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Abstract

Spontaneous baroreflex sensitivity (sBRS) can be used to assess cardiac autonomic function. The aim of this double-blind,
placebo-controlled, randomized, 3-period, crossover study was to evaluate a non-invasive methodology for monitoring sBRS
as a biomarker tool in early drug development. The sBRS was determined using the ratio of the R-R interval from a 5-lead
electrocardiogram (ECG) to the continuous systolic blood pressure (SBP) from a finger probe using a Finapres® NOVA device.
The sBRS was measured at baseline and after two different intravenous (IV) saline and one 10 ug/kg IV atropine bolus injections
in 12 healthy male subjects on 3 different study days. The sBRS changed little from baseline following saline administration
(intrasubject percent coefficient of variation 14.5% [95% CI: 10.20-24.96]) and values were reproducible across the two saline
administrations (Pearson’s, Interclass, and Concordance Correlation Coefficient all ~0.80; Bradley-Blackwood for simultaneous
test on means and variances p > 0.93in the morning session and p > 0.39 in the afternoon session). Following atropine, peak
reduction in sBRS was ~56%. The pattern of the reduction was consistent with the time course of measured atropine plasma
pharmacokinetics. A non-invasive methodology for monitoring sBRS is reproducible following saline and sensitive to atropine-
induced changes in cardiac autonomic function in young healthy male subjects. This approach may be a valuable tool to study
potential cardiac autonomic impacts of novel investigational medicinal products in early clinical development studies.
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rate and vice versa. The ability of the baroreflex to efficiently
buffer beat-to-beat changes in blood pressure is known
as the baroreflex sensitivity (BRS). Short-term changes in
blood pressure without appropriate changes in heart rate
suggest impairment of the cardiac autonomic function that
can be detected by measurement of the baroreceptor reflex.
Therefore, quantification of the BRS can provide valuable
information of cardiac autononomic regulation in normal
and disease states [1,2].

Numerous techniques for the assessment of the BRS
have been developed with differences in their general
approaches. Older studies have used techniques in which
the BRS was modulated by mechanical and chemical stimuli,
including negative pressure to the neck [3], progressive
lower-body negative pressure to simulate hypovolemia [4],
Valsalva’s manoeuvre, or administration of vasoactive drugs
such as the vasodilator nitroprusside or vasoconstrictor
phenylephrine [5]. More recently, the BRS was assessed
under non-stimulated conditions based on the computer
analysis of spontaneous blood pressure and beat-to-beat
fluctuations, the so-called ‘spontaneous BRS’, (sBRS) [6,7].
The sBRS can be assessed using intra-arterial monitoring
via catheter, an invasive method that adds additional risk
to healthy volunteers in early drug studies. The sBRS can
also be determined non-invasively, using the ratio of the R-R
interval, derived from a single lead ECG, to the continuous
systolic BP from a finger probe [8]. As this method is relatively
easy and practical, it can be applied broadly and with greater
convenience in clinical research settings. This non-invasive
technique may be a valuable tool in early drug development
to evaluate whether cardiac autonomic signaling is altered as
an intended or unintended consequence of an investigational
drug. However, a non-invasive approach to monitoring
sBRS in a clinical trial should be supported by data that
demonstrate satisfactory reproducibility (or test-retest
reliability) and sensitivity to perturbations of interest under
conditions expected in such a study.

The aim of this study was to evaluate a non-invasive
methodology for monitoring sBRS as a potential biomarker
tool in early drug development. Therefore, we assessed the
reproducibility of sBRS in a small group of healthy male
subjects following intravenous (IV) saline administration
under the same environmental conditions on different days
as well as following a bolus of IV atropine, which has been
previously shown to transiently block the baroreceptor
feedback loop and attenuate sensitivity in sBRS response in
humans [9].

Methods

The study was approved by the local Ethics Committees and

the regulatory agencies and conducted in accordance with
the principles of Good Clinical Practice and the latest version
of the Declaration of Helsinki. Prior to initiation of study
procedures, each subject provided written informed consent.

Participants

Participants (n = 12) were non-smoking, healthy males
between 18 and 45 years of age. Six of the participants were
aged 18 to 30 years and six were aged 31 to 45 years. All
participants had body weight less than 100 kg.

