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Abstract Azithromycin (AZI) is a macrolide antibiotic

that improves lung function in lung transplant recipients

(LTx). Gastroesophageal reflux (GER) has been implicated

in the pathogenesis of chronic rejection after LTx. Mac-

rolide antibiotics may affect GER by modifying esophageal

and gastric motility. The purpose of this study was to

evaluate the effect of AZI on GER and gastric aspiration

after LTx. Acid and weakly acidic GER was measured with

24-h pH-impedance monitoring in 47 LTx patients (12

patients ‘‘on’’ AZI). Gastric aspiration was assessed in a

separate group of 30 LTx patients before and after AZI by

measurements of pepsin and bile acid in bronchoalveolar

lavage fluid (BALF). Patients ‘‘on’’ AZI had a significant

lower total number of reflux events [41 (30–61) vs. 22.5

(7–37.5)], number of acid reflux events [24 (16–41) vs. 8

(4–18)], esophageal acid exposure [2.9% (0.7–7.3) vs.

0.2% (0.1–2.0)], bolus exposure [0.73% (0.5–1.4) vs.

0.21% (0.12–0.92)], and proximal extent of reflux [14 (9–

24) vs. 5 (2–7)]. AZI reduced the concentration of bile

acids in BALF without affecting levels of pepsin. LTx

patients ‘‘on’’ AZI have less GER and bile acids aspiration.

This effect might be due to enhanced esophageal motility

and accelerated gastric emptying.
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Introduction

Gastroesophageal reflux (GER) has been implicated in the

pathophysiology of chronic respiratory diseases including

chronic cough [1, 2], cystic fibrosis [3, 4], and asthma [5,

6]. Furthermore, increased GER is common after lung

transplantation (LTx) and might contribute to the devel-

opment of chronic rejection or bronchiolitis obliterans

syndrome (BOS) [7–10]. Recent studies using impedance-

pH monitoring suggest that not only acid but also weakly

acidic reflux might be deleterious for these patients [4, 7].

The effect of GER treatment on the evolution of

respiratory diseases is uncertain. Drugs that inhibit gastric

acid secretion (PPI and H2 blockers) are commonly used,

empirically, in spite of controversial results of controlled

clinical trials showing poor to moderate effects. Acid

suppression in children with asthma and GERD did not

improve asthma symptoms or lung function [11]. How-

ever, adult asthmatic patients with GERD symptoms

improved significant their lung function after antireflux

therapy [12, 13]. Reflux related chronic cough improved

after 8 weeks of treatment with omeprazole [14]. Antire-

flux surgery has been used in chronic cough [15, 16] and

patients with CF [17] and more recently, antireflux surgery

was proposed to prevent development of BOS after LTx

[18–20]. Prokinetic drugs like cisapride, domperidone, and
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metoclopramide can improve esophageal motility and

accelerate gastric emptying [21–24] and have been used

either alone or in combination with PPI for the treatment

of GER. Although esophageal and gastric hypomotility

could be common in GER-related respiratory disorders

[25, 26], little is known about the effect of prokinetic

drugs in these patients [27–29]. Macrolide antibiotics, like

erythromycin, have a significant prokinetic effect and have

also been proposed for the treatment of GERD [29–31].

Lung transplant patients have been successfully treated

with azithromycin (AZI), an azalide antibiotic of the

macrolide family [32–34]. The main mechanism of action

of AZI in these patients is thought to be an immunomod-

ulatory effect [35]. AZI activates motilin receptors and

provokes in vitro GI smooth muscle contraction (Prof Dr I.

Depoortere K.U. Leuven, unpublished data). The effect of

AZI on esophageal motility and gastric emptying in

humans is unknown. We hypothesize that AZI might affect

GI motility and reduce GER in LTx recipients.

The aim of this study is to assess the effect of AZI on

gastroesophageal reflux (acid and weakly acidic) and

aspiration of gastric contents in lung transplant recipients.

