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Abstract
Several mechanisms can contribute to respiratory manifestations in patients with 
gastro-oesophageal reflux (GOR), but pathological and causal relationship is uncom-
mon. In most infants apnoea of short duration is a physiologic phenomenon occurring 
frequently in relation to an episode of GOR and a protective mechanism to prevent 
aspiration. Diagnostic gold standard, cut-off values and follow-up data are currently 
lacking making the relation between GOR or GOR disease and respiratory system 
difficult to clarify. When compared with pH monitoring, oesophageal impedance 
with simultaneous polysomnography can better demonstrate the temporal associa-
tion in selected patients but should be reserved to severe or recurrent otherwise unex-
plained respiratory events. Empirical treatment for GOR is not recommended due to 
lack of evidence of efficacy and possible pharmacologically related adverse events.
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�Introduction

Gastro-oesophageal reflux (GOR) has been associated with all chronic respiratory 
disorders, but in the vast majority of cases, neither temporal nor causal relation with 
apnoea or apparent life-threatening event (ALTE) (an episode characterized by 
some combination of apnoea, colour change, marked change in muscle tone, 
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choking or gagging, i.e. frightening to the observer) is demonstrated [1, 2]. However, 
coexistence of GOR may occur in many infants, particularly in preterms and in 
postprandial time [3, 4], mainly because apnoeas and regurgitations are frequent 
physiologic events in the first months of life. Outcomes of studies are difficult to 
compare because of heterogeneity in the population recruited and diagnostic criteria 
of both apnoea and GOR or GOR disease GOR(D) [1, 2]. Intervention trials and 
follow-up data are needed to clarify the relation between the two phenomena.

�Pathophysiology

The two major theories that attribute respiratory symptoms to GOR are (micro)
aspiration of gastric contents during a reflux episode and vagal reflex arc. The neu-
ral theory is based on stimulation of oesophageal afferent receptors by oesophageal 
distention, inflammation or irritation caused by GOR with subsequent laryngo-
spasm or bronchospasm (triggered by airway efferents) via vagal pathways. 
However, the association between GOR and respiratory system is more complex 
and not completely clarified. Negative intrathoracic pressure (i.e. in tracheomala-
cia), congenital malformation (i.e. oesophageal atresia and/or fistula, laryngomala-
cia) or other comorbidities (i.e. neurological impairment, cystic fibrosis, achalasia) 
or swallowing disorders or impaired oesophageal peristalsis or increased abdominal 
pressure (due to recurrent cough or obesity) all can facilitate reflux. Thus, in each 
patient with recurrent respiratory events, all the following mechanisms should be 
considered: presence or coexistence of (micro)aspiration, stimulation of laryngeal 
(chemo)reflexes, alteration of vagal response, oesophageal and/or laryngeal inflam-
mation, oesophageal or respiratory hyperreactivity or hypersensitivity, increased 
negative intrathoracic or positive abdominal pressure, impaired airway protection, 
reduced oesophageal sphincter tone, anatomic abnormalities or congenital malfor-
mation and abnormal motility (Fig.  12.1). Because no diagnostic gold standard 
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Fig. 12.1  Possible mechanisms and uncertain cofactors of respiratory manifestations in GOR
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exists for any of these variables, pathophysiology of respiratory symptoms in 
GOR(D) is far to be elucidated.

Furthermore, GOR can occur as a consequence of apnoea, facilitated by a nega-
tive intrathoracic pressure or as a preceding event that causes apnoea as an exagger-
ated laryngeal reflex or a natural protective mechanism for the respiratory airways 
[1, 5]. GOR can even be considered as a protective concurrent disorder for ALTE 
and SIDS as reflux facilitates arousals [6, 7]. Both acid and nonacid refluxes have 
been reported to be associated with apnoea. However, the temporal relation and 
specific association with obstructive apnoea (compared to central or mixed apnoeas) 
are still controversial.

In healthy individuals, a series of barriers and protective responses prevent 
refluxed gastric contents from entering the airway. These protective mechanisms 
include the upper oesophageal sphincter, oesophageal-glottal closure reflex (with 
consequent apnoea), pharyngeal clearance, cough and airway clearance of aspi-
rated materials [8]. The consequence of oesophageal distension is also complex 
and difficult to measure. In normal subjects, when GOR is of small volume, the 
upper oesophageal sphincter contracts, whilst after a large volume reflux, oesopha-
geal distention leads to vagal reflexes that cause vocal cord closure, central apnoea 
and upper oesophageal sphincter relaxation which allow the entry of gastric con-
tents into the pharynx, followed by a swallow to clear the pharynx and rapid 
resumption of respiration [8]. If reflux enters the larynx, normally, a cough burst 
expels the material from the airway and bronchoconstriction prevents aspirated 
material from reaching the alveolar spaces [8]. If any of this complex sequence 
occurs out of order or abnormally, there is a high risk of aspiration and respiratory 
complications [8].

