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Abstract
Gastroesophageal reflux has been held responsible for a variety of respira-
tory symptoms including asthma, recurrent pneumonia, and myriad upper 
airway symptoms in the pediatric population. The focus of much of the early 
research has been on proving the association between esophageal reflux 
events and extraesophageal symptoms though recent studies have explored 
the role of biomarkers as novel diagnostic tests. Because of the lack of sensi-
tive diagnostic tests for extraesophageal reflux disease, many clinicians con-
tinue to prescribe or recommend empiric medical and surgical reflux therapies 
though there is again a lack of convincing data showing benefit to these ther-
apies and some studies even suggesting harm. The field of reflux-related 
respiratory disorders continues to evolve, however, and the challenge of car-
ing for these pediatric patients requires a multidisciplinary team-based 
approach.
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 Introduction

There is perhaps no other manifestation of reflux that has been subjected to more 
study and debate than respiratory tract symptoms. Gastroesophageal reflux has been 
postulated to cause respiratory symptoms in the pediatric population for many years 
due to the concern that either distal esophageal reflux triggers reflex bronchospasm 
or, more recently and perhaps more likely, that full-column refluxate reaches the 
oropharynx and causes direct and/or indirect damage to the larynx, trachea, and/or 
lungs [1, 2]. Even with improved technology, proving causality is difficult, and 
many patients undergo a variety of diagnostic tests and empiric therapies which 
result in significant cost and effect on quality of life. Children who suffer from 
extraesophageal symptoms of reflux often have decreased quality of life and see 
multiple specialists at great expense in the evaluation and treatment of their symp-
toms [3]. Recognizing the difficulty these families face in this experience is essen-
tial since children’s symptoms can sometimes be debilitating, highlighting the 
significance of taking a multidisciplinary team-based approach that combines gas-
troenterologists with otolaryngologists, pulmonologists, and other supportive team 
members including speech language pathologists and dieticians. This approach has 
been shown to decrease both healthcare costs and burden in the pediatric population 
[4]. This communication is essential to not only coordinate testing and treatments.

 Epidemiology of Extraesophageal Reflux Disease

Signs and symptoms of extraesophageal reflux disease are varied and are shown in 
Table 13.1. Reflux has been implicated as a cause of up to 57% of these signs and 
symptoms [5]. Multiple cross-sectional studies and systematic reviews in adults and 
children have shown possible associations between GERD and these respiratory 
disorders, but causality remains difficult to establish with clarity [5–8]. Because of 
the varied signs and symptoms of reflux and the number of specialists involved in 

Table 13.1 Proposed 
symptoms and signs of 
extraesophageal reflux

Symptom/sign

Reactive airway disease/asthma/wheezing

Cough or nocturnal cough

Stridor

Hoarseness

Recurrent pneumonia

Laryngeal/pharyngeal inflammation

Dental erosions

Sinusitis

Recurrent otitis media

Apnea spells

Apparent life-threatening events/brief resolved unexplained 
events
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the patient’s care, there is often a costly workup for patients; while no pediatric data 
exists, the cost for diagnosing and managing these patients is upward of 50 billion 
dollars per year, on par with cancer diagnosis and management. These tremendous 
costs are driven by testing (on average 5 diagnostic tests per patient) and empiric 
therapies with proton pump inhibitors.

Respiratory tract symptoms most frequently attributed to reflux include reactive 
airway disease, recurrent pneumonia, and an assortment of upper airway symptoms. 
The epidemiology and evidence for these proposed symptoms will be presented 
briefly followed by a discussion of diagnostic testing and treatment options.

 Reactive Airway Disease

As one of the most common chronic medical problems affecting children, asthma is a 
cause of great morbidity in pediatrics, resulting in more than 20,000 hospitalizations 
each year [9]. In the current era, asthma is not thought to be a single simple disease 
entity but rather a complex interplay between multiple individual diseases and path-
ways [10]. In younger children in particular, it is thought that reflux might be an 
important mediator or even cause of reactive airway disease in select patients [11].