Participants were in good health based on their medical
history, physical examination, 12-lead ECGs, vital signs
(i.e. blood pressure (BP), heart rate (HR), oral body
temperature and respiration rate) and standard clinical
laboratory safety tests (hematology, blood chemistry and
urinalysis). Participants with a history or clinical evidence
of either syncope or Raynaud’'s disease were excluded.
A QTc interval equal or more than 450 ms, a history of
risk factors for Torsades de Pointes, hypokalemia or
hypomagnesemia excluded participation in the study. In
addition, participants with an injury to the middle or ring
finger could not be included as one of these fingers were to
be used for finger cuff measurements. All medication had to
be discontinued within approximately 2 weeks or 5 half-lives
of study initiation.

Study Design

The study was a single-center, randomized, placebo-
controlled, double-blinded, 3-period, cross-over study in
which participants were dosed either with atropine on one
occasion or saline on two separate occasions. Participants
were randomized into one of the three different intervention
sequences over the three study visits (n=4 subjects per
sequence): atropine/saline/saline, saline/atropine/saline
or saline/saline/atropine. Therefore, 8 participants received
saline and 4 participants received atropine in each study
period. Atropine (atropine B. Braun sulphate 1 mg/ml
solution for injection) was administrated as an IV bolus of
10 pg/kg atropine. An IV bolus of saline (B. Braun isotonic
0.9% saline 1V solution for injection), matched for volume
with atropine administration, was used as placebo control.
The two administrations of saline were indicated as saline 1
(first administration) and saline 2 (second administration).
Each study visit was separated by at least a 2-day washout
to prevent the impact of residual pharmacodynamic effects
from active drug exposure.

For each intervention visit, participants reported to the unit
the evening prior to the day of study drug administration and
remained in the unit until approximately 8 hours after dosing.
Caffeine and alcohol were restricted for at least 12 hours
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prior to each study visit and participants were instructed to
avoid unaccustomed strenuous activity throughout the study.
Each study visit was divided into a morning and afternoon
session. Participants fasted for 8 hours prior to dosing and
remained fasted throughout the morning session. Following
the morning session, participants had a light lunch and were
permitted to walk around the clinical research unit.

Measurements at each study visit were scheduled at the same
time of the day to avoid the impact of circadian rhythms on
the sBRS within and between participants. At the start of
each morning and afternoon session, participants rested
for 15 minutes in the semi-recumbent position (45°) to
stabilize HR and BP readings, and baseline values for sBRS
were determined over the final 5-minutes of rest interval.
Participants were monitored in the semi-recumbent position
during each session.

After receiving the IV bolus of saline or atropine in the
morning, the sBRS was continuously recorded over
approximately 3 hours. After the lunch break, the sBRS was
continuously recorded over 20 minutes. The sBRS values
were extracted at specific pre-specified time points relative
to dosing during the morning (5 min, 10 min, 15 min, 20 min,
30 min, 60 min, 120 min, 3 h) and afternoon sessions (6 h
10 min, 6 h 20 min, 6 h 30 min). In the afternoon session,
inhalation and exhalation were guided during the last 10
minutes, so that each participant had a consistent respiratory
rate across intervention periods during this time. Each
participant established his own respiratory rate, based on a
comfortable respiratory rate determined prior to dosing in
the morning session of the first study visit. While the guided
respiratory rate could differ between participants, each
participant maintained the same respiratory rate during the
final 10 minutes of each afternoon assessment of the sBRS.

Measurement and Analysis of sSBRS

A Finapres® NOVA 2300 device (Finapres Medical Systems,
The Netherlands) was used to assess the sBRS. ECG leads
were applied to the participants’ chest to measure the R-R
interval and a finger cuff was applied to the ring or middle
finger on the non-dominant arm to measure the BP via finger
plethysmomanometry. A height correction unit was applied
to correct hydrostatic pressure changes due to movement in
hand position relative to the heart.

