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ABSTRACT - Background — The term brief resolved unexplained events (BRUE) is a description of the acute event occurring in infants less than 1-year-old

that includes at least one of the following characteristics: cyanosis or pallor; absent, decreased, or irregular breathing; marked change in tone or altered
level of responsiveness. An investigative proceeding is required to identify the triggering phenomenon in those who are at high risk of complications.
Prolonged esophageal pHmetry has been used as a tool in searching for gastroesophageal reflux disease (GERD) as one of the underlying etiologies.
Objective — The study aims to verify the frequency of GERD in infants up to 1-year-old, when pHmetry has been performed for investigating high-
risk BRUE (HR-BRUE) and to analyze if clinical characteristics or any particular symptom related by caregivers during BRUE could be correlated
to GERD. Methods — It was performed a cross-sectional study. The data was collected retrospectively of patients less than 1-year-old, who had per-
formed pHmetry in a tertiary hospital for investigating HR-BRUE between October 2008 and January 2018. For the analysis of medical records, a
data collection protocol included: gender, age at the first HR-BRUE episode, age at the time of the pHmetry, gestational age, type of delivery (normal
or caesarean) and birth weight and symptoms associated to HR-BRUE related by caregivers. Relation between variables were assessed using Fisher’s
exact test and Mann-Whitney test. The significance level was set at 0.05. Results — A total of 54 infants were included (preterm 25, term 29), 62.9%
males, median age at the HR-BRUE was 36 days, 53.7% HR-BRUE episodes had occurred during or right after feeding. According to pHmetry
results: nine pHmetry results were considered inconclusive, physiological reflux (n=30) and GERD (n=15). The frequency of GERD diagnosed by
pHmetry was 33%. GERD was not statistically related to gender (P-value=0.757), age at first HR-BRUE episode (P-value=0.960), age at the time of
the pHmetry (P-value=0.720), prematurity (P-value=0.120) or type of delivery (P-value=0.738). GERD was statistically related to low birth weight
(P-value=0.023). There was no association between symptoms reported by caregivers during HR-BRUE and GERD. Conclusion - GERD diagnosed
by the pHmetry was found in one third of infants that experiencing a HR-BRUE, showing the importance of properly investigation. In half of infants
BRUE occurred during or right after feeding. Besides low birth weight, it was not possible to select other data from the clinical history that suggest
that these patients would be more likely to have GERD.

Keywords — Brief resolved unexplained events; apparent life-threatening events; gastroesophageal reflux disease; infants; neonates.

INTRODUCTION altered level of responsiveness, occurring in infants under 1-year-

old. During BRUE, caregivers report a sudden, brief episode (less

Initially, infants who were evaluated after a sudden and ap-
parently fatal event were classified as having sudden infant death
syndrome (SIDS), subsequently, as apparent life-threatening event
(ALTE), defined as an alarming episode characterized as a combi-
nation of apnea; color change, usually cyanotic or pallid; marked
change in muscle tone (usually marked limpness); choking or gag-
gingV. In 2016, the American Academy of Pediatrics introduced
the term brief resolved unexplained events (BRUE) aiming to
facilitate diagnosis and to reduce the episode’s impact on caregiv-
ers. The definition of BRUE includes at least one of the following
characteristics: cyanosis or pallor; absent, decreased, or irregular
breathing, marked change in tone (hypertonia or hypotonia); or

than one minute) but then resolved. Infants with BRUE have been
categorized as low-risk patients, who require brief monitoring, or
as high-risk patients, who need further investigation and treat-
ment®?, including investigation of gastroesophageal reflux disease
(GERD)®, Physical examination and a detailed clinical history are
essential in determining the possible causes of BRUE, including
child abuse, arrhythmias and others cardiac conditions, metabolic
diseases, and other factors.