Reflux has been proposed to play a role in reactive airway disease and asthma for 
many years, and a recent systematic review of 20 well-designed pediatric studies 
suggests that the average prevalence of GERD (diagnosed by testing or symptoms) 
in children with asthma was 22% compared to 4.8% of controls [12, 13]. While acid 
infusion has been shown in adults to induce bronchospasm in patients with asthma, 
no comparable pediatric studies have been performed, and more recent studies have 
suggested the microaspiration may be a more significant mechanism [14–17]. 
Studies of children with asthma and subsequent reflux testing have mixed results. In 
a study of 21 children using oropharyngeal pH monitoring, Banaszkiewicz et al. 
suggested that pharyngeal pH may correlate with poorer asthma control in children 
though the technology used in this study may not be reliable [18]. Kilic et al. studied 
50 children with controlled and uncontrolled asthma and found no relationship 
between esophageal acidification and asthma control [19]. Additionally, Condino 
et al. studied 24 asthmatic children with multichannel impedance with pH and con-
cluded that most asthma symptoms occur in the absence of a reflux event, and 
Chang et al. used an ambulatory pHmetry-cough logger to analyze 5628 coughs in 
20 children with chronic cough and found that 84% of coughs were independent of 
a reflux event [20, 21]. Despite reports in the adult literature about the impact of 
nocturnal reflux on asthma symptoms, no similar pediatric association has been 
found [22]. While case control studies support that patients with asthma may expe-
rience asthma improvement after reflux therapies, well-designed randomized 
controlled studies have failed to show any benefit of reflux therapies in asthma 
outcomes [23–25].

While most of the studies support an association between asthma and GERD, it 
is not clear if the GERD causes the asthma or rather that asthma triggers the 
GERD. There is a mechanistic basis for this latter theory. Chronic lung 
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hyperinflation can effectively lower the lower esophageal sphincter pressure and 
promote the occurrence of reflux events [26, 27]. Additionally, while beta-agonists 
have not been associated with reflux, oral corticosteroids have been shown to pro-
mote reflux in adults though their impact in children is not known [28, 29]. Other 
asthma medications such as theophylline have been shown to inhibit lower esopha-
geal sphincter pressure in studies utilizing pressure recordings in adults, thus pre-
disposing patients to reflux, but Berquist et al. combined theophylline administration 
with 24-h pH monitoring in 10 asthmatic children and found no increase in reflux 
episodes [30, 31].

 Recurrent Pneumonia

Reflux has classically been thought to cause recurrent pneumonia by way of gastric 
aspiration or microaspiration of full-column reflux, typically in patients with 
impaired airway protective mechanisms [32]. Unfortunately proving that pneumo-
nias are resulting from gastric aspiration is almost impossible as these patients typi-
cally also have oropharyngeal dysphagia with salivary aspiration as well. The 
impact of GERD on pneumonias is largely gleaned from the fundoplication data in 
which reduction in pneumonia risk after fundoplication has been reported to range 
from 0 to 83% in neurologically impaired children, but there has been difference 
seen in hospitalization rates for recurrent pneumonia in these children [33–35]. In 
studies that compared rates of respiratory complications after gastrostomy tube with 
fundoplication to gastrostomy tube placement alone, there were no differences in 
pneumonia risk, suggesting reflux is not a significant contributor [33, 36]. In a study 
by Duncan et al. of 116 children undergoing multichannel intraluminal impedance 
with pH testing (pH-MII), he found that there was no increased risk of pulmonary 
hospitalizations in children with pathologic reflux, even after adjustment for aspira-
tion risk, again suggesting gastroesophageal reflux may not be a significant con-
tributor to pulmonary disease [37].

 Upper Airway Symptoms

Reflux is typically thought to be a cause of hoarseness, chronic cough, and globus 
sensation, but the evidence for a clear association with these symptoms is weak 
[38]. A systematic review by Rosbe et al. found a relationship between reflux and 
upper airway symptoms in children but noted marked heterogeneity between the 
studies that were analyzed [39]. There is frequent discussion of upper airway symp-
toms in the otolaryngology literature, where this clinical entity is frequently referred 
to as laryngopharyngeal reflux, differentiating it from reflux that does not pass the 
upper esophageal sphincter [40]. Otolaryngologists frequently cite findings of ery-
thema, edema, and cobblestoning seen on laryngoscopy as evidence of reflux caus-
ing upper airway symptoms, but the correlation of these findings with reflux testing 
is poor, and these findings are therefore generally felt to be unreliable. Most recently, 
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Rosen et al. studied 77 children with pH-MII testing and airway exams blindly 
scored by otolaryngologists and found no relationship between any of the reflux 
parameters including the type of reflux (acid/nonacid) or the height of the reflux and 
the appearance of the airways [41].

