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Research Article
Abstract

Background and Objective: The tilt table test is a diagnostic modality used to evaluate patients presenting with altered
levels of consciousness (ALOC) or orthostatic symptoms. The autonomic nervous system's response to postural changes
induces alterations in sympathovagal tone, subsequently altering various electrocardiographic (ECG) parameters. The index
of cardio-electrophysiological balance (iCEB) is calculated based on the ratio of the QT interval to the QRS duration, serving
as a non-invasive measure of the cardiac impulse wavelength. The present study aimed to evaluate changes in the iCEB
during the tilt table test in patients with ALOC.

Methods: This case-control study was conducted using a convenience sampling method on the medical records of 40 patients
selected from among 390 patients with ALOC who visited the tilt table Laboratory at Ayatollah Taleghani Educational and
Medical Center in Gorgan, Golestan Province, Iran. The participants were divided into two groups of 20 (10 males and 10
females per group). Based on medical records, 20 patients with a positive tilt table result were initially selected, followed by
the random selection of 20 patients with a negative tilt table result, who were age- and sex-matched with the first group. The
data related to patients’ ECG, blood pressure, and pulse rate were recorded and compared prior to the test (baseline
conditions), during tilt, and during recovery.

Results: The mean and standard deviation of iCEB in the positive tilt table group at baseline, tilt, and recovery phases were
determined to be 6.04+1.48, 6.18+1.85, and 6.81+1.72, respectively. In the negative tilt table group, these values were
4.67+2.01, 4.46+2.07, and 4.48+2.19, respectively. Between-group comparisons revealed a statistically significant increase in
the iCEB among patients with positive tilt table results compared to those with negative tilt table results during the baseline,
tilt, and recovery phases (P<0.05). However, the values were not statistically significant for the corrected iCEBc.

Conclusion: Baseline values of the iCEB may serve as useful predictors for tilt table test results in patients presenting with
ALOC.
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Introduction

An altered level of consciousness (ALOC) is a common
disorder characterized by a transient loss of consciousness due to
a reduction in cerebral blood flow. This condition is highly
prevalent among the general population, accounting for more
than 1% of all hospital admissions. The etiologies associated
with an ALOC encompass a broad spectrum, ranging from
vasovagal dysfunction to hypertrophic cardiomyopathy and
seizure disorders. Patients with a history of ALOC or similar
conditions, including orthostatic intolerance (OI), may exhibit
impairments in the compensatory mechanisms regulating blood
pressure. Postural changes, particularly transitioning from a
supine to an upright position, significantly affect the
performance of the cardiovascular system. Concurrently, due to
the distinct influence of gravity on the filling and emptying
phases during cardiac systole and diastole—across both the right
and left sides of the heart—as well as the activation of
baroreflexes and alterations in sympathovagal tone, certain
electrocardiogram (ECG) features will be affected. ECG and the
tilt table test provide valuable information in investigating the
underlying causes of ALOC.

In patients with suspected autonomic nervous system
dysfunction, the tilt table test is clinically utilized as a diagnostic
assessment. Its application in the evaluation of orthostatic
hypotension (OH) has been approved by the American
Autonomic Society, the American Academy of Neurology, and
the European Federation of Neurological Societies. The primary
objective of the tilt table test is to establish controlled conditions
to induce and systematically evaluate OH. Furthermore, this test
is highly valuable in diagnosing postural orthostatic tachycardia
syndrome (POTS), identifying sympathetic nervous system
failure due to autonomic neuropathies and ganglionopathies,
differentiating neurogenic from non-neurogenic OH, assessing
baroreflex function, differentiating true autonomic ALOC from
pseudo-ALOC (psychogenic), and distinguishing ALOC-related
seizures from epileptic seizures. During a tilt table test, the
body's axis relative to gravity is altered under controlled
conditions, while changes in blood pressure and heart rate are
monitored simultaneously. Upon changing from a supine to an
upright position, the distribution of vascular blood volume
toward the lower body causes approximately 500 to 800 mL of
blood—equivalent to roughly 10% of the total blood volume or
25% of the intrathoracic blood volume—to shift to the lower
body within 2 to 3 minutes. With prolonged standing, this
volume increases even further due to enhanced vascular filtration
across the capillary membrane. In healthy individuals, a decrease
in the pressure exerted on carotid and cardiopulmonary
baroreceptors leads to an increase in sympathetic activity,
culminating in compensatory vasoconstrictor responses and
increases in both heart rate and myocardial contractility. In cases
where the individual is not standing motionless, the muscle
pump also plays a crucial role in maintaining venous return.
Furthermore, neuroendocrine responses—including an increase
in arginine vasopressin, a decrease in atrial natriuretic peptide,
and elevated activity of the renin-angiotensin-aldosterone
system—are established with a slight delay after a few minutes.
In individuals suffering from various types of Ol, including OH,
ALOC, and POTS, these compensatory mechanisms are
impaired. In patients with ALOC, the tilt table test serves as a
valuable diagnostic tool for assessing cardiac arrhythmias.
Studies have reported that patients with a positive tilt table test
result are predisposed to arrhythmias. However, due to the high
rate of false-positive tilt table test results, this method is not
universally accepted for making therapeutic decisions. ECG is
recommended as a Class | intervention for evaluating patients
with ALOC, in accordance with the guidelines of the American

College of Cardiology (ACC) and the American Heart
Association (AHA). Although a baseline resting ECG provides
limited information regarding neurogenic versus arrhythmic
types of ALOC, certain postural changes on the ECG or specific
ECG indices in patients presenting with ALOC offer valuable
data for the differential diagnosis of various subgroups and the
selection of appropriate therapeutic interventions.

