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ABSTRACT

Background and Aim
Autonomic modulation of cardiac activity can be regarded as the efferent response of the CNS integration of various
viscerosensory signals from different peripheral organs, including the gastrointestinal wall. The aim of this study was to
determine a potential relation between the distal esophagus acid exposure in patients with GERD and the occurrence of
cardiac dysrhythmia within this category of patients.
Material and method
Twenty patients (9 women and 11 men, mean age 59,42+13,21 years), hospitalized in the Emergency County Hospital, Cluj-
Napoca, Romania, presenting with symptoms chiefly consisting of atypical heartburn-like chest pain and palpitations, were
selected to participate in the study. All the patients were subject to investigations in order to determine the cardiovascular risk
factors, to ECG at rest and during effort measurements, echocardiogram, upper digestive endoscopy and simultaneous 24-hr
ambulatory ECG and distal esophageal pH monitoring. The measurements revealed no pathological findings in rest ECG,
treadmill cardiac stress test or ecocardiography parameters. Lipid fraction values were within normal range in all patients. The
presence of heart variability rate (HRV), dysrhythmia and ST segment depression were assessed. At the same time, spectral
analysis of the heart rate variability was performed in order to calculate the low-frequency (LF) band, the high-frequency
(HF) band and the LF/HF ratio. In the case of each patient a symptomatology index (Sl) was determined, recording the ratio
between the number of symptomatic events produced by reflux episodes and the total number of symptomatic episodes listed
in the symptom diary.
Results
There were no statistically significant differences between patients with and without dysrhythmia, namely ST depression,
related to the symptoms recorded in the symptomatology index. As concerns the relation between the LF/HF ratio measured
during activity (daylight time) and the distal esophageal acid exposure time (pH<4) there were significant differences between
the average of these variables in patients with negative S| (p=0.001). We noticed that there was a statistically significant
negative correlation (r=0.809, p=0.001, namely r=0.617, p=0.025) between the LF/HF ratio during activity, namely LF/HF
during sleep, and age. The same indirect correlation was also found in the case of distal esophageal acid exposure during
activity (r = 0.53, p = 0.02).

In conclusion, the study revealed that, in general, there were no significant correlations between the presence of
different arrhythmias and the variables recorded in a 24 hours simultaneous ambulatory ECG and pH monitoring. At the same
time, age was indirectly correlated to the LF/HF ratio both during activity and sleep.
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Introduction

The electrophysiological mechanisms underlying dysrhythmi-
as are the altered automatism or the impaired electrical sign-
aling of the cardiac conduction tissue. The autonomic modu-
lation of the heart rate plays a vital role in the emergence of
cardiac dysrhythmias. [1][2][3]

There is clinical evidence revealing the part played by the
esophagus in generating cardiac dysrhythmias due to its in-
fluence on the cardiac autonomic innervation, which can be
explained by the fact that many afferent visceral fibers stem-
ming from the distal esophagus make up the afferent neural
pathway shared with the heart. Consequently, the signals
generated by reflux episodes in the distal esophagus can in-
fluence the electrical rhythmic activity of the heart, thus con-
tributing to the occurrence of dysrhythmias.[4][5]

The autonomic nervous system, especially the vagal compo-
nent, is less susceptible to direct investigation and manipu-
lation. The heart rate variability (HRV) analysis is a non-in-
vasive method employed to evaluate the autonomic cardiac
function, which includes two main techniques: time-domain

and frequency-domain. The power spectral analysis of the au-
tonomic function consists of a low frequency band (LF), high
frequencies band (HF) and a LF/HF ratio [6]. The LF is influ-
enced by sympathetic modulation, while the HF represents a
modulatory signal of respiratory driven cardiac vago-efferent
drive. The two components are mutually regulated, and their
reciprocity defines the sympatethic-vagal balance measured
by the LF/HF ratio. [7][8][9]

A few studies [10] suggested the theory that there are people
sensitive to acid esophageal stimulation (the Bernstein test), in
whose case acid-induced afferent signals coming from the es-
ophageal walls can influence the electrical rhythmic activity of
the heart and thus contribute to the emergence of dysrhythmias.