Gastroesophageal reflux consists in the involuntary passage
of gastric content into the esophagus, with or without externali-
zation by mouth in the form of regurgitation and/or vomiting, it
is a physiological event that occurs in all individuals — especially

Declared conflict of interest of all authors: none
Disclosure of funding: no funding received

" Universidade Estadual de Campinas, Faculdade de Ciéncias Médicas, Departamento de Pediatria, Campinas, SP, Brasil. 2 Universidade Estadual de Campinas, Faculdade de Ciéncias
Médicas, Centro de Investigacdo em Pediatria, Campinas, SP, Brasil. ® Universidade Estadual de Campinas, Faculdade de Ciéncias Médicas, Hospital Universitario, Unidade de Pronto
Atendimento de Urgéncia e Emergéncia, Campinas, SP, Brasil.  Universidade Estadual de Campinas, Faculdade de Ciéncias Médicas, Departamento de Genética e Medicina Genémica,
Campinas, SP, Brasil. ® Universidade Sao Francisco, Programa de Pés-Graduacao em Ciéncias da Saude, Braganga Paulista, SP, Brasil.

Corresponding author: Maria Angela Bellomo-Brandao. E-mail: angbell@unicamp.br

424 o Arg Gastroenterol ¢ 2021. v. 58 n° 4 out/dez



Bellomo-Brand&o MA, Stranguetti FM, Lopes IF, Peixoto AO, Marson FAL, Lomazi EA

Gastroesophageal reflux disease in infants who presented Brief Resolved Unexplained Event (BRUE)

infants. Some children may develop GERD, which occurs when
reflux causes symptoms or complications”®. According to North
American Society for Pediatric Gastroenterology, Hepatology
and Nutrition (NASPGHAN) and European Society for Pedi-
atric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
guidelines, published in 2018, pH-metry and multichannel intra-
luminal impedance coupled to a pH-meter sensor (pH-MII) are
both recommended methods for the diagnosis of GERD. Such
guidelines consider anti-reflux surgery in infants with GERD and
life-threatening complications such as apneas or BRUE!?),
Although there are studies that have analyzed GERD and life-
threatening events relation"!9, the issue is still controversial, since
reflux assessment methods vary widely. This study aims to verify the
frequency of GERD in infants up to one-year-old, when pHmetry
has been performed for investigating currently classified as high-
risk BRUE (HR-BRUE). The secondary aim was to analyze if any
particular symptom of HR-BRUE could be correlated to GERD.

METHODS

It was done a cross-sectional study and the clinical data was
collected retrospectively of patients less than 1-year-old, who had
performed pHmetry in a tertiary hospital for investigating HR-
BRUE or retrospective application of the HR-BRUE criteria,
defined as: less than 60 days of life, or gestational age less than 32
weeks and corrected gestational age less than 45 weeks, or more
than one event, or needed of resuscitation maneuvers®, between
October 2008 and January 2018.

For the analysis of medical records, a data collection protocol
included: gender, age at the first HR-BRUE episode, age at the
time of the pHmetry, gestational age, type of delivery (normal or
caesarean) and birth weight. Prematurity and low birth weight were
defined by World Health Organization (WHO):

- prematurity¥: preterm <37 weeks of gestational age;

- low birth weight": weight at birth less than 2,500 g (5.5 1b).

Symptoms associated to HR-BRUE: HR-BRUE episode during
or right after feeding, vomiting, choking, hypertonia, hypotonia,
cyanosis, apnea, and pallor were presented as positive (presence) by
the description in the medical records. In this context, the absence
of information was considered as a negative result.

Exclusion criteria: patients diagnosed with genetic syndrome
or malformations, or those not classified as HR-BRUE.