To complicate even more the relationship between respiratory system and GOR, 
several studies suggested a primary or secondary autonomic or parasympathetic 
alteration.

A 24  h analysis of heart rate variability showed that in (adult) patients with 
GOR(D), the function of the autonomic nervous system is altered and vagal tone is 
(primary?) reduced [9–11]. Similarly, lower rate of heart high frequency HF was 
reported in patients with laryngopharyngeal reflux compared to healthy adults [12].

Data in children are lacking, but in neonates short-term GOR-related changes of 
vagal activity, with lower parasympathetic tone in the minutes preceding GOR, have 
been reported [13]. A significant increase in the sympathovagal ratio (+32%, 
p = 0.013) was observed in the period immediately prior to reflux (due to a 15% 
reduction in parasympathetic activity (p = 0.017)), relative to the control period. 
This phenomenon was observed during both wakefulness and active sleep and sug-
gests that a pre-reflux change in autonomic nervous system activity is one of the 
factors contributing to the mechanism of reflux in neonates [13]. Parasympathetic 
dysfunction has also long been implicated in GOR(D) through an impaired regula-
tion of the lower oesophageal sphincter (LOS) [14].

However, the potential role of inflammation has not been clarified, and distin-
guishing between cause and effect is challenging also because (individual) hyper-
sensitivity to oesophageal stimuli produces changes in autonomic nervous system 
even in healthy subjects [15, 16].
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The vigilance state also significantly influenced the distribution of GOR events, 
with 53% observed during wakefulness, 38% observed during active sleep and only 
9% observed during quiet sleep [13]. Poor quality of sleep characterized by irregu-
lar breathing patterns is associated with reflux [3, 17–23]. GOR is a frequent cause 
of interrupting sleep among infant patients [3], and nonacid GOR proved to be 
equally important as acid GOR for causing arousals and awakenings in infants [24]. 
Pain or discomfort also occurs both with weakly acid and acid reflux episodes [25] 
and may mediate GOR and arousals.

Physiologic data suggest that when there is a temporal relationship, apnoea is 
more likely to predispose to GOR via oesophageal sphincter relaxation than vice 
versa [26].

When compared with pH monitoring [3], combined pH-oesophageal impedance 
(pH-MII), detecting both acid and nonacid GOR, could better demonstrate that 
apnoea of short duration following GOR is a physiologic protective phenomenon to 
prevent aspiration.

In children and adults, GOR has been linked to obstructive sleep apnoea (OSA) 
syndrome (OSAS). OSA is characterized by repetitive narrowing or collapse of the 
upper airway during sleep, with the development of large negative intrathoracic 
pressures during inspiratory efforts against the occluded airway, until restoration of 
airway patency with arousal from sleep [27]. In adults, OSA has been associated 
with increased occurrence of nocturnal symptoms of GOR [28] as well as increased 
number and length of overnight GOR episodes (2000). In children the relation has 
not been investigated so far.

Continuous positive airway pressure (CPAP), the mainstay therapy for OSA (in 
adults), may reduce reflux events and improve symptoms of nocturnal GOR [28] 
through a beneficial effect (increase pressure and/or reduced transient relaxations) 
on LOS [29].

However, adult studies reported an association between nocturnal GOR episodes 
and apnoea or hypopnea in a range of 54–70% [27, 30–32], suggesting a (mild) 
causal relationship between obstructive respiratory events and nocturnal GOR 
events, but also, reflecting the large number of apnoeas and hypopneas that occur 
during the night in patients with OSA, the high probability, by chance, of a noctur-
nal GOR event occurring in proximity to any given respiratory event [27].

The arousal accompanying the re-establishment of upper airway patency after 
occlusion and the associated stimulation of sympathetic nervous activity as well as 
the apnoea-associated increased parasympathetic (vagal) nervous activity [33] do 
not appear to influence significantly transient LOS relaxation in adults [27].

Conversely, obesity predisposes to OSA and GOR(D) both in adults [27] and in 
children [1].

