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Abstract

Background—Aspiration of gastroesophageal refluxate has been implicated in the pathogenesis 

of idiopathic pulmonary fibrosis (IPF) and the progression of bronchiolitis obliterans syndrome 

after lung transplantation. The goals of the present study were to identify lung transplant patients 

at the greatest risk of aspiration and to investigate the causative factors.

Materials and methods—From September 2009 to November 2011, 252 bronchoalveolar 

lavage fluid (BALF) samples were collected from 100 lung transplant patients. The BALF pepsin 

concentrations and the results of transbronchial biopsy, esophageal function testing, barium 

swallow, and gastric emptying scan were compared among those with the most common end-stage 

lung diseases requiring lung transplantation: IPF, chronic obstructive pulmonary disease, cystic 

fibrosis, and α1-antitrypsin deficiency.

Results—Patients with IPF had higher BALF pepsin concentrations and a greater frequency of 

acute rejection than those with α1-antitrypsin deficiency, cystic fibrosis, or chronic obstructive 

pulmonary disease (P = 0.037). Moreover, the BALF pepsin concentrations correlated negatively 

with a lower esophageal sphincter pressure and distal esophageal amplitude; negatively with distal 

esophageal amplitude and positively with total esophageal acid time, longest reflux episode, and 

DeMeester score in those with chronic obstructive pulmonary disease; and negatively with the 

upright acid clearance time in those with IPF.

Conclusions—Our results suggest that patients with IPF after lung transplantation are at 

increased risk of aspiration and a greater frequency of acute rejection episodes, and that the risk 

© 2013 Elsevier Inc. All rights reserved.
*Corresponding author. Department of Surgery, Loyola University Chicago Health Sciences Campus, 2160 South First Avenue, 
Room 3226, Maywood, IL 60153. Tel.: +1 708 327 2236; fax: +1 708 327 3492. pfisichella@lumc.edu. . 

Presented at the 32nd Annual Meeting and Scientific Sessions of the International Society of Heart and Lung Transplantation, Prague, 
Czech Republic, April 2012.

NIH Public Access
Author Manuscript
J Surg Res. Author manuscript; available in PMC 2015 January 26.

Published in final edited form as:
J Surg Res. 2013 December ; 185(2): e101–e108. doi:10.1016/j.jss.2013.06.011.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



factors for aspiration might be different among those with the most common end-stage lung 

diseases who have undergone lung transplantation. These results support the role of evaluating the 

BALF for markers of aspiration in assessing lung transplant patients as candidates for antireflux 

surgery.
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1. Introduction

Recent evidence has been increasingly convincing that aspiration of gastric contents is 

among the potential causative factors for the development of bronchiolitis obliterans 

syndrome (BOS) after lung transplantation [1–9]. The findings that support this hypothesis 

include that gastroesophageal reflux disease (GERD) is exceedingly common in lung 

transplant patients [2,3,10,11], that aspiration induces immunologic and inflammatory 

changes within the pulmonary allograft [9,12,13], and that lung transplant patients with 

GERD who undergo antireflux surgery have at least a stabilization of their pulmonary 

function, if not an improvement in their freedom from BOS [3–6].

Although we are beginning to unravel the biologic methods by which aspiration contributes 

to BOS, it remains unclear which lung transplant patients are at greatest risk of aspiration, 

and who, among them, might benefit most from antireflux surgery. Patients with idiopathic 

pulmonary fibrosis (IPF) have been thought to have the greatest risk of GERD and 

aspiration after lung transplantation. Even before transplantation, those with IPF have an 

increased prevalence of GERD [14–21] and seemingly benefit from antireflux surgery when 

it can be safely performed in the pretransplant stage [22]. Nevertheless, we still lack a clear 

understanding of the risk factors for aspiration after lung transplantation, especially in those 

with IPF. Therefore, we aimed to identify the lung transplant patients at greatest risk of 

aspiration and to investigate the causative factors. We hypothesized that patients with IPF 

would be at the greatest risk of aspiration after lung transplantation. To test this hypothesis, 

we measured the concentration of pepsin in the bronchoalveolar lavage fluid (BALF) of a 

large cohort of lung transplant patients and correlated these findings with the results of 

esophageal function testing, barium swallow, and gastric emptying to identify the risk 

factors for GERD. Our findings have indicated that lung transplant patients with IPF have 

greater levels of pepsin in their BALF and that the risk factors for GERD and aspiration 

might differ among patients with different end-stage lung diseases (ESLDs) after lung 

transplantation.