 Cystic Fibrosis

Studies have shown that the rate of pathologic gastroesophageal reflux in patients 
with cystic fibrosis is as high as 54% and these patients have been shown to have 
poor acid clearance and inadequate acid suppression responsiveness [42, 43]. As 
with all respiratory disease, it is not clear if the pulmonary pathology causes the 
increased reflux or vice versa. In patients with cystic fibrosis, gastroesophageal 
reflux could be exacerbated by chronic coughing increasing the intra-abdominal 
pressure, poor motility due to required high-fat diets, or changes in the role of the 
diaphragm in reinforcing the lower esophageal sphincter. Furthermore, some stud-
ies have even suggested that gastroesophageal reflux may modify the lung microbi-
ome of children with cystic fibrosis which then may result in functional declines 
[44]. Sometimes even therapies for cystic fibrosis may worsen gastroesophageal 
reflux; for example, studies vary about the impact of chest physiotherapy on gastro-
esophageal reflux with the number of reflux events varying depending on the posi-
tion of the patient during the therapy [45, 46].

While studies have shown a correlation between pathologic gastroesophageal 
reflux and worse pulmonary function, proving causality is again difficult because 
both decline in lung function and worsening gastrointestinal function may merely 
represent that the patient is sicker in general [44, 47]. Studies of fundoplication in 
patients with cystic fibrosis show no apparent benefit to lung function postopera-
tively, and similar results are seen in the lung transplant population [48–51].

 Diagnostic Testing

While some of the diagnostic tests for typical symptoms of gastroesophageal reflux 
are used for the diagnosis of extraesophageal reflux disease, some of the options 
differ, and there are a number of new potential modalities. Prospective studies have 
shown a high yield to reflux testing in children presenting with chronic cough and 
wheezing, but the yield of each test varies depending on the symptom under evalu-
ation. Each of the commonly used approaches to testing will be discussed below.

 Impedance Testing

Functional testing utilizing multichannel intraluminal impedance with pH monitor-
ing (pH-MII) has become the test of choice in evaluating patients with both typical 
and atypical symptoms. In contrast to traditional pH probe studies, pH-MII allows 
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for the measurement of both acid and nonacid reflux and the height of the refluxate. 
The measurement of nonacid reflux is particularly important in pediatrics since up 
to 50% of pediatric reflux episodes are nonacid events, and there is some evidence 
to suggest that respiratory symptoms occur more frequently with nonacid events 
[52, 53]. The measurement of full-column reflux is also important because the pre-
sumed mechanism of many extraesophageal symptoms is full-column reflux caus-
ing laryngeal or bronchial inflammation, bronchospasm, or laryngospasm. In a 
prospective study of 112 children with respiratory symptoms, up to 58% of patients 
were found to have abnormal reflux testing with the most common pH-MII finding 
being an abnormal symptom association between cough and reflux [54]. Rosen 
et al. found, in a study of 28 children with respiratory symptoms, that nonacid reflux 
events and full-column events were more likely to cause respiratory symptoms than 
acid reflux or distal esophageal reflux [52]. Jadcherla et al. found, in a study of nine 
preterm infants, that full-column events were more likely to trigger respiratory 
symptoms [55]. Borrelli et al. prospectively analyzed 21 children with suspected 
pulmonary aspiration who underwent pH-MII testing and found a correlation 
between nonacid reflux and lipid-laden macrophage index, but, as discussed below, 
this specificity of the lipid-laden macrophage index has been called into question 
[56]. Finally, studies of the lung microbiome suggest that full-column, nonacid 
reflux in children may be associated with positive lung cultures which may impact 
lung function and symptoms [57].

pH-MII testing has also served as the gold standard tool to disprove the role of 
reflux in extraesophageal reflux disease. For example, there is perhaps no better 
studied population than infants presenting with apparent life-threatening event 
(ALTE) or brief resolved unexplained event (BRUE), a cohort of patients who have 
choking and even cyanotic episodes. Multiple studies using pH-MII testing have 
failed to show a consistent relationship between reflux events [58–60]. Similarly, 
pH-MII has been used to disprove the relationship between reflux events and airway 
erythema and proposed extraesophageal reflux disease biomarkers [61].

