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underwent synchronized esophageal impedance-pH and cardiorespiratory monitoring. Three
indices were considered to evaluate symptom association, the symptom index (Sl), the symptom
sensitivity index (SSI) and the symptom association probability (SAP). A conservative strategy
was adopted regarding the decision of anti-reflux surgery, and therefore, patients were sched-
uled for laparoscopic Nissen fundoplication if the three indices showed a positive assessment of
symptom association. Retrospectively, these indices and the binomial symptom index (BSI) were
contrasted against the decision of anti-reflux surgery using different windows of association.
Results: Thirteen patients showed positive symptom association but only two underwent anti-
reflux surgery. The Sl and the SSI showed an increasing trend with the width of the window of
association. The SAP was affected randomly by slightly altering the windowing parameters. The
BSI showed the best performance with the two-minute window (« =0.78).
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Introduction

Conclusions: The pathology under study is known to improve with maturity. However, the sever-
ity of cardiorespiratory symptoms may threaten the neonate’s life and therefore, on some
occasions, invasive treatments must be considered to protect life. The BSI provides a good
prediction of a combination of positive SI, SSI and SAP, which may improve clinical decisions.
However, further clinical studies are required to prove the BSI as an optimal predictor of clinical
outcomes.

© 2015 Asociacion Espaiola de Pediatria. Published by Elsevier Espafa, S.L.U. All rights
reserved.

El indice de sintomas binomial para la evaluacion de la asociacién temporal entre
sintomas cardiorespiratorios y reflujo gastroesofagico en neonatos

Resumen

Introduccién: La evaluacion de la asociacion de sintomas entre el reflujo gastroesofagico y
los eventos cardiorrespiratorios no esta aln resuelta. Este articulo describe una aproximacion
conservadora para la decision del tratamiento quirdrgico anti-reflujo mediante el analisis de la
asociacion de sintomas.

Métodos: Cuarentay tres neonatos con sintomas cardiorrespiratorios potencialmente asociados
al reflujo se sometieron a una monitorizacion cardiorrespiratoria y de pH-impedancia esofagica.
Se consideraron tres indices, el indice de sintomas (IS), el indice de sensibilidad de sintomas
(ISS) y la probabilidad de asociacion de sintomas (PAS). Asimismo, se adopt6 una estrategia
conservadora para la aplicacion de cirugia anti-reflujo, de manera que solo se considerd el
tratamiento quirtrgico en aquellos pacientes con valor significativo en los tres indices. Se con-
trastaron retrospectivamente estos indices y el indice de sintomas binomial (ISB) frente a la
decision de cirugia anti-reflujo utilizando diferentes ventanas de asociacion.

Resultados: Trece pacientes mostraron algin indice con valor significativo pero solo dos se
sometieron al tratamiento quirurgico. Tanto el IS como el ISS mostraron una tendencia creciente
al aumentar el ancho de la ventana de asociacion. El PAS sufrio fuertes variaciones aleatorias
frente a pequenos cambios del enventanado. EL ISB presento el mejor resultado con la ventana
de dos minutos («x=0.78).

Conclusiones: La patologia bajo estudio mejora con la madurez del individuo. Sin embargo,
la severidad de los sintomas cardiorrespiratorios puede amenazar la vida del neonato y por lo
tanto, en algunas ocasiones se deben considerar tratamientos invasivos para proteger la vida.
EL ISB proporciona una buena prediccion de la combinacion de valores positivos del IS, 1SS y
PAS, lo que puede ayudar a mejorar las decisiones clinicas. Sin embargo, son necesarios futuros
estudios que prueben al ISB como un predictor optimo de los eventos clinicos.

© 2015 Asociacion Espanola de Pediatria. Publicado por Elsevier Espaia, S.L.U. Todos los dere-
chos reservados.

between 10% and 20% in the western world.'* Combined mul-
tiple intraluminal impedance-pH (MII-pH) monitoring allows

Gastroesophageal reflux (GER) can be described as the
retrograde movement of the gastric content into the esoph-
agus, having or not regurgitation or vomiting.'™ It is a
physiological condition and occurs in infants, children and
adults several times a day.“"® Most episodes are short and
asymptomatic and occur during transient lower esophageal
sphincter relaxations.*”~"" However, when GER produces
symptoms or complications one can refer to GER disease
(GERD). These symptoms are occasionally nonspecific such
as persistent crying, irritability, sleeping disorders, growth
delays and respiratory complications, and may potentially
cause neonatal death.

