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Abstract
Objective—Power spectral analysis of heart rate variability is used clinically to assess cardiac
autonomic function. High frequency power is related to respiratory sinus arrhythmia and therefore
to parasympathetic cardiovagal tone. The relationship of low frequency (LF) power to cardiac
sympathetic tone is less clear. We reported previously that LF power may reflect baroreflex
function; however, in the previous study LF power was not adjusted for possible influences of
respiration. In this study we assessed relationships of LF power, including respiration-adjusted LF
power (LFa) using the ANSAR ANX 3.0 device, with cardiac sympathetic innervation and
baroreflex function in chronic autonomic failure patients who either had or did not have
neuroimaging evidence of cardiac sympathetic denervation.

Methods—Values for LF power with patients seated at baseline and during the Valsalva
maneuver were compared between groups with low or normal myocardial concentrations of 6-
[18F]fluorodopamine-derived radioactivity. Baroreflex-cardiovagal gain (BRS) was calculated
from the slope of cardiac interbeat interval vs. systolic pressure during the Valsalva maneuver
with subjects supine.

Results—Individual values for LF and LFa were unrelated to myocardial 6-
[18F]fluorodopamine-derived radioactivity. During both sitting rest and the Valsalva maneuver the
logs of LF and LFa correlated positively with the log of BRS (r=0.61, p=0.0005; r=0.47, p=0.009;
r=0.69, p<0.0001; r=0.60, p=0.0006). Patients with low BRS (≤3 msec/mm Hg) had low LF and
LFa regardless of the status of cardiac innervation.

Conclusion—LF and LFa reflect baroreflex function independently of cardiac sympathetic
innervation.
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The autonomic nervous system plays major roles in maintaining cardiovascular homeostasis
and in the pathophysiology of a variety of disease states [9]. The system includes
parasympathetic cholinergic and sympathetic noradrenergic components. Clinicians and
researchers have long sought valid, non-invasive, quantitative means to identify
pathophysiologically relevant abnormalities of “sympathovagal balance” [17].
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One commonly used non-invasive mode of autonomic function testing is based on power
spectral analysis of heart rate variability and quantification of low frequency (LF) and high
frequency (HF) power. It is generally accepted that HF power reflects respiratory sinus
arrhythmia, which is mediated by the parasympathetic cholinergic system; however, the
origins and clinical significance of LF power have aroused persistent controversy. Although
it was suggested initially that LF power provides an index of cardiac sympathetic outflow
[1,2,20], more recent studies have cast doubt on this view and support the notion that both
sympathetic and parasympathetic outflows determine LF power [4,21].

We and others have reported that LF power of heart rate variability may not provide a
measure of cardiac sympathetic “tone,” because individual values for LF power, with or
without adjustment for HF power or total power, are not correlated with the rate of
appearance of the sympathetic neurotransmitter, norepinephrine, in coronary sinus plasma
[3,19,21] and are not correlated with left ventricular myocardial concentrations of the
sympathetic imaging agent 6-[18F] fluorodopamine [21]. Cardiac sympathetic denervation
detected by 123I-metaiodobenzylguanidine scanning also is unrelated to the LF:HF ratio, a
putative index of sympathovagal balance, in patients with Parkinson disease [17]. Moreover,
drugs that increase release of norepinephrine from cardiac sympathetic nerves can increase
LF power even in patients with neuroimaging evidence of cardiac sympathetic denervation
[21].

Sleight et al. [23] reported evidence that LF power may instead be related to baroreflex
modulation of cardiac autonomic outflows. They demonstrated that carotid sinus stimulation
increased LF power only in individuals with normal baroreflex function and not in those
with impaired baroreflex sensitivity. In support of this hypothesis, whereas individual values
for the log of LF power do not correlate with cardiac sympathetic outflow, they do correlate
strongly positively with the log of baroreflex-cardiovagal gain [21]. Moreover, patients with
baroreflex failure have attenuated responses of LF power to drugs that increase
norepinephrine release from sympathetic nerves, independently of cardiac sympathetic
innervation [21].