2. Materials and methods

We prospectively collected 252 BALF samples from 100 consecutive lung transplant 

patients from September 2009 to November 2011. The samples were obtained at routine 

surveillance bronchoscopy or when otherwise clinically indicated by a decline in pulmonary 

function. The concentration of pepsin in the BALF was compared among patients who were 

grouped by the four most common ESLDs requiring lung transplantation: IPF, chronic 
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obstructive pulmonary disease (COPD), cystic fibrosis (CF), and α1-antitrypsin deficiency 

(AAT). Likewise, the results of esophageal manometry, ambulatory pH monitoring, barium 

swallow, and gastric emptying scans were compared between the groups. Finally, the 

findings of these tests were correlated with the BALF pepsin concentrations. All study 

subjects provided informed consent, and the Loyola University Medical Center institutional 

review board approved the present study (LU202400).

2.1. BALF collection, storage, and sample processing

BALF was collected from the right middle lobe for unilateral right and bilateral lung 

transplants and from the lingula for unilateral left lung transplants [6]. The BALF was 

placed on ice and immediately transferred to the research laboratory, where it was 

centrifuged at 1500 rpm for 10 min, separated into aliquots, and snap frozen at −80°C [6]. 

The BALF pepsin concentrations were then measured using an enzyme-linked 

immunosorbent assay, as previously described [6].

2.2. Transbronchial biopsy assessment

Transbronchial biopsy specimens were obtained from the right upper and lower lobes for 

bilateral lung transplants and the upper and lower lobes for unilateral lung transplants. The 

transbronchial biopsy specimens were assessed for acute cellular rejection and airway 

inflammation according to the “Revision of the 1996 Working Formulation for the 

Standardization of Nomenclature in the Diagnosis of Lung Rejection” [23]. Evidence of 

aspiration was determined by a pathologist who assessed the presence of exogenous material 

with foreign body giant cell reaction, large lipid droplets, and/or macrophages with large 

vacuoles.

2.3. Esophageal manometry, ambulatory pH testing, barium swallow, and gastric emptying 
studies

Lung transplant patients were referred to the swallowing center at our institution for 

esophageal function testing, which was performed as previously described [24]. These 

patients were referred for esophageal function testing when GERD was clinically suspected 

and, most commonly, as early as possible after lung transplantation. In brief, proton pump 

inhibitors were stopped for 14 d and histamine H2 receptor antagonists were stopped for 3 d 

before pH monitoring. A dual-sensor 24-h esophageal pH catheter (Sleuth system with 

BioVIEW software, Sandhill Scientific, Denver, CO) was placed with the distal pH sensor 

positioned 5 cm from the manometrically determined upper border of the lower esophageal 

sphincter (LES). The diagnosis of GERD was determined by a DeMeester score > 14.7, as 

calculated from the distal pH recordings. Proximal reflux was defined as > 1% total time of 

pH < 4 recorded at the proximal sensor, located 20 cm above the LES [24]. Esophageal 

manometry was performed according to our previously published technique [25]. The 

presence and size of a hiatal hernia was assessed by measuring the axial length of the hernia, 

relative to the diaphragm, with the patient in the upright position on a posteroanterior barium 

esophagram, using eFilm Lite software (Merge Healthcare, Milwaukee, WI). Nuclear 

medicine gastric emptying studies were performed by obtaining dynamic scintigraphic 

images through the abdomen for 90 min after oral administration of 0.4 mCi 
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technetium-99m-labeled sulfur colloid in ovalbumin. Gastric emptying was considered 

delayed if < 30% of the gastric contents had emptied into the small bowel within 90 min 

[24].

2.4. Pulmonary function testing and BOS staging

The diagnosis of BOS and its grade were determined according to the guidelines from the 

International Society of Heart and Lung Transplantation and as we have previously 

published [6,25].

2.5. Statistical analysis

All data were assessed for normality, and parametric or nonparametric tests were applied as 

appropriate. Dichotomous variables are reported as percentages and numbers, continuous 

nonparametric variables as the median and interquartile range, and continuous parametric 

variables as the mean ± standard deviation. Correlations were performed with Spearman’s 

rank correlation coefficient. Statistical analyses were calculated with Statistical Analysis 

System, version 9.1 (SAS Institute, Cary, NC), with corresponding graphs created using 

GraphPad Prism, version 5, for Windows (GraphPad Software, La Jolla, CA). A difference 

between the observed variables was considered statistically significant at P < 0.05.