According to Tsoukali and Sifrim,'> GERD is the most
costly gastrointestinal disease with a prevalence ranging

for a more accurate detection of GER episodes and facili-
tates the study of symptom association (SA).">~'8 Particularly
in preterm infants, cardiorespiratory (CR) episodes such as
apnea, bradycardia or oxygen desaturation, may be tempo-
rally related to GER if they occur within a given time interval
around the onset of a GER episode."”'” It has been a subject
of extensive research since the mid-1980s.29-22 Neverthe-
less, in the second decade of the 21st century, this discussion
remains open.?>-* Different statistical indices have been
proposed in order to quantify this relationship: the symp-
tom index (SI), the symptom sensitivity index (SSI) and the
symptom association probability (SAP). However, none of
them seem to have solved this problem and therefore surgi-
cal treatments may be inappropriately recommended as the
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result of an overinterpretation of the current metrics.?® On
the other hand, the binomial symptom index (BSI)* fell by
the wayside due to its apparent mathematical complexity.'”
However, a recent computational analysis*® has shown that
an approximation of the BSI it can provide an optimal mea-
surement of SA. This paper highlights the shortcomings of SA
in GER and presents the results of a clinical study of the eval-
uation of the temporal association between CR symptoms
and GER in pediatric patients.

Methods
Patients

Forty-three preterm neonates of gestational age varying
between 24.0 and 36.0 weeks (median 29.0 weeks) and
weighing 0.73-3.18 kg (median 1.31 kg) were considered for
this study between 2004 and 2008. At the time of recruit-
ment, their postnatal age varied between 13 and 119 days
(median 36.5 days). All showed recurrent CR symptoms,
potentially related to GER, and were included in the study as
recommended by Vandenplas and co-workers." Twenty-five
of them (11 females and 14 males) developed symptoms dur-
ing the study and were the subjects under research, whereas
the remaining 18 did not present any CR symptoms during
and after the study. Therefore these patients were not con-
sidered under this methodology. This research was approved
by the Ethics Committee of the Children’s Hospital Virgen
del Rocio (CHVR), Seville, Spain. Parents or legal guardians
signed an informed consent form prior to enrolling. Patients
were hospitalized at the neonatal intensive care unit of
the CHVR under oxygen-enriched atmosphere (21-30%). One
hour of nasogastric feeding was followed by a 2-h fasting
period cyclically during hospitalization.

Instrumentation

All patients underwent 24-h MIl-pH and CR monitoring. Six-
french transnasal catheters were used to monitor MIl-pH
(Femu, Aachen, Germany).® The probe had seven impedance
electrodes separated 10mm from each other and two pH
electrodes separated 5cm from each other. The pressure
inversion point (PIP) was determined manometrically. Thus,
the proximal pH electrode was placed at 20mm from the
PIP, with the distal electrode located inside the stomach.
The distal impedance electrode was located at the position
of the PIP. On the other hand, heart rate (HR), respira-
tory rate (RR) and oxygen saturation (SpO,) were recorded
using a bedside patient monitor. MII-pH and CR signals were
acquired and digitalized at 50 Hz per channel with a National
Instruments DAQCard-700. Synchronization was carried out
by simultaneously sampling all channels every 20 ms. GER
events were identified according to the recommendations
provided by the ESPGHAN and the NASPGHAN,' that is, a
drop in the pH value below 4 and/or a drop of 50% of the
impedance base line in two consecutive channels in the ret-
rograde direction. Then, pathologic GER was determined
when the reflux index was greater than 7% or when the
number of reflux episodes exceeded 70 episodes in 24 h.>
Similarly, CR episodes were considered when the SpO, fell
below 80%, when breathing was suspended for at least 20s

or when the heart rate dropped below 80 systolic cycles per
minute. SA was analyzed computationally using numerical
analysis software (Matlab 2008).

Clinical methodology

A total of 25 patients were evaluated for SA. In doing so,
the SI, the SSI and the SAP were calculated using a 2-
minute window. Those patients having none of these indices
with a positive value (SA—) were studied for reflux only
and excluded from SA analysis. Patients with a positive
value in at least one of the indices (SA+) were carefully
assessed, adopting a conservative strategy at all times.
Patients were scheduled for laparoscopic Nissen fundoplica-
tion when the three estimators were positive, as evidence of
SA was proven. However, when only one or two indices were
positive, the patient underwent medical treatment and was
controlled carefully. All subjects with SA+ were followed
up during five years as shown in Fig. 1. At the time of the
study, the BSI was compared with the previous methodology
recalculating all the indices using both a one-minute and a
two-minute window of association.