The Finapres® NOVA calculates sBRS using the cross-
correlation technique [10]. The algorithm calculates the
cross-correlation and regression between beat-to-beat R-R
interval (in ms) and SBP (in mmHg) over a sliding 10 second
window, sampled at 1 Hz. The reported sBRS is the cross-
correlation during the 5 minutes preceding the specified

time point.
Statistical Analysis

Test-retest variability of the sBRS following saline
administration was evaluated by the intrasubject coefficient
of variation (CV) for the morning session and the afternoon
session, separately. The primary measure of test-retest
variability was based on the morning session, during which
participants remained fasted and in the semi-recumbent
position. For each session, a separate linear mixed effects
model was used to analyze the data. The model contained
a fixed effect of period and a random effect of subject. The
response vector consisted of the time-weighted average
(TWA) of the sBRS in natural log scale collected during the
two saline periods (TWAO-3hours) for morning session and
(TWA6hours 10-30minutes) for the afternoon session. The
time-weighted average for any time interval is the area under
the curve, divided by the time interval used. Intrasubject
percent CV (calculated as 100 x sqrt(exp(s2)-1)), where s2
is the observed within-subject variance on the natural log-
scale, was reported for each session. Geometric mean (GM)
of TWA sBRS and the corresponding 90% confidence interval
(CI) were estimated for each session and/or by study period.

In addition, the Bradley-Blackwood procedure was applied
to test whether the regression coefficients in the regression
of the pair-wise difference [saline 1-saline 2] versus (vs.)
[(saline 1+saline 2)/2] is significantly different from O0;
where saline 1 is the first dose of saline administered and
saline 2 is the second dose of saline administered to the same
individual. Other measures of reproducibility including the
linear correlation between 2 sets of measurements (Pearson’s
Correlation Coefficient [PCC]), the replication reliability
(Interclass Correlation Coefficient [ICC]), and the degree to
which pairs of measurements coincide with a 45-degree line
(Concordance Correlation Coefficient [CCC]) were calculated
to assess the agreement of TWA sBRS measurements (saline
1 vs. saline 2) for each session. Scatterplots with a diagonal
line were provided for TWA of the sBRS measurements
(saline 1 vs. saline 2) for each session.

A linear mixed effects model appropriate for a 3-period
crossover design was used to assess the effect of atropine on
the sBRS. The model contained fixed-effects for intervention
(atropine, saline), time (5, 10, 15, 20, 30, 60, 120 minutes,
and 3 hours), period (Study Period 1, 2, 3), intervention-by-
time interaction, intervention-by-period interaction, time-
by-period interaction and a random effect for participant.
The response vector consisted of natural log transformed
percentage change from baseline in the sBRS at 5, 10, 15,
20, 30, 60, 120 minutes, and 3 hours post [V administration.
An unstructured covariance matrix was used to model the
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correlation between the repeated measurements on the
same subject. Kenward Rodgers adjustment to the degrees
of freedom was employed. The least squares mean and
corresponding 90% CIs was constructed by intervention
and time. Maximum reduction from baseline in the sBRS
was computed for each subject across all time points and
then averaged to demonstrate the effect on the sBRS in both
treatment groups.

Bioanalysis and Pharmacokinetic Calculations

Plasma samples for pharmacokinetic (PK) analysis ofatropine
were collected up to 8 hours after dosing. Plasma atropine
concentrations were determined by NMS labs (Horsham, PA,
USA). Plasma samples were stored at — 20°C until the time of
analysis. Atropine plasma concentrations were determined
by a validated clinical diagnostic high-performance liquid
chromatography-tandem mass spectrometry method with
an assay range of 0.20 - 50 ng/mL for plasma.

Individual plasma concentration versus time profiles of
atropine were used to generate PK parameters using non-
compartmental analysis performed in Phoenix WinNonlin
version 6.3 (Pharsight Corporation, St. Louis, MO, USA). The
maximum concentration observed (C ) and the time at
which C_was observed (T, ) were assessed by inspection
of the plasma concentration data. One participant had only
1 quantifiable concentration of atropine and was excluded
from all plasma pharmacokinetic calculations. Ten subjects
had a quantifiable sample at 8 hours to calculate the terminal
phase and were included in the AUC_ _(area under the
curve) and t, P (half-life) calculations.

Tolerability and Safety

Tolerability and safety were assessed by adverse experiences
monitoring and by physical examinations, vital signs, 12-lead
ECGs and laboratory safety evaluation throughout the study.

Results

Twelve male participants, mean age 29.2 years (range 19 to
41 years) were enrolled and completed the study. The mean
body weight was 77.5 kg with a weight range of 62.8 to 94.8
kg.

Safety

No serious adverse experiences occurred during the study.
No subjects discontinued the study due to an adverse
experience. All clinical adverse experiences were mild in
intensity and resolved spontaneously before completion of
the study. No clinically meaningful findings were observed
for laboratory safety tests, vital signs or ECGs.