It has been suggested that accounting for respiratory influences on LF power improves the
accuracy of power spectral analysis of heart rate variability in assessment of cardiac
sympathetic outflow (2–5). The ANSAR ANX 3.0 system (ANSAR Medical Technologies
Inc., Philadelphia, PA) is the only commercially available device that makes this adjustment.
The ANX 3.0 uses a proprietary algorithm that yields a variable termed LFa. In conjunction
with a testing protocol for beat-to-beat heart rate, respiration, and blood pressure during
baseline sitting, the Valsalva maneuver, and standing, the ANX 3.0 calculates values for LFa
and HF and interprets those values in terms of sympathetic and parasympathetic modulation
and sympathovagal balance. The results are used to generate reports that include diagnostic
implications and recommendations about possible therapy associated with autonomic
dysfunction.

Our previous report did not include adjustment of LF for respiratory influences. In addition,
patients were tested during supine rest, whereas the ANSAR protocol for clinical autonomic
evaluation involves assessments while patients are sitting and then standing.

Chronic autonomic failure syndromes vary greatly in terms of cardiac sympathetic
innervation. Three well-studied forms are pure autonomic failure, multiple system atrophy,
and Parkinson disease with orthostatic hypotension (OH). Pure autonomic failure and
Parkinson disease with OH consistently entail neuroimaging, neurochemical, and post-
mortem neuropathologic evidence of cardiac sympathetic denervation [12,14], whereas most
patients with multiple system atrophy have intact cardiac sympathetic innervation [22]. All
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three diseases are associated with baroreflex-cardiovagal failure [15]. Studying groups of
chronic autonomic failure patients provided a powerful means to determine if LFa (LF
power adjusted for respiration) is related to cardiac sympathetic innervation, baroreflex
function, or both.

METHODS
Subjects

A total of 33 subjects were evaluated at the NIH Clinical Center after giving informed
written consent to participate in clinical research protocols approved by the Institutional
Review Board of the National Institute of Neurological Disorders and Stroke.

The population was divided into four groups based on normal or decreased cardiac
sympathetic innervation assessed by interventricular septal myocardial 6-[18F]
fluorodopamine-derived radioactivity and normal or decreased baroreflex-cardiovagal gain
assessed by the relationship between cardiac interbeat interval and systolic blood pressure
during the Valsalva maneuver. Patient groups included pure autonomic failure (N=7),
multiple system atrophy (N=10), and Parkinson disease with (N=3) or without (N=5)
orthostatic hypotension. Controls included referred patients without autonomic failure or
evidence of central neurodegeneration (N=4) and normal volunteers (N=4).

ANSAR Device and Testing Protocol
Under a Clinical Trial Agreement ANSAR supplied an ANX 3.0 device for clinical
evaluation. ANSAR did not participate in any way in the design or conduct of the study or in
the interpretation of the results. The testing procedure was conducted according to the
company’s instructions and done by or under the supervision of personnel certified by
ANSAR to carry out the testing protocol.

Electrocardiographic leads were attached and an automated arm blood pressure cuff applied.
The electrocardiogram was used for power spectral analysis of heart rate variability and
trans-thoracic electrical impedance for analysis of respiratory rate variability [6]. The ANX
3.0 gives instructions to subjects for the stages of the testing—baseline relaxed breathing for
5 minutes while sitting, deep breathing for 1 minute, return to baseline breathing for 1
minute, 5 Valsalva maneuvers, return to baseline for 2 minutes, and standing for 5 minutes.

A parameter termed RFa was calculated as the area within a 0.12 Hz bin of the spectrum
centered at the fundamental respiratory frequency. The fundamental respiratory frequency,
in breaths per second, is the frequency of the highest peak of the respiratory rate variability
spectrum. In a healthy individual this frequency corresponds to the inverse of the respiratory
rate during resting breathing. LFa was calculated from the LF component of the heart rate
variability after taking into account RFa [6]. The exact calculations made by the ANSAR
device were not available to us.