Methods

Subjects

Studies were performed in 77 lung transplant patients. We

included patients either without BOS or with BOS 0p.

According to criteria established by the International

Society of Heart and Lung Transplantation [36] a potential-

BOS stage (BOS 0p) is a condition with a decline in lung

function defined by a 10–19% decrease in FEV1 and/or by

a 25% decrease in FEF25-75 from baseline. The study was

approved by the Ethics Committee of the University Hos-

pital Gasthuisberg, K.U. Leuven.

The Effect of AZI on GER and Aspiration Was Evaluated in

Two Patient Populations

In a cross-sectional study we compared the prevalence of

GER between a group of LTx patients not receiving AZI

(n = 35) and another group of patients receiving AZI

(n = 12). In a separate cohort study (n = 30), we evaluated

the prevalence of aspiration in LTx patients before and after

administration of AZI. The LTx patients studied with

impedance-pH monitoring (reflux monitoring) were recrui-

ted consecutively over a period of 2 years. The BAL samples

used to assess bile and pepsin aspiration in the cohort study

were obtained before and after AZI from consecutive stable

patients over a period of 3 years. BALF samples post AZI

were obtained 116 (37–233) days after the start of AZI

treatment. In both studies, Azithromycin (250 mg, three

times a week) was added to the current immunosuppressive

drug regimen as an empiric treatment in the prevention of the

development of BOS. The immunosuppressive drug regimen

was comprised of cyclosporine (trough levels 200–270 ng/

ml) or tacrolimus (trough levels 8–12 ng/ml), azathioprine

(1–2 mg/h/day, adjusted to leukocyte count) or mycophen-

olate (trough levels 2–4 mg/ml) and methylprednisolone

(\8 mg/day). All patients were studied ‘‘off’’ antireflux

treatment with PPI or H2 blockers (at least 1 week).

The demographic and clinical characteristics of both

patient populations are listed in Table 1.

We compared the levels of pepsin and bile acids in

BALF obtained from LTx patients included in the cohort

study with measurements on BALF from 14 ‘‘non-trans-

plant’’ patients requiring bronchoscopy (11 lung cancer,

two COPD, and one lymphoma).

24-h Impedance-pH Monitoring

Gastroesophageal reflux was assessed using ambulatory 24-h

esophageal impedance-pH monitoring. Esophageal imped-

ance-pH was recorded with a 2.1-mm-diameter catheter that

comprised six electrode pairs to measure intraluminal

impedance and two antimony pH sensors (Sandhill Scientific,

Inc; Highlands Ranch, CO, USA). The catheter was passed

transnasally and positioned to record the pH in the stomach

and the pH and impedance in the esophageal body. Esopha-

geal pH was measured at 5 cm and impedance at 3, 5, 7, 9, 15,

and 17 cm proximal to the lower esophageal sphincter (LES).

The impedance-pH catheter was connected to an ambulatory

device containing the amplifiers (Sleuth, Sandhill Scientific,

Inc; Highlands Ranch, CO, USA). The impedance amplifier

delivered ultra-low current in a range of 1–2 kHz with

resulting current flow variations in response to intraluminal

impedance changes. The impedance and pH signals were

digitized at 50 Hz and stored in the data logger. Before the

start of the recording, the pH electrodes were calibrated using

pH 4.0 and pH 7.0 buffer solutions. Patients were asked to

remain upright during the day, and lie down only at their usual

bedtime. Event markers on the data logger recorded meal

times and posture changes. Between meals, patients

abstained from snacks, beverages with a pH \ 5, and were

asked to avoid lozenges and gum chewing. Before the study,

patients were instructed to keep a careful diary and trained to

use a dedicated event marker in the data logger.

The impedance-pH recording was independently ana-

lyzed for GER using criteria described in a recent consensus

report [37]. Several reflux indices were measured: acid

exposure, number of acid and weakly acidic reflux events,

volume exposure and proximal extent of reflux.

