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THE PROBLEM OF CHRONIC

HYPOTENSION

Hypotension is defined by WHO
(World Health Organization)1 as a

systolic blood pressure (SBP) lower than
100mmHg in women and 110mmHg in
men. Chronic hypotension affects quality of
life, because of symptoms such as fatigue,
dizziness, headache, cold limbs and reduced
cognitive performance.2–4 Chronic ‘essential’
hypotension should be distinguished from
secondary hypotension (due to, for example,
blood loss or the effect of medication) and
from orthostatic hypotension, in which blood
pressure (BP) decreases only when assuming
the upright position.5 Understanding the
pathophysiology and proper treatment of
chronic hypotension benefits affected patients
and offers a deeper insight into the physiol-
ogy of BP control. Alterations in autonomic
cardiovascular regulation have been hypo-
thesized to contribute to the pathogenesis of
this condition.4,6 Such alterations include, in
particular, an increase in arterial baroreflex
sensitivity (BRS) with arterial baroreflex
resetting toward the lower BP values.7,8 This
pattern is accompanied by reduced sympa-
thetic activity and by enhanced parasympa-
thetic activity.4,9

Aimed at opposing these autonomic
changes, sympathomimetic drugs are often
employed in the treatment of hypotensive
disorders, in particular when orthostatic
hypotension occurs. Among them, the

a-adrenergic agent, midodrine, is frequently
prescribed for patients with orthostatic symp-
toms.10,11 Data suggest that midodrine may
also have favorable effects in patients with
chronically low BP, as it is reported to
increase BP, vascular resistance, stroke
volume12 and cerebral blood flow, which is
associated with improved mental perfor-
mance.13 However, limited information is
available about the possible effects of drugs
that stimulate a-adrenergic receptors on
autonomic cardiovascular regulation.
This issue of Hypertension Research

includes a paper by Duschek et al.14 that
addresses this topic. The authors investigated
the acute effects of a single administration of
the a-mimetic drug, midodrine, on barore-
flex function, as well as on sympathetic and
parasympathetic cardiac control in subjects
with chronic hypotension. Spontaneous BRS
was assessed by the sequence technique,15,16

and additional information on cardiac auto-
nomic modulation was obtained through
spectral analysis of heart rate variability
(HRV), by focusing on high-frequency (HF)
and low-frequency (LF) components and on
the LF/HF ratio.17 Data were obtained at rest
and under mental stress, through application
of a mental arithmetic task, in 50 patients
with chronic hypotension (mean SBP/diasto-
lic BP (DBP)¼ 96/61mmHg), according to a
placebo-controlled double-blind study. Acute
midodrine treatment did increase BP, but it
also increased BRS and parasympathetic car-
diac modulation (as indirectly indicated by
an increase in HF and a decrease in the LF/
HF power ratio). The interpretation given by
Duschek et al.14 is that the BP increase
induced by acute midodrine administration
elicits a counter-regulatory autonomic
response aimed at returning BP to the initial
value, which involves a shift in the autonomic
balance toward less sympathetic and more

parasympathetic activity. Owing to these
accompanying changes, Duschek et al.
conclude that their data challenge the use of
a-sympathomimetics in the treatment of
chronic hypotension, given that their admin-
istration may not reduce but rather worsen
the autonomic dysregulation associated with
this condition.

CHRONIC HYPOTENSION TREATMENT

AND AUTONOMIC CARDIOVASCULAR

REGULATION

Proper interpretation of the findings by
Duschek et al.14 requires adequate informa-
tion on the patterns that characterize changes
in autonomic drive after administration of
treatment for chronic hypotension. This
might allow identification of drugs that
improve the hemodynamic condition and
preserve a balanced autonomic profile.
Several methods are available to investigate

