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Effect of Arterial Baroreceptor on Cardiac Autonomic
Nerve Activity during Head-up Tilting

Keiichiro Kitamura  Shigeo Takata  Hideo Futamata™

Takuma Hashimoto** Satoru Sakagami*** Ken-ichi Kobayashi***

SUMMARY

To evaluate how the cardiac sympathetic and parasympathetic nerve activity
response to the change of body axis component of gravity during head-up tilting,
we examined the effects of decremental head-up tilting (90°, 64°, 53°, 44°, 37°, 30°,
24°,17°,12°, 6°, 0°) on heart rate variability using power spectral analysis in healthy
young female.

Eight young female volunteers (age, 23.3+0.8 years ; mean =SD) were included in
this study. The electrocardiogram (ECG) by bipolar chest leads was recorded con-
tinuously during procedures, and the bed was tilted at 0.1 interval of sine function
of tilting angle from upright position (90°) to supine position (0°). The frequency
domain measurements of low (0.08 to 0.15Hz, LF) and high (0.15 to 040 Hz, HF)
frequancy components were performed to assess the cardiac sympathetic and para-
sympathetic nerve activity.

The square root of high frequency power, specific index of cardiac parasympathe-
tic tone, showed nearly linear increase between 90°and 17°, from 9.9ms to 28.5ms
and tilting angle 17° and less, it remained unchanged. The ratio of low to high
frequency power, marker of cardiac sympathetic tone, fell from 252 at 90°to 4.6 at
30°, and after from 30°to 0°, it remained unchanged. Although the direction was
opposite, during high tilt angle range both cardiac sympathetic and parasympathe-
tic tone showed close correlation to the sine of tilting angle. In contrast, during low
tilt angle range, both cardiac autonomic nerve activity remained unchanged.

These findings gave us information concerning a relative high threshold chara-
cteristics of baroreflex which exerts a main influence on heart rate variability during
head-up tilting, thus we conclude that arterial baroreceptors exert a major influence
on the cardiac autonomic nervous response to postural adaptation.
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INTRODUCTION tion of body fluid induces reduction of venous
When we change our body position from return, leading to reduce cardiac output and
supine to upright, increase of the body axis arterial hypotension. It was supposed that these
component of gravity causes a hydrostatic conditions of body fluid sift and arterial
blood shift (ranging from 500 ml to 700 ml) from hypotention might be compensated by reflex
the upper to the lower body. This distribu- mechanisms depending on the sympathetic
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Fig. 1. Gradual decremental head-up tilting was performed at 0.1
interval of sine function of tilting angle from upright posi-
tion (90°) to supine position (0°). Sine function of the tilting
angle indicates the body axis component of gravity.

nerve activity’™ which is to increase in heart

rate, stroke volume, and peripheral vasocon-
striction. This assumption has proved quan-
titatively in vasoconstrictor responses in
human by direct measurement of the peripheral
sympathetic vasoconstrictor nerve activity
which is called muscle sympathetic nerve
activity (MSA)"?, However, it has so far poorly
proved quantitatively in the cardiac sympathe-
tic and vagal nerve activity.

In the present study, we observe the cardiac
sympathetic and parasympathetic tone through
quantitative power spectral analysis of heart
rate variability during head-up tilting.

SUBJECTS AND METHODS

1. Subjects. Eight healthy female volunteers
aged from 20 to 24 were studied. All were
normotensive (mean blood pressure 758+3.3
mmHg). None took any medication, or used
tobacco products. All subjects were instructed
not to ingest caffeine or alcohol for at least 12h
prior. Informed consent was obtained from all
subjects.

2. Protocol. All studies were carried out
between 4 pm and 7 pm in a quiet warm room.
Prior to the experiment, ECG electrodes were
applied to the chest (lead CM5 and NASA) and
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continuous ECG signals were recorded on a
Holter ECG recorder SM30 (Fukuda Denshi Co.,
Tokyo, Japan). After 15 minutes quiet period
in the supine position, decremental head-up
tilting was performed at 0.1 interval of sine
function of tilting angle from upright posi-
tion to supine position using an electrically
driven tilt table (Fig. 1). In each position, ini-
tially subjects remained at rest for 3 minutes
to permit their cardiovascular baroreflex
mechanisms to achieve steady state®. For the
next 5 minutes, subjects were asked to breath
at a steady rate more than 0.2 Hz®.