Based on the obtained LFa and RFa values the ANSAR device reports diagnostic
implications and recommendations about possible treatments. “Sympathetic withdrawal” is
reported if the standing:baseline ratio of LFa is less than 0.9. OH is diagnosed if a decrease
of more than 20 mm Hg in systolic blood pressure or more than 10 mm Hg in diastolic
pressure is found after 2 minutes of standing. If there is OH and the heart rate increases
during standing, then the OH is reported as non-neurogenic; otherwise the OH is reported as
neurogenic. A drop in blood pressure that is insufficient to satisfy criteria for OH is reported
as “orthostatic intolerance.” If the blood pressure decreases by less than 5 mm Hg or the
heart rate increases by less than 30 bpm, the diagnosis is possible “pre-clinical orthostatic
intolerance.”
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Cardiac Sympathetic Neuroimaging
Cardiac sympathetic innervation was assessed by positron emission tomographic scanning
after i.v. injection of the sympathetic neuroimaging agent 6-[18F]fluorodopamine [11]. The
subject was positioned supine feet-first in a General Electric Advance scanner (General
Electric, Milwaukee, WI), and approximately 1 mCi of 6-[18F] fluorodopamine was injected
at a constant rate over 3 minutes. Thoracic dynamic scanning data were obtained for 30
minutes. The image corresponding to the midpoint of the scanning interval at 7.5 minutes
after initiation of the injection was used as described previously [16]. Radioactivity in the
interventricular septum that was less than 5000 nCi-kg/cc-mCi defined cardiac sympathetic
denervation.

Baroreflex-Cardiovagal Function
For assessment of baroreflex-cardiovagal function each subject was studied while supine
with head on pillow. Beat-to-beat blood pressure was measured non-invasively using a
Finometer (Finapres Medical Systems, Amsterdam, The Netherlands) or Nexfin (bmeye,
Amsterdam, The Netherlands) device. Hemodynamic data were digitized continuously and
recorded using a PowerLab data acquisition system (AD Instruments, Castle Hill, Australia)
and stored for later analysis on an Apple PowerBook G4 computer (Apple, Cupertino, CA).

After about a 15 minute baseline period, each subject performed at least three Valsalva
maneuvers. The patient blew into a plastic tube connected to a sphygmomanometer, keeping
a pressure of 30 mm Hg for 12 seconds as described previously [16]. Baroreflex-cardiovagal
gain was calculated as the slope of the relationship between the cardiac interbeat interval
and the beat-to-beat systolic blood pressure (with 1 beat delay) during the descent of
pressure in Phase II of the maneuver [13]. A slope of 3 ms/mm Hg or less, about one-half
normal [10,21], defined baroreflex-cardiovagal failure

Supine LF Power
LF power (0.04 to 0.15 Hz) during supine testing was calculated using Chart 5.4.2 and the
HRV module version 1.03 (PowerLab, AD Instruments, Castle Hill, Australia), as described
previously [21].

Data Analysis and Statistics
Mean values for HRV parameters during rest sitting and the Valsalva maneuver were
compared using one-way analyses of variance (Kaleidagraph 4.0.1, Synergy Software,
Reading, PA). We used Fisher’s least significant difference method for post-hoc
comparisons between groups. Because of skewed distributions statistical testing was
conducted on log-transformed data. Relationships of individual values for the log of LF or
log of LFa as the dependent variable and the log of baroreflex slope and the septal
concentration of 6-[18F] fluorodopamine-derived radioactivity as independent variables were
evaluated by linear regression analysis and calculation of Pearson correlation coefficients.
Mean values were expressed ± 1 standard error of the mean. A p-value less than 0.05 was
considered to be statistically significant.

RESULTS
Individual values for the log of LFa and log of LF power were unrelated to cardiac 6-[18F]-
fluorodopamine-derived radioactivity (Fig. 1). Values for log LFa were positively correlated
with the log of baroreflex-cardiovagal slope (r=0.47, p=0.009; Fig. 2). The log of LF power
unadjusted for respiratory influences was also correlated with the log of baroreflex slope
(r=0.61, p=0.0005). Values for the log of LF power with subjects sitting, calculated by the
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ANX 3.0 device, were strongly positively correlated with values for the log of LF power
with the same subjects supine, used the Chart HRV module (r=0.77, p<0.0001).

