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OBJECTIVE: To evaluate for adverse outcomes associated
with gastroesophageal reflux disease (GERD) following an
apparent life-threatening event (ALTE) and potential risk
factors of these outcomes.

STUDY DESIGN: Retrospective cohort study of well-
appearing infants (<12 months) admitted for ALTE. Patients
were followed for adverse outcomes associated with GERD
(including aspiration pneumonia, failure-to-thrive, or anti-
reflux surgery), second ALTE, or death. Risk factors
evaluated included: age, prematurity, gender, previous
event, diagnosis of GERD, gastrointestinal (Gl) testing
positive for gastroesophageal reflux, length of stay (LOS),
and neurologic impairment diagnosed in follow-up.

RESULTS: Four hundred sixty-nine patients met inclusion
criteria, mean age was 45 days, 110 (22%) were premature.

Patients were followed for an average of 7.8 years; 3.8% of
all patients had an adverse outcome associated with
GERD. The only significant risk factors were a longer LOS,
and development of neurological impairment. A diagnosis
of GERD and positive reflux testing during the initial
hospitalization were not associated with adverse outcomes
associated with GERD.

CONCLUSIONS: Adverse outcomes associated with GERD
are rare following an ALTE. Patients who developed
neurological impairment and a longer initial LOS were at
higher risk for developing these outcomes. Positive testing
for gastroesophageal reflux during hospitalization for ALTE
did not predict adverse outcomes associated with GERD.
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Apparent life-threatening events (ALTEs) are frighten-
ing for the parent/guardian and represent a challenge
for the healthcare provider. ALTEs are defined as wor-
risome episodes of any combination of apnea, color
change, change in muscle tone, choking or gagging.'
ALTEs account for 0.6% to 0.8% of emergency depart-
ment (ED) visits for children <12 months old,*® have
an average length of stay (LOS) of 4.4 days and an av-
erage cost of $15,000 per hospitalization.*
Gastroesophageal reflux disease (GERD) is common in
infancy'! and also is the most commonly (in 31%-55%
of ALTE cases) attributed cause of ALTE.>*’ It has been
speculated that chemosensitivity to gastric acid results in
laryngospasm, bronchospasm, and apnea. However, sev-
eral small studies have failed to prove a causal link
between reflux episodes and apnea.®” Furthermore,
although consensus guidelines for GERD have been
developed,'* the clinical use of testing for GERD remains
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highly variable. A study of infants discharged with an
ALTE (n = 12,067) from 36 children’s hospitals in the
United States revealed extensive variability in the use of
pH probes and upper gastrointestinal x-ray series to diag-
nose GERD.*

The incidence of adverse outcomes associated with
GERD after an ALTE remains unknown. It is also
unknown whether an association exists between long-
term gastrointestinal (GI) outcomes and testing demon-
strative of GERD or a diagnosis of GERD during hospi-
talization for ALTE. The primary objective of our study
was to determine, in patients with an ALTE, the adverse
outcomes associated with GERD (failure-to-thrive, aspi-
ration pneumonia, and/or anti-reflux surgery), the inci-
dence of readmission for second ALTE, and death. Our
secondary objective was to determine risk factors for
adverse outcomes associated with GERD following an
ALTE.

METHODS

Design

This was a retrospective cohort study. We reviewed
electronic and paper medical charts of all infants <12
months of age admitted for ALTE between January 1,
1999 and December 31, 2003 to Primary Children’s
Medical Center in Salt Lake City, UT, which serves as
the tertiary pediatric center for >1 million children
and the primary facility for >270,000 children in Salt
Lake County, UT.' Primary Children’s Medical
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187,902 Hospital
Admissions

Missing Charts

1,148
Consistent
with ALTE
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Excluded (n=671)*

Zimbric et al

Discharge ALTE Cohort
Diagnosis (n=469)
[
! 1 1 1 1
Convulsions, TR
GERD Seizures, Brlor;ch;_olltls, Apnea, ALTE, "
(n=189) Abnormal 'I::?':;n Cyanosis, Spell Other (n=44)
movements (n=156)
(n=46)