While pH-MII testing offers significantly more insight into esophageal physiol-
ogy compared to standard pH probe testing, there are still several limitations to this 
and all esophageal-based technology. It is not clear that measuring esophageal 
reflux burden reflects the amount of reflux seen by extraesophageal sites. Second, it 
is not clear how much reflux is considered pathologic for extraesophageal sites, so 
the normal values for reflux burden in the esophagus may not apply to extraesopha-
geal sites. Third, extraesophageal symptoms and signs are sporadic, so correlating 
symptoms with reflux events can be difficult.

 Intraesophageal Pressure Recording and Acoustic Cough 
Recording

It is important to note that symptom recording, an essential component of imped-
ance testing, can be flawed by frequent reporting errors by both parents and patients. 
In adult studies, patients fail to report up to 61% of symptoms during pH-MII 
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testing [62]. Similar studies have been performed in pediatrics and suggest that up 
to 60% of cough episodes during pH-MII testing are not reported by parents [63]. 
To overcome this inaccurate symptom reporting, manometry sensors can be placed 
in the esophagus alongside the pH-MII catheters. These pressure sensors measure 
coughs which appear as simultaneous high-pressure spikes. The addition of these 
pressure sensors increases cough detection by more than 100% and changes the 
reflux-symptom association in 20% of patients; the manometry catheter detects 
94% of coughs compared to only 48% recorded by the family [64]. An example of 
intraesophageal pressure recording detecting coughs combined with pH-MII is 
shown in Fig. 13.1. Because the passage of the manometry catheter (cough catheter) 
in addition to the pH-MII catheter can be uncomfortable, another option for mea-
surement of symptoms is the use of tracheal and chest wall microphones to detect 
sound and synch respiratory sounds with reflux events. As with the cough catheter, 
the addition of acoustic sound recording increases cough detection by more than 
100% and improved reflux-cough correlation.

 Reflux Finding Score

The reflux finding score is a clinical composite based on flexible laryngoscopy find-
ings by otolaryngologists that was initially validated against pH probe results before 
and after acid suppression treatment for use in adults [65]. The score involves such 
findings as erythema, edema, and other markers of suspected reflux-related injury in 
the pharynx and has the benefit of being relatively noninvasive. This approach 
remains widely used by pediatric otolaryngology providers to guide therapy for 
aerodigestive patients in clinical practice. However, recent studies have questioned 
the reliability of this scoring system, showing that none of the airway findings cor-
relate with any reflux parameters by pH-MII testing or endoscopy [66].

Dashed arrow: Reflux event. Solid arrow: Normal peristalsis. Circle: Cough detected by manometry. Rectangle: Patient
reported cough. Note the time difference between pressure-recorded cough and patient reported cough.

Fig. 13.1 Example of intraesophageal pressure recording detecting cough combined with 
pH-MII
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 Oropharyngeal pH Monitoring

Oropharyngeal pH monitoring is a newer approach that utilizes a small probe placed 
through the nose into the posterior oropharynx behind the palate. Initial studies in 
adults showed a high degree of concordance with traditional pH probes and that 
oropharyngeal probes are perhaps more sensitive for detecting laryngopharyngeal 
reflux [67, 68]. However, in a definitive pediatric study in which both pH-MII and 
oropharyngeal probes were placed simultaneously in the same patient, there was no 
correlation between esophageal events or oropharyngeal drops in pH suggesting 
that the oropharyngeal probe was not, in fact, measuring esophageal events [69]. 
Subsequently, adult studies have shown similar findings, and for this reason, oro-
pharyngeal pH monitoring is not recommended for the diagnosis of extraesophageal 
reflux disease [70, 71].

 Esophageal Manometry

High-resolution esophageal manometry (HRM) testing does not have a role in the 
diagnosis of extraesophageal disease, but it does have a role in the diagnosis of 
gastroesophageal reflux mimickers. For typical reflux symptoms, HRM with imped-
ance is important in the diagnosis of rumination syndrome [72]. For atypical symp-
toms, HRM with impedance is important in the diagnosis of causing esophageal 
stasis (which puts patients at risk for aspiration) and for cricopharyngeal dysfunc-
tion which causes oropharyngeal dysphagia (with symptoms of coughing and/or 
choking with feeds) [73, 74]. In cases where a motility disorder is suspected as a 
cause of respiratory symptoms, the addition of impedance to HRM is critical to 
assess the impact of esophageal clearance on symptoms [74].