The clinical relevance of the proximal extension of a reflux in generating respira-
tory events or other symptoms is still unclear. A stronger association between symp-
toms and proximal reflux than with non-proximal reflux was sustained by some 
authors [34, 35] but could not be confirmed by others [36–38]. The majority of 
reflux events in asymptomatic preterms reached the proximal oesophagus or phar-
ynx, and there were no differences between acid and nonacid reflux [39]. The lack 
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of differences between asymptomatic and diseased infants contravenes the hypoth-
esis for macro- or microaspiration but does not exclude hypersensitivity to reflux as 
a cause for respiratory symptoms [39]. In our population, symptoms were associ-
ated with proximal reflux in 70% of all the reflux-related episodes without influence 
of age [38]. However, proximal extension of reflux was not a necessary condition to 
cause symptoms. As expected, the proportion of proximal reflux was higher for 
“vomiting” as a symptom than for all the other occurring symptoms [38].

A recent report investigated 20 preterm infants (10 with ALTE and 10 controls) 
with simultaneous pharyngo-oesophageal manometry, respiratory plethysmogra-
phy and nasal thermistors and suggested a possible role of oesophageal motility. 
The analysis showed more frequent and prolonged spontaneous respiratory events 
(defined as apnoea >2″ with ≥2 “missing” breathing), less amplitude of protec-
tive contraction of upper oesophageal sphincter, more frequent disturbed oesopha-
geal propagation, mixed apnoea and gasping in patients with ALTE compared to 
controls [40].

�Apnoea, ALTE and GOR(D)

Current knowledge on the relationship between apnoea or ALTE and GOR(D) in 
infants is limited because of the small number of patients investigated, differences 
in methodology and controversial results. Furthermore, patient selection and group-
ing are made difficult by the absence of “gold standard” diagnostic criteria both for 
apnoea and GOR(D) in infant population.

First, relation between apnoea or ALTE and GOR was based on concurrent clini-
cal symptoms of regurgitation and/or results of pH monitoring. Pathological pH 
monitoring has been overall reported in a range of 20% [41] to 77% [19] of infants 
with ALTE and of 32% [20, 21, 42] to 100% [43] of infants with apnoeas.

�ALTE and GOR(D)

GOR(D) is the most commonly attributed cause of ALTE in a range of 31–55% of 
ALTE cases [44, 45]. However, in most studies proper investigations for GOR(D) 
were not performed, and diagnosis of GOR(D) was based simply on reported regur-
gitations concomitant to the episode or even just in previous weeks.

In old studies, patients with ALTEs had a 60–70% prevalence of recurrent regur-
gitation or emesis [46, 47], and case reports and series described ALTEs triggered 
by overt regurgitation into the oropharynx, by aspiration of refluxed gastric contents 
and by reflux induced by positional change after feedings [43, 48–50]. In selected 
patients with ALTE, acid perfusion of the oesophagus induced obstructive apnoea 
[49] or oxygen desaturation [51], suggesting that one mechanism for ALTE is 
acid stimulation of laryngeal, pharyngeal or oesophageal chemoreceptors with sub-
sequent laryngospasm. Three small studies showed no significant difference in 
terms of acid reflux percentage or duration between infants who had experienced an 
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ALTE and controls [18, 52, 53]. However, in a previous report, abnormal pH-metry 
results were found in 42% of 62 infants with episodes of paleness possibly sugges-
tive of an ALTE, compared with 8.5% of the 378 control infants [3]. In 67 infants 
with ALTE investigated with pH monitoring for ≥10 ore, Arad-Cohen reported 
pathological GOR in 53% of infants, but 81% of apnoeic events were not associated 
with GOR.  In the minority of cases with demonstrated association, apnoeas pre-
ceded GOR in nearly all (94%) of the episodes [54]. A large study reported the 
prevalence of ALTE to be less (20%) in a sample of 173 infants with GOR(D) 
(defined as a reflux index greater than 5% on pH monitoring) than in 169 healthy 
controls (31%, p < 0.12) [41].