3. Data analysis. ECG signals were played
back, and analog to digital conversion was per-
formed at 8 bit 125Hz, and R-R interval
measurements were converted to a heart rate
time series using data processa DMW-9000H
(Fukuda Denshi Co., Tokyo, Japan). A arti-
fact-free 256-sec series R-R segments during
controlled respiratory periods in each posi-
tion were selected for spectral analysis. The
power spectrum of fluctuations in selected R-R
segments was computed by means of the auto-
regressive model program” and was integrated
into it's two major components ; a high
frequency component (HF), from 0.15 to 0.40 Hz,
and a low frequency component (LF), from 0.04
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Fig. 2. Correlation between the sine of the tilting
angle and the square root of high frequency
power in 8 subjects

SQR (HF) = square root of high frequency power

Results are expressed as mean=S.E.. The SQR (HF)

showed linear correlation to the sine of tilting angle

from 0.3 (17°) to 1.0 (90°). In the tilting angle 17° and
less, it showed little decrements.

Asterisks denote significant increments above

upright (90°) position.

to 0.15 Hz®. The square root of high frequency
power (SQR (HF)), reflecting mostly cardiac
vagal activity®, and the ratio of low-to high-
frequency power (LF/HF ratio), as a marker
of sympathetic activity® were calculated.

4. Statistics. Results are expressed as mean*
S.E.M.. We used one-way analysis of variance
to assess the differences among the tilting
angles, and mean differences were assessed
with Fisher’s PLSD test. Correlations between
the dependent and the independent variables
were analyzed by simple linear regression. P
values below 0.05 was assumed to indicate
statistical significance.

RESULTS

1. Responses of the square root of high
frequency power to the head-up tilting The SQR
(HF) increase in a nearly linear fashion from
99+26 ms at 90° to 28.5+4.8ms at 17°. Then,
over high tilt angle between 90° and 17°, the
SQR (HF) showed significant linear correla-
tion to the sine of tilting angle. In contrast, in
the tilting angle 17°and less, the SQR (HF)
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Fig. 3. Correlation between the sine of tilting angle
and the ratio of low-to high-frequency power
in 8 subjects

LF/HF ratio = ratio of low-to high-frequency power

Results are expressed as mean*S.E.. The LF/HF

ratio showed linear correlation to the sine of tilting

angle from 0.5 (30°) to 1.0 (90°). In contrast, during
low tilt angle range, it showed no correlation or
remained unchanged.

Asterisks denote significant decrements under

upright (90°) position.

showed no significant change (Fig. 2). This
two-phase response of the SQR (HF) was seen
in the 7 of 8 subjects. However one excep-
tion showed nearly linear fashion in all tilt
angle between 90°and 0°.

2. Responses of the low-to high-frequency
power ratio to the head-up tilting The LF/HF
ratio fell from 25.2+8.3 at 90° to 4.6+1.8 at 30°,

and showed significant linear correlation to the

sine of tilting angle at high tilt angle between
90° and 30°. In contrast, at the tilting angle less
than 30°, the LF/HF ratio showed no signifi-
cant change (Fig. 3). This two-phase res-
ponse of the LF/HF ratio was seen in all
subjects.

DISCUSSION

The gravity that works on the body on tilting
bed can be divided into two components. The
body axis component of gravity, which pull
body fluid toward the foot direction, is indi-
cated as a sine function of tilting angle (Fig.
1). So, we designed our tilt protocol of the same
interval of sine function of tilt angle with the
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aim to elicit a number of consecutive incre-
ment in the circulatory load of about equal
size?.

Previous reports of Iwase et al®., concern-
ing the relation between the MSA burst rate
and the sine of tilting angle, have shown that
the MSA has a linear function to the sine of
tilting angle between 0°and 90°. These results
suggested that the peripheral sympathetic vaso-
constrictor nerve activity is activated propor-
tionally to an increase in the body axis com-
ponent of gravity from the small angle range
of tilting. In addition, this may indicated that
low pressure baroreceptors, a relative low
threshold characteristics of baroreceptor, might
play a role in vasoconstrictor which exerts a
main influence on the MSA.

In the present study, both the SQR (HF),
specific index of cardiac parasympathetic tone,
and the LF/HF ratio, marker of cardiac
sympathetic tone showed two-phase response
to the sine of tilting angle. Although the direc-
tion was opposite, during high tilt angle, both
cardiac sympathetic and parasympathetic tone
showed close correlation between the sine of
tilting angle. On the other hand, during low tilt
angle, both cardiac autonomic nerve activity
remained unchanged. These our findings gave
us information concerning a relative high thre-
shold characteristics of baroreceptor which
exerts a main influence on heart rate variability
during head-up tilting.

