impedance Manometry
After an overnight fast, all patients underwent esophageal high-resolution impedance
manometry using an 8-channel solid-state catheter (EFT system with BioVIEW software;
Sandhill Scientific Inc., Denver, CO) with four active impedance channels located 5, 10, 15,
and 20 cm above the high-pressure zone of the lower esophageal sphincter (LES). The
system determined the LES pressure, length, and degree of relaxation (relaxation was
determined by a drop of the resting pressure to a residual pressure <8 mm Hg) in addition to
the amplitude, duration, and velocity of the peristaltic waves. Peristaltic wave amplitude was
calculated for the distal esophagus (distal esophageal amplitude, or 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 (IEM) was defined
when DEA was <30 mm Hg or when >30% simultaneous waves were present in the distal
esophagus [14, 15].

Ambulatory pH-Monitoring
Proton pump inhibitors were stopped for 14 d and histamine H2-receptor antagonists were
stopped for 3 d before pH-monitoring in all patients. A dual-sensor pH catheter (Sleuth
system with BioVIEW software; Sandhill Scientific Inc., Denver, CO) was passed through
the nose and the two pH sensors were positioned 5 and 20 cm, respectively, from the
manometrically-determined upper border of the LES. The DeMeester score was calculated
for the distal pH recordings. A score >14.7 was considered abnormal [16]. Proximal reflux
was defined as a recording of pH <4 for >1% of total recording time at the proximal sensor
[17].

Upper Endoscopy
The endoscopic presence and grading of esophagitis was recorded according to the Los
Angeles classification [18]. Biopsies were taken of any abnormal mucosa visualized above
the gastroesophageal junction. A definitive confirmation of Barrett’s metaplasia was
obtained by pathology. Dysplasia was classified as: negative, indefinite, low-grade
dysplasia, or high-grade dysplasia [19].

Barium Swallow
The presence and size of a hiatal hernia was assessed by calculating the axial length of the
hernia in the upright position relative to the margin of the diaphragm, on barium
esophagogram 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 to 5 cm, and large if its axial length was >5 cm.

Gastric Emptying Scan
Nuclear medicine gastric emptying studies were performed by obtaining dynamic
scintigraphic images through the abdomen for 90 min following oral administration of 0.4
mCi 99m Tc-labeled sulfur colloid in ovalbumin. Gastric emptying was considered abnormal
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if computer analysis demonstrated that <30% of the gastric contents were emptied into the
small bowel by 90 min.

Technique of Fundoplication
All patients underwent a strict standardized preoperative anesthesiology assessment
previously described [20]. All patients with normal esophageal peristalsis underwent a total
(Nissen) fundoplication according to our standardized technique [20]. A partial posterior
(Toupet) fundoplication was reserved for patients with aperistalsis. A laparoscopic Heineke–
Mikulicz pyloroplasty was performed according to our standardized technique when these
criteria were satisfied: a severely delayed gastric emptying (<10%) demonstrated in
symptomatic patients who did not benefit from pharmacologic treatment with
metoclopramide and who also had evidence of food in their stomach at the time of an upper
endoscopy [20].

Postoperative Care and Follow-up
Postoperatively, all lung transplant patients were monitored in the surgical intensive care
unit with their care coordinated by a multidisciplinary team of pulmonologists, intensivists,
as well as minimally invasive and cardiothoracic surgeons. All other patients were admitted
to the regular nursing ward. Patients were kept nil per os overnight and discharged after
breakfast in most cases. A barium swallow was performed on the first postoperative day
only in those patients who had a pyloroplasty. After a gastric leak was ruled out, these
patients were started on a soft mechanical diet prior to discharge. All patients were
instructed to follow a soft diet for 10 d and to advance as tolerated, thereafter. Follow-up
occurred routinely at 2 and 4 wk, and then at 3 and 6 mo as clinically indicated.

Perioperative Outcome End-points
The demographics, physiologic data, and outcomes were prospectively entered in a
dedicated database by one single individual and analyzed retrospectively.

Statistical Analysis
Tests of statistical significance were conducted with SPSS Statistical Software, version 16
(SPSS, Inc., Chicago, IL). Data were analyzed using nonparametric statistical methods. The
χ2 test for association was used to compare categorical variables, while the Mann-Whitney
U test was used for scaled variables. 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 < 0.05.