The aim of this study was to establish a possible relation
between the distal esophageal acid and alkaline exposure
generated by gastro-esophageal reflux and the occurrence of
cardiac dysrhythmias.

Material and method
Twenty patients (9 women and 11 men, mean age
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59,42+13,21 years), hospitalized in the Emergency County
Hospital, Cluj-Napoca, Romania, presenting with symptoms
chiefly consisting of atypical heartburn-like chest pain and
palpitations, were selected to participate in the study. All the
patients were subject to investigations in order to determine
the cardiovascular risk factors, to ECG at rest and during
effort measurements, echocardiogram, upper digestive en-
doscopy and simultaneous 24-hr ambulatory ECG and distal
esophageal pH monitoring. The measurements revealed no
pathological findings in rest ECG, treadmill cardiac stress test
or cardiac ultrasound parameters. Lipid fraction values were
within normal range in all patients. In the case of each patient
a symptomatology index (Sl) was drafted, recording the ratio
between the number of symptomatic events produced by re-
flux episodes and the total number of symptomatic episodes
listed in the symptom diary. We believe that both acid (pH<4)
and alkaline (pH>7,5) reflux could generate symptomatic epi-
sodes, in consequence S| was considered positive for acid or
alkaline exposure if SI>50%.

HRV Analysis

Heart variability rate (HRV), presence of dysrhythmia and the
ST segment depression were analyzed. Also, a spectral anal-
ysis of the heart rate variability was performed in order to cal-
culate the low frequency (LF) band, the high frequency (HF)
band and the LF/HF ratio. Frequency-domain analysis was
conducted by using a non-parametric method of fast Fourier
transformation (FFT). The power spectrum was subsequently
converted into standard frequency-domain measurements,
including the total variance, LF (0.04-0.15 Hz), HF (0.15-0.40
Hz), LF/HF, and LF%. Variance, LF, HF and LF/HF were log-
arithmically transformed to correct for the skewness of the
distribution. Also, we analyzed the presence of dysrhythmia
and ST segment depression.

Ambulatory 24-hr distal esophageal pH monitoring

For pH-monitoring, we used a multi-ionometer device (Gas-
tro-pH, Gadion, Romania) and a antimony probe with a built-
in manometry channel (Sandhill,USA) placed in the distal es-
ophagus at 5cm above the low esophageal sphincter (LES).
The position of the LES was detected by using one channel
manometry. The pH-metry recording was interpreted using
GastroPH 2.0 software (Datronix,Romania), which provid-
ed the following parameters: % time pH<4 during activity
(daylight); % time pH<4 during sleep; % time pH>7,5 during
activity; % time pH>7,5 during sleep. Values over 4,2% for
acid exposure and 5% for alkaline exposure were considered
pathological. The patients included in the study were asked
to accurately note down in their 24-hr journal the symptoms
occurring during simultaneous monitoring. A direct causal re-
lation between reflux episodes and symptoms was taken into
consideration when an acid (pH<4) or an alkaline reflux epi-
sode occurred within a 5 minutes interval before or after the
symptom episode marked in patient’s journal.

Statistical analysis

The SPSS 16.0 software for Windows (Demo Versions) was
used to carry out the statistical analysis. In order to evaluate
the differences between the qualitative variables a x? test was
used. The Kolmogorov-Smirnov test was used to check the
normal distribution of continuous numerical variables. The Stu-
dent (unpaired) or the Anova tests were used to assess the dif-
ference between the continuous quantitative variables averag-
es. The Pearson coefficient was used to assess the correlation
between the different variables. The value of the p<0.05 was
considered significant from a statistical point of view.