 Biomarkers: Lipid-Laden Macrophage Index, Bile, and Pepsin

Because it is not clear that measuring esophageal reflux burden reflects the impact of 
reflux beyond the lung, researchers have sought biomarkers in the oropharynx and 
lung. In the past, lipid-laden macrophage index was thought to be a useful marker of 
aspirated refluxate, but more recent studies have called this practice into question. 
Studies comparing bronchoscopy samples from patients undergoing pH- multichannel 
impedance testing have shown no significant correlation between lipid-laden macro-
phage index and the number of acid or nonacid reflux events, and therefore this marker 
is thought to lack the specificity needed to detect reflux-related lung disease [75, 76].

Measurement of bile acid in the oropharynx or in bronchoalveolar lavage has 
also been proposed as a marker of reflux-related disease. The idea of using bile 
stems from the lung transplant literature in which bile in BAL fluid was correlated 
with weakly acidic reflux by pH-MII testing, and patients with bile in BAL had a 
worse prognosis in terms of both survival and the presence of bronchiolitis obliter-
ans [77]. There is some pediatric data about bile as a biomarker in the neonatal 

D.R. Duncan and R.L. Rosen



191

population showing that infants with bile aspiration have issues with surfactant and 
may have more severe bronchopulmonary dysplasia [78]. One of the limitations of 
bile is that it may not be present in all refluxate and therefore might be less general-
izable [40]. Furthermore, measurement of bile is difficult, requiring mass spectrom-
etry for accurate identification and quantification of bile acids.

Several research groups have attempted to validate pepsin, a protein produced 
solely in the stomach, as a biomarker of extraesophageal reflux disease [40]. Pepsin 
has been measured in saliva, BAL fluid, middle ear fluid, and sinus washings, and 
depending on the fluid source, pepsin has been found in 13–88% of extraesophageal 
sites in symptomatic patients and 0–30% of sites in control subjects [79–81]. In chil-
dren, pepsin has been found in 35–56% of BAL fluid and in 42–86% of saliva from 
symptomatic patients [37, 81–83]. Some groups have shown a correlation between 
bronchoalveolar lavage pepsin and reflux symptoms but not with pH-MII results 
[79, 81]. However, other studies have shown correlation between nonacid reflux and 
pepsin positivity, and this pepsin positivity does seem to be correlated with lung 
inflammation, suggesting that pepsin might be a useful marker of reflux- related lung 
disease [84]. Research from the intensive care unit has also suggested that a measure 
of pepsin in tracheal aspirates might be a useful marker of microaspiration in venti-
lated patients though [16, 80]. Because of the variability of these study results, the 
sensitivity of BAL pepsin positivity for predicting extraesophageal reflux has been 
estimated at 57–80% and the specificity has been estimated at 56–100% [81, 84, 85].

More recently, groups have attempted to validate salivary pepsin as a less inva-
sive marker of extraesophageal reflux disease, but studies have shown mixed results, 
and at this point salivary pepsin remains of unclear clinical utility. In a study of 50 
patients undergoing pH-MII for GERD, Dy et al. showed significant difference in 
the distribution of acid, nonacid, total reflux episodes and full-column reflux 
between those who were salivary pepsin positive or negative and also no correlation 
between number of reflux episodes and salivary pepsin concentration [83]. However, 
Fortunato et al. collected multiple salivary pepsin samples from subjects and found 
variability in these measurements throughout the day, with the highest correlation 
found soon after reflux events measured by 24-h impedance, suggesting that per-
haps defining a specific regimen for measurement will be needed to validate salivary 
pepsin as a marker of extraesophageal reflux [82]. Lastly, it is also important to 
consider that reflux of pepsin into the oropharynx does not always necessarily lead 
to aspiration and lung disease [86].

The analysis of exhaled breath condensate is another recent approach to measur-
ing pH, pepsin, and other molecules as a means of noninvasively evaluating for 
reflux disease. Various groups have attempted to correlate condensate values with 
the occurrence of cough, nocturnal reflux, and response to acid-suppressing medica-
tions [17, 87, 88]. This method represents an intriguing and still emerging approach 
to the diagnosis of reflux disease, but current published studies do not include ade-
quate control and comparison with pH-MII, and a more recent study of children 
with asthma and reflux based on 24-h pH monitoring concluded that exhaled breath 
testing did not provide useful information for discriminating between asymptomatic 
children and those with poorly controlled asthma [89].
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 Therapies

Potential therapies for reflux-related respiratory symptoms are varied. These include 
non-pharmacologic therapies such as dietary and lifestyle changes, pharmacologic 
therapies with the mainstay of pharmacologic therapy being acid suppression, and 
surgical approaches.