3. Results

3.1. Demographics

The indications for lung transplantation among the 100 patients considered in the present 

study were COPD in 38, IPF in 24, CF in 14, AAT in 7, sarcoidosis in 4, pulmonary artery 

hypertension in 2, polymyositis in 2, and bronchiolitis obliterans organizing pneumonia, 

Jo-1 syndrome, lymphangioleiomyomatosis, pulmonary veno-occlusive disease, 

scleroderma, pulmonary fibrosis from work exposure, rheumatoid arthritis, dermatomyositis, 

and pneumoconiosis in 1 each. Of the cohort, 46% of the patients were women. At study 

enrollment, the median age and interval since lung transplantation was 59 y (range 50–62) 

and 5.8 mo (range 1.2–14.4), respectively. The median duration of follow-up since 

transplantation was 19 mo (range 12–31.5). The incidence of BOS was 23%, with a median 

interval to BOS of 19.5 mo (range 12.8–55), after excluding three patients who had 

transferred out of state and/or whose forced expiratory volume in 1 s data were incomplete. 

The mortality rate was 9% among 99 patients whose follow-up was sufficient to determine 

survival, with a median interval to death after lung transplantation of 23 mo (range 9–63.5).

3.2. BALF pepsin concentrations

Figure 1 demonstrates the BALF pepsin concentrations among the entire cohort of study 

subjects, subdivided by the indication for lung transplantation (in alphabetical order). Of the 

entire cohort, those with IPF had the highest BALF concentrations of pepsin. When grouped 

according to the most common indications for lung transplantation, those with IPF had 

significantly greater concentrations of pepsin in their BALF than did those with AAT, CF, 

and COPD (P < 0.05 versus each group; Fig. 2). Patients with IPF were also more likely to 

have pepsin levels ≥ 1 ng/mL detected in their BALF than those with AAT, CF, or COPD 

(68% versus 31%, 44%, and 47%, respectively; P < 0.05).

Davis et al. Page 4

J Surg Res. Author manuscript; available in PMC 2015 January 26.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3.3. Demographics, reflux profile, and outcomes among the four most common indications 
for lung transplantation

As shown in Table 1, patients with AAT, CF, COPD, and IPF differed according to age, 

gender, transplant type, and frequency of acute cellular rejection at BALF sample collection. 

Specifically, patients with CF were younger (P < 0.05) and exclusively had undergone 

bilateral or re-do transplantation (P < 0.05). Those with IPF were predominantly men and 

those with AAT or IPF more frequently had acute cellular rejection identified on their 

transbronchial biopsy (P < 0.05). Among those who underwent ambulatory pH monitoring, 

the prevalence of GERD was high among all groups (ranging from 61%–88%); those with 

AAT and CF had the highest rates of proximal reflux (75% and 60%, respectively). Among 

those who underwent gastric emptying scans, the frequency of delayed gastric emptying was 

also high among all groups (ranging from 40%–86%). The length of follow-up, frequency of 

BOS, and mortality rates were not different among the patients with AAT, CF, COPD, and 

IPF (Table 1).

3.4. Manometric and pH-metric profile among the among the four most common 
indications for lung transplantation

The manometric and pH-metric profiles among the four most common indications for lung 

transplantation, irrespective of reflux status, are listed in Table 2. By and large, the groups 

did not differ in terms of esophageal anatomy, physiology, and acid contact, although 

patients with CF had a greater total episodes of reflux than the other groups (P = 0.04). 

Those with CF also tended to have more proximal esophageal acid exposure, and those with 

IPF tended to have a longer abdominal LES length, although these differences did not reach 

statistical significance.

The manometric and pH-metric profiles for the four most common indications for lung 

transplantation among those with GERD found with pH monitoring are listed in Table 3. 

Those with COPD had the greatest total LES length (P = 0.038), although all other 

comparisons were short of significance, despite the trend for a greater abdominal LES length 

among those with IPF and a considerably shorter mean upright acid clearance time among 

those with CF.