autonomic cardiovascular regulation in
humans. Precise information may be
obtained through direct recording of sympa-
thetic outflow with microneurographic
methods. However, microneurography pro-
vides a measure of the sympathetic drive only
to certain muscular districts, which may not
reflect actual sympathetic regulation of the
heart and vessels. Moreover, these recordings
are technically difficult to obtain and require
skilled operators. In practice, such recordings
cannot be easily employed over long time
periods for monitoring the effects of anti-
hypotensive drugs on autonomic cardiovas-
cular regulation. Alternatively, the analysis of
spontaneous HR and BP variability offers
valuable information on cardiac parasympa-
thetic, cardiac sympathetic and vascular
sympathetic regulation.17 Beat-to-beat time
series of BP and HR can be easily and non-
invasively recorded in most clinical settings.
However, as BP and HR variability provide
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only indirect information on autonomic car-
diovascular control, and given the strong
interaction between the autonomic nervous
system and other physiological systems, great
methodological care is needed to correctly
interpret the results. Among the indexes of
HRV, the clearest information on autonomic
cardiac modulation is provided by the HR
power in the HF region. The HF power is
linked to the strength of cardiac vagal drive17

and mostly reflects the HR fluctuations
associated with respiration. Central oscillators
may contribute to the respiratory sinus
arrhythmia, but certainly a major role is
played by the arterial baroreflex, which trig-
gers changes in cardiac interval following BP
oscillations produced by respiratory changes
in intrathoracic pressure.18 This reflex mecha-
nism may largely prevail over central compo-
nents, at least in certain animal species.19

If the breathing frequency is higher than
0.15Hz, the respiratory sinus arrhythmia is
entirely modulated by the vagal outflow,
because the sympathetic drive is too sluggish
to modulate fast fluctuations17 and the HF
power largely reflects the vagal drive. This is
the approach followed by Duschek et al.14 to
quantify changes in cardiac vagal modulation
after acute midodrine administration. When
focussing on HF heart rate powers, however,
it is important to monitor the actual breathing
rate, particularly when subjects are allowed
to breathe spontaneously. In general, sponta-
neous breathing seems to be preferable when
assessing HRV parameters, because breathing
at a paced controlled rate (for instance,
following a metronome) may be responsible
for some degree of autonomic activation (due
to mental stress or chemoreceptor stimula-
tion), which may itself affect autonomic
cardiovascular control. However, when sub-
jects breathe freely, the respiration frequency
should be measured to verify that respiration
actually falls in the HF region. This measure
can also exclude the possibility that phar-
macological treatment itself—alone or in
combination with other factors—might
induce changes in breathing rate. In the
case of pharmacological treatment, small
variations in HF power of HR might not
reflect changes in cardiac vagal drive.
Depending on the breathing rate observed
before and during treatment, changes in HF
power of HR may simply result from differ-
ences in the gain of the mechanical transfer
function between intrathoracic pressure and
arterial pressure, and/or differences in the gain
of the baroreflex transfer function between
arterial pressure and HR.20 Although breath-
ing rate was not measured in this study, the
substantial increase in HF power and the

parallel increase in mean R–R interval
observed by Duschek et al.14 are convincing
evidence of an increased cardiac vagal drive
after midrodine administration.
Other parameters of primary importance

are the BP and HR spectral powers in the LF
region, a relatively narrow band centered
around 0.1Hz. The power in this band should
quantify the intensity of BP (and conse-
quently HR) modulations in the frame of a
physiological phenomenon called ‘ten-second
rhythm,’ or ‘Mayer waves’ (for BP). The
phenomenon is defined by waxing and wan-
ing fluctuations in BP and HR, which do not
have a deterministic nature, as in the case
of respiratory oscillations. Rather, they are
better described as a stochastic, narrow-
band colored noise, with maximal power at
0.1Hz. Compared with respiratory oscilla-
tions, the origin of Mayer waves in BP is
more controversial.21 It has been hypothe-
sized that they are generated by central
oscillators, but strong evidence also suggests
that they are produced by a resonance of the
baroreflex loop at 0.1Hz. Whatever the ori-
gin—central or reflex—of the Mayer waves
might be, the 0.1Hz oscillations in HR seem
to be mainly due to baroreflex modulation:
baroreceptors sense the Mayer BP waves and
modulate the firing rate of the sinus node
synchronously. This origin is supported by
the observation that in spinal-cord-injured
subjects with low-level lesion, the ten-second
rhythm disappears not only in DBP (as
expected because of the impaired vascular
sympathetic modulation) but also in HR,
although the cardiac sympathetic efferent