In 2008 retrospectively reviewed records from a large group of 313 infants hos-
pitalized for ALTE showed a discharge diagnosis of GOR(D) as the most common 
(49%) diagnosis, but that again was not based on pH monitoring except that in one 
patient. Interestingly, within 6 months, 14 patients (9%) of this subgroup had recur-
rent ALTE [55]. A large revision of 12,067 infants discharged with a diagnosis of 
ALTE in the USA confirmed that the most common associated diagnosis was GOR 
(37%) but with a considerable hospital-based variation particularly in the evaluation 
and diagnosis of GOR.  An increased likelihood of readmission for patients dis-
charged with a diagnosis of cardiovascular disorders (odds ratio [OR] = 1.68; 95% 
confidence interval [CI] = 1.30–2.16) and GOR (OR = 1.32; 95% CI = 1.03–1.69) 
compared with other discharge diagnoses was also reported [44].

Another retrospective cohort study of 469 infants admitted for ALTE found that 
adverse outcomes associated with GOR(D) (including aspiration pneumonia, fail-
ure to thrive, or anti-reflux surgery), second ALTE or death were rare (3.8%) and 
significantly related to neurological impairment or long hospital staying, in a fol-
low-up period of approximately 8 years [2].

In the last two decades, many studies analysed the temporal association between 
reflux episodes and ALTE or apnoea in infants using 24 h pH-impedance monitor-
ing (pH-MII) which offers a higher diagnostic sensitivity for GOR compared to pH 
monitoring, particularly in the first months of life and in postprandial period when 
nonacid (pH >4) reflux is more common.

Mousa et al. [56] analyzed the temporal relationship between apnoea and GOR 
by pH-MII in a group of 25 infants who presented with an ALTE event or pathologic 
apnoea. In this report a time interval of as long as 5 min between apnoea and reflux 
during pH-MII investigation was considered acceptable to demonstrate a “temporal 
link” between the two phenomena. In total, 527 episodes of apnoea were recorded, 
but only 80 (15.2%) were temporally linked to a reflux episode (despite the large 
criterion of 5 min). Of these 80 episodes, 37 (7% of the total number of apnoea 
events) were related to an acid reflux episode and 43 (8%) were related to a nonacid 
reflux episode. Thus, even considering both acid and nonacid GOR and a time inter-
val of as long as 5 min, the relation between reflux and apnoea appears rare [56]. 
Recently, the analysis of 39 infants with ALTE reported abnormal GOR parameters 
in 33 (85%) with combined pH impedance reduced to 14 (36%) when only pH 
monitoring was considered, confirming an increased frequency of nonacid reflux 
events and usefulness of combined investigation to detect underlying GOR(D) [57].
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As all studies were retrospective regarding the episode of ALTE, they could not 
document the rate of ALTEs that occurred during reflux or vice versa but only the 
underlying condition of GOR and possible temporal association between GOR and 
apnoeas occurring during GOR investigation.

Medical therapy of ALTEs suspected of being GOR related has not been ade-
quately studied. Avoidance of overfeeding and approaches that decrease the fre-
quency of regurgitation and the volume of reflux such as thickened feeding is 
suggested in infants with frequent regurgitation [1]. Pharmacotherapy has not been 
shown to be effective and the use of acid inhibitors has been related to an increased 
risk of infections in infants. Furthermore, the incidence of ALTEs diminishes sig-
nificantly with age and without therapy in most cases, suggesting that anti-reflux 
therapy should be reserved in the rare infant in whom ALTEs are truly life threaten-
ing and are shown to be clearly related to GOR [1].

Similarly, even if supine position is associated with increased rate of reflux events, 
prone sleeping should be avoided in infants because of related increased risk of SIDS.

Although rare, SIDS has been reported to occur in patients with a previous ALTE 
and documented GOR [7, 22, 58]. However, in none of these patients, a correlation 
between oesophageal acidification and a cardiopulmonary event was ever recorded. 
At present there is no evidence that the characteristics of the ALTE or the polysom-
nographic record can predict which infants with ALTE are at risk for future life-
threatening episodes or sudden death or GOR(D).

In a recent review on ALTE [59] Tieder concluded that routine investigation for 
GOR is not necessary, but patients with recurrent ALTEs or symptoms of GOR not 
responsive to behaviour and diet treatment can benefit from pH (or, better, imped-
ance pH) monitoring combined with symptom (and polysomnography) registration 
to establish a cause-effect relation or another aetiology [59].

In the new classification of ALTE, in case of brief resolved unexplained events 
(BRUE) and infant at low risk, GOR can be associated with or without overt regur-
gitation and should be considered as a (co)factor for respiratory abnormalities and 
recurrent BRUE events [60].