3.5. Correlations of BALF pepsin concentrations with manometric and pH-metric findings

The correlation of BALF pepsin concentrations and manometric findings among the four 

most common indications for lung transplantation is presented in Table 4. The comparisons 

for those with AAT were limited by the few patients in this group who had undergone 

esophageal function testing. Nonetheless, the BALF pepsin concentrations correlated 

negatively with the LES pressures in the entire cohort (r = −0.35, P = 0.03). In addition, the 

BALF pepsin concentrations correlated negatively with the distal esophageal amplitude 

among those with COPD (r = −0.50, P = 0.03).

The correlations of BALF pepsin concentrations and pH-metric findings among the four 

most common indications for lung transplantation are listed in Table 5. Again, the 

comparisons for those with AAT were limited by the few patients in this group who had 

undergone esophageal function testing. Regardless, the BALF pepsin concentrations 
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correlated positively with the total time that the pH was < 4 among those with COPD (r = 

0.54, P = 0.03); correlated positively with the longest episode of reflux among those with 

COPD (r = 0.53, P = 0.03); correlated positively with the DeMeester score among those 

with COPD (r = 0.52, P = 0.03); correlated negatively with the upright mean acid clearance 

time among those with IPF (r = −0.68, P = 0.02); and correlated positively with the supine 

mean acid clearance time among those with COPD (r = 0.48, P = 0.04).

4. Discussion

Patients with ESLD, in particular, the IPF population, are known to have elevated rates of 

GERD [2,4,10,11,16,26–28]. These rates will continue to increase after lung transplantation 

[15,17,18,20,21,29–31]. In previous studies, GERD has been used as a surrogate marker for 

aspiration. Our study aimed to ascertain the real prevalence of aspiration in lung transplant 

patients by directly measuring pepsin, a gastric refluxate agent, within the bronchoalveolar 

samples. In addition, we sought to identify the risk factors for the development of aspiration 

and subsequent allograft rejection. The primary outcome of our study was that lung 

transplant patients with IPF appear to be at the greatest risk of aspiration compared with 

other indications for lung transplantation; however, the risk factors for aspiration seem 

different among the indications for lung transplant, and the underlying etiology for 

aspiration is likely multifactorial.

Our results have shown that patients with IPF after lung transplantation are at an increased 

risk of aspiration and have a greater frequency of acute rejection episodes than patients with 

other common indications for lung transplantation. Regardless of whether pepsin itself plays 

a pathogenic role in allograft dysfunction, GERD and aspiration have both been associated 

with lung transplant rejection. Our studies [6] and the study by Ward et al. [32] have 

demonstrated that aspiration in lung transplant patients, as evidenced by the presence of 

pepsin in the BALF, has been associated with more episodes of acute rejection and a quicker 

progression to BOS. However, the mechanism by which aspiration might cause allograft 

dysfunction is largely unknown. Studies by D’Ovidio et al. [33,34] and research from our 

center [1,13,35] have seemed to suggest that a proinflammatory and profibrotic state, 

mediated by various cytokines, chemokines, and growth factors in the pulmonary 

parenchyma, is promoted by aspiration and responsible for the development of BOS.

Our study has also shown that although the patients with IPF had the highest pepsin 

concentrations and rates of acute rejection, they did not have a significantly greater 

incidence of BOS compared with the patients with other indications for lung transplantation. 

This might imply that pepsin serves more as a sensitive marker of aspiration and might not 

be the refluxate agent responsible for the pulmonary damage. We have previously reported 

that pepsin is absent in the BALF of healthy controls without lung transplantation or GERD 

[6]. Despite pepsin being a protease, its enzymatic activity requires a low pH to function 

optimally, and it is unclear whether the pulmonary microenvironment of the allograft is 

sufficiently acidic to activate pepsin [36]. The idea that pepsin might simply serve as a 

sensitive marker has been supported by the findings from Blondeau et al. [37], who 

demonstrated that pepsin was present in the BALF of all postlung transplant patients they 

studied, although they did not find a significant correlation between its presence and the 
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development of BOS. However, this lack of a correlation in our study and that by Blondeau 

et al. can be explained by the short follow-up period of both studies. Our cohort, in 

particular, had a median follow-up duration of < 2 y (19.0 mo); however, the progression to 

BOS usually becomes more predominant at 2 y after transplantation and continues to 

increase with time. For example, Christie et al. [38] estimated the occurrence of BOS to be 

27% by 2.5 y after transplant and 51% by 5.6 y. Thus, we intend to track this cohort in our 

patient database for a longer period to identify the effect our findings might have on the 

development of BOS.