RESULTS
Demographics

Lung transplant patients and patients in the control group were of comparable age, sex, and
race. However, control patients had a larger body habitus (Table 1). The median time
between lung transplant and LARS was 41 mo. The distribution of the underlying end-stage
lung disease (obstructive or restrictive) in the transplant group is shown in Fig. 1.
Specifically, eight patients (28%) had restrictive end-stage lung disease: six had idiopathic
pulmonary fibrosis and two had scleroderma. Patients with obstructive end-stage lung
disease such as, cystic fibrosis, α1-anti-trypsin deficiency, and chronic obstructive
pulmonary disease accounted for 72% of the lung transplant population. In addition, 55% of
the patients received a bilateral lung transplant, 24% received a single lung transplant, and
21% were re-transplanted.
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Comparison of Endoscopic and Radiological Characteristics
Endoscopic and radiological characteristics of lung transplant patients and controls are
shown in Table 2. The prevalence of erosive esophagitis on endoscopy (Los Angeles class
A-D) was 22% (six patients) in lung transplant recipients and 31% (seven patients) in
controls (P = 0.52). Severe esophagitis (Los Angeles class C and D) was observed in one
patient in each group. The prevalence of biopsy-confirmed Barrett’s esophagus was similar
between both groups (26% versus 32%; P = 0.75). No patients in the lung transplant group
had dysplasia, whereas three (or 43%) of control patients with Barrett’s esophagus had low-
grade dysplasia and one (or 14%) had high-grade dysplasia. In this patient, the dysplastic
epithelium was treated first with endoscopic mucosal resection; LARS was then performed
to treat the patient’s severe gastroesophageal reflux and her symptomatic hiatal hernia. The
prevalence of a hiatal hernia was higher in controls than in lung transplants (57% versus
24%; P = 0.04). However, most hernias were small (<3 cm) in both groups; only one patient
in each group had a moderate-size hiatal hernia (3–5 cm). The prevalence of delayed gastric
emptying in the lung transplant patients was 27%. Among these patients, four had received
bilateral lung transplants, two had been re-transplanted, and one had received a single lung
transplant.

Comparison of Manometric and pH-Metric Profile
The manometric profile of the LES and the esophageal body was similar between lung
transplant patients and controls (Table 3). Patients in both groups had similar LES resting
pressure, as well as total and abdominal LES length. The LES had a normal resting pressure
in 79% of lung transplants and 60% of controls (P=0.5). The distal esophageal amplitude
(DEA) was comparable in both groups (median DEA: 73 versus 54 mm Hg; P = 0.24)
(Table 3). Likewise, delayed peristalsis (IEM) was equally common in both groups (21%
versus 16% in controls; P 0.72).

The analysis of the reflux profile showed that both groups of patients had similar exposure
to distal acid reflux, regardless of patient positioning (upright or supine) (Table 4). Lung
transplant patients also had fewer episodes of reflux but a slower total acid clearance (Table
4). Moreover, the analysis of the reflux profile showed a significantly higher prevalence
(65% versus 33%; P = 0.04) and severity of proximal acid reflux in the lung transplant group
than in the control group (median total time pH <4: 1.6 versus 0.4; P = 0.01;Table 4).

Comparison of Operative Characteristics, Perioperative Risk, Complications, and
Perioperative Outcomes

Comparisons are shown in Table 5. Both groups of patients had previously undergone
similar amounts of abdominal surgery. Most patients underwent a total (Nissen)
fundoplication (93% versus 96% in controls; P =1.00) (Table 5). One patient in the lung
transplant group had a revision of a failed laparoscopic fundoplication performed several
years prior to the transplant. The number of additional procedures performed at the time of
fundoplication was similar between lung transplant patients and controls (38% versus 17%;
P = 0.13). In lung transplant patients, 64% of these procedures were laparoscopic
pyloroplasties. In both groups, the estimated blood loss, duration of surgery, and length of
hospital stay were similar. There were no conversions to open procedures in all patients.
There was no in-hospital or 30-d mortality in either group. Although lung transplant patients
had a significantly higher anesthetic and surgical risk profile than controls without lung
disease or lung transplantation, there was no difference in complication or readmission rates
after LARS between the lung transplant population and the control group. One lung
transplant patient presumably had food impaction and was readmitted for upper endoscopy,
though at the time of the procedure we believe the impacted bolus had passed already into
the stomach, as no foreign body was noted and symptoms resolved. Two patients in the
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control group had the following complications: one patient with a previous history of deep
venous thrombosis developed a pulmonary embolus before discharge despite adherence to a
standardized institutional prophylaxis protocol; one patient was readmitted for endoscopic
disimpaction of a piece of meat. None required endoscopic dilatation. Overall, the incidence
of complications and readmissions were similar between the lung transplant patients and
controls (P = 0.57 and P = 1.00, respectively). To date, there have been no reoperations or
endoscopic dilatations in either group.