The index of cardio-electrophysiological balance (iCEB) has
emerged as a simple and non-invasive biomarker for predicting
the risk of ventricular arrhythmias. Recent studies have reported
an association between the iCEB and the risk of severe
ventricular arrhythmias across various pathological conditions,
including intracerebral hemorrhages and ischemic strokes.

The present study aimed to evaluate changes in the iCEB
during the tilt table test in patients with ALOC.

Methods

This case-control study was conducted using a convenience
sampling method on the medical records of 40 patients selected
from among 390 patients with ALOC who visited the Tilt Table
Laboratory at Ayatollah Taleghani Educational and Medical
Center in Gorgan, Golestan Province, Iran. The participants were
divided into two groups of 20 (10 males and 10 females per
group).

Based on medical records, 20 patients with a positive tilt table
result were initially selected, followed by the random selection
of 20 patients with a negative tilt table result, who were age- and
sex-matched with the first group. The data related to patients’
ECG, blood pressure, and pulse rate were recorded and
compared prior to the test (baseline conditions), during tilt, and
during recovery.

The age distribution of the patients was classified into the
following categories: Under 20 years, 20-30 years, and over 30
years.

The inclusion criteria comprised patients referred with a
diagnosis of ALOC for the purpose of undergoing a tilt table
test, completeness of medical records, and the registration of
high-quality ECGs across the three stages of the test. The
exclusion criteria included the records of patients with a known
cardiac rhythm disorder, concurrent use of cardiovascular
medications, a history of chronic diseases and hospitalization,
and patient records that differed from others due to specific
clinical conditions, prolonged interruptions during the tilt table
test, or the requirement for induction maneuvers during the test.

Given that the tilt table test was conducted during the morning
hours, specifically between 9:00 and 11:00 AM, the consistency
of the participants' conditions regarding the influence of
circadian rhythms on sympathovagal tone was assumed to be
maintained. The QRS and QT intervals were measured manually
and independently by two skilled evaluators; any discrepancies
in the values were resolved and finalized by a cardiologist. The
QRS interval was defined from the onset of the Q or R wave to
the J-point at the beginning of the ST segment. ECG recording
was performed under standard conditions with a paper speed of
25 mm/s and a calibration of 10 mm/mV, utilizing lead Il for
data collection. During each of the three stages of the tilt table
test—namely rest (baseline or initial horizontal), tilt (vertical),
and recovery (final horizontal)—the mean values measured from
the ECG were recorded as the final data.

The iCEB was calculated as the ratio of the QT interval to the
QRS duration (QT interval / QRS duration), and its corrected
iCEB (iCEBc) values were calculated using the corrected QT
(QTc) interval. The heart rate-based correction of the QT
interval was performed using Bazett's formula.
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Data were analyzed using SPSS version 22 statistical software.
Initially, the normality of the mean and the range of variations
for QRS were assessed using the Shapiro-Wilk test. In cases
where the assumption of normality was met, repeated measures
analysis of variance (ANOVA) was utilized; otherwise, the non-
parametric Friedman test was applied. For pairwise comparisons
within subgroups, the Bonferroni-adjusted test was employed,
while the Wilcoxon signed-rank test was used for pairwise
comparisons between the two groups. The statistical significance
level for all tests was set at less than 0.05.

Results

The means and standard deviations of age were 23.13+4.31
years in the positive tilt table test group and 30.14+7.75 years in
the negative group, showing no statistically significant
difference.

Within-group changes in the iCEBc across the three phases—
baseline, tilt, and recovery—in both the positive and negative tilt
table test groups were similar to the iCEB and demonstrated no
statistically significant differences.

According to the between-group comparison, the changes in
the iCEB showed a statistically significant increase during the
baseline (P<0.02), tilt (P<0.010), and recovery (P<0.01) phases
in patients with positive tilt table test results compared to those
with negative tilt table test results. Conversely, between-group
comparisons of changes in the iCEBc across the three phases
demonstrated no statistically significant differences between the
positive and negative tilt table test patient groups.

The changes of both iCEB and iCEBc across the three phases
of baseline, tilt, and recovery within either the positive or
negative tilt table test patient groups based on gender
distribution and age group lacked any statistically significant
differences. Similarly, comparisons of each of the three phases
(i.e., baseline, tilt, and recovery) between the positive and
negative tilt table test groups revealed no statistically significant
differences based on gender dist ribution and age group.

Conclusion

Baseline values of the iCEB may be effective in predicting tilt
table test results in patients presenting with ALOC. A higher
QT/QRS ratio in patients with dysautonomia who are
predisposed to vasovagal syncope can be proposed as a simple,
cost-free, and readily accessible tool for the initial screening of
these individuals.
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The iCEB demonstrated significant differences between patients with positive and negative tilt table test results during the
baseline, tilt, and recovery phases, with this difference being more pronounced in the positive tilt table test group. Baseline
values of the iCEB may serve as effective predictors for tilt table test results in patients presenting with ALOC.
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