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Autonomic Response Latency Revisited: Assessment of
Repeatability in Healthy Subjects
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Background: Autonomic function assessment provides valuable information regarding the status of the autonomic nervous system. The time
lag between the onset of orthostasis and the peak/nadir of heart rate response is a surrogate of the integrity of underlying autonomic neural
pathways. Autonomic response latency (ARL) is a relatively novel yet underreported parameter in this context. Test-retest repeatability of this
parameter has not been evaluated previously.

Materials and Methods: We recruited 31 healthy adults (17 males and 14 females; 29.00 + 5.44 years) and subjected them to postural
challenge tests on five instances — forenoon and afternoon of day 1, the next day, 1 week later, and 1 month later. Tachycardia and bradycardia
latencies (TL and BL) were computed using heart rate derived from digital ECG data. Repeatability was assessed using the intraclass correlation
coefficient (ICC) and coefficient of variation (CoV).

Results: ICCs for TL and BL were 0.69 (0.56, 0.82) and 0.77 (0.66, 0.87), respectively. The CoVs for TL and BL were 14.8% and 12.4%,
respectively. Sex-based subgroup analysis revealed ICCs for TL and BL in males to be 0.71 (0.53, 0.86) and 0.74 (0.57, 0.88) and in females
to be 0.68 (0.64, 0.86) and 0.82 (0.66, 0.93), respectively. CoVs for TL and BL were 14.4% and 13.8% in male subjects and 15.4% and 10.7%
in female subjects, respectively.

Conclusion: ARL to orthostatic challenge demonstrated moderate to good test-retest repeatability. Based on our observations, we propose
that ARL has potential as a consistent and repeatable index for the assessment of the integrity of autonomic neural pathways and therefore can
help in the diagnosis of autonomic neuropathy.
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of tests proposed by Ewing et al.""'" This battery consists of
physiological maneuvers such as orthostasis, deep breathing,
Valsalva maneuver (VM), isometric exercise, and cold pressor
challenge.

INTRODUCTION

The autonomic nervous system (ANS) is essential to the
regulation of various homeostatic processes in the human
physiological system. The integrity of the ANS is routinely

assessed using autonomic reactivity and cardiac autonomic
tone.[] Cardiac autonomic tone is assessed using heart rate
variability (HRV), which involves computation of time domain
and frequency domain indices to quantify resting autonomic
tone.*®1 Autonomic reactivity is quantified using a battery
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Latency is an important physiological parameter from a
neurophysiological perspective. It represents the time lag
between the stimulus and elicited response and is thus
representative of the structural and functional integrity of
the underlying neural pathway. It is commonly evaluated in
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neurophysiological signals such as evoked responses. For
ANS evaluation, latency is usually estimated in the context
of sympathetic skin response (SSR). Increased latency is
usually due to structural and/or functional alteration in the
underlying neural pathways and symbolizes underlying
pathology. Increased SSR latency has been attributed to
subclinical obliteration of sympathetic pathways in disorders
such as diabetes mellitus.['""'?l Therefore, the estimation of
latency is likely to provide important information both in
health and disease.

Autonomic response latency (ARL) represents physiological
changes in heart rate (HR) in response to provocative
maneuvers such as postural challenge tests such as lying
to standing test (LST)/head-up tilt test and VM. Postural
challenge leads to pooling of blood in the lower extremities
and a fall in blood pressure. This is followed by compensatory
changes in the heart mediated by the baroreflex.l''¥] In
contrast, VM reduces preload to the heart due to increased
intrathoracic pressure. This leads to characteristic phasic
changes in blood pressure and HR — divided into phases
I-IV — which are mediated through baroreflex and multiple
other physiological mechanisms.['>2% Both postural challenge
and VM produce characteristic changes in HR that can be
used to compute ARL. Normal ranges of ARL and the effect
of physical training on this parameter have been reported
elsewhere.?!]

Although there are reports of ARL recorded for small
populations, there are no reports of the test-retest consistency
of'this parameter. Absence of such validation may be one of the
reasons for the sparse use of this index as a robust laboratory
marker of autonomic integrity. Therefore, we undertook the
present work to assess the test-retest repeatability of ARL in
apparently healthy subjects.

MarteriALs AND METHODS

The study was cross-sectional and observational in design. We
followed the STROBE guidelines for observational studies
for this work.?? Subject recruitment began after obtaining
ethical clearance from the institute ethics committee at our
center. The sample size was estimated using a previous study
by Sharma et al.?!) Participant enrollment and data collection
were performed between July 2021 and June 2023. Apparently
healthy adults of either sex, aged 18-45 years, who were
willing to provide written informed consent were invited to
participate in the study.