It is clear that ALTE is the preceding referring manifestation and investigation 
for GOR(D) can only reveal an underlying excessive oesophageal acid exposure or 
GOR-associated apnoea/desaturation that occurred during the (impedance)-pH 
monitoring. As ALTE rarely recurs during the diagnostic test, the causal relation 
with the episode of ALTE is impossible to prove as well as the related benefit of 
GOR treatment unless follow-up data are available.

�Apnoea and GOR(D): Studies in Infants

In highly selected cases, reflux is temporally associated with pathological, central 
and obstructive apnoea [7] but no study has conclusively shown a cause and effect 
relation between reflux and pathologic apnoea.

In one old report, short apnoea or bradycardia was tightly tied to vomit or regurgi-
tation, whereas the majority of prolonged apnoea spells (>20 s) were not [61]. Using 
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pH monitoring to assess GOR, several studies reported an occasional correlation of 
GOR with obstructive or short-mixed central apnoeas (5–15 s) [3, 20, 21, 23, 62] 
but also showed that all of the patients presented episodes of apnoea unrelated to 
episodes of GOR, suggesting a primary impairment in the regulation of respiration. 
Large case series did not find a significant relation between GOR and pathologic 
apnoea or ALTEs [17, 18].

To examine the temporal relationship between apnoea and GOR and its effect on 
apnoea duration, 119 preterm infants underwent 12 h cardiorespiratory monitoring 
studies using respiratory inductance plethysmography, heart rate, oxygen saturation 
and oesophageal pH monitoring [63]. Among 6255 episodes of acid GOR detected 
by pH monitoring, only 1% were associated with apnoea >15 s. There was also no 
difference in rate of apnoea >10  s before versus during GOR, but a decrease in 
apnoea rate was found immediately after GOR.  The presence of reflux during 
apnoea did not prolong apnoea duration, and GOR had no effect on the lowest oxy-
gen saturation or heart rate during apnoea. Hence, there was no evidence of a tem-
poral relationship between acid-based GOR and apnoea in these preterm infant 
cohorts [63].

One retrospective study showed that GOR-related apnoea improved rapidly fol-
lowing commencement of gastrojejunal feeding, suggesting that in some cases 
reflux may cause apnoea [64].

A strong temporal association between acid and nonacid GOR and respiratory 
abnormalities was reported in 1 study using 6 h combined pH-MII that recorded 364 
episodes of reflux, of which only 11% were acid, in a group of 22 infants who pre-
sented with repetitive regurgitation and chronic respiratory symptoms [65]. Of these 
reflux episodes, 312 (85%, 12% of which were acid) could be associated with irreg-
ular breathing. In a minority of these episodes (n:19), oxygen desaturations of 10% 
occurred (19% [3 of 19] of these episodes were acid). Analysis of the polysomno-
graphic recording revealed 165 episodes of apnoea (>5 s), of which 49 (30%) were 
associated with a reflux episode. Again, the majority (78%) of reflux episodes were 
detected with impedance only [65].

In the last years, although some authors suggested a relation between (long, >30 s) 
apnoea or bradycardias of prematurity and reflux [66, 67], most studies did not sup-
port reflux as a cause of pathologic apnoea in (premature) infants [39, 63, 68, 69]. 
Nineteen preterm infants (gestational age, 30 weeks) who presented with apnoea 
were studied at a mean age of 26 days, and 2039 episodes of apnoea (median, 67; 
range, 10–346), 188 oxygen desaturations (median, 6; range, 0–25), 44 bradycar-
dias (median, 0; range, 0–24) and 524 episodes of GOR (median, 25; range 8–62) 
were detected by pH-MII lasting 6 h [68]. The frequency of apnoea (≥4 s) in a 20 s 
period before and after an episode of GOR was not different from the frequency of 
apnoea not related to a reflux episode (0.19/min (range, 0.00–0.85/min) vs. 0.25/
min (range, 0.00–1.15/min)) [68]. The analysis and conclusions were identical for 
oxygen desaturations and bradycardias [68].

In a small group of 6 premature infants with apnoea (defined as abnormal respi-
ratory pause ≥20  s or of shorter duration if associated with cyanosis or marked 
pallor or hypotonia or bradycardia <80 beats/min) or hypoxaemia (defined as pulse 
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oximeter saturation ≤80%) not responsive to caffeine treatment, a total of 405 reflux 
events (306 (76%) weakly acid and 99 acid reflux) and 142 apnoeas were detected. 
The sub-analysis based on chemical composition and duration of refluxate showed 
that the frequency of apnoeas associated with nonacid reflux events was signifi-
cantly greater than the one calculated for reflux-free period (0.416/min (0.00–1.30) 
vs. 0.016/min (0.003–0.028), respectively; p  <  0.05) and that the frequency of 
apnoeas occurring during reflux events longer than 30 s was significantly higher 
than those occurring during shorter reflux events (22% vs. 11%; p < 0.004) [67].