Nine (9) of the 12 subjects enrolled reported one or more
clinical adverse experiences during the study: 5 participants
(41.7%) experienced an adverse event following atropine
and 6 of 12 participants (50.0%) experienced an adverse
event following saline administration (in either of the two
administrations) (Appendix, Table 1). A total of 4 participants
(33.3 %) reported an adverse event following atropine
that was considered to be intervention related. The most
frequently reported (by 2 or more participants) atropine
intervention related adverse events were dry mouth (n =
2) and palpitations (n=2). Following saline administration,
postural dizziness was observed in one volunteer that was
considered to be intervention-related.

Spontaneous Baroreceptor Sensitivity

The morning baseline sBRS (mean * SE) was similar
immediately prior. Figure 1 shows the mean percent change
in sBRS from baseline (+ SE) over time following both IV
boluses of saline and the IV bolus of atropine. Observations
of the change in sBRS following saline and atropine and
described below.

Figure 1: Mean (SE) change from baseline for spontaneous baroreceptor sensitivity (sBRS) following a single IV bolus
administration of atropine (10 pg/kg) or saline to healthy male subjects (n = 12).
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Following administration of IV saline, the sBRS remained
close to baseline during the morning session and the pattern
of change from baseline was similar in the two saline
interventions. The intrasubject CV of the sBRS following a
single IV administration of saline in the morning session was
approximately 14.5% (95% CI: 10.20-24.96). The geometric
means (90% CI) of TWAO-3h sBRS were comparable across
saline interventions for the morning session, irrespective
of the Study Period in which it was administered: 18.49

msec/mmHg (15.52, 22.03) in Study Period 1; 18.79 msec/
mmHg (15.77, 22.38) in Study Period 2; and 18.51 msec/
mmHg (15.54, 22.05) in Study Period 3 (Appendix, Table
2). Further supporting similarity between the two saline
intervention responses, the correlation coefficients (ICC,
PCC, and CCC) were high (Table 1) and the p-value was >0.90
for the Bradley-Blackwood test-retest variability procedure
(Appendix, Table 3).

Session ICC PCC CCC
Morning 0.789 0.817 0.815
Afternoon 0.8 0.803 0.773

CCC=Concordance Correlation Coefficient;
ICC=Intraclass Correlation Coefficient;
PCC=Pearson’s Correlation Coefficient

Table 1: Correlation measures of sBRS following two different saline administrations.

In the afternoon session, the sBRS followed a similar pattern
in saline 1 and saline 2 interventions. The initial afternoon
assessment (6 hour 10 min) in both saline administrations
appeared to be lower than the morning baseline value,
and sBRS increased systematically over the afternoon

session in both saline administrations. TWA of natural log
sBRS measurements were in agreement in both morning
and afternoon assessments across saline 1 and saline 2
administrations as supported by the scatter plot displayed
in Figure 2.

Figure 2: Time weighted average (TWA) of natural log spontaneous baroreceptor sensitivity (sBRS) following saline
administration to healthy male subjects (n=12) (saline 1 versus saline 2).

Following IV atropine administration, the sBRS fell rapidly
and returned to baseline before the end of the morning
session. The mean peak reduction from baseline sBRS
following atropine administration at any time following
dosing was 56.56%, which is much larger than the mean
peak reduction of ~17% observed following either saline
administrations at any time following dosing (Table 2). When

examined in fixed intervals from the time of dosing (Table
3), the maximum percentage reduction from baseline sBRS
was observed between 10 to 30 minutes after administration
of atropine. As observed by the LS means difference, the
reduction was highest in the same time period (10 to 20
minutes) relative to saline too. The pattern of this reduction
in sBRS is consistent with the anticipated rapid onset and
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short elimination half-life of atropine.

Treatment Maximum Reduction from Baseline % (* SE)
Atropine (10 pg/kg) -56.56% (-63.47, -49.66)
Saline 1 -16.83% (-20.65,-13.02)
Saline 2 -16.56% (-18.97,-14.16)

Baseline (Time point 0 hour); SE=Standard Error

Saline 1=the first saline dose administered; Saline 2=the second saline dose administered

Table 2: Maximum reduction from baseline in sBRS following atropine or saline administration (morning session only).