Although subjects were divided into four groups based on cardiac 6-[18F] fluorodopamine-
derived radioactivity and on baroreflex-cardiovagal function, there were too few patients in
the group with cardiac denervation and normal baroreflex slope to include in the statistical
analyses. Across the groups with normal innervation and normal baroreflex slope (Innerv Nl
BRS group), normal innervation and low baroreflex slope (Innerv Low BRS group), and
cardiac denervation and low baroreflex slope (Denerv Low BRS group), both log LFa and
log LF varied highly significantly as a function of patient group (F=9.6, p=0.0007; F=10.9,
p=0.0003). The Denerv Low BRS group had lower mean log LFa than did the Innerv Nl
BRS group (p=0.0002; Fig. 3). Mean LF power was lower in the Denerv Low BRS and
Innerv Low BRS groups than in the Innerv Nl BRS group (p=0.0001, p=0.005; Fig. 3).

Individual values for log LFa and log LF during the Valsalva maneuver were also positively
correlated with the log of baroreflex slope (r=0.60, p=0.0006; r=0.69, p<0.0001; Fig. 4) but
not with cardiac 6-[18F] fluorodopamine-derived radioactivity. Values for log LFa during
the Valsalva maneuver varied with subject group (F=19, p<0.0001), with mean log LFa in
the Innervated-Normal Slope group higher than in the Innervated-Low Slope group
(p=0.0004) and Denervated-Low Slope group (p< 0.0001; Fig. 4).

All of 13 patients with neurogenic OH in the setting of Parkinson disease or multiple system
atrophy had an increase in heart rate during orthostasis, as did 3 of 6 patients with pure
autonomic failure. None of the patients with neurogenic OH was diagnosed correctly in the
ANSAR reports. Six of the 19 were reported to have possible non-neurogenic OH, 2 were
reported to have orthostatic intolerance, 3 could not tolerate the standing stage of the
ANSAR protocol, and 8 were not diagnosed with OH. The ANSAR device also reported that
3 normal volunteers, 1 patient with pure autonomic failure, and 1 patient with Parkinson
disease and no OH had possible mild or moderate “autonomic nervous system dysfunction”
(e.g., due to low RFa or LFa values at baseline). A possible diagnosis of “chronic autonomic
nervous system dysfunction” was given to all 10 patients with multiple system atrophy
patients, all 3 patients with Parkinson disease and OH, 1 of 5 patients with Parkinson disease
and no OH, 5 of 7 patients with pure autonomic failure, and 1 control patient. For 29 of the
33 subjects, including for 3 of the 4 normal volunteers, alpha lipoic acid was recommended
as treatment.

DISCUSSION
The present results relate to the ongoing controversy about the sources and clinical
diagnostic meaning of LF power of heart rate variability. LF power was unrelated to cardiac
sympathetic innervation as indicated by interventricular septal myocardial 6-[18F]
fluorodopamine-derived radioactivity. Analogously, a recent study found no relationship
between heart rate variability assessed in the frequency domain and myocardial uptake
of 123I-metaiodobenzylguanidine, another neuroimaging measure of cardiac sympathetic
innervation, in patients with Parkinson disease [17]. Other studies have noted no correlation
between LF power and the rate of entry of norepinephrine into cardiac venous plasma, a
neurochemical index of cardiac sympathetic tone [3,5,19,21].

In this study we tested whether adjustment of LF power for respiratory influences does
provide an index of cardiac sympathetic outflow. The ANSAR device applies the concept
that LF power is composed of sympathetic and parasympathetic contributions and that the
latter is determined importantly by respiratory sinus arrhythmia [1,2,4,20]. ANSAR reports
include LFa as a parameter for respiration-adjusted LF power. Our findings that patients
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with low baroreflex-cardiovagal slopes had decreased values for LFa compared to subjects
with normal baroreflex slopes and that these decreases were independent of cardiac
sympathetic innervation cast doubt on the notion that even with respiratory adjustment LF
power provides a measure of cardiac sympathetic tone.