* Patients may have met multiple exclusion criteria, including: Pre-existing disorder (181), Bronchiolitis (176), Epilepsy

(132), CNS pathology (75), Previous anti-epileptic use (66), Febrile seizure (33), Medication misdose (13), overt trauma or

abuse apparent on admission (14)

** “Other” discharge diagnoses: Choking (7), Periodic breathing (5), Hypocalcemia (4), Unknown (4).

24 patients fell into the following categories (< 3 cases each): Meningitis, Basal ganglia hemorrhage, Torticollis, Breath-

holding spell, Dysrhythmia, Dyspnea, Hypotonic episode, Hypoxia, Lethargy, Malaise, Medication reaction, Myoclonus,

Normal neonatal movements, Non-accidental trauma, Pyloric stenosis, Respiratory problem, Syncope, Sleep myoclonus

FIG. 1. The ALTE cohort. Abbreviations: ALTE, apparent life-threatening event; CNS, central nervous system; GERD, gastroesophageal reflux disease.

Center is operated by a vertically integrated not-for-
profit healthcare system (Intermountain Healthcare),
which has 20 affiliated hospitals and EDs. The study
was approved by the institutional review boards of
the University of Utah and Intermountain Healthcare,
and the privacy board of Intermountain Healthcare.

Participants

Patients were included if a computer search of ED
chief complaint or hospital discharge diagnoses found
one or more of the following keywords (or corre-
sponding International Classification of Diseases,
Ninth Revision [ICD-9] codes if applicable): ALTE,
altered mental status, apnea, breath-holding spell,
choking, GERD, hypotonia, lethargy, other convul-
sions, other neurologic diagnosis, other respiratory di-
agnosis, pallor, seizures, sleep apnea, stiff, syncope,
and unresponsiveness. These diagnoses were chosen as
potential proxy diagnoses or codes for possible ALTE,
as ALTE did not have a corresponding ICD-9 code at
the time of this study.

Detailed review of the medical record included
infants who were <12 months old at admission with
a history consistent with ALTE, defined as an episode
frightening to the observer with any combination of
apnea, color change, change in muscle tone, choking,
or gagging. Infants were excluded from the study if

they had a previously documented underlying medical
condition to explain the ALTE (such as a known sei-
zure disorder) or had a clearly apparent diagnosis
upon initial history and physical examination (such as
bronchiolitis diagnosed in the emergency department)
that would explain the event. Patients with unstable
vital signs (eg, hypotension), trauma clearly apparent
on admission, documented medication dosing error,
or febrile seizure were also excluded. A complete list
of exclusion criteria is found in Figure 1.

All hospital admissions, ED visits, and Pediatric GI
clinic notes were reviewed for adverse outcomes asso-
ciated with GERD, second ALTE admission, and
death. The follow-up time period included the original
enrollment period (January 1, 1999 through December
31, 2003) through August 31, 2009.

Outcomes

Adverse outcomes associated with GERD were defined
as aspiration pneumonia, failure-to-thrive (FTT; either
admission or discharge diagnosis of FTT at another
hospitalization, or follow-up to gastroenterology clinic
for FTT) and/or anti-reflux surgery (Nissen fundopli-
cation or gastrojejunal tube placement) as these are
potential clinical consequences of having severe and
uncontrolled GERD. We further collected readmission
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data for a second ALTE. Deaths and the attributed
reasons were also collected.

Risk Factors

Potential risk factors for adverse outcomes associated
with  GERD (all during index hospitalization)
included: age; prematurity; gender; previous event (as
described by the parent, without previous ALTE hos-
pitalization); primary discharge diagnosis of GERD;
testing positive for reflux on index ALTE admission
(upper GI x-ray series, esophageal pH probe, swallow
study, endoscopy, and/or consultation of pediatric gas-
troenterologist with results or assessments indicating
“gastroesophageal reflux”); any anti-reflux medication
prescribed upon discharge; and LOS. We also consid-
ered diagnosis of neurologic impairment during fol-
low-up, which was defined as seizures or diagnosis of
developmental delay from any etiology not recognized
on index ALTE admission. We examined these risk
factors as we postulated they might indicate higher
risk for both ALTE and adverse outcomes associated
with GERD, or might indicate a higher severity of ini-
tial event.