Time LS Means (90% CI) of Atropine LS Meanssa 1(1911(:3% CI) of Differenc;: ailrilnLeS(l\;lgoa/:z gelative to
0 hour -0.00 (-11.68,11.68) -0.00 (-8.26, 8.26) 0.00 (-14.30, 14.30)

5 minutes -25.74 (-37.42,-14.07) 5.35(-2.90,13.61) -31.10 (-45.40, -16.80)

10 minutes -43.35 (-55.02, -31.67) 6.65 (-1.61,14.91) -50.00 (-64.30, -35.69)

15 minutes -45.59 (-57.27,-33.91) 3.25(-5.01,11.50) -48.84 (-63.14, -34.54)

20 minutes -43.87 (-55.54, -32.19) 7.87 (-0.39,16.13) -51.74 (-66.04, -37.44)

30 minutes -36.09 (-47.77,-24.42) 2.96 (-5.30,11.22) -39.05 (-53.36, -24.75)

60 minutes -25.25 (-36.92, -13.57) 3.94 (-4.31,12.20) -29.19 (-43.49, -14.89)

120 minutes 6.89 (-4.78,18.57) 8.61 (0.36,16.87) -1.72 (-16.02, 12.58)
10.80 (-0.87, 22.48) 12.20 ( 3.95, 20.46) -1.40 (-15.70, 12.90)

CI=Confidence Interval; LS Mean=Least Squares Means; sBRS expressed in msec/mmHg.

3 hours

Table 3: Percentage change from baseline sBRS (LS Means) following IV atropine or saline by timepoint (morning session only).

In the afternoon session following atropine administration,

the initial assessment (6 hour 10 min) appeared to be
lower than the morning baseline value and final value
in the morning session, and sBRS increased over the
afternoon session, as was also observed in both saline
administrations. The intersubject CV of the sBRS following
atropine administration in the morning and afternoon are
approximately 15% and 12%, respectively.

The summary of atropine PK parameters following IV
administration is provided in Table 4. The results of sBRS
change from baseline are consistent with the time course
of atropine pharmacokinetics (see Figure 3). There was
a statistically significant relationship between atropine
concentration and percent change in sBRS from baseline at
the sampled time points (Supplemental Figure 1).

Analyte Dose (ng/kg) N?

AUCO0-8 (hr*ng/ml)®

Cmax (ng/ml) Tmax (mins)® t, (h)®

Atropine 10 11 8.4 (21.5)

3.92 (29.1) 5 (5 - 30) 2.67 (13.6)

AUCO0-8: area under the curve from time 0 to 8 hours

20ne subject had only one quantifiable concentration and was excluded from all summary statistics.

>Only 10 subjects had quantifiable sample at 8 hours to calculate terminal phase and were included in AUC0-8 and t,
summary statistics.

¢Median (minimum-maximum)

Non-compartmental analysis completed using nominal times.

Table 4: Summary of atropine plasma pharmacokinetic parameters [geometric mean (geometric Coefficient Variation %)]
following a single intravenous bolus dose of atropine (10 pg/kg) to Healthy Male Subjects.
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administration to healthy male subjects (n=11).

Figure 3: Arithmetic mean (SD) plasma concentration versus time profile of atropine (10 pg/kg) following IV bolus

Discussion

Primary cardiovascular safety parameters such as blood
pressure and electrocardiogram may not be sufficiently
sensitive to identify drug effects on the baroreflex function.
In conscious, telemetered rhesus monkeys, compound-
dependent effects on heart rate variability and sBRS have
been observed at doses that had little or no effect on the
spontaneously recorded individual values for BP and HR [11].
Therefore, additional assessment of the sBRS in early clinical
drug development may be important to detect possible drug-
related cardiovascular effects that are otherwise ’silent’ to
standard hemodynamic vital sign monitoring but may have
implications for safety or tolerability, depending on the
mechanism. Consequently, a well-validated and practical
methodology for quantifying the sBRS may provide an
early means to assess safety or tolerability risks in a well-
monitored setting.

Our study demonstrated that the non-invasive Finapres®
NOVA system can reliably measure sBRS in healthy male
participants under conditions similar to those in an early
clinical drug development trial. Changes in sBRS were
small and reproducible following saline administration on
different days across both morning and afternoon sessions.
The intra-subject CV was found to be lower than 25%, a
result consistent with prior reports [9,13,14]. Therefore, the
method evaluated in this study would be expected to have
sufficient sensitivity to reliably report sBRS changes >25%
from baseline.