Prolonged esophageal pHmetry: the ALACER III® (Alacer
biomédica Ltda.) portable recorder was used, connected to a single-
channel antimony electrode, calibrated prior to each examination
using pH standard solutions of 7 and 1. The electrode was intro-
duced in one of the nostrils, positioned using the Strobel’s formula
[Height (cm) x 0,252] and position was confirmed by X-ray'®. No
gastric acid suppressors (hydrogen potassium blocker or proton
pump inhibitor) were used in the week prior to the examination.
Routine diets and physical activities were maintained. In esophageal
pHmetry, the diagnosis of GERD was made through the reflux
index (RI), defined as the percentage of time that pH <4. Then,
GERD was defined as pH <4 for >10% for infants <1 year and
physiological reflux was established for all infants who did not reach
a 10% RI; in the absence of BRUE episodes 9.

The study was approved by the local Research Ethics Commit-
tee of the University — number #92692718.0.0000.5404.

Relation between variables were assessed using Fisher’s exact
test and Mann-Whitney test. The significance level was set at 0.05.

RESULTS

The study included 54 infants with HR-BRUE, 34/54 males;
29 term; 25 preterm; 20 normal delivery, 34 caesarean delivery; 36
normal birth weight, 18 low birth weight. Clinical data are sum-
marized in TABLE 1.

TABLE 1. Clinical characteristics of infants investigated by high-risk
brief resolved unexplained events (HR-BRUE) (n=54).

Variables Frequency Percentage
Gender
Male 34 62.96%
Female 20 37.04%
Type of delivery
Normal 20 37.03%
Caesareans 34 62.29%
Prematurity
Pre-term?® 25 42.29%
Term® 29 53.71%
Birth weight
Low weight® 18 33.33%
Normal weight® 36 66.67%

“Classification of gestational age: term >37 weeks; preterm <37 weeks; "Classification of birth
weight: less than 2,500 g — low weight; above 2,500 g — normal weight.

First HR-BRUE episode occurred at mean of 42.98+40.82
days, median age of 36 days, ranging from 1 to 180 days of life.
Regarding age at the time of the pHmetry, mean: 76.67£49.65 days
was identified, with a minimum of 13 days, a median of 65 days
and a maximum of 222 days.

Results of frequency of symptoms associated to HR-BRUE
were showed in in TABLE 2; 29/54 (53.7%) HR-BRUE episodes
were reported as having occurred during or right after feeding.

Nine pHmetry results were considered inconclusive by lack/
poor information about posture/feeding or detachment of the ex-
ternal pHmetry sensor with consequent insufficient analysis time.
Such exams were not repeated, as other etiologies had been identi-
fied. No BRUE episodes occurred during pHmetry monitoring.

TABLE 2. Distribution of frequency and percentage of symptoms
recorded in medical file as related to the high-risk brief resolved
unexplained events (HR-BRUE).

Symptom Frequency  Percentage
Episode during or right after feeding 29 53.7%
Vomiting 19 35.19%
Choking 12 22.22%
Hypertonia 5 9.26%
Hypotonia 18 33.33%
Cyanosis 45 83.33%
Apnea 17 31.48%
Pallor 3 5.56%
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According to pHmetry results [physiological reflux (n=30) and
GERD (n=15)], distribution of symptoms in 45 remained patients
was showed in TABLE 3; where it were HR-BRUE episodes re-
ported as having occurred during or right after feeding, cyanosis,
vomiting, apnea, choking, pallor, hypertonia and hypotonia.
Also, in the TABLE 3 it was shown the association between the
pHmetry results with prematurity (P-value=0.120), type of delivery
(natural birth or caesarean birth) (P-value=0.738) and birth weight
(P-value=0.023). Curiously, the group with GERD presented
9/15 (60%) cases of low birth weight versus 7/30 (23.33%) cases
in the groups with physiological reflux (odds ratio — conditional
maximum-likelihood estimate (c(MLE)=4.73; 95% confidence in-
terval=1.08 to 23.11).

The pHmetry variables were compared between term and pre-
term patients. We found that number of reflux acid episodes last-
ing longer than 5 min was statistically significant (P-value=0.028)
being higher in the preterm individuals [preterm: 7.55+4.77 events
vs term: 4.90+4.13 (TABLE 4).