DISCUSSION
Recent investigation has revealed that GERD and putative microaspiration of
gastroduodenal contents may be a risk factor in the pathogenesis of BOS [3, 21, 22]. Indeed,
GERD is highly prevalent after lung transplantation as reported by our group (51%), Young
et al. (65%), Hadjiliadis et al. (70%), and Davis et al. (73%) [4–6, 23] Furthermore, surgical
correction of GERD has been associated with a delay in the onset or progression of BOS,
and in some cases even improvement in lung function [6, 8, 24]. These findings have
therefore led to an increased emphasis on the diagnosis and surgical treatment of GERD
after lung transplantation. However, the unique pathophysiologic characteristics of GERD
have never been directly compared with a control population, and the safety profile of LARS
for those with a lung transplant remains unclear. This study was targeted to investigate these
concerns.

Pathophysiologic Characteristics
Endoscopic and Radiographic Findings—Endoscopy is often used to detect and
stratify any esophageal manifestations of GERD. The absence of endoscopic findings,
however, does not exclude the diagnosis of GERD, as many patients presenting with
symptoms of GERD have no visible endoscopic findings. Recent reports have shown that up
to 85% of patients with GERD may have a normal endoscopic examination [25]. Therefore,
the 31% prevalence of erosive esophagitis (Los Angeles grade A–D) observed in the control
group of this study is not surprising. Similarly, the equally low 22% prevalence of
esophagitis in the lung transplant patients may be explained by the fact that all patients were
taking acid suppressive medications at the time of endoscopy to counteract the side-effects
of corticosteroids and to prevent the degradation of oral pancreatic enzymes in those with
cystic fibrosis. Moreover, the absence of large hiatal hernias and the normal BMI in both
groups may further explain the overall low and comparable incidence of erosive esophagitis.

Reports on the prevalence of Barrett’s esophagus specific to the lung transplant population
with GERD are sparse, suggesting a frequency of 13% [10]. Contrary to these data, our
findings show that 26% of lung transplant patients with GERD had a biopsy proven
diagnosis of Barrett’s esophagus. Interestingly, no lung transplant patient with Barrett’s
esophagus had dysplasia, whereas 43% of controls with Barrett’s esophagus had low-grade
dysplasia, and 14% had high-grade dysplasia. Therefore, the prevalence of Barrett’s
esophagus in lung transplant patients is not insignificant and in our report it appears to
parallel that of the general population with gastroesophageal reflux. We believe that a strong
suspicion of Barrett’s esophagus in lung transplant patients is warranted and that an upper
endoscopy should be always performed in these patients for diagnostic, therapeutic, and
surveillance purposes.

Another risk factor of GERD is the presence of a hiatal hernia, which has traditionally been
considered to contribute to the severity and frequency of reflux in many patients [26–28].
Whether or not a hiatal hernia is a risk factor for GERD in the lung transplant population
had not been not fully discerned, and the prevalence of a hiatal hernia in those with a lung
allograft has been largely unknown. Few studies report on hiatal hernias in lung
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transplantation, with frequencies ranging from 10% to 78% [10, 13, 24, 29]. However, these
studies do not provide information as to the size of the hiatal hernias and frequently do not
discuss the methodology of analysis. In our controlled comparison using barium swallow as
an objective measure, we found that a hiatal hernia was significantly more common in
controls than in the lung transplant group (57% versus 24%; P = 0.037), though nearly all
were less than 3 cm in size and likely not physiologically relevant. As such, a hiatal hernia
might be a less significant contributing factor to GERD in lung transplantation, as we have
also reported in a comparison of lung transplant patients with and without reflux [23].

The extent to which gastroparesis contributes to GERD after lung transplantation has been
debated since Reid et al. highlighted the concerns for aspiration of gastric contents in 1990
[30]. Depending on diagnostic criteria, potential selection bias, and the type of lung
transplant, estimates of the prevalence of gastric atony range from 23% to 92%, the latter
group being a study of lung transplant patients with GERD [4, 5, 12, 31–34]. Moreover,
gastroparesis is a considerable source of morbidity to the lung transplant patient, having
been linked to pneumonia, nausea, vomiting, poor nutritional intake, obliterative
bronchiolitis, and the need for surgical intervention [32–35]. Our study shows that delayed
gastric emptying is indeed common after lung transplantation, with an overall prevalence of
27% as identified by nuclear medicine gastric emptying scan.