fibers are intact.22 As the baroreceptors mod-
ulate HR at 0.1Hz by decelerating vagal out-
flow and accelerating sympathetic outflow,
the HR LF power does not represent a specific
index of cardiac sympathetic drive. Aimed at
obtaining more reliable information on the
balance between sympathetic and parasympa-
thetic cardiac modulation, certain studies
recommend calculation of the ratio between
LF and HF HRV powers.17 Duschek et al.14

report a significant decrease in the LF/HF
HRV power ratio after midodrine treatment,
which they interpret as a shift of the cardiac
sympathovagal balance toward greater vagal
modulation. However, a yet unanswered
question is whether the change in LF/HF
power ratio is due to an increased vagal
drive only, or to a decreased cardiac sympa-
thetic drive without changes in the vascular
sympathetic outflow, or, alternatively, to an
overall decrease of sympathetic (both cardiac
and vascular) modulation. Assessment of
LF power of DBP, the indirect index of
vascular sympathetic modulation of periph-
eral resistance, might help to clarify this issue
in future studies.
The simultaneous analysis of BP and HR

variability also allows us to estimate the
sensitivity of baroreflex control of HR
(BRS). Several methods have been proposed
to this end,23,24 each method differing in
terms of its applicability (requirement of a
stationary signal, time resolution of the
estimate, number of estimates per hour, relia-
bility, reproducibility, emphasis on vagal or
sympathetic control, applicability in elderly
subjects or dysautonomic patients, etc.).

Figure 1 Sequence analysis on 4-h arterial blood pressure recordings during nighttime (2300–0300 h)

in a normotensive (N) subject and a severely hypertensive (H) subject. Arrows show the average

of +/+ sequences (sequences in which a SBP increase is followed by an increase in pulse interval, PI)

and �/� sequences (in which an SBP decrease is followed by PI shortening). Please note that

sequence analysis may provide information not only on BRS (slope of the lines) but also on

working point (solid circles) and amplitude of the input/output relationship (Parati G, Castiglioni P,

Di Rienzo M, data on file).
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Thus, researchers have a number of tools
available. Duschek et al.14 applied one of
the more popular techniques, the sequence
method, which calculates BRS as the slope of
the regression line between SBP and cardiac
interval values in sequences of beats charac-
terized by simultaneous increases or decreases
in SBP and R–R interval.25 They found that
the high BRS values of chronic hypotension
subjects increased even more with midodrine.
This increase supports the presence of
increased vagal cardiac drive and can be
logically explained as an acute counter-mea-
sure against the BP increase induced by the
a-adrenergic treatment. Still, such a large
increase is surprising, because one might
expect that hours after midodrine adminis-
tration, the baroreflex working point would
shift close to the saturation point on the
baroreceptor input/output sigmoidal curve.
This shift is even more likely to occur in the
case of chronic treatment, a possibility that
was not verified in this study.
Therefore, the interesting results published

by Duschek et al. certainly deserve to be
further investigated in future studies. This
can be done, on one hand, by exploiting
other features of the baroreflex function.
For instance, the same sequence technique
also provides estimates of the baroreflex
effectiveness index (ratio between generated
sequences and SBP input ramps),25 the
response latency,26 the SBP excursions around
the baroreflex ‘set point’ (Figure 1) and the
characteristics of ‘central’ sequences. On the
other hand, this can be done by considering
the effects of long-term drug administration,
a common occurrence in clinical practice.
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