The methodology was sensitive to transient reductions
in sBRS induced by atropine. The pattern, magnitude,

and duration of the sBRS reduction following 10 pg/kg
IV atropine in our study was consistent with expected
pharmacological properties of atropine, reflected measured
atropine concentrations in the blood concurrent with sBRS
measurement, and were similar to those in an earlier report
using an invasive method of sSBRS detection [9]. We and others
[9] have now demonstrated reductions of sBRS approaching
or exceeding 50% of baseline following atropine. While
the clinical significance of this magnitide of sBRS change is
unclear, the 50% reduction provides a benchmark against
which the impact of other interventions can be compared.

Notably, good reproducibility of the method following saline
administration and the sensitivity to changes during atropine
administration was obtained in 12 healthy male participants.
This sample size and population are typical of early clinical
development trials, and our results therefore demonstrate
this method can be used reliably in comparable sized studies.

Additional observations from the study deserve
consideration and may suggest approaches to further
optimize the assessment of sBRSin early clinical development
studies. Although both morning and afternoon baseline
assessments were conducted during the final 5 minutes of
a 15-minute rest, the initial afternoon assessment (6 hour
10 minutes) tended to be lower than the morning baseline
assessment. Allowing participants to have lunch and move
around between morning and afternoon sessions may have
contributed to this difference. Other potential explanations
for this pattern could include random variation or diurnal
cycles in sBRS. Why any of these factors would have a more
pronounced impact on the 6 hour 10 minutes assessment
during the two saline intervention periods than during the
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atropine intervention period is unclear, particularly since the
effects of atropine on sBRS appeared to have resolved prior to
the end of the morning session. Based on these observations,
we recommend maintaining semi-recumbent positioning
and fasting state throughout the most critical assessments
of the sBRS.

In addition, sBRS was observed to increase during the
final 10 minutes of the afternoon sessions during both
placebo intervention visits and, to a lesser extent, during
the atropine intervention visit. This may have reflected
continued stabilization of sBRS following the lunch break, as
discussed above. However, it may also have been impacted
by the implementation of guided respiration during the final
10 minutes of the afternoon session, which occurred in all
intervention periods. It is known that the sBRS is influenced
by the breathing frequency because respiration affects the
physiological oscillations which modulate BP and HR [9].
Slow breathing has been shown to increase sBRS in patients
with essential hypertension [12]. However, healthy subjects
have a slow, regular respiration rate at rest that does not vary
greatly over time [13]. In this study, the sSBRS measurements
were reasonably reproducible across the saline assessments
during the intervals of both free respiration (morning
session and early afternoon session) and guided respiration.
Therefore, we propose that the change in sBRS can be
assessed in healthy volunteers without the necessity for
guided respiration.

We note some limitations to the current study. We studied
the sBRS in healthy males aged 18-45 years as this group is
often enrolled in early clinical drug development studies.
However, testing the methodology and understanding its
performance in subjects from other demographic groups
could be of interest. Studies have demonstrated that the
sBRS is similar in males and females [14] but decreases in
sBRS have been observed with age [15,16]. Furthermore, the
study was conducted in normotensive subjects. Increased
blood pressures in hypertensive patients have been shown
to reduce the BRS [17]. Therefore, it may be necessary to
understand the methodology capabilities in patients with
hypertension and other cardiovascular co-morbidities
before applying this approach in early clinical development
trials in patients.

Conclusion

In conclusion, our study demonstrates that a non-invasive
technique for measuring sBRS is reproducible and sensitive
to atropine-induced changes in cardiac autonomic function
when tested in a small sample of healthy young male subjects.
Therefore, this approach may be a valuable tool to investigate
the potential cardiac impact of novel agents in early clinical
development studies.

Acknowledgment

The authors would like to thank the trial participants and
staff. In addition, the authors would like to thank Marc van
Houwelingen and Ad Ramaekers for the demonstration on
use of Finapres Medical Systems to study team and study
site training of Finapres device and equipment and Ruben
Declercq who contributed to study initiation activities.