Manometry and Ambulatory pH Monitoring—Historically, a hypotensive LES has
been regarded as an important risk factor for gastroesophageal reflux, as lower LES
pressures correlate with increasing severity of esophagitis [36, 37]. Moreover, the degree of
esophagitis has been shown to be predictive of esophageal peristaltic dysfunction [37]. The
extent to which this holds true in lung transplant recipients has not yet been validated. Our
study demonstrates that our cohort of lung transplant recipients has similar LES pressure and
length, and degree of esophageal dysmotility as do patients without lung transplantation.
Though the manometric findings are similar, their real value must be viewed in light of a
potential detrimental impact on the allograft. First, acid suppression does not prevent against
the non-acid components of reflux [38].This has been noted in lung transplantation by
Blondeau et al., who showed that the levels of pepsin and proportion of bile acids in
bronchoalveolar lavage fluid were similar in lung transplant patients regardless of treatment
with proton pump inhibitors [38]. Second, there is burgeoning evidence implicating lung
allograft rejection with the aspiration of gastroduodenal contents [38–40]. We have found
that although lung transplant patients had fewer reflux episodes, the refluxate required more
time to be cleared by peristalsis, a delay of which was noted by Pellegrini et al. to correlate
with aspiration in non-lung transplant patients [41]. Furthermore, the lung transplant group
had a significantly higher prevalence and severity of proximal reflux than controls. Proximal
esophageal reflux is known to be a risk factor for aspiration and has been demonstrated in
several studies besides our own to be present after lung transplantation [10, 12, 23, 40–42].
Therefore, given that reflux cannot be managed by acid suppression alone, the increased
frequency and severity of proximal reflux in lung transplant patients, and recent evidence
suggesting a relation of GERD to lung transplant rejection, we view LARS as a crucial
component to the care of the lung transplant recipient which should be performed in the
safest manner possible.

Safety of LARS in Lung Transplantation
Several reports have suggested that LARS for GERD in lung transplantation can be
performed safely. However, to date, only O’Halloran et al. have employed a control group in
their analysis. Their retrospective study demonstrated no difference in operative time, blood
loss, or complication rate between those with or without a lung allograft [13]. As opposed to
our results, their lung transplant patients did have a longer hospital length of stay than
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controls (2.89 versus 0.71 d) and higher readmission rate (25% versus 3%), which were
attributed to greater operative risk combined with underlying pulmonary pathology. Gasper
et al. provided similar evidence for the safety of LARS in lung transplantation, whereby
post-operative stay was only 2 d, with a 30-d mortality of 5%, of which the single death was
not related to the fundoplication [12]. More recently, in 2009, Burton et al. published their
medium-term results of laparoscopic fundoplication after lung transplantation [10]. Of 21
patients studied there were four deaths. One death occurred 17-d post-fundoplication in a
patient operated on as a last attempt to control declining lung function with BOS and chronic
vascular rejection. The other three deaths were not associated with fundoplication, occurring
greater than 250 d from the antireflux procedure. Burton et al. did also note a longer
postoperative hospital stay (average: 6.3 d), though many patients apparently lived far from
the transplant center and were intentionally observed for a longer period of time.

Our study demonstrates an acceptable safety profile of LARS for GERD in lung
transplantation compared with a control series of consecutive cases referred for surgical
treatment of GERD. Not only was there no single in-hospital or 30-d mortality for any
patient, but all are still alive at the time of submission of this report. We attribute the success
of LARS for GERD in lung transplant patients at our institution to a regimented
multidisciplinary approach, which involves a strict preoperative anesthesiology assessment
and careful postoperative management [20].

CONCLUSIONS
Our report is the first case-control study comparing the pathophysiologic characteristics of
GERD in lung transplant patients with a control group, and the second largest institutional
series describing LARS for GERD after lung transplantation. This study indicates that lung
transplant patients differ from those without a lung transplant or pulmonary disease in that
they rarely have a hiatal hernia and have more frequent and severe proximal reflux.
Furthermore, we have objectively verified that LARS for GERD in lung transplantation can
be performed safely and successfully.
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FIG. 1.
Underlying end-stage lung diseases in the lung transplant patients
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TABLE 1

Demographics of Lung Transplant Patients and Controls

Lung transplants Controls P

Patients 29 23

Sex (%) 0.14

 Males 13 (45%) 5 (22%)

 Females 16 (55%) 18 (78%)

Age (y) 54 (44–59) 49 (37–59) 0.99

Race (%) 0.77

 Caucasian: non Hispanic 26 (89.5%) 18 (75%)

 Caucasian: Hispanic 2 (7%) 3 (12.5%)

 African American 1 (3.5%) 2 (12.5%)

Time from transplant (mo) 41 (9–68) n/a

BMI 24 (21–29) 29 (26–33) 0.01

BMI = body mass index expressed in kg/m2.