Analyses

Summary statistics were performed for adverse out-
comes associated with GERD, readmission, and death.
Univariate analyses were performed for risk factors
using chi-square tests for dichotomous predictors and
Wilcoxon rank sum tests for nonparametric continu-
ous predictors for any of the 3 adverse outcomes
(FTT, aspiration pneumonia [AP], and/or anti-reflux
surgery) associated with GERD. All analyses were per-
formed using SAS 9.13 (Carey, NC).

TABLE 1. Demographic, Clinical, and Hospitalization
Characteristics of Patients by Discharge Diagnosis

ALTE Cohort
N =469
Female 233 (49.7%)
Race
Caucasian 371 (79.1%)
Hispanic 64 (13.6%)
Pacific Islander 6 (1.3%)
Black 4(0.8%)
Other/unknown 24 (5.1%)
Mean age in days (SD) 65.2 (69.5)
Prematurity 103 (22%)
Underwent testing for gastroesophageal reflux 214 (45.6%)
Discharged on anti-reflux medication 238 (50.7%)
Previous event 127 (27.1%)
Mean length of stay in days (SD) 24(24)
Later neurologic impairment (seizures or developmental delay) 23 (4.9%)
Primary discharge diagnosis of GERD 189 (40%)

Abbreviations: ALTE, apparent life-threatening event; GERD, gastroesophageal reflux disease; SD, stand-
ard deviation.

RESULTS

Eleven hundred forty-eight infants with ALTE met
inclusion criteria, from 187,903 patients meeting ini-
tial search criteria. Six hundred seventy-one patients
were excluded and 8 patients had missing charts. The
study population of the 469-patient cohort is shown
in Figure 1.

Demographics are displayed in Table 1. The mean
age was 65 days. One hundred three (22%) were pre-
mature. One hundred eighty-nine patients (40%) had
a primary discharge diagnosis of GERD; details of the
diagnoses for the remaining patients are in Figure 1.
Median length of follow-up for the cohort was 7.8
years. The entire study period was 10.7 years.

Eighteen patients (3.8%) had an adverse outcome
associated with GERD. Four (0.9%) had aspiration
pneumonia, 9 (1.9%) had failure-to-thrive, and 7
(1.5%) had a Nissen fundoplication (no patients had
a gastrojejunal tube placed). Five patients had a gas-
trostomy tube placed at the time of fundoplication.
Two patients had more than 1 adverse GI outcome; 1
patient had aspiration pneumonia and another had
failure-to-thrive prior to their Nissen fundoplications.

Fifty-six patients (11.9%) were readmitted for a sec-
ond ALTE. Median time from index ALTE to second
ALTE admission was 16.5 days (interquartile range:
Q1, 8-Q3, 32). Two (0.4%) patients died. Both
(occurring at 18 months and 5.5 years after the initial
ALTE hospitalization) were related to the children
first developing seizure disorders and severe develop-
mental delay. Neither of the patients who died had an
index discharge diagnoses of GERD.

There was no significance of the following variables
in predicting adverse outcomes associated with
GERD: age, prematurity, gender, previous event, test-
ing positive for reflux, primary discharge diagnosis of
GERD, or discharge on anti-reflux medications (see
Table 2). Patients with adverse outcomes associated
with GERD had longer mean LOS on the index ALTE
hospitalization (4.3 days vs 2.4 days; P = 0.03) and a
higher rate of neurologic impairment diagnosed in fol-
low-up (16.7% vs 4.4%; P = 0.02) than patients
without long-term adverse GI outcomes. Patients with
neurological impairment diagnosed in follow-up were
more likely to eventually develop an adverse outcome
associated with GERD, compared to patients without
neurological impairment (odds ratio 8.4; 95% confi-
dence interval 1.15-16.1).