Conflict of Interest

This study was funded by Merck Sharp & Dohme Corp.,
Whitehouse Station, NJ, USA. The following authors are
employees of Merck Sharp & Dohme Corp., a subsidiary of
Merck & Co., Inc., Kenilworth, NJ, USA: AD, HN, AM, AS, SAS,
LA, RD, IDL, GAW

References

1. Vanoli E, Adamson PB (1994) Baroreflex sensitivity:
methods, mechanisms, and prognostic value. Pacing Clin
Electrophysiol 17(3 Pt 2): 434-445.

2. Rovere MTL, Schwartz P] (1997) Baroreflex sensitivity
as a cardiac and arythmia mortality risk stratifier. Pacing
Clin Electrophysiol 20(10 Pt 2): 2602-2613.

3. Convertino VA, Doerr DF, Eckberg DL, Fritisch JM, Danellis
JV (1990) Head-down bed rest impairs vagal baroreflex
rseponses and provokes orthostatic hypotension. ] Apll
Physiol 68 (4): 1458-1464.

4. Farquhar WB, Taylor JA, Darling SE, Chase KP, Freeman R
(2000) Abnormal Baroreflex Responses in Patients With
Idiopathic Orthostatic Intolerance. Circulation 102(25):
3086-3091.

5. James MA, Potter JF (1999) Orthostatic blood pressure
changes and arterial baroreflex sensitivity in elderly
subjects. Age Ageing 28(6): 522-530.

6. Rovere MTL, Pinna GD, Raczak G (2008) Baroreflex
sensitivity: measurement and clinical implications. Ann
Noninvasive Electrocardiol 13(2): 191-207.

7. Parati G, Rienzo MD, Mancia G (2000) How to measure
baroreflex sensitivity: from the cardiovascularlaboratory
to daily life. ] Hypertens 18(1): 7-19.

8. Omboni S, Parati, G, Frattola A, Mutti E, Rienzo MD, et
al. (1993) Spectral and sequence analysis of finger blood
pressure variability. Comparison with analysis of intra-
arterial recordings. Hypertension 22(1): 26-33.

9. Penttila ], Vesalainen R, Helminene A, Kuusela T, Hinkka
S, et al. (2001) Spontaneous baroreflex sensitivity as a

https://academicstrive.com/CTPCT/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://pubmed.ncbi.nlm.nih.gov/7513871/
https://pubmed.ncbi.nlm.nih.gov/7513871/
https://pubmed.ncbi.nlm.nih.gov/7513871/
https://pubmed.ncbi.nlm.nih.gov/9358508/
https://pubmed.ncbi.nlm.nih.gov/9358508/
https://pubmed.ncbi.nlm.nih.gov/9358508/
https://pubmed.ncbi.nlm.nih.gov/2347788/
https://pubmed.ncbi.nlm.nih.gov/2347788/
https://pubmed.ncbi.nlm.nih.gov/2347788/
https://pubmed.ncbi.nlm.nih.gov/2347788/
https://pubmed.ncbi.nlm.nih.gov/11120699/
https://pubmed.ncbi.nlm.nih.gov/11120699/
https://pubmed.ncbi.nlm.nih.gov/11120699/
https://pubmed.ncbi.nlm.nih.gov/11120699/
https://pubmed.ncbi.nlm.nih.gov/10604503/
https://pubmed.ncbi.nlm.nih.gov/10604503/
https://pubmed.ncbi.nlm.nih.gov/10604503/
https://pubmed.ncbi.nlm.nih.gov/18426445/
https://pubmed.ncbi.nlm.nih.gov/18426445/
https://pubmed.ncbi.nlm.nih.gov/18426445/
https://pubmed.ncbi.nlm.nih.gov/10678538/
https://pubmed.ncbi.nlm.nih.gov/10678538/
https://pubmed.ncbi.nlm.nih.gov/10678538/
https://pubmed.ncbi.nlm.nih.gov/8319990/
https://pubmed.ncbi.nlm.nih.gov/8319990/
https://pubmed.ncbi.nlm.nih.gov/8319990/
https://pubmed.ncbi.nlm.nih.gov/8319990/
https://pubmed.ncbi.nlm.nih.gov/11679015/
https://pubmed.ncbi.nlm.nih.gov/11679015/

Current Trends in Pharmacology and Clinical Trials

10.

11.

12.

13.

dynamic measure of cardiac anticholinergic drug effect. ]
Auton Pharmacol 21(2): 71-78.