Statistical analysis

The three major metrics for SA were evaluated to determine
the existence of a temporal relationship between GER and
CR events: the Sl, the SSI and the SAP. Additionally, the BSI*°
was added and compared retrospectively against anti-reflux
surgery. The indices were calculated varying the length of
the window of association between 1 and 300s. In addi-
tion, different temporal offsets were added to the start of
the windowing to study the effect time shifts. Although the
current recommended width of the window of association
is 1205s,2%2° a one-minute window of association was also
studied. Thus, the Pearson’s correlation coefficient (r) was
applied to contrast agreement between 60 and 120s win-
dows with a level of confidence of 95%. The Cohen’s kappa
(x) coefficient was used to evaluate agreement between the
indices and the decision of anti-reflux surgery based on the
combination of positive SI, SSI and SAP.

Symptom index

The Sl was first introduced by Ward et al.?’ as the ratio
between the number of symptoms that are related to a reflux
episode (Nrrs) and the total number of symptoms (Ns) dur-
ing time of study, as in Eq. (1). A positive association can
be considered if SI > 50%, according to studies conducted in
adults."

Nges

Sl = Ns x 100 (1)
Symptom sensitivity index

The SSI represents the positive predictive value taking into
account the total number of reflux episodes.”?' Eq. (2)
defines this index as the ratio of those symptom-related
reflux episodes (Nsgr) to the total number of reflux occur-
rences (Ng). It is considered as positive if SSI > 10%.2’

ssi— Nsrr 100 )
Nr
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The figure shows the algorithm followed in this study. Patients underwent synchronized multiple intraluminal impedance-

pH and cardiorespiratory (MIl-pH + CR) monitoring. Symptom association (SA) was evaluated and considered positive if at least one
of the indices was positive. Otherwise, patients underwent reflux study only. Those having three indices with positive values were
scheduled for anti-reflux surgery. Al patients with SA+ were followed up for five years.

Symptom association probability

This index provides a measure of probability of
association.””?' The study is divided into temporal
windows to form a 2 x 2 contingency array, and then the
Ficher’s exact test is applied to obtain the probability of
reflux and symptoms to occur by chance (p). Thus, Eq.
(3) represents the degree of temporal association, as a
measure of probability, in terms of the SAP:

SAP = (1 — p) x 100 3)

This index denotes a statistical temporal association when
SAP > 95%.

Binomial symptom index

The BSI was first described by Ghillebert et al.?’ to deter-
mine SA in esophageal pH studies and has been recently
studied using computational methods.*® The BSI can be cal-
culated according to Eq. (4), where Ns represents the total
number of symptoms, Ny is the total number of ebbs, T is the
monitoring time, w is the width of the window of association
and N, represents the number of reflux-related symptoms.
The BSI was suggested to provide a positive assessment, in
a 24-h monitoring study, when BSI > 99%.3°

Ng NS N 2 i Ng—i
R LW NRZW
BSI_[1—.§N (1)( T )(1— T ) x 100
1=Ng

(4)

Results

The average monitoring time was 21.8+1.1h. The total
number of reflux events ranged between 19 and 146 (mean
77.5) whereas the total number of symptom episodes varied
between 1 and 46 (mean 15.0). In the first stage, at least
one of the three main indices under study determined a pos-
itive SA in 13/25 patients as in Fig. 1. All the indices were
positive in 3/25 subjects. These patients were scheduled
for anti-reflux surgery. However, one of them stopped hav-
ing CR symptoms spontaneously a few days before surgery
and therefore a conservative approach was adopted. This
patient had a good evolution and did not require surgery. On
the other hand, 10/25 patients had one or two indices with
a positive value. They were carefully studied and under-
went eight weeks medical treatment, including proton pump
inhibitors and prokinetic drugs to treat reflux, and theoph-
ylline and caffeine for the CR pathology. Afterwards, these
patients were reevaluated for SA: five of them were stud-
ied for reflux only for not having shown CR symptoms again,
whereas the other 5/25 had a negative SA but still presented
some CR episodes. Therefore, these subjects were included
in the five year follow-up period. After this time, all patients
were free from CR symptoms. All subjects were operated by
the same surgical team. Detailed results on SA are provided
in the supplementary table.