Corvaglia et al. investigated 52 preterm infants with simultaneous polysomnog-
raphy and combined 24 h pH-MII and showed that 154 (14%) apnoeas out of 1136 
were related in time to GOR. The frequency of apnoea during the 1 min time (30 s 
before and after) within the onset of GOR was significantly higher than the apnoea 
in GOR-free periods (p = 0.03). Furthermore, the frequency of apnoea in the 30 s 
after GOR (GOR-triggered apnoeas) was greater than that detected in the 30  s 
before (p = 0.01) suggesting that a number of apnoeas were induced by GOR [66].

In a subsequent report, the same authors confirmed in 58 preterm infants with 
recurrent apnoeas an increased frequency of apnoea after (both acid and nonacid) 
GOR compared to periods before or without GOR [70]. No difference was found 
regarding proximal extension or duration of GOR between reflux events associated 
or not associated with apnoea [70].

The influence of body position on GOR has also been assessed in a number of 
studies. In ten healthy preterm infants, a “crossover position study” and postpran-
dial evaluation showed more liquid GOR in the right than in the left lateral position 
(median 9.5 (range 6.0–22.0) vs. 2.0 (range, 0.0–5.0) episodes/h; p  =  0.002). 
Conversely, gastric emptying was faster in the right than in the left lateral position 
(37.0 + 21.1 vs. 61.2 + 24.8 min; p = 0.006) [71]. Similar findings were reported by 
another group in 22 preterm babies presenting with regurgitation and postprandial 
desaturations: the number of acid and nonacid reflux episodes was significantly 
smaller when the subjects were in the prone and left-side sleeping position in com-
parison with the supine and right-side positions [72]. The left-side position showed 
the lowest oesophageal acid exposure in the early postprandial period, whereas in 
the prone position acid reflux was smallest in the late postprandial period [73].

History and physical examination are still important, in infants with ALTE, to 
exclude warning signs (for GOR and other extra-oesophageal diseases), but the 
presence or absence of regurgitation is not sufficient to discriminate physiological 
reflux from GOR(D). Regurgitation is neither specific (even if associated to crying 
or back arching or feeding problem) nor sufficient to make a diagnosis of 
GOR(D). Indeed regurgitation is extremely common in the first months of life and 
represents a physiological manifestation in most infants who do not need any inves-
tigation or pharmacological treatment. Similarly, desaturation or apnoea or laryn-
geal inflammation does not imply GOR(D) [5]. Conversely, malformation (such as 
laryngomalacia) or respiratory disease can facilitate (secondary) GOR by negative 
intrathoracic pressure or increased abdominal pressure caused by cough. No spe-
cific symptom or cluster of symptoms for GOR(D) and response to acid inhibitors 
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have been identified in infants and young children so far. Therefore, empirical phar-
macological treatment is not recommended in infants because of lack of symptom-
atic efficacy and possible adverse events (i.e. increased incidence of infections with 
acid inhibitors and cardiac problems with prokinetics) [1]. Domperidone is also not 
beneficial for GOR in newborns because it increases GER episodes per hour com-
pared to the baseline despite reducing the duration without modifying the pH value 
or the proximal extent reached by the refluxes [74].

In accordance with the ESPGHAN-NASPGHAN guidelines [1], the NICE 
guidelines, after reviewing 13 studies, confirmed that GOR only rarely causes epi-
sodes of apnoea or ALTEs and recommended specialist investigations if GOR(D) is 
suspected as a possible factor following a general paediatric assessment or in cases 
of unexplained apnoeas [75]. MII/pH oesophageal monitoring in combination with 
polysomnographic recording and precise, synchronous symptom recording may aid 
in establishing the relationship between apnoea and GOR [1].

A recent systematic review [76] has highlighted the limited data available on the 
association between GOR and apnoea with small patients recruited, heterogeneous 
inclusion and diagnostic criteria and therapeutic outcomes. Only one study was 
considered eligible using pH-MII recording [77] which found, in 71 preterms, no 
association between GOR and apnoeas with only 3% of apnoea (>10 s) following 
GOR and only 9% respiratory events preceding reflux considering a time window of 
30 s [77]. Based on the current literature, the authors concluded that there is insuf-
ficient evidence to prove an association between the two disorders.