Thirty-nine healthy subjects meeting inclusion criteria were
initially recruited for the study. Five subjects were excluded due
to loss of follow-up for future visits. One subject complained
of discomfort during the LST test and withdrew from the
study protocol. Two subjects were found to be hypertensive
during repeated baseline blood pressure measurements in the
laboratory and were thus excluded from the study. Therefore,
data of 31 subjects (17 males and 14 females) were finally
included in the study.
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Subjects suffering from any chronic disease likely to affect the
ANS or on medications for any disorders were excluded from
the study. A detailed medical history was obtained from all study
participants before their inclusion in the study. In addition, a
screening of autonomic symptoms was performed using a
questionnaire used at our laboratory. The questionnaire involves
common autonomic symptoms such as dizziness, sweating
disturbances, recurrent diarrhea/constipation, micturition
disturbances, and intolerance to hot/cold temperatures.

Informed written consent was obtained from all study
participants, and the study protocol was described in detail.
Abstinence from tea/coffee was ensured on the day of the tests.
In addition, the study participants were requested to refrain
from heavy exercise 24 hours before the recordings.

Test-retest variability of physiological parameters can be
ascribed to three common factors: individual, environmental,
and experimenter variability.”¥) Assessment of individual
variability, if any, was the goal of the present work. The
recordings were done in a noise-free, temperature- and
humidity-controlled environment at the Autonomic
Function Laboratory at our center to avoid variability due to
environmental factors. All the recordings were performed by
a single observer to avoid experimenter variability.

Post arrival to the lab, the weight and height of the subject
were measured and BMI was computed. This was followed by
application of adhesive disposable Ag-AgCl ECG electrodes
in the Lead II configuration. Respiration was recorded using
a digital stethograph tied around the 4" intercostal space.
The subjects were requested to lie supine for 5 minutes. Data
were acquired using the Bionomadix™ wireless module of the
Biopac MP 150™ (Biopac Systems Inc., USA) system. The
signal was acquired at 2 kHz and bandpass filtered with 0.5
and 35 Hz. HR and RR intervals (RR1) were derived from the
filtered ECG signal in real time. Acgknowledge™ software
version 4.4 (Biopac Systems Inc., USA) was used for the
purpose of data acquisition, visualization, and analysis.¥

After a supine rest of 5 minutes, LST was performed as per
standard protocol. The subjects were requested to assume
standing posture from supine posture within 3 seconds.
Thereafter they remained standing for 5 minutes. Lead Il ECG
and respiration signals were acquired throughout the protocol.

Basal tachycardia and bradycardia latencies (BLs) were
calculated as described previously.?!! The time lag from
assumption of standing posture and peak HR was designated
as tachycardia latency (TL). BL was computed as the time
difference between assumption of standing posture and nadir
of HR. These values were computed using the following
workflow. A digital marker was placed in the data acquisition
software window immediately upon assumption of standing
posture, designated as t,. Post completion of LST, the
ECG data were selected from the assumption of standing
posture (coinciding with the digital marker), and HR and
inter-beat intervals were extracted from the selection. The
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in-built ECG interval extraction toolbox of Acgknowledge™
software was used for this purpose. The values were exported
to a spreadsheet program, Microsoft Excel 2021™ (Microsoft,
Redmond, USA). The time to HR peak and HR nadir were
computed from t  and designated as TL and BL, respectively.

These values computed on the forenoon of day 1 were
designated as baseline (V1). The entire protocol was repeated
in the afternoon (2 hours post lunch on day 1, V2), on the next
day (day 2, V3), 1 week later (day 7, V4), and 1 month later (day
30, V5) after the baseline reading. All the recordings (V1 and
V3-5) were performed in the forenoon (between 9 AM and
12 noon) for all subjects, except the afternoon reading on day
1 (V2, which was done between 3 pm and 5 pm). Both TL and
BL were computed for all instances for all subjects.

The values were tabulated in a spreadsheet program. Gaussian
fit of data was checked using Shapiro-Wilk test. Repeatability
was checked using the intraclass correlation coefficient (ICC)
and coefficient of variation (CoV). ICCs were calculated
as a single rater type with a two-way random effect model,
designated as ICC (2,1). MedCalc™ Statistical Software
version 19.2.6 (MedCalc Software BV, Ostend, Belgium)25-2¢!
was used for statistical analysis.

ResuLts

Thirty-one subjects (17 males and 14 females; mean
age = 29.00 + 5.44 years) participated in the study. Male

Table 1: Study participant characteristics

and female subjects were age-matched. While the height and
weight of male subjects were significantly higher than those
of female subjects, they were comparable with respect to BMI.
The values are summarized in Table 1.

Repeatability of tachycardia and bradycardia latencies
The median values of TL were 7.85 (6.52-8.33), 8.32 (6.65—
9.59),8.00(7.21-8.72), 8.35(6.86-9.24),and 8.50 (7.29-9.51) s
for visits 1-5, respectively. BLs were 16.87 (14.42—18.67),
17.15 (14.68-19.16), 16.58 (14.83-21.47), 18.30 (15.51—
22.27),and 17.01 (15.82—18.87) s for visits 1-5, respectively
(Figures 1 and 2).

We assessed repeatability for both TL and BL by using the ICC
and CoV. The ICCs for TL and BL were 0.69 (0.56—0.82) and
0.77 (0.66-0.87), respectively. The CoVs for TL and BL were
14.8% and 12.4%, respectively.