Dissimilarities were observed between the SI, the SSI,
the SAP and the BSI, as shown in the contingency matrix
(Table 1). This fact was previously reported by Liihold et al.?*
Note that Table 1 represents the number of positive values
that occurred simultaneously for each two entries of the
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Figure 2 The scatter plots contrast the results of using one-minute and two-minute windows of association. Panels A-D are
referred to the SI, the SSI, the SAP and the BSI respectively. Note that the numeric subscripts represent the length of the window
of association in seconds. The dashed line depicts the linear regression model.

table. These data were used to contrast the performance of
all the indices to suggest anti-reflux therapy, and in partic-
ular, laparoscopic Nissen fundoplication.

None of the patients had a positive association for all the
indices considering both window sizes. There was no perfect

Table 1 Number of positive association cases in com-
mon between the indices, including surgery. The subscript
denotes the width of the window of association for each
index.

Slgo SSlgo SAP¢o BSleo SURGERY
8 1 2 3 1 Sleo
4 2 2 2 SSleo
6 2 1 SAP4o
4 2 BSleo
2 SURGERY
Sli20 SSlyo0 SAP 129 BSl120 SURGERY
10 3 6 3 2 Sl120
6 6 3 2 SSl120
9 3 2 SAP120
3 2 BSl120
2 SURGERY
Slgo SSleo SAP¢o BSlgo SURGERY
8 2 3 4 2 Sli20
1 5 3 2 2 SSli20
4 4 5 4 2 SAP40
1 2 1 2 2 BSl420
1 2 1 2 2 SURGERY

agreement between surgery and SA analysis. However, the
BSI, using the two-minute window of association, showed
the best agreement in terms of the Cohen’s kappa (0.78), as
shown in Table 2.

On the other hand, there was a good linear correla-
tion between the one-minute and the two-minute windows
regarding the SI (r=0.91), the SSI (r=0.94) and the BSI
(r=0.96). However, it was poor in the case of the SAP
(r=0.67) as shown in Fig. 2.

Fig. 3 shows an example of the evolution of each index
with the window length. Clearly, the wider the window
of association the higher the value of the SI and the
SSI. Nevertheless, the SAP showed chaotic behavior. The
Sl and SSI curves exhibit an increasing non-linear profile
when plotted against the window length whereas the SAP
showed a random variability. On the other hand, the BSI was
reported to show a maximum value when the window length
matches the characteristic symptom-reflux lag.>° This can
be appreciated in Fig. 3, although the typical value of this
temporal lag remains under discussion, and therefore the

Table 2 The table shows the agreement with the deci-
sion of anti-reflux surgery using 60-s and 120-s windows of
association.

Cohen’s kappa

60s 120s
SI 0.08 0.23
SSI 0.63 0.43
SAP 0.15 0.27
BSI 0.63 0.78
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The figure represents the value of each index against the width of the window. The dashed line denotes the threshold to

consider a positive association for each metric. Panel A and B represent an increasing trend regarding the Sl and the SSI respectively.
Panel C shows an example on how the SAP fluctuates randomly with small changes in the window length. The BSI shows a peak that
corresponds to the symptom-reflux characteristic temporal lag in this patient, as in graph D.

two-minute window is still considered as the optimal window
of association.?>%

Note that the effect of windowing the recording for the
calculation of the SAP affects the results of the estimator.?”
Therefore, the value of the SAP depends, at random, on the
starting time of the monitoring as shown in Fig. 4. It is an

100
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Figure 4 The graph shows an example of the evolution of
the symptom association probability (SAP) index when the onset
of the windowing varies between 0 and 120s. A two-minute
window was used for the calculation of the index, as denoted
by the subscript. The dashed line represents the 95% threshold.

example that represents the value of the SAP using a two-
minute window when different time shifts were added to
the onset of the windowing. The standard deviation of the
SAP index, when varying the onset from zero to the width of
the window, ranged between 0% and 46.7%. On the contrary,
the other indices did not vary by altering the onset of the
windowing.