 Non-Pharmacologic Therapies

The mainstay for reflux therapy in pediatrics remains dietary and lifestyle changes, 
especially with the recent publication of multiple studies highlighting the potential 
risks of anti-reflux medications [90–92]. Non-pharmacologic therapies for reflux 
include upright positioning, thickening of feeds, change to hypoallergenic formula, 
and modification of meal frequencies [38]. While these modifications have been 
studied in the infant population with classical symptoms of reflux such as fussiness, 
arching, and colic, unfortunately there is limited data to suggest any of these 
approaches reliably help with the extraesophageal manifestations of reflux [5]. In 
one study of a potential approach to preventing respiratory symptoms from reflux, 
Garland et al. evaluated tracheal pepsin samples from intubated neonates and found 
lower rates of pepsin detection with head-of-bed elevation in this patient population, 
suggesting that at least this potential marker of extraesophageal reflux can be modu-
lated by position changes [93].

 Pharmacologic Therapies

Significant controversy surrounds the use of acid-suppressing medications such as 
proton pump inhibitors for extraesophageal reflux symptoms [94]. Initial studies of 
proton pump inhibitor (PPI) for laryngopharyngeal reflux in adults were encourag-
ing but not well-controlled [95, 96]. More recent randomized trials, however, 
showed no evidence for benefit of PPI for laryngopharyngeal reflux in adults 
[97, 98]. Both meta-analyses and two randomized controlled trials also showed no 
benefit in a comparison of PPI vs placebo for chronic cough in adults [99, 100]. A 
small randomized controlled trial of 38 children randomized to omeprazole or pla-
cebo showed no improvement in asthma symptoms, quality of life, lung function, or 
use of beta-agonists in children with asthma and GERD [101]. A well-powered 
randomized, placebo-controlled trial of lansoprazole in 306 children aged 6–17 years 
with poorly controlled asthma also showed absolutely no benefit compared to pla-
cebo in improving asthma control or pulmonary function, even when looking at 
subgroups of patients with pathologic reflux [23]. Another double-blind placebo- 
controlled study showed no difference in the frequency of cough, hoarseness, or 
wheezing in infants treated with lansoprazole compared to placebo [102]. There is 
also good evidence that acid suppression only increases the burden of nonacid 
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reflux, which may worsen symptoms especially since nonacid reflux might be the 
primary driver of respiratory symptoms in these patients [52, 92].

Little work has been done to look at any potential role for pro-motility medica-
tions in this patient population, but this area needs more investigation. At the pres-
ent time, the adverse effects of currently available prokinetic medications are 
thought to outweigh potential benefits in children [103]. Data from studies in adults, 
however, suggest that a not insignificant proportion of these patients might have 
esophageal motility disorders that might benefit from manometric testing and thera-
peutics if motility disorders are diagnosed [104]. Intriguing studies in both animal 
models and humans have shown that macrolides can play an anti-inflammatory role 
by way of inactivation of NF-kappaB in a rat model and that azithromycin treatment 
can decrease both reflux as measured by impedance and also aspiration events in 
human lung transplant recipients [105–107].

More research is needed regarding potential effective pharmacologic therapies 
since despite multiple studies showing limited benefit of currently available phar-
macologic options, there remains a large clinical and economic burden for patients 
with extraesophageal symptoms. Prescription costs, primarily in the form of proton 
pump inhibitors, remain the single largest contributor to the cost of extraesophageal 
reflux management in adults with expenditures on PPIs constituting 52% of the total 
cost of care [3]. After such significant expenditure on the evaluation and treatment 
of their symptoms, only 54% of patients had improvement in their symptoms [3].

An additional consideration in the current use of proton pump inhibitors in these 
patients is the increased risk of adverse effects, including respiratory tract infections 
and pharyngitis, which could paradoxically lead to worsened symptoms in children 
already suffering from respiratory complaints [90]. In a study of children undergoing 
combined endoscopy and bronchoscopy for cough, we found that patients on acid sup-
pression had increased gastric bacterial overgrowth of both staphylococcus and strep-
tococcus and that full-column nonacid reflux was associated with increased bacteria 
concentrations in the lung [108]. For these reasons, any potential benefit of acid sup-
pression in this patient population must be weighed carefully against clearly reported 
risks. At the current time, initiation of pharmacologic therapy for suspected reflux-
related lung disease must involve a thorough discussion between clinicians and patient 
families, and if no benefit is seen, then such therapeutic trials must be time-limited.