Subgroup analysis according to sex revealed that the ICCs
for TL and BL for male subjects were 0.71 (0.53—0.86)
and 0.74 (0.57-0.88), respectively. Similarly, the ICCs for
TL and BL for female subjects were 0.68 (0.64—0.86) and
0.82 (0.66-0.93), respectively. The CoVs for TL and BL for
male subjects were 14.4% and 13.8%, respectively. Similarly,
the CoVs for TL and BL for female subjects were 15.4% and
10.7%, respectively.

Discussion

The ANS plays a key role in homeostasis through its two
mutually antagonistic limbs — sympathetic and parasympathetic
systems. The integrity of the system is routinely checked using

Age (years) Height (cm) Weight (kg) BMI (kg/m?) HRV and Ewing’s battery of tests.””?”! In addition to these
All 29.00£5.44 164.29+10.19 65.42+14.21  24.03+3.40 two modalities, discrete limbs of the ANS can be assessed
participants using specialized tests such as SSR, pupillometry, and muscle
Males 29.1245.54  171.41£6.67 71.82+13.60  24.29+3.25 sympathetic nerve activity.*32
(n=17)
Females 28.864£5.52  155.64+6.15 57.64+10.92  23.71+3.68 ARL is a relatively simple and novel parameter that provides
(n=14) information regarding the integrity of the underlying neural
i 0.97 0.001 0.003 0.64 pathways. Increased latency is suggestive of damage to the
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Figure 1: Tachycardia latencies for male and female subjects for five visits
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Figure 2: Bradycardia latencies for male and female subjects for five visits
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reflex pathways, which may be structural and/or functional.
It is assessed using HR response to physiological maneuvers
such as postural challenge and VM. These maneuvers lead to
perturbations in blood pressure, leading to reflex engagement
of autonomic neural pathways and compensatory corrections.
The HR response to postural challenge is characteristic. There
is immediate tachycardia that is attributed to parasympathetic
withdrawal. This change has been ascribed to multiple other
mechanisms such as exercise pressor reflex, baroreflex, and
central command.*3¢ The resultant increase in cardiac output
is followed by baroreflex-mediated correction, leading to
bradycardia around the 30" beat. This characteristic biphasic
heart response to postural challenge is used to derive the 30:15
ratio, an important parasympathetic index.’** The time to
peak HR has been proposed to be approximately 5-12 .57
However, it is interesting to know the exact onset of peak
tachycardia and bradycardia in response to orthostasis as it is
a property of the underlying neural pathways and thus likely
to show individual variation.

Another important consideration is the repeatability of
ARL, which describes the robustness of the index. Our
data are comparable with the values reported previously by
Sharma et al. (TL: 6.44 £ 1.53 s; BL: 15.56 + 3.34 s). As
discussed previously, reports on repeated measurements of the
indices in the same individual could not be found.

Test-retest reliability can be assessed by various measures such
as the ICC and CoV.?**1 We computed both the parameters
in the present work. While there is no universally accepted
classification of range of ICCs, a value between 0.5 and 0.75,
0.75 and 0.9, and those greater than 0.9 are suggestive of
moderate, good, and excellent reliability, respectively.”?! In
the present study, we observed moderate to good repeatability
of TL and BL with reasonably low coefficients of variation.
This is suggestive of the fact that response latency indices have
the potential to serve as consistent and repeatable indices for
assessment of integrity of autonomic neural pathways.

Previous literature compared TL and BL by using postural
challenge and VM. We could not assess ARL by using VM
in view of the COVID-19 pandemic as it was not possible
to ensure complete sterilization of the sphygmomanometer
apparatus used to gauge expiratory pressure during the
maneuver.[*42 Estimation of TL and BL using VM would
have provided better information about ARL.

There are a few limitations to the study. A larger sample
size across age groups would have provided better statistical
confirmation of the results. In addition, the availability
of continuous beat-to-beat blood pressure would have
provided additional information regarding the latency of the
baroreflex-mediated corrections.

ConcLusIoN

To conclude, we propose that ARL may serve as a feasible
measure of latency of the autonomic neural pathways as

4

HR and corresponding RR intervals are relatively easier to
record and measure when compared to complex responses
such as SSR. Estimation of ARL parameters across age
groups is essential to establish normative data. In addition,
the exploration of these indices in disorders affecting the
autonomic neural pathways will establish diagnostic validity,
if any, in the future.

Data are expressed as median (interquartile range). F and M
represent female and male subjects, respectively. TL represents
tachycardia latency in seconds. V1-V5 represent visits 1-5,
respectively. Outliers are shown as symbols for respective
visits.

Data are expressed as median (interquartile range). F and M
represent female and male subjects, respectively. BL represents
bradycardia latency in seconds. V1-V5 represent visits 1-5,
respectively. Outliers are shown as symbols for respective
visits.

Values expressed as Mean + SD. Unpaired #-test was used to
compare the parameters between male and female subjects.
While males had significantly higher height and weight as
compared to their female counterparts, both groups were
comparable with respect to body mass index (BMI).
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