Our study has also shown that the etiology and risk factors for GERD and aspiration seem to 

differ among the various indications for lung transplantation. In general, the 

pathophysiologic characteristics that might predispose patients with ESLD to GERD have 

been poorly studied. However, with regard to patient with IPF, many investigators have 

demonstrated greater rates of esophageal dysmotility, hypotensive LES, delayed gastric 

emptying, and hiatal hernia compared with controls with GERD [19,20,26,27,39]. However, 

these findings have been controversial, because other groups have found no such difference 

in the rates of gastroesophageal pathologic features. Bandeira et al. [40], in their prospective 

study of 28 patients with IPF, showed no significant differences with controls regarding the 

demographic characteristics, pulmonary function, clinical presentation, or manometric 

findings. Our study was in agreement with these findings with regard to showing no 

differences in the manometric, barium swallow, or gastric emptying study findings in 

patients with IPF compared with those with other etiologies of ESLD. Even with the sample 

size limitation, the lack of differences in risk factors supports the concept that not all 

patients with GERD aspirate and that, therefore, the risk factors for GERD and aspiration 

could be different among patients with different ESLDs. The corollary that follows is that 

the detection of pepsin in the BALF might be a better diagnostic tool, especially in patients 

with IPF. Instead of the more commonly used esophageal function studies, BALF pepsin 

measurements might be the more accurate diagnostic test in assessing lung transplant 

patients as candidates for antireflux surgery.

One limitation of our study was the sample size of some of the groups, which might have 

rendered our analysis less powerful. Future studies with a larger cohort are needed to 

address unanswered questions and to yield a more powerful study. Additionally, not all lung 

transplant patients underwent each type of gastroesophageal function test. We could not 

justify performing studies such as the barium swallow or gastric emptying scan on patients 

with negative findings for GERD using ambulatory pH testing, because no clinical benefit 

would have been realized by doing so. Finally, our manometric findings do not directly 

explain why the BALF pepsin levels were highest in those with IPF, in particular, because 

the results of the manometric studies did not differ among the groups. However, as stated in 

our “Results” section, among the entire cohort, the BALF pepsin concentrations correlated 

negatively with the LES pressures. This association was also nearly significant specifically 

for the COPD and IPF groups, which were also the groups with the lower LES pressures, 

although this was not a statistically significant difference. Although our data are suggestive 

of manometric and pH-metric findings that could explain the differences in BALF pepsin 

levels among the groups, we failed to show a definitive association. Therefore, additional 

Davis et al. Page 7

J Surg Res. Author manuscript; available in PMC 2015 January 26.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



research is warranted to identify the pathophysiology behind aspiration and the increased 

levels of pepsin in the BALF of lung transplant patients, particularly, those with IPF.

In conclusion, our results suggest that patients with IPF after lung transplantation are at an 

increased risk of aspiration and a greater frequency of acute rejection episodes. In addition, 

the risk factors for aspiration might be different among the patients with different types of 

ESLD who have undergone transplantation. These results support the role of evaluating the 

BALF for markers of aspiration when evaluating lung transplant patients as candidates for 

laparoscopic antireflux surgery.
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Fig. 1. 
BALF pepsin concentrations among 100 lung transplant patients: AAT disease (AATD) (n = 

7), bronchiolitis obliterans organizing pneumonia (BOOP) (n = 1), CF (n = 14), COPD (n = 

38), IPF (n = 24), Jo-1 syndrome (n = 1), lymphangioleiomyomatosis (LAM) (n = 1), 

pulmonary artery hypertension (PAH) (n = 2), pulmonary veno-occlusive disease (n = 1), 

sarcoidosis (n = 4), scleroderma (n = 1), pulmonary fibrosis (PF) from work exposure (n = 

1), rheumatoid arthritis RA (n = 1), dermatomyositis (n = 1), polymyositis (n = 2), and 

pneumoconiosis (n = 1). The BALF pepsin concentrations were highest in those with IPF.
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Fig. 2. 
Bronchoalveolar lavage fluid pepsin concentrations among the most common indications for 

lung transplantation: AAT (n = 7), CF (n = 14), COPD (n = 38), and IPF (n = 24). *P < 0.05 

versus all other groups (Kruskal-Wallis post-hoc analysis).
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Table 1

Demographics, GERD, and outcomes among lung transplant patients with the four most common indications 

for lung transplantation.