Finally, GERD diagnosed by pHmetry was not statistically re-
lated to gender (P-value=0.757), age at first HR-BRUE episode (P-
value=0.960), and age at the time of the pHmetry (P-value=0.720).

DISCUSSION

GERD diagnosed by prolonged esophageal pHmetry in HR-
BRUE infants occurred in one third of our patients. Frequency of
GERD is closely related to the method used for its investigation.
In 1991, a study in infants with a history of near-miss sudden
infant death, used continuous esophageal pH monitoring and
polygraphic recording in 49 infants showed pathologic gastroe-
sophageal reflux in 34 (69%) patients!'?, using the Boix-Ochoa
parameters'®. GERD investigated by the radioisotope milk scan
method occurring in 26% of infants diagnosed with ALTED and
8/33 (24%) in HR-BRUE, but there were no reports on the meth-
ods used to diagnose GERD!?. A study conducted by Macchini et
al. found 80% of patients with ALTE were diagnosed with GERD

TABLE 3. Distribution of clinical characteristics/symptoms and pHmetry results in infants with high-risk Brief Resolved Unexplained Event.

Clinical characteristics and Symptoms/

Physiological reflux

Gastroesophageal reflux

pEmetry results (n=30) disease (a=15) el
Prematurity
Preterm birth 12 (40%) 10 (66.7%)
Term birth 18 (60%) 5 (33.3%) 0120
Type of delivery
Caesarean birth 19 (63.3%) 11 (73.3%)
Natural birth 11 (36.7%) 4(26.7%) 0738
Birth weight
Low birth weight 7 (23.3%) 9 (60%)°
Normal birth weight 23 (76.7%) 6 (40%) 0:023
Episode during or right after feeding 18 (60%) 7 (46.67%) 0.595
Vomiting 12 (40%) 6 (40%) 1
Choking 5 (16.67%) 5 (33.33%) 0.33
Cyanosis 24 (80%) 12 (80%) 1
Apnea 11 (36.67%) 3 (20%) 0.43
Pallor 1(3.33%) 1(6.67%) 1
Hypertonia 4(13.33%) 1(6.67%) 0.92
Hypotonia 10 (33.33%) 4(26.67%) 0.90

*Fisher’s exact test. Positive P-value is shown as presented bold-type. Alpha: 0.05. "Odds Ratio CMLE: 4.73 and 95% confidence interval: 1.078 to 23.11. The odds ratio was calculated based

on low birth weight in the group with gastroesophageal reflux.

TABLE 4. pHmetry variables compared between term and preterm infants with high-risk Brief Resolved Unexplained Event.

pHmetry variables Preterm Term "P-value
Number of acid reflux episodes” (mean+SD) 42.30+22.34 36.65+20.08 0.289
Number of reflux acid episodes lasting longer than 5 min (mean+SD) 7.55+4.77 4.90+4.13 0.028
Esophageal Clearance-min/refl (mean+SD) 3.60+1.89 2.72+1.21 0.201

*Acid Reflux episodes: a decrease in pH below four that lasts for more than 10 sec. "Mann-Whitney Test. Positive P-value is shown as presented bold-type. Alpha: 0.05.
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by pHmetry. The authors used RI: <3%, 3-7%, and >7% and
conclude that severity of GERD influenced on normalization of
cardiorespiratory monitoring, suggesting that treat reflux could
prevent recurrence of ALTE!Y. However, pHmetry has reference
values identified in healthy infants, being able to identify physi-
ological reflux. The diagnosis of pathological reflux in children
under 1 year of age was RI >10%"% in our study. We had used
these criteria because our concern that diagnosis of GERD may
lead to unnecessary treatment, and perhaps delay investigation of
other disorders. BRUE episodes did not occur during pHmetry
monitoring although 33% of those who reported having a HR-
BRUE demonstrated having GERD due to the 24-hour esopha-
geal pH monitoring parameters.