These different responses between vasocon-
strictor nerve activity and cardiac autonomic
nerve activity to the change in the body axis
component of gravity might be originated in
different baroreceptor reflex which exerts a
major influence on each of them at least during
low tilt angle. If low pressure baroreceptors also
play a role in cardiac autonomic nerve activity
responses to venous pooling from low tilt angle,
the SQR (HF) and LF/HF ratio would show
significant linear correlation to the sine of
tilting angle from low tilting angle.

As a results of measurement by Izzo et al®.,
the change in carotid sinus mean arterial
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pressure from upright to supine is equal to 32
mmHg. This hydrostatic pressure change is
nearly equivalent to 3.2 mmHg/0.1 (sine func-
tion of tilting angle) in our study. If we apply
this manner to our results, the onset of close
correlation between the sine of tilting angle and
the LF/HF ratio corresponds to about 16 mmHg.
Therefore, the threshold of baroreflexes which
exert the cardiac sympathetic nerve activity
corresponds to about 16 mmHg reduction of
hydrostatic pressure at carotid sinus.

Zoller et al'®. and Johnson et al'”. found that
low levels of lower body negative pressure
(LBNP —5 and —10mmHg) can significantly
decrease forearm vascular conductance without
significant change in aortic mean pressure and
heart rate. However, in high level of venous
pooling (LBNP —20 and —40 mmHg), signifi-
cant decrease in arterial pressure and increase
in heart rate accompanied the further reduc-
tion in central venous pressure and forearm
blood flow.

It appears that mild reduction of venous
return produced by LBNP at —5 and —10 mmHg
can activate only cardiopulmonary baro-
receptor reflex and increase the peripheral vaso-
constriction without stimulation of arterial
baroreceptor or enhancement of cardiac sym-
pathetic tone. Whereas, high level reduction of
venous return produced by LBNP at —20 and —
40 mmHg can elicit both of the low and high
pressure baroreceptor reflexes, and stimula-
tion of not only the sympathetic vasocon-
strictor nerve activity but cardiac sympathe-
tic nerve activity. The findings of us agree with
those of Zoller et al'®. and Johnson et al'V. It
has been shown that aortic blood pressure
began to fall at about —20 mmHg of lower body
negative pressure’®?, which support our
results of a relative high threshold of arterial
baroreceptors. Thus, our findings suggested
quantitatively that aortic baroreceptor reflexes
might play a major role in the cardiac
sympathetic and vagal nerve activity during
head-up tilting.
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CONCLUSIONS

We have demonstrated biphasic responses of
the cardiac sympathetic and vagal nerve
activity to the change in the body axis com-
ponent of gravity and suggested that the
cardiac autonomic nervous response to postural
adaptation is dependent more on the arterial
baroreflexes than the cardiopulmonary baro-
reflex.
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Head-up Tilting IZH T 510 BEBEZTH~NO
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Head-up tilting B DEES FE D OEHEILIR LT, DB EMRER X ORI R BAEE
BREDX 5 KT D%, BEEELM 84D decremental head-up tilting (90°, 64°,
53°, 44°, 37°, 30°, 24°, 17°, 12°, 6°, 0°) BHOLWPEH U —IXXT MaHr bR
fliL7z,

BEEELZMES A (23.310.85, FH-ERREE) 235 L L. LERIZ, ERTRE
G E P EENICRE Lz, Xy FOFEFHE, Asin 0 8012 XAHERBLOITL, SIfiL
(90°) 2BEMI (0°) ETH L T»ofc. DR K UBIZEM RSB OFE L,
DRSS EREKSEROEERE (0.08Hz 5H0.15Hz, LF) BXUEREKE¥K (0.15Hz 6

0.40Hz, HF ) #RERBDONRNT—ZART MBI K VITo T,
DIBEIRBRERORENBETH S, BRAEERS Y —OEHRER, EAAERW
517 OXECIZIETEBIC.9ms 2 528.5ms IK#MEZTRL, 1T U T CRIZE—EEE
R Lk, LDERRHRESRETDHS, BRAEERS Y —LBAEERS T — DL,
90° TMD25.25> H30° TDL.6~LET L, £OHR° 5 0° ETRERLRP 0T, HAETD
FHEETIEH DR, LMERRAHRR I UVBRBRAERERL, SEAARETIERADE
WELEROMBE R UL, —F, BEAARMTIE, MLBEEERERL bIIE—ET
ERAOEZME LB L o7z,

A Ed 5, Head-up tilting B LDHEEB~DOEREEL RIETEZFRR AL, A8
BVWHREZE-SZ LB, T2 BIIRESARRNREMERRO LR ERWEESD
DEERBICEZBELTWS Z LSRRI,
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