AAT (n = 7) CF (n = 14) COPD (n = 38) IPF (n = 24) P value

Age 60 (52–69) 28 (22–35) 60 (55–62) 61 (51–65) <0.0001*

Gender 0.009*

 Male 3 (43) 7 (50) 16 (42) 20 (83)

 Female 4 (57) 7 (50) 22 (58) 4 (17)

Transplant type 0.002*

 Right single 2 (29) 0 12 (32) 8 (33)

 Left single 2 (29) 0 13 (34) 6 (25)

 Bilateral 3 (43) 13 (93) 9 (24) 9 (38)

 Repeat transplant 0 1 (7) 4 (11) 1 (4)

GERD

 Prevalence 3 (75) 7 (88) 14 (61) 9 (69) 0.634

 Proximal reflux 3 (75) 3 (60) 5 (23) 4 (33) 0.127

 Hiatal hernia 0 1 (33) 2 (20) 1 (14) 1.000

 Delayed gastric emptying 1 (50) 6 (86) 4 (40) 5 (50) 0.288

Acute rejection events 0.037*

 A0 8 (62) 29 (81) 70 (74) 37 (62)

 A1 5 (38) 2 (6) 14 (15) 17 (28)

 ≥A2 0 5 (14) 11 (12) 6 (10)

Aspiration on biopsy 1 (7) 3 (8) 17 (18) 7 (12) 0.387

Follow-up (mo) 14 (3–35) 27 (17–51) 22 (13–28) 26 (14–41) 0.596

Incidence of BOS 1 (17) 3 (21) 12 (32) 4 (17) 0.580

Mortality rate 2 (29) 2 (14) 1 (3) 3 (13) 0.079

Continuous data are presented as the median (interquartile range) and remaining data as n (%).

*
Statistically significant.
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Table 2

Manometric and pH-metric profile among lung transplant patients with the four most common indications for 

lung transplantation.

AAT (n = 4) CF (n = 8) COPD (n = 23) IPF (n = 13) P value

LES pressure (mm Hg) 21 (7.4–39.8) 33.6 (16.8–48.5) 23.6 (14.0–39.1) 28.2 (15.7–33.5) 0.810

LES total length (cm) 2.0 (2.0–3.0) 3.0 (1.5–3.0) 3.5 (2.0–5.0) 3.0 (2.8–4.0) 0.214

LES abdominal length (cm) 1.0 (0.0–1.0) 1.0 (0.5–1.5) 1.0 (1.0–2.8) 2.0 (1.0–2.0) 0.184

DEA (mm Hg) 93 (60–200) 79 (53–83) 114 (60–152) 81 (39–113) 0.323

Total time pH < 4 (%) 8.6 (0.5–18.0) 8.8 (6.4–20.0) 4.3 (1.5–12.9) 3.6 (0.2–8.6) 0.346

 Upright 13.3 (0.8–17.1) 6.0 (5.4–14.7) 3.8 (2.4–10.2) 3.9 (0.3–10.1) 0.349

 Supine 0.6 (0.0–20.8) 10.4 (7.7–32.6) 0.6 (0.0–14.5) 1.1 (0.0–6.1) 0.388

Episodes > 5 min 8.5 (0.0–15.9) 6.3 (4.0–14.6) 3.4 (1.0–8.1) 2.3 (0.0–6.4) 0.305

Longest episode (min) 17.0 (1.4–30.1) 19.8 (14.1–54.2) 14.9(6.0–63.9) 14.5 (2.7–18.7) 0.602

Total episodes 46.7 (32.1–86.9) 68.9 (60.0–80.6) 25.2 (11.7–54.3) 32.3 (6.3–49.7) 0.040*

DeMeester score (normal < 14.7) 25.9 (3.6–65.7) 33.0 (25.5–78.5) 17.5 (5.8–46.5) 15.3 (1.3–28.3) 0.306

Total mean acid clearance time (s) 159 (14–179) 111 (84–229) 127 (80–247) 127 (53–164) 0.980

 Upright 158 (14–171) 62 (56–162) 116 (74–167) 109 (53–150) 0.772

 Supine 193 (7–205) 182 (141–390) 120 (0–311) 71 (0–257) 0.646

Proximal pH sensor

 Total time pH < 4 (normal < 1%) 0.3 (0.1–1.6) 1.1 (0.2–4.9) 0.5 (0.2–1.0) 0.0 (0.0–2.1) 0.311

  Upright 0.1 (0.4–2.6) 1.5 (0.2–3.9) 0.6 (0.3–0.9) 0.0 (0.0–1.9) 0.360

  Supine 0.0 (0.0–0.0) 0.5 (0.2–6.1) 0.0 (0.0–0.7) 0.0 (0.0–0.5) 0.150

DEA = distal esophageal amplitude.