However, the association between pathologic central, obstructive and mixed 
apnoea has never been demonstrated (but has also not been well studied yet), and 
clear cut-off values discriminating normal from pathologic children still need to be 
determined.

In conclusion, the available evidence suggests that in the vast majority of 
infants, GOR is not related to pathologic apnoea or to ALTE [1, 2, 26], and thus 
there is no evidence to support an empirical treatment of GOR in infants presenting 
with apnoea or ALTE.  However, a clear temporal association based on history, 
observation or testing occurs in individual infants. pH-MII in combination with 
polysomnographic recording is recommended to demonstrate the relation in these 
infants [1].

�Studies in Children

In one study that analysed 28 children (mean age, 6.5 ± 5.6 years) with chronic 
respiratory symptoms (on treatment with antacid medications), multivariate analy-
sis confirmed a stronger association between respiratory symptoms with nonacid 
reflux episodes than with acid reflux episodes and pointed out the importance of the 
height of the refluxate: the higher the reflux, the stronger the association [78].

The complexity in understanding the role of acid and nonacid GOR in respira-
tory symptoms still exists and involves the possible presence of primary or second-
ary reflux in different subjects, the low chance of occurrence of respiratory symptoms 
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(especially if they have no daily frequency) during the investigation (making the 
association impossible to be determined) and the difficulty in identifying the correct 
temporal sequence of “respiratory reflux” or “reflux respiratory” or “respiratory 
reflux-reflux respiratory” without combined sensitive investigation tool.

In a selected group of 22 adults, a relation between chronic coughing and GER 
has been, for the first time, accurately studied by combined manometry and pH-MII 
in 2005 [79]. Using a time frame of 2 min and symptom association probability, 
69% of the coughing episodes were considered “independent” of a reflux episode. 
When a “reflux-cough” sequence occurred, the reflux in 65% of the cases was acid, 
weakly acid in 29% and weakly alkaline in 6% [79].

The feasibility and accuracy of these combined investigations for cough were 
then confirmed in children [80].

No similar method has been reported for the temporal detection of apnoea and 
GOR. Polysomnography has demonstrated a better accuracy compared to transcu-
taneous oxygen saturimeter to detect and define apnoeas, but it has not been a wide-
spread use because of the cost and complexity of the analysis [81]. Furthermore 
most studies used synchronization of the internal clock of the two instruments 
(polysomnography and impedance), but the related tracings do not appear on the 
same screen of the computer limiting the accuracy of the temporal association and 
sequence between apnoea and GOR.

�OSAS and GOR

It is estimated that 9–10% of children are habitual snorers or have sleep-disordered 
breathing-related illnesses [82]. Conventionally, an apnoea is considered as a cessa-
tion of airflow for 10 s and is often associated with oxygen desaturation, whereas a 
lesser reduction in airflow is termed a hypopnoea [81]. Snoring and occasional 
apnoeic breath holding in sleep are common, but only when witnessed repetitive 
apnoeas and symptoms of sleep fragmentation, such as excessive daytime sleepi-
ness, occur, a diagnosis of obstructive sleep apnoea syndrome (OSAS) can be made 
[81]. In adult, sleep studies measure the apnoea/hypopnoea index (AHI), which is 
the number of respiratory events an hour. Excessive sleepiness becomes more prev-
alent once the AHI exceeds five events an hour, and this value has become a lower 
cut-off for the diagnosis of OSAS [81].

The ideal method for diagnosis of sleep apnoeas is full polysomnography, which 
involves overnight admission for supervised multichannel recording, including 
electroencephalography. Restricted availability of polysomnography and the cost 
mean that oximetry and limited respiratory monitoring are more widely used [81]. 
Overnight oximetry is widely available, but oxygen desaturation is an inexact sur-
rogate for apnoeic events, and the ideal frequency and depth of desaturation events 
are still debated although an oxygen desaturation of 4% is conventionally used to 
indicate apnoea [81]. Obstructive sleep apnoea occurs in approximately 3% of chil-
dren, most frequently aged from 2 to 6 years [83]. OSAS diagnosis is clinically 
relevant because recurrent episodes of air flow cessation, oxygen desaturation and 
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sleep disruption are associated with behaviour disorders, neurocognitive deficits, 
disturbances of somatic development as well as cardiovascular and metabolic 
sequelae [78, 84].