Results
The average values of the simultaneous ECG-Holter and
pH-monitoring variables are presented in fig.1.

The Sl analysis revealed the following: 45% of the patients
had a negative Sl; among those with positive SI, 20% had
acid and 35% alkaline reflux.

The ECG-Holter monitoring revealed premature ventricular

beats (PVE) in 45% of the patients, and premature supraven-
tricular beats (PSVE) in a similar percentage. We found no
significant differences between the patients with or without
PVE, namely PSVE, associated to the existing symptomatol-
ogy: PVE-without symptomatology 36.4% vs. 55.6%, acid re-
flux 27.3% vs. 11.1%, alkaline reflux 36.4% vs. 33.3%, p=NS
in all cases; PSVE- without symptomatology 36,4 vs 55,6%,
acid reflux 18,2 vs 22,2%, alkaline reflux 45,5 vs 22,2%, p-NS.

At the same time, there was no statistically significant differ-
ence between the incidence of ST segment depression in
20% of the patients and the Sl: 53% of the patients without
ST segment depression were Sl negative vs. 20% Sl positive;
acid reflux 20 vs. 20% and alkaline reflux 26.7 vs. 60% with
p=NS.

Subsequently we studied the relation between the occurrence
of premature ventricular beats, supraventricular, the ST seg-
ment depression and the pH-metric parameters. The data are
presented in figures 2,3 and 4.

There were no statistically significant differences between
patients with and without PSVE in relation to the variables
recorded by ECG-Holter or pH-metry monitoring. The same
hold true in the case of PVE patients, except for the LF/HF
ratio recorded during sleep (p=0.023).

As concerns the LF/HF ratio measured during activity (day-
time) associated with acid distal esophageal exposure time
(pH<4), there was a significant difference between the aver-
age of these variables in patients with negative Sl (p=0.01). At
the same time, this major difference was also signaled in the
presence of the ST segment depression, but only at alkaline
exposure (pH>7.5) during sleep (p=0.06).

We noticed that there was a statistically significant negative
correlation (r = -0.809, p = 0,001, respectively r = 0.617, p =
0.025) between the LF/HF ratio during activity, namely LF/
HF during sleep, and age. The same indirect correlation was
found in the case of esophageal acid exposure (pH<4) during
activity (r =-0.53, p = 0.02).

We did not identify a relevant correlation between the LF/HF
—activity ratio and the pH-metry parameters; on the contrary,
the LF/HF-sleep ratio was directly correlated to acid exposure
during sleep (pH<4).

Discussions

The term gastrocardiac syndrome was suggested as early
as 1952 seeing that eso-gastric irritation stimuli are liable of
producing not only chest pain, but also cardiac dysrhythmias
[12][13].

It is well-known that there is a rich efferent innervation in the
sinoatrial node, liable to generate neurovegetative manifesta-
tions. [14]. Consequently, a heart rate increase determined by
sympathetic stimulation may be the cause of some arrhyth-
mias.

An elevated vagal activity accompanied by a decrease in
heart rate may lead to setting in motion ectopic foci that may
contribute in their turn to cardiac arrhythmia.

The autonomic modulation of the cardiac function may be re-
sponsible for the transmission of many neurosensory impuls-
es towards different peripheral organs, such as the gastro-es-
ophageal walls. The esophagus and the heart equally share
an autonomic innervation, as there are many afferent viscer-
al fibers that originate in the distal esophagus forming the
neural afferent way through which esophageal events may
influence autonomic cardiac activity. Previous studies had
shown that an altered sympathetic-parasympathetic balance
was common in patients with reflux esophagitis. [11] In this
respect, the HRV analysis is a quite accurate and non-inva-
sive method of evaluating the autonomous cardiac function.
It has three spectral components: the high frequency power
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spectrum (HF=0.15-0.40) influenced by sympathetic activity,
the low frequency power spectrum (LF=0.04-0.15) influenced
by vagal activity, and the very low frequency power spectrum
(VLF=0.033-0.04). A low HRV can be correlated to a reduced
vagal activity or to an increased sympathetic activity that can
favor the onset of malignant cardiac arrhythmias. The LF/HF
(LF/HF) ratio is regarded as a parameter of the sympathet-
ic-vagal balance.