MII-pH monitoring revealed acid or nonacid reflux in 2/3 of 53
HR-BRUE infants, non-acid reflux events were the most common
findings (66%)". A study performed in 25 infants presenting with
BRUE who underwent concurrent MII-pH and video-polysomnog-
raphy showed severe esophageal acid exposure (R[>7%) is associated
with increased reflux-associated symptoms in wake state®,

The median age at which the patients presented the first symp-
toms was 36 days and the median age at which the pHmetry test
was performed was 65 days. This delay of approximately one month
possibly could be justified by a delay in referral to hospitals which
have necessary resources for a complete investigation.

Despite not being related to gender, age at first HR-BRUE
episode, age at the time of the pHmetry, prematurity or type of
delivery; GERD was statistically related to low birth weight, as
described in the literature®”. Comparing pHmetry of preterm
and term infants, we found higher number of longest acid reflux
in preterm, compared to that of term infants, what was also found
in a MII-pH monitoring study".

It is known that pHmetry has some limitations for the diagnosis
of GERD in infants and young children, because it is not sensitive
to detect non-acid reflux®'?, Notably, pH-MII is not available in
health care units in resource-limited countries and a recent consen-
sus published by NASPGHAN and ESPGHAN recommend both
methods for properly investigation of GERD?,

The symptoms reported as HR-BRUE occurred during or
right after feeding in half of infants, and there was no symptom
significantly involved in HR-BRUE and GERD. A recent system-
atic review demonstrates that the reported prevalence of GERD
symptoms may vary considerably in infants and children®. Given
this outcome, it was not possible to select clinical history that could
assist in selecting patients who would be more likely to have GERD.

Weir et al. (2009) reported that neither the clinical history nor
observed feeding sessions can accurately predict which patients
have oropharyngeal dysphagia versus GERD®. During the neo-
natal period, a proven relation occurs through such symptoms and
the triggering of laryngeal reflex caused by stimulus of laryngeal
chemoreceptors, promoting glottal closure or spasm as a protective
reflex of the airways, preventing any foreign body from entering
the lower respiratory system®-??, Considering that caregivers had

reported symptoms of BRUE as occurring during or right after
feeding in half of the studied infants, we reinforce the importance
of investigating and treating appropriately aerodigestive dysfunc-
tions in the management of BRUE®.

Although GERD is one of the most remembered etiologies
of BRUE by caregivers and physicians, American Academy of
Pediatrics recommends that evaluation of a baby after BRUE is
driven by a complete clinical history and a careful physical exami-
nation. In most cases, the child is free of symptoms at the time the
medical evaluation takes place, allowing a systematic approach to
anamnesis and physical examination. The complementary tests
that should be evaluated in a child after an episode of BRUE in-
clude venous blood gases, toxicological studies, bacterial or viral
cultures, electroencephalogram, pHmetry or MII-pH monitoring,
neuroimaging, and other features®.

As a limitation of our study, we were not able to change the for-
mula to extensive hydrolyzed formula or 100% amino-acid formula
after GERD diagnosis, because GERD guideline from NASPGHAN
2018 was published after the cases had been included in our study.
Nowadays, infants suspected of having GERD are systematically test-
ed for allergic etiology using hypoallergenic formula in our clinics!?.

CONCLUSION

GERD and life-threatening events relation is still controversial,
since reflux assessment methods vary widely. GERD diagnosed by
pHmetry was found in 33% of infants who presented HR-BRUE.
The symptoms reported as HR-BRUE occurred during or right after
feeding in half of infants, and there was no symptom significantly
involved in HR-BRUE and GERD. Future studies are needed to
understand the role of GERD in BRUE etiopathogenesis. Curiously,
this is the first report from Brazil that associate the BRUE or ALTE
with esophageal pHmetry or pH-MII in infants or preterm.
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Bellomo-Brandao MA, Stranguetti FM, Lopes IF, Peixoto AO, Marson FAL, Lomazi EA. Doenga do refluxo gastroesofagico em lactentes que apresen-

taram Eventos Resolvidos Breves Nao Explicados — Brief Resolved Unexplained Event (BRUE). Arq Gastroenterol. 2021;58(4):424-8.