Data are presented as percentages for categorical variables and as median (with interquartile range) for scaled variables.
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TABLE 2

Endoscopic and Radiological Characteristics of Lung Transplant Patients and Controls

Lung transplants Controls P

Endoscopic esophagitis (%) 6/27 (22%) 7/22 (31%) 0.52

 Grade A 3/6 (50%) 3/7 (43%)

 Grade B 2/6 (33%) 3/7 (43%)

 Grade C 1/6 (17%) 1/7 (14%)

 Grade D 0 0

Barrett’s esophagus (%) 7/27 (27%) 7/22 (32%) 0.75

 Low grade dysplasia 0 3/7 (43%)

 High grade dysplasia 0 1/7 (14%)

Hiatal hernia (%) 6/25 (24%) 13/23 (57%) 0.04

 Small (<3 cm) 5/6 (83%) 12/13 (92%)

 Moderate (3–5 cm) 1 (7%) 1 (8%)

 Large (>5 cm) 0 0

Delayed gastric emptying (%) 27% n/a

Data are presented as percentages for categorical variables.
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TABLE 3

Manometric Profile of Lung Transplant Patients and Controls

Lung transplants Controls P

LES

LES pressure (mm Hg) 23 (15–34) 17 (9–28) 0.22

LES total length (cm) 2 (2–3) 2 (2–3) 0.53

LES abdominal length (cm) 1 (1–2) 1 (1–2) 0.86

Esophageal body

DEA (mm Hg) 73 (46–111) 54 (38–83) 0.24

LES = lower esophageal sphincter; DEA = distal esophageal amplitude.

Data are presented as median (interquartile range).
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TABLE 4

Reflux Profile of Lung Transplant Patients and Controls

Lung transplants Controls P

Total time pH <4 (%) 11 (9–21) 11 (6–24) 0.94

 Upright 8 (6–14) 13 (8–28) 0.05

 Supine 12 (5–35) 6 (2–24) 0.24

Episodes >5 min 8 (5–14) 8 (4–21) 0.92

Longest episode (min) 28 (19–62) 22 (10–33) 0.11

Total episodes 65 (50–95) 104 (73–167) 0.001

DeMeester score
 (normal: <14.7)

36 (27–90) 41 (21–81) 0.65

Esophageal clearance (s)

Total mean acid
 clearance time

182 (133–279) 116 (84–181) 0.01

 Upright 110 (79–150) 98 (76–157) 0.96

 Supine 228 (157–320) 164 (120–254) 0.11

Proximal pH sensor data

Total time pH <4
 (normal: <1%)

1.6 (0.6–3.6) 0.4 (0–1.1) 0.01

 Upright 1.5 (0.3–4.6) 0.6 (0–1.5) 0.13

 Supine 0.5 (0–1.1) 0 (0–0.3) 0.12

Data are presented as median (interquartile range).
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TABLE 5

Comparison of Operative Characteristics, Perioperative Risk, Complications, and Outcomes Between Lung
Transplant Patients and Controls

Lung transplants Controls P

Previous abdominal
 surgery (%)

16 (55%) 14 (61%) 0.78

Type of fundoplication (%) 1.00

 Total 27 (93%) 22 (96%)

 Partial 2 (7%) 1 (4%)

Additional procedures (%) 11 (38%) 4 (17%) 0.13

 Pyloroplasty 7 (64%) 0

 Ventral hernia 1 (11%) 1 (25%)

 Cholecystectomy 0 1 (25%)

 Bronchoscopy with biopsy 3 (33%) 0

 Urethral sling/cystoscopy 0 1 (25%)

 Total hysterectomy (open) 0 1 (25%)

ASA status 3 2 (1–2) 0.001

Operative time (minutes) 180 (144–207) 143 (135–187) 0.09

Estimated blood loss (cc) 20 (10–25) 15 (10–20) 0.18

Conversions (%) 0 0

Length of stay (d) 1 (1–2) 1 (1–2) 0.75

30-d or in-hospital mortality 0 0

Data are presented as percentages for categorical variables and as median (with interquartile range) for scaled variables.

ASA = American Society of Anesthesiologists.
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