Total 24-h esophageal acid exposure was calculated as

the percentage of time that the esophageal pH was below 4
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and was considered increased if [4.5% of the recording

time.

Individual reflux events, detected by impedance, were

counted and classified according to the corresponding pH

change as acid, weakly acidic or weakly alkaline. A gas-

troesophageal reflux event was defined as a sequential

orally progressing drop in impedance to less than 50% of

the baseline values starting distally (3 cm above LES) and

propagating retrograde to at least the next two more

proximal measuring segments. Reflux was classified as

acid if pH fell below 4 for at least 4 s or, if pH was already

below 4, as a decrease of at least 1 pH unit sustained for

more than 4 s. Weakly acidic reflux was defined as a pH

drop of at least 1 pH unit sustained for more than 4 s with

the basal pH remaining above pH 4. The number of reflux

events were regarded as increased if above the 95th per-

centile of normal data obtained in healthy subjects [38].

For each reflux episode detected by impedance, the

volume exposure at 5 cm above LES was calculated as the

time (s) between the 50% drop in impedance until the 50%

recovery of the impedance baseline. Total volume expo-

sure/24 h was obtained by addition of volume exposure of

all individual reflux events. The volume exposure was

regarded as increased if above the 95th percentile of data

obtained in healthy subjects [38].

The proximal extent of reflux was evaluated from the

impedance tracings and expressed as total number of reflux

episodes reaching 15 cm above the LES.

Detection of Aspiration Markers

BALF samples were obtained during routine bronchos-

copy. BALF was performed by wedging the bronchoscope

into a subsegmental bronchus of the right middle lobe or

lingula, by instilling two aliquots of 50 ml and subse-

quently recovering the fluid by gentle manual suction.

Presence of pepsin and bile acids was determined in each

BALF sample, before and after azithromycin treatment.

Table 1 Patient characteristics
Lung transplant recipients

24-h pH-impedance testing Aspiration testing

in BALF

‘‘OFF’’ AZI

n = 35

‘‘ON’’ AZI

n = 12

n = 30

Age [median (25th–75th)] 50 (43–58) 51 (39–59) 53 (41–61)

Sex (m/f) 20/15 6/6 18/12

Underlying disease

COPD 10 5 10

Cystic fibrosis 6 2 6

Pulmonary fibrosis 3 0 0

Primary pulmonary hypertension 4 1 2

Sarcoidosis 2 1 1

Extrinsic allergic alveolitis 3 0 0

Bronchiectasis 2 0 1

Alpha1 antitrypsin deficiency emphysema 1 1 3

Lymphangioleiomyomatosis 1 0 1

Nonspecific interstitial pneumonia 1 0 1

Sclerodermia 1 0 0

Eisenmenger syndrome 1 1 1

Bronchiolitis 0 1 1

Steven Johnsson 0 0 1

Usual interstitial pneumonia 0 0 1

Adult respiratory distress syndrome 0 0 1

Type of LTx

Double LTx 26 7 22

Single LTx 7 3 7

Heart-LungTx 2 2 1

BOS 0/0p 21/14 8/4 20/10

Months after LTx [median (25th–75th)] 13 (12–31) 14 (12–51) Before AZI 13 (6–25)

After AZI 19 (8–36)
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Pepsin was measured using an enzyme-linked immu-

nosorbent assay (ELISA). BALF samples were first

incubated with a primary polyclonal antibody to porcine

pepsin (dilution 1:5000). Thereafter they were incubated

with a secondary antibody (IgG from gout) labeled with

horseradish peroxidase (dilution 1:10000). Tetramethyl-

benzidine was added and the color change was measured

using a spectrophotometer. Pepsin concentration in BALF

was determined based on a reference standard of serial

dilutions of porcine pepsin. The specificity of this ELISA

assay was verified using Western blot immunoassay. The

lowest level of accurate detection was 1 ng/ml.