 Surgical Therapies

If both acid and nonacid reflux are proposed to cause respiratory problems by direct 
interaction with the pulmonary system, then it would seem reasonable to utilize 
anti-reflux surgeries to prevent this interaction. Fundoplication has been the primary 
surgical approach for medically refractory reflux disease in adults and children. The 
use of anti-reflux surgery has declined in recent years, but there remains a great deal 
of variability in the utilization of this surgical procedure between institutions 
throughout the country [109].
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A number of studies have evaluated the effectiveness of surgery in treating 
respiratory tract symptoms, and the results overall have not been encouraging. 
Tannuri et al. found in a prospective single-center study of 151 children that only 
45% had relief from bronchospasm following fundoplication and concluded that 
the surgical approach had better results for digestive compared to respiratory 
symptoms with a median follow-up time of 11 months [110]. In contrast, Frongia 
et al. reported respiratory symptom resolution in 68% of children for a median 
duration of 3.6 years follow-up after fundoplication [111]. Another study showed 
that patients had decreased use of anti-reflux medications but either no change or 
even increased use of asthma medications following anti-reflux surgery [112]. 
These studies were limited, however, by the lack of a control group, making it 
difficult to draw firm conclusions from their results.

As another proxy for reflux-related lung disease, several studies have looked at 
reflux-related hospitalization rates following anti-reflux surgery. Lee et al. retro-
spectively reviewed the records of 342 pediatric patients and found no improvement 
in hospital admission rates for aspiration, pneumonia, and respiratory distress fol-
lowing Nissen fundoplication [34]. In an administrative database study of 1142 chil-
dren who underwent anti-reflux procedures, Goldin et al. showed a modest decline 
in reflux-related hospitalizations in younger children but less benefit in children 
above 4 years of age [113]. In contrast, Barnhart found that reflux-related hospital-
izations did not differ in the year following surgery in a cohort of neurologically 
impaired children undergoing gastrostomy tube placement, regardless of whether 
patients had anti-reflux surgery or not [33].

Therefore, studies of a surgical approach for reflux-related lung disease do not 
suggest a strong benefit in respiratory outcomes. It is important to note that dyspha-
gia and associated retching can be a frequent side effect of fundoplication [114]. 
Additionally, children with significant lung disease are necessarily placed at higher 
risk when undergoing anesthesia, further tipping the calculus of potential options 
away from the surgical approach. Unfortunately, this leaves limited options for 
patients with reflux-related lung disease and no strong evidence base for any clear 
approach.

 Economic Impact

Lack of definitive and standardized testing and treatment approaches leads to a great 
economic burden in caring for patients with suspected extraesophageal manifesta-
tions of reflux. Patients with respiratory symptoms suspected of being reflux- related 
in particular often undergo an extensive workup. Typically, the care of these patients 
involves multiple subspecialists along with multiple procedures, medication trials, 
and diagnostic tests, all of which contribute to great expense. A study of the expen-
ditures involved in caring for adults with extraesophageal symptoms revealed that 
the cost for the first year of workup and treatment was 5.6 times that of adults with 
typical GERD [3]. The expenditures involved in caring for these patients can 
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become quite high, but the actual benefits to the patients remain limited, and per-
haps these should be taken into account and balanced in the approach to caring for 
these patients [115].

 Conclusions
Respiratory tract symptoms due to gastroesophageal reflux disease represent 
an important and controversial category of extraesophageal reflux symptoms 
and an area of active research in pediatric gastroenterology. At this point, mul-
tichannel impedance with pH monitoring appears to be the diagnostic test of 
choice in order to best prove an association between respiratory symptoms 
and reflux events, but many other diagnostic approaches are currently under 
active investigation. There are no clear consistent benefits to non-pharmaco-
logic, pharmacologic, and surgical therapies for extraesophageal symptoms, 
and larger, randomized controlled trials are critically needed in pediatrics. In 
a field with more questions than answers, a multidisciplinary approach is 
essential.
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