Discussion

SA analysis is a mathematical technique to express tem-
poral association between reflux and acute symptoms.'’
The use of the SI, the SSI and the SAP is still questioned
and the need for new methods is claimed by the scientific
community.?’-?832 This study shows disagreement between
the three main metrics and presents the BSI as an optimal
estimation of SA in pediatric patients with CR symptoms.
It is worth mentioning that the SI and the SSI can be calcu-
lated by hand whereas the SAP requires complex software. >
Although the BSI cannot be calculated by hand, parameters
involved in the formulation of this index can be accounted
easily. Then, common software tools can be used to com-
pute the results of the index. This provides an alternative
and more reliable method to calculate probability of associ-
ation. Note that the temporal window was defined to study
association only in the same way that the previous indices
do. However, if one aims to study causality, latency between
both events must be considered in one direction only as
described in a previous study.>°
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The existence of a temporal association between CR
and GER is controversial. Both phenomena are common
in preterm infants and are rarely related to each other.
Thus, there are few recent scientific papers describing this
problem?#%5%7 and include a scarce number of patients.
This pathology is known to have a good spontaneous evolu-
tion as the patient ages.** The development of physiological
barriers to GER with maturity explains these cases and sup-
ports the conservative approach adopted by the authors with
regards to the use of anti-reflux surgery. However, due to the
severity of these symptoms and the potential risk of neonatal
death, anti-reflux surgery was, in some cases, the elected
treatment to ensure the patient’s life. Approximately half
of the infants with recurrent apnea have a positive diagnosis
of GERD.*> Further studies should consider the direction of
the association to allow more reliable decisions in order to
reduce hospital stays and to provide better therapies.

It is important to mention that the impedance-pH moni-
toring was carried out along with a nasogastric probe. This
might have conditioned the results obtained in this study,
especially those related to the diagnosis of GERD. Neverthe-
less, the control values in pediatric patients® were obtained
with nasogastric probe as well, and therefore, both studies
were conducted in similar conditions.

The complex nature of recruiting patients regarding this
pathology makes research in this area a difficult task.*
On the other hand, there is only one control group for
pediatric gastroesophageal reflux reported in the scientific
literature.® These two facts along with a poorly understood
pathophysiology makes every contribution a valuable step.
Note the number of patients that underwent fundoplica-
tion in this study (n=2) cannot fully support conclusions
regarding clinical outcomes. Anti-reflux surgery was decided
based on a combination of a positive SI, SSI and SAP. That
means the BSI predicts a combination of positive SI, SSI and
SAP. Therefore, there is still a need for further studies to
investigate the BSI as a predictor of clinical outcomes.>¢

This work supports the existence of an important incon-
sistency between the three indices under study.?® Surgical
treatments are often based on the evaluation of one, or a
combination, of these indices (probability of association plus
effect of size).

A very critical parameter in SA analysis is the time win-
dow in which symptom and GER are considered to be related.
Lam et al.” stated that the optimal window length was
120s. However, this has not been validated in neonates until
a recent study by Omari et al.? It shows that two minutes is
the optimal window length when calculating SAP in infants.
However, the SAP was criticized on many occasions for being
biased and affected by chance.?®=28 In this study, the 120-s
window provided the best results for the BSI.

The study of the window of association concludes that the
value of the Sl and the SSlincrease with the window size: the
larger the window the greater the index; it occurs because
the probability of a reflux to be symptom-related increases
with the width of the window of association.?” However, one
cannot see the same behavior regarding the SAP, as shown
in Fig. 2. Small variations of the factors involved in the
windowing (onset and width) produce strong oscillations in
the value of the SAP. On the contrary, the BSI has its maxi-
mum accuracy when the window of association matches the
characteristic reflux-symptom delay.*°

The BSI was resembled and proved computationally to
be an optimal estimator of symptom association.>® Other
authors®” have considered the BSI as described by Ghillebert
et al.?’ and concluded it is a good test for SA analysis. In this
study the BSI seems to provide a good measurement of SA.

Conclusion

The evaluation of GER-CR association in infants remains an
open problem. Current statistical indices, Sl, SSI and SAP, do
not provide a unique criterion for diagnosis: the SAP index
presents multiple deficiencies whereas the BSI represents a
good measurement of probability and size of effect. After
having evaluated the BSI clinically against the decision of
anti-reflux surgery, this study concludes the BSI simplifies
the evaluation of SA in pediatric patients with CR symptoms.
However, further investigations are required to prove the BSI
as an optimal predictor of clinical outcomes.
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