DISCUSSION

Our study had 2 main findings. First, infants admitted
for an ALTE had a low percentage (3.8%) of adverse
outcomes associated with GERD. Review of the litera-
ture provides little context to interpret this percentage.
One study reports 9 per 100,000 of the general popu-
lation <18 years of age having anti-reflux surgery.**
The percentage of adverse outcomes associated with
GERD converted to a rate in our study would likely
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TABLE 2. Univariate Risk Factors of Long-Term Adverse Gl Outcomes

AP, FTT, or Surgery

No Long-Term Adverse Gl Outcome

N=18 N = 451 P Value
Mean age in days (SD) 51.9(76.4) 65.8 (69.3) 027
Prematurity 1(5.6%) 102 (22.6%) 0.08
Male gender 12 (66.7%) 220 (48.8%) 0.14
Previous ALTE-like event (no hospitalization) 8 (44.4%) 119/(26.4%) 0.09
Testing positive for reflux 9 (50%) 177 (39.3%) 0.36
Discharge diagnosis GERD 9(50%) 180 (39.9%) 0.39
Discharged on anti-reflux medication 9 (50%) 229 (50.7%) 095
Mean length of stay in days (SD) 4340 2423 0.03
Neurologic impairment diagnosed in follow-up 3(16.7%) 20 (4.4%) 0.02

Abbreviations: ALTE, apparent life-threatening event; AP, aspiration pneumonia; FTT, failure-to-thrive; GERD, gastroesophageal reflux disease; Gl, gastrointestinal; SD, standard deviation.

reflect the bias of our center serving as a referral pop-
ulation for Utah and 5 surrounding states. Further-
more, there may be an additional bias of ALTE being
a potential indication for anti-reflux surgery for some
clinicians, as well as confounding additional diagnoses
(such as later neurologic impairment which might in-
dependently increase risk of study outcomes).

The second main finding of our study is that the de-
velopment of neurologic impairment was predictive of
developing adverse GI outcomes. As previous studies
have shown that neurological impairment cannot be
predicted during the initial ALTE hospitalization,'*
adverse outcomes associated with GERD are similarly
not predictable with current clinical approaches. Fur-
thermore, the exact nature of the relationship between
neurologic impairment and ALTEs remains unclear.
While previous studies have described the increased
prevalence of adverse neurological outcomes (such as
seizures, developmental delay) in children who have
had an ALTE, it is unclear what the precipitating rea-
son for ALTE is in these infants (seizure, central
apnea, GERD, etc).'*

There is ongoing debate in the literature surround-
ing the optimal diagnosis of GERD in infants with
ALTE. Recent guidelines state that investigations
aimed to prove GERD causing an ALTE should
include pH probe or impedance monitor testing, in
combination with a sleep study, and discourages a
GERD diagnosis based on upper Gl-series alone.'*
Given the low use of pH probe and impedance moni-
toring at our institution during the study period (86%
of the patients who had Gl-related testing had an
upper Gl-series), we did not attempt to find the sensi-
tivity or specificity of the different GI testing modal-
ities for GERD in the setting of ALTE. The high use
of upper-GI series is not unique to our institution—
one large study examining practice variation from
12,067 ALTE admissions in 36 children’s hospitals,
with 36.9% of infants (n = 4453) having a primary
discharge diagnosis of gastroesophageal reflux,
revealed that only 8.9% (SD 28%) received an esoph-
ageal pH probe, while 25.6% (SD 43.6%) had an
upper Gl-series or swallow study.?

Given the difficulties in assigning a GERD diagnosis
for ALTE infants, we focused on the long-term
adverse outcomes associated with GERD for the entire
ALTE infant cohort. The 3 adverse outcomes we
chose deserve some mention. Aspiration pneumonia is
generally due to either primary aspiration (from dys-
functional swallowing) or secondary aspiration (from
GERD). Failure-to-thrive can be due to ongoing
GERD. Anti-reflux surgery is often performed for
severe GERD. While we believe that a prospective
study with better diagnostic evaluations for GERD
and apnea (such as pH probe or impedance monitor
in combination with a sleep study) might help eluci-
date the unclear relationship between reflux episodes
and ALTE, the low percentage of adverse outcomes
associated with GERD after ALTE may suggest that
such a study would be difficult both in terms of sam-
ple size and an unnecessary use of resources.