On the other hand, LF power both during rest sitting and during the Valsalva maneuver was
related to baroreflex-cardiovagal slope. The results therefore replicate and extend on our
previous findings from a different cohort of subjects studied during supine rest [21], and
they fit with the proposal by Sleight et al. that LF power is a measure of baroreflex function
[23]. LF power supine and sitting correlated strongly positively, indicating that our results
apply irrespective of posture.

In patients with congestive heart failure, cardiac sympathetic outflow is known to be
markedly increased [8], while baroreflex-cardiovagal gain is reduced [7]. Such patients have
low LF power [7], in agreement with the concept that LF power tracks baroreflex function
rather than cardiac sympathetic outflow.

The ANSAR ANX 3.0 generates reports that include possible diagnoses and treatment
options. Although the device correctly identified chronic autonomic nervous system
dysfunction in most (but not all) patients with neurogenic OH, it is clear from our results
that ANSAR reports often include erroneous diagnoses and consequently inappropriate
treatment recommendations. By defining OH in terms of blood pressure changes between
the seated position and 2 minutes upright, the ANSAR device failed to detect OH in patients
who had unequivocal OH by generally accepted criteria [18]. The ANSAR device also failed
to identify OH as neurogenic in all patients who actually had neurogenic OH, due to the
assumption that an increase in heart rate during orthostasis excludes neurogenic OH,
whereas virtually all patients with neurogenic OH had at least some orthostatic increase in
heart rate. Because of these errors the ANSAR device inappropriately recommended
treatment with alpha lipoic acid for most of the patients in this study who had neurogenic
OH.

In conclusion, with or without adjustment for respiration, LF power evaluated during rest
sitting, standing, or during the Valsalva maneuver seems to provide an index not of cardiac
sympathetic tone but of baroreflex function. The ANSAR device fails to identify neurogenic
OH in patients with chronic autonomic failure.
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HF high frequency

HFa adjusted high frequency power

LF low frequency

LFa adjusted low frequency power
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Fig. 1.
Individual values for (A) the log of respiration-adjusted low frequency power (Log LFa) and
(B) the log of low frequency power without respiration adjustment (Log LF) as a function of
septal myocardial 6-[18F]fluorodopamine-derived radioactivity
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Fig. 2.
Individual values for (A) the log of respiration-adjusted low frequency power (Log LFa) and
(B) the log of low frequency power without respiration adjustment (Log LF) as a function of
the log of baroreflex slope (Log BRS) in patients with neuroimaging evidence of cardiac
sympathetic denervation (black squares) and in control subjects (open circles). Dashed line
is the line of best fit from the linear regression equation
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Fig. 3.
Mean (±SEM) values for (A) the log of respiration-adjusted low frequency power (Log LFa)
and (B) the log of low frequency power without respiration adjustment (Log LF) in subject
groups with neuroimaging evidence of intact cardiac sympathetic innervation and normal
baroreflex slope (Innerv Nl BRS), intact innervation and low baroreflex slope (Innerv Low
BRS), and cardiac sympathetic denervation and low baroreflex slope (Denerv Low BRS).
(*) significant group difference, p<0.05; (**) p<0.001
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Fig. 4.
(A) Individual values for the log of respiration-adjusted low frequency power (Log LFa)
during the Valsalva maneuver expressed as a function of the log of baroreflex slope (Log
BRS); (B) Mean (±SEM) values for Log LFa during the Valsalva maneuver in subject
groups with neuroimaging evidence of intact cardiac sympathetic innervation and normal
baroreflex slope (Innerv Nl BRS), intact innervation and low baroreflex slope (Innerv Low
BRS), and cardiac sympathetic denervation and low baroreflex slope (Denerv Low BRS).
(*) significant group difference, p<0.05; (**) p<0.001
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