Data presented as median (interquartile range).

*
Statistically significant.
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Table 3

Manometric and pH-metric profile among GERD-positive lung transplant patients with the four most common 

indications for lung transplantation.

AAT (n = 3) CF (n = 7) COPD (n = 14) IPF (n = 9) P value

LES pressure (mm Hg) 30.5 (21.1–39.8) 33.6 (16.8–48.5) 18.5 (13.5–35.4) 23.8 (12.7–33.6) 0.631

LES total length (cm) 2.0 (2.0–2.0) 3.0 (1.5–3.0) 4.0 (3.3–5.0) 3.0 (2.0–4.0) 0.038*

LES abdominal length (cm) 0.5 (0.0–1.0) 1.0 (0.5–1.5) 1.0 (1.0–2.0) 2.0 (1.0–2.0) 0.145

DEA (mm Hg) 130 (60–120) 79 (53–83) 64 (33–114) 37 (25–81) 0.503

Total time pH < 4 (%) 13.3 (8.6–18.0) 8.8 (6.4–20.0) 4.3 (1.5–12.9) 3.6 (0.2–8.6) 0.346

 Upright 15.2 (13.3–17.1) 6.0 (5.4–14.7) 6.4 (5.5–17.6) 8.0 (1.8–12.9) 0.628

 Supine 10.7 (0.6–20.8) 10.4 (7.7–32.6) 13.9 (8.5–44.7) 5.0 (2.6-24.0) 0.441

Episodes > 5 min 12.2 (8.5–15.9) 6.3 (4.0–14.6) 7.4 (5.3–15.5) 5.3 (3.0–8.3) 0.344

Longest episode (min) 24.0 (17.0–30.1) 19.8 (14.1–54.2) 58.3 (18.9–94.0) 16.2 (13.9–32.3) 0.382

Total episodes 66.8 (46.7–86.9) 68.9 (60.0–80.6) 49.6 (29.5–75.0) 43.9 (31.1–56.3) 0.219

DeMeester score (normal < 14.7) 45.8 (25.9–65.7) 33.0 (25.5–78.5) 36.6 (27.0–102.3) 27.2 (16.3–48.7) 0.412

Total mean acid clearance time (s) 169 (159–179) 111 (84–229) 205 (138–362) 136 (113–217) 0.298

 Upright 165 (158–171) 62 (56–162) 128 (104–262) 112 (61–129) 0.112

 Supine 199 (193–205) 182 (141–390) 306 (152–426) 252 (117–400) 0.777

Proximal pH sensor

 Total time pH < 4 (normal < 1%) 1.0 (0.3–1.6) 1.1 (0.2–4.9) 0.8 (0.4–2.1) 1.5 (0.0–2.7) 0.993

  Upright 1.5 (0.4–2.6) 1.5 (0.2–3.9) 0.9 (0.3–2.3) 1.1 (0.0–4.4) 0.983

  Supine 0.0 (0.0–0.0) 0.5 (0.2–6.1) 0.6 (0.0–2.1) 0.3 (0.0–1.9) 0.388

DEA = distal esophageal amplitude.

Data presented as median (interquartile range).

*
Statistically significant.
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Table 4

Spearman correlations of pepsin concentrations in the BALF and manometric profile.

LES
pressure

LES total
length

LES abdominal
length DEA

AAT

  r ID 0.87 0.00 −0.50

 P value ID 0.33 1.00 1.00

CF

  r −0.15 0.86 −0.34 0.31

 P value 0.78 0.08 0.52 0.78

COPD

  r −0.43 0.05 −0.15 −0.50

 P value 0.08 0.85 0.59 0.03

IPF

  r −0.48 −0.08 0.07 −0.30

 P value 0.13 0.83 0.85 0.38

DEA = distal esophageal amplitude; ID = insufficient data available for statistical analysis.
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