Bile acid determination was performed using a com-

mercially available enzymatic assay (Bioquant, San Diego,

USA). The lowest level of accurate detection allowed by

this technique was 0.2 lmol/l.

Statistical Analysis

Statistical analyses were performed using the PRISM 4.0

(GraphPad) statistical software. Deviations from Gaussian

distribution were tested using the Kolmogorov-Smirnov

test. If the data did not have a Gaussian distribution, we

performed a non-parametric test. Comparison between

groups was done using an unpaired or paired t-test. All data

are presented as median (25th–75th percentile) unless

otherwise stated. A P-value of \0.05 was considered sta-

tistically significant.

Results

Cross-Sectional Study: Effect of AZI on

Gastroesophageal Reflux

Lung transplant patients with AZI treatment had less gas-

troesophageal reflux compared to those patients without

AZI therapy. The number of total reflux events [41(30–61)

vs. 22.5(7–37.5)], acid reflux events [24(16–41) vs. 8(4–

18)], nocturnal reflux events [5(2–9) vs. 0(0–5)], the ratio

acid/non-acidic reflux [1.8 (1.28–2.94) vs. 0.61 (0.35–

1.92)], the esophageal acid exposure [2.9% (0.7–7.3) vs.

0.2% (0.1–2.0)] and esophageal volume exposure [0.73%

(0.5–1.4) vs. 0.21% (0.12–0.92)] (as measured with

impedance) were significantly lower in patients ‘‘on’’ AZI.

The proximal extent of reflux was lower in patients ‘‘on’’

AZI. The median number of reflux episodes reaching

15 cm above the LES was 14 (9–24) ‘‘off’’ AZI vs. 5 (2–7)

‘‘on’’ AZI; P = 0.0086. The percentage of total reflux

reaching the proximal esophagus was lower ‘‘on’’ AZI

[40% (28–53) vs. 28.6% (21–59); but this difference did

not reach statistical significance [P = 0.42] (Table 2;

Fig. 1).

Cohort Study: Effect of AZI on Aspiration

BALF from non-transplant controls showed no bile acids

and pepsin levels with concentration of 23.83 ng/ml (0–

25 ng/ml). Bile acids were positive in BAL of 15/30

patients pre AZI treatment and in 9/30 patients during AZI

treatment (Fig. 2, left). After the start of AZI treatment,

most of the LTx patients (28/30) included in this study had

pepsin present in their BALF. Pepsin levels were higher in

LTx patients compared to controls. AZI did not reduce the

concentration of pepsin in BALF. Before AZI [160 ng/ml

(10–379) vs. 259 ng/ml (71–594) after AZI therapy (NS).

In contrast, bile acid levels in BALF were significantly

reduced after AZI treatment [0.43 lM (0–2.29) vs. 0.0 lM

(0–1.19)] P = 0.0106 (Fig. 2).

Discussion

Azithromycin (AZI) is a macrolide antibiotic that improves

the lung function in a subgroup of lung transplant

Table 2 Gastroesophageal

reflux indices

Results are expressed as median

(25th–75th percentile)

Lung transplant recipients P-value

‘‘OFF’’ AZI

n = 35

‘‘ON’’ AZI

n = 12

Esophageal acid exposure (%) 2.9 (0.7–7.3) 0.2 (0.1–2.0) *0.0081

Esophageal volume exposure (%) 0.73 (0.5–1.4) 0.21 (0.12–0.92) *0.016

Total number of reflux events (24 h) 41 (30–61) 22.5 (7–37.5) *0.012

Number of acid reflux events 24 (16–41) 8 (4–18) *0.0037

Number of non-acid reflux events 14 (8–21) 13 (4.5–16.5) 0.52

Ratio acid/non-acid reflux events 1.8 (1.28–2.94) 0.61 (0.35–1.92) *0.0076

Proximal extent of reflux (# of reflux events [15 cm) 14 (9–24) 5 (2–7) *0.0086

% of proximal reflux events 40 (28–53) 28.6 (21–59) 0.42

Total number of nocturnal reflux events 5 (2–9) 0 (0–5) *0.014
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recipients (LTx) with bronchiolitis obliterans syndrome

(BOS). Gastroesophageal reflux (GER) has been impli-

cated in the pathogenesis of BOS. Macrolide antibiotics,

such as erythromycin or AZI, may affect GER by modi-

fying esophageal and gastric motility. The aim of this study

was to evaluate the effect of AZI on GER and aspiration of

gastric contents in LTx recipients.