RESUMO - Contexto — O termo Eventos Resolvidos Breves Nao Explicados (Brief Resolved Unexplained Event — BRUE) é uma descri¢ao do evento agudo
que ocorre em lactentes menores de 1 ano de idade que inclui pelo menos uma das seguintes caracteristicas: cianose ou palidez; respiragao ausente, di-
minuida ou irregular, alteragiio acentuada no ténus ou nivel alterado de responsividade. E necessario um procedimento investigativo para identificar o
fendmeno desencadeante naqueles que apresentam alto risco de complicagdes. A pHmetria esofagica prolongada tem sido usada como uma ferramenta
na pesquisa de doenga do refluxo gastroesofagico (DRGE) como uma das etiologias subjacentes. Objetivo — Este estudo tem como objetivo verificar a
frequéncia da DRGE em lactentes de até 1 ano de idade, quando a pHmetria foi realizada para investigagdo da BRUE de alto risco, ¢ analisar se alguma
caracteristica clinica ou sintoma particular relatado pelos cuidadores durante a BRUE poderia estar correlacionado a DRGE. Métodos — Foi realizado
um estudo observacional, transversal, cujos dados foram coletados retrospectivamente de pacientes menores de 1 ano de idade, que realizaram pHmetria
em hospital terciario para investigacdo de BRUE de alto risco de outubro de 2008 e janeiro de 2018. Para a analise dos prontuarios, um protocolo de
coleta de dados incluiu: sexo, idade no primeiro episédio de BRUE de alto risco, idade no momento da pHmetria, idade gestacional, tipo de parto (nor-
mal ou cesarea), peso ao nascer e sintomas associados a alto risco-BRUE relatado por cuidadores. A relagdo entre as variaveis foi avaliada por meio do
teste exato de Fisher, qui-quadrado e teste de Mann-Whitney. O nivel de significancia foi estabelecido em 0,05. Resultados — Foram incluidos 54 lactentes
(pré-termo 25, termo 29), 62,9% do sexo masculino, idade mediana na BRUE de alto risco foi de 36 dias. De acordo com o relatério do cuidador, 53,7%
dos episodios de BRUE de alto risco ocorreram durante ou logo apos a alimentagao. Resultados da pHmetria: nove resultados da pHmetria foram con-
siderados inconclusivos, refluxo fisiologico (n=30) e DRGE (n=15). A frequéncia de DRGE diagnosticada por pHmetria foi de 33%. A DRGE nao foi
estatisticamente relacionada ao sexo (P=0,757), idade no primeiro episdédio de BRUE de alto risco (P=0,96), idade no momento da pHmetria (P=0,72)
prematuridade (P=0,321) ou tipo de parto (P=0,738). A DRGE foi estatisticamente relacionada ao baixo peso ao nascer (P=0,023). Nao houve associagao
entre os sintomas relatados pelos cuidadores durante BRUE de alto risco e o diagndstico de DRGE. Conclusdo — A DRGE diagnosticada pela pHmetria
foi encontrada em um ter¢o dos lactentes que vivenciaram BRUE de alto risco, mostrando a importancia da investiga¢do adequada. Em metade das
criangas, o evento ocorreu durante ou logo apos a alimentacao. Além do baixo peso ao nascer, nao foi possivel selecionar outros dados da historia clinica
que sugiram que esses pacientes terao maior probabilidade de apresentar DRGE.

Palavras-chave — Eventos inexplicaveis breves e resolvidos; eventos de aparente risco de vida; doenga do refluxo gastroesofagico; lactentes; neonatos.
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