Westerhof BE, Gisolf], Stok W], Wesseling KH, Karemaker
JM (2004) Time-domain cross-correlation baroreflex
sensitivity: performance on the EUROBAVAR data set. ]
Hypertens 22(7): 1371-1380.

Regan C, Fanelli P, Regan H, Detwiler T, Morissette P,
et al. (2019) Measurement of heart rate variability
(HRV) and spontaneous baroreflex sensitivity (sBRS)
provides valuable information on compound-dependent
cardiovascular effects to enhance safety risk assessment.
] Pharmacol Toxicol Methods 99: 47(0124).

Li C, Chang Q, Zhang ], Chai W (2018) Effects of slow
breathing rate on heart rate variability and arterial
baroreflex sensitivity in essential hypertension. Medicine
(Baltimore) 97(18).

Davies LC, Francis D, Jurak P, Kara T, Piepoli M, et
al. (1999) Reproducibility of methos for assessing

14.

15.

16.

17.

baroreflex sensitivity in normal controls and in patients
with chronic heart failure. Clin sci 97(4): 515-522.

Tank ], Diedrich, A, Szzech E, Luft FC, Jordan ] (2005)
Baroreflex regulation of the heart rate and sympathetic
vasomotor tone in women and men. Hypertension 45(6):
1159-1164.

Monahan KD (2007) Effect on aging on baroreflex
function in humans. Am ] Physiol Regul Integr Comp
Physiol 293(1): R3-R12.

Gerritsen ], TenVoorde BJ, Dekker JM, Kostense PJ, Bouter
LM, et al. (2000) Baroreflex sensitivity in the elderly:
influence of age, breathing and spectral methods. Clin
Sci (Lond) 99(5): 371-381.

Wang YP, Kuo TB]J, Lai CT, Lee GS, Yang CCH (2012) Effects
of breathing frequency on baroreflex effectiveness index
and spontaneous baroreflex sensitivity derived by
sequence analysis. ] Hypertens 30(11): 2151-2158.

https://academicstrive.com/CTPCT/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://pubmed.ncbi.nlm.nih.gov/11679015/
https://pubmed.ncbi.nlm.nih.gov/11679015/
https://pubmed.ncbi.nlm.nih.gov/15201554/
https://pubmed.ncbi.nlm.nih.gov/15201554/
https://pubmed.ncbi.nlm.nih.gov/15201554/
https://pubmed.ncbi.nlm.nih.gov/15201554/
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1056871919302369?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29718876/
https://pubmed.ncbi.nlm.nih.gov/29718876/
https://pubmed.ncbi.nlm.nih.gov/29718876/
https://pubmed.ncbi.nlm.nih.gov/29718876/
https://pubmed.ncbi.nlm.nih.gov/10491352/
https://pubmed.ncbi.nlm.nih.gov/10491352/
https://pubmed.ncbi.nlm.nih.gov/10491352/
https://pubmed.ncbi.nlm.nih.gov/10491352/
https://pubmed.ncbi.nlm.nih.gov/15867130/
https://pubmed.ncbi.nlm.nih.gov/15867130/
https://pubmed.ncbi.nlm.nih.gov/15867130/
https://pubmed.ncbi.nlm.nih.gov/15867130/
https://pubmed.ncbi.nlm.nih.gov/17442786/
https://pubmed.ncbi.nlm.nih.gov/17442786/
https://pubmed.ncbi.nlm.nih.gov/17442786/
https://pubmed.ncbi.nlm.nih.gov/11052917/
https://pubmed.ncbi.nlm.nih.gov/11052917/
https://pubmed.ncbi.nlm.nih.gov/11052917/
https://pubmed.ncbi.nlm.nih.gov/11052917/
https://pubmed.ncbi.nlm.nih.gov/22990351/
https://pubmed.ncbi.nlm.nih.gov/22990351/
https://pubmed.ncbi.nlm.nih.gov/22990351/
https://pubmed.ncbi.nlm.nih.gov/22990351/

	_Ref55571104
	Abstract
	Introduction 
	Methods
	Participants
	Study Design
	Measurement and Analysis of Sbrs

	Statistical Analysis
	Bioanalysis and Pharmacokinetic Calculations
	Tolerability and Safety 

	Results 
	Safety
	Spontaneous Baroreceptor Sensitivity

	Discussion
	Conclusion
	Acknowledgment
	Conflict of Interest
	References