The aetiology of OSAS is multifactorial consisting of a complex interplay 
between airway anatomical characteristics and dynamic control of upper airway 
muscular tone [85]. Obstructive sleep apnoea is hypothesized to be influenced by 
genes involved with obesity, craniofacial development, inflammation and ventilator 
control [86]. Adenotonsillar hypertrophy is recognized as the most frequent cause 
of OSAS in childhood [87]. The association between GOR and OSAS in children 
has been less explored compared to apnoea in infants and, as well as in adults, 
remains controversial.

In several studies acidification of the distal oesophagus was suggested in the 
mechanism of OSA in children and adults and in persisting OSAS after adenoidec-
tomy [88–92]. The role of GOR in OSAS in infants has been less investigated and 
in residual OSA among young children is unclear.

A report in 18 children with adenotonsillar hypertrophy and OSAS evaluated the 
OSA-18 questionnaire, nasofibrolaringoscopy and full overnight polysomnography 
performed simultaneously with oesophageal pH monitoring. Seven children (41%) 
presented episodes of acid reflux during the registered sleep time. The authors con-
cluded that GOR is frequent and should be assessed in children from 6 to 12 years with 
OSAS [91]. However, reflux parameters did not correlate to OSAS severity and a tem-
poral relationship between GOR and apnoea-hypopnea events was not observed [91].

The main treatment options of OSAS are essentially physical solutions to nar-
rowing of the upper airway, namely, continuous positive airway pressure (CPAP), 
oral appliances and upper airway surgery. Weight loss and bariatric surgery may 
also be appropriate interventions in adults [81].

Treatment of GOR has been shown to improve OSAS [90, 93], and OSAS ther-
apy with CPAP has been demonstrated to reduce GOR [94] confirming a bidirec-
tional association between these two conditions. The favourable effect of CPAP on 
nocturnal GOR is possibly due to an increase in nadir LOS pressure and decrease in 
the duration of LOS relaxation [27].

In eight newborn lambs, continuous oesophageal pH-impedance monitoring and 
polysomnography were performed for 6 h during both spontaneous breathing and 
nCPAP application at 6 cm H2O (nCPAP6, of common usage in newborns), in a 
randomized order. CPAP6 virtually abolished GER (mean ± SD reflux number for 
6 h = 9.1 ± 8.6 without nCPAP vs. 0.6 ± 1 with nCPAP, p < 0.05) and decreased the 
depth and duration of LOS relaxation suggesting that nCPAP may enhance the bar-
rier function of the LOS against GOR [95]. Hence, CPAP may reduce in patients 
with OSAS both acid and nonacid GOR and, eventually, proximal refluxes, which 
are especially prominent in infants and can be responsible for cardiorespiratory 
inhibition via the laryngeal chemoreflexes [96].

However, temporal relationship between GOR and apnoea-hypopnea events was 
not clearly demonstrated, and heterogeneity for both apnoea and GOR definition 
and detection does not allow a general conclusion. Even in studies when a simulta-
neous recording of pH monitoring and polysomnography was applied, the 
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registration from the two investigations was not integrated. Additionally, since a pH 
probe and not a pH-MII was used to assess GOR in many studies, it is possible that 
GOR has been underestimated in these patients. Prospective studies assessing natu-
ral evolution of patients with concomitant GOR and apnoeas and benefit of GOR 
treatment are lacking.

Low basal pressure of LOS detected in some OSA patients raises the possibility 
of weakening of the gastro-oesophageal junction from repetitive strain associated 
with obstructed breathing events.

�Conclusions
Several authors have suggested an association between GOR and apnoea in 
infants. However, current studies present low number of patients, high heteroge-
neity in terms of population recruited, diagnostic tools, definition of apnoeas, 
GOR and GOR(D), means of association and time intervals, hampering a direct 
comparison among results. Most studies fail to show a temporal link between 
apnoea or ALTE and GOR, and when an association is found, apnoea episodes 
more frequently precede GOR, than follow GOR. Empirical treatment for GOR 
is not recommended due to lack of evidence of efficacy and possible pharmaco-
logically related adverse events. In selected patients with recurrent idiopathic 
respiratory events, pH-MII with simultaneous polysomnography recording 
should be performed to detect underlying GOR(D) and to prove the relationship 
with apnoeas.
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