The main findings of this study were: (1) LTx patients

with AZI treatment had less gastroesophageal reflux (num-

ber of reflux events, volume exposure, proximal extent, and

acidity) compared to LTx recipients without AZI (2) bile

acid levels in BALF, a marker of aspiration of gastric con-

tents, was significantly reduced after AZI treatment.

AZI, a macrolide antibiotic, has a proven beneficial

effect on the clinical outcome of different respiratory dis-

orders such as diffuse panbronchiolitis [39] and cystic

fibrosis [40]. Azithromycin improves lung function (FEV1)

in some patients with bronchiolitis obliterans syndrome

(BOS) after lung transplantation (LTx) and this improve-

ment has been attributed to an immunomodulatory effect

[32–34, 41].

Recent studies suggest that increased gastroesophageal

reflux might be relevant in the evolution of patients after

LTx. Several studies showed that LTx patients have a high

prevalence of GER and aspiration of gastric contents

(pepsin and bile acids) [7–10, 42–45]. Moreover, patients

Fig. 1 Effect of AZI on proximal extent of GER. a Examples of reflux events detected by impedance-pH monitoring with low proximal extent

(left) and high proximal extent (right). b AZI significantly reduced the number of proximal reflux events (C15 cm)

Fig. 2 The concentration of

bile acids in BALF was

significantly reduced after

azithromycin treatment

[0.43 lM (0–2.29) vs. 0.0 lM

(0–1.19)] P = 0.0106
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with bile acids in BALF had a higher risk of developing

bronchiolitis obliterans syndrome [7].

The cause of increased gastroesophageal reflux and

aspiration after LTx is uncertain. Possible factors include

delayed gastric emptying, abnormal lower esophageal

sphincter and/or crural diaphragm function, or impaired

esophageal body motility. All these factors can promote

reflux of large volume and proximal extent with the sub-

sequent risk of aspiration. Treatment of increased GER is

usually attempted with medication to reduce acid and

gastric volume (PPI) and antireflux surgery has been pro-

posed for these patients [19, 20, 46].

Prokinetic drugs have been used for treatment of GERD

either alone or in combination with PPI or H2 Blockers.

Macrolide antibiotics, such as erythromycin have a sig-

nificant prokinetic effect on esophageal and gastric motility

via activation of the motilin receptor [47]. However, the

clinical effectiveness of macrolides for the treatment of

chronic GERD has been hampered by the rapid loss of

prokinetic activity due to desensitization of the motilin

receptor [48]. AZI is a macrolide antibiotic with similar in

vitro prokinetic effects compared to that observed with

erythromycin (I. Depoortere, unpublished data).

We hypothesized that the clear beneficial effect of

azithromycin in LTx patients is mainly due to its anti-

inflammatory properties but might be further potentiated by

its an anti-reflux effect due to its prokinetic properties on

esophageal and gastric motility.

To test the effect of AZI on GER, we used the most

sensitive technique available for reflux detection: imped-

ance-pH monitoring. In this way, we could detect not only

acid but also non-acidic reflux events [49]. However, we

found a reduction in the total number of reflux events (acid

and non-acid) and nocturnal reflux events induced by AZI.