The studies of Fougas et al., as well as other evidence, sug-
gested that there is a group of people with “hipersensitivity”
to acid esophageal stimuli that may trigger certain afferent
signals from the esophagus and could be responsible for
influencing the electrical activity of the heart leading to dys-
rhythmias[10].

As emphasized above, previous studies had described and
demonstrated the presence of a relation between the central
nervous system and the local enteric innervation [14][15][16]
[17]. To be more specific, the vagus and the afferent spinal
nerves bring impulses caused by different mechanical and
chemical stimuli from the intestine to the central nervous sys-
tem [14]. The central nervous system influences the enteric
innervation and vice versa, a mutual interference of activi-
ties taking place [14]. Thus, many situations were described
where different pathological vagal changes have been iden-
tified as being the cause of some gastro-intestinal diseases
[13][15][16][17][18]. In this context, there were several previ-
ous studies which proved that an upset balance between the
sympathetic and the parasympathetic nervous system may
trigger gastro-esophageal reflux.[19][20].The decrease in the
vagal tonus at rest was strongly associated with the increase
in esophageal sensitivity [15], correlation which we also de-
termined in this study.

As concerns the theory that the acid exposure of the distal es-
ophagus may trigger arrhythmias [14], we found no significant
correlation between the occurrence of premature ventricular
or supraventricular beats and the variables recorded during
24-hr Holter ECG and/or pH-metry monitoring. Still, there was
an exception — the presence of a correlation in the case of
patients with premature ventricular beats — LF/HF ratio during
sleep (p=0.023), data in agreement to other studies [14]. Con-
trary to Tougas’s study, there was no significant correlation
between the patients with symptomatic acid exposure (posi-
tive Sl) and the occurrence of Holter ECG modifications (EV,
ESSV, ST segment depression).

As we noticed in this study, the LF/HF ratio in the daytime was
poorly correlated to the pH-metry parameters, whereas the
same ratio measured during the night was directly and signif-
icantly correlated to the pH<4, which confirmed the presence
of a vagal hyperactivity induced by acid exposure during this
period [14].

Another aspect that should be emphasized was the indirect
significant correlation between the LF/HF ratio, pH<4 time
and age. The average age of our patients was approximately
60 years. The data, very little in fact, in the literature in the
field reveal that arrhythmias occurring as a result of digestive
pathology in general and esophageal in particular are more
frequent in young people, thus stressing out the “functional”
pathogeny with this category of patients [24][25].

In most cases, average age and elderly patients rather dis-
play degenerative (organic) and not functional mechanisms.
Another possible explanation could be that esophageal sensi-
bility decreases with age and/or because a long history of dis-
tal esophageal acid exposure is associated with concurrent
destruction of mucus sensors in old subjects.

We would like to emphasize that the present study has a
major shortcoming, namely the small number of patients.
However, in this context we should not overlook the fact that
simultaneous Holter ECG/24h and esophageal pH-monitor-
ing are hard to carry out as patients are most reluctant to

comply with. Therefore, we still believe that the results con-
cerning the presence of a correlation between the heart rate
variability — cardiac dysrhythmia — and the gastro-esophageal
reflux detected by pH-monitoring may contribute to enrich the
extremely little data accessible worldwide (according to the
information in the literature in the field).

In conclusion, our study revealed no significant correlation
between the occurrence of different arrhythmias and the var-
iables recorded during a 24-hr ECG and pH monitoring. On
the contrary, we discovered that there is an indirect corre-
lation between age and the LF/HF ratio both during activity
and sleep, correlation that also occurred during acid exposure
pH<4 measurements, but only in daytime.
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