We also found that a high percentage (11.9%) of all
patients had readmission for a second ALTE. This
was substantially higher than the 2.5% readmission
rate for second ALTE reported in a previous study of
short-term follow-up (30 days).* The number of read-
missions in our study might be higher due to our com-
prehensive follow-up, both in length of time and
number of additional EDs and hospitals captured.
Unfortunately, the retrospective nature of our study
makes it difficult to determine if any interventions (pre-
scription of anti-reflux medication, education on reflux
precautions) impacted the rate of readmission, as com-
pliance was not measurable. Further studies should
address why patients return with recurrent ALTE.

Interestingly, several potential risk factors did not
predict long-term adverse GI outcomes. For example,
prematurity, a discharge diagnosis of GERD, or pre-
scription of an anti-reflux medication, were not asso-
ciated with adverse GI outcomes. These findings sup-
port the concept that a diagnosis of GERD, at least as
is commonly applied, is not meaningful in the setting
of an ALTE. We did find associations with longer
length of stay (LOS), and with eventual development
of neurological impairment. Longer LOS might be a
proxy for other subtle predictors that could influence
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adverse outcomes, such as requiring additional diag-
nostic tests prolonging hospitalization, or continued
ALTEs while inpatient. The neurologic outcomes of
patients with ALTE have been previously published,
and the strong correlation between neurologic impair-
ment and GERD has been well described.'**

There are several strengths of this study. This is the
first study, to our knowledge, to look at adverse out-
comes associated with GERD following ALTE, despite
GERD being the most commonly attributed cause.
The use of Intermountain Healthcare’s electronic med-
ical record system allowed for comprehensive track-
ing, over an extensive follow-up period (median of
7.8 years), across 20 hospitals and EDs which care for
the vast majority of pediatric patients in Utah. Finally,
this large cohort of ALTE patients used clinical data
from medical records and not only administrative data.

There are limitations of this study. This is a retro-
spective cohort study. Some of our study outcomes
may be a result of pathophysiology other than GERD
and, conversely, GERD may be a result of other issues
(neurologic impairment). The small sample size and
low percentage of the study outcomes make it possible
that we did not detect true risk factors. Patients were
lost to follow-up if they moved or presented to a hos-
pital not within the Intermountain Healthcare system.
This study has slightly different patient numbers from
3 previously published studies for different outcomes
on this cohort, as exclusion criteria for the different
cohorts were different.'*?®?” Six patients had only
their electronic medical record reviewed because the
paper chart was missing.

IMPLICATIONS

The results of this study extend previous work of vari-
ous outcomes regarding well-appearing infants follow-
ing an ALTE.'**®?” In these studies, 3.9% and 3%
were ultimately diagnosed with epilepsy and develop-
mental delay, respectively; 1.4% were diagnosed with
abusive head trauma; and 0.6% required otolaryngo-
logic surgical intervention. In these previous studies,
there were few predictors of these outcomes, with
testing demonstrating largely normal results during
the index ALTE admission.

Our study helps clinicians place the outcomes of
aspiration pneumonia, failure-to-thrive, and anti-
reflux surgery into the context of these other studies
when discharging infants from the hospital after an
ALTE. Collectively, these studies provide clinicians
with the information that, in the setting of a well-
appearing infant, few diagnostic tests in their ALTE
patients will yield a definitive diagnosis. Ultimately,
close follow-up with further investigations if symp-
toms recur will be an important part of diagnosing
the etiology of the ALTE in these infants.

We found that well-appearing infants with ALTE,
regardless of attributed cause, are at low risk for

adverse outcomes associated with GERD. Only the
eventual development of neurologic impairment or an
increased length of stay during index ALTE hospitali-
zation was found to be predictive of these outcomes.
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