The mechanism by which AZI reduced the number of reflux

events is unknown. Macrolides increase LES pressure but

they don’t have a significant effect on the number of

TLESRs. A reduction in acid reflux events was more pro-

nounced than the reduction in non-acid reflux, resulting in a

significantly reduced ratio acid/non-acid reflux as well as a

significantly reduced esophageal acid exposure by AZI

treatment. The higher impact of AZI on acid reflux might

suggest that azithromycin is able to induce a change in

gastric acid secretion and/or distribution of acid within the

stomach. It is known that erythromycin can reduce gastric

acid secretion [50–52]. Recent studies have shown that the

acidity of refluxates is determined by the presence of an

‘‘acid pocket’’ in the area immediately distal to the lower

esophageal sphincter [53] and Bisschops et al. [54] have

shown that ERY can modify the location and the extent of

the acid pocket. Based on the ERY studies, we speculate that

AZI might have reduced gastric acid secretion or modify the

characteristics of the ‘‘acid pocket’’ in our LTx patients.

We observed that patients ‘‘on’’ AZI had significantly

lower esophageal volume exposure and proximal extent of

reflux. Both parameters are indirect markers of reflux

volume. It is plausible that AZI accelerated gastric emp-

tying and thereby reduced gastric volume available for

reflux. Sifrim et al. showed that AZI can increase post-

prandial gastric motility. Postprandial gastric contractions

were found to originate higher up in the stomach in healthy

volunteers after intake of AZI, suggesting a faster clearance

of the proximal stomach [55].

Theoretically, a reduction in bolus exposure and proxi-

mal extent of reflux should result in a lower risk for

aspiration in these patients. Previous studies showed that

most LTx patients have pepsin in their BALF, indicating

that aspiration after LTx is very common [7, 56]. Fur-

thermore, other markers of aspiration have been identified

in BALF of LTx patients. i.e., bile acids which were shown

to be more important than pepsin in predicting the devel-

opment of BOS [7, 42, 43, 57]. Aspiration of gastric

contents might induce an inflammatory reaction in the

lower airways resulting in chronic rejection [33].

In our study, half of the patients had bile acids present in

the BALF before AZI treatment, confirming previous

published data [7, 42]. AZI significantly reduced the con-

centration of bile acids in BALF without affecting the

concentration of pepsin. We speculate that AZI on the one

hand reduces gastric volume and modifies fundic acid

distribution, and on the other hand it reduces duodeno-

pancreatic contents in the stomach. Koek et al. [58] showed

that erythromycin can improve the clearance of duodeno-

gastric reflux (DGR) from the stomach in healthy volun-

teers and in patients with pathological DGR [59]. A

reducing effect of AZI on the amount of duodenal contents

might account for the selective reduction of bile acids in

BALF.

Unlike the short-lasting prokinetic effect of ERY, the

effect of AZI on reflux parameters was found several

months after start of treatment. The explanation for this

finding is not clear. One possibility to explain the long-

lasting effect of AZI and absence of receptor’s desensiti-

zation is the treatment regime (low intermittent doses).

However, in vitro studies are needed to further characterize

the kinetic properties of AZI on GI smooth muscle.

AZI mainly reduced acid reflux and bile acids in BALF

with less pronounced effect on weakly acidic reflux and

pepsin. It is unknown whether such an effect can be suf-

ficient to prevent a deleterious impact of reflux in LTx

patients. It is known that patients ‘‘on’’ PPI, still have

weakly acidic and weakly alkaline GER and aspiration of

such refluxate may still induce graft dysfunction in these

patients. Theoretically, antireflux surgery might be a more

complete treatment option for GER in lung transplant

recipients. Fundoplication has been shown to improve lung

Dig Dis Sci (2009) 54:972–979 977
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function and to prolong freedom from BOS after LTx [9,

20, 46]. However, anti-reflux surgery remains an invasive

procedure and additional controlled studies on the effect of

AZI on GER and prevention of BOS are warranted.

In conclusion, this study demonstrated that LTx patients

‘‘on’’ azithromycin have less gastroesophageal reflux and

aspiration of bile acids.
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