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The respiratory synchronous photoplethysmographic signal.
Its dependence on tight wavelength and sample volume.
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Abstract: The respiratory synchronous
photoplethysmographic (RIIV) signal from
forearm skin was recorded from healthy
subjects. The optical signal was derived from
a fibre-optic probe consisting of 6l fibre
pairs. The peak-to-peak averaged RllV-signal
was calculated. The dependency of this signal
on wavelength and sample volume was studied.

The light intensities used at 560 nm were
0.015 and 0.029mW---2 and at 940 nm
0.029, 1.37 and 2.77mW---2. The amplitude
of the RIIV-signal were not significantly
different at 560 nm than at 940 nm at the
same intensity. At 560 nm and at 940 nm the
amplitude did not increase significantly with
the number of fibre pairs (volume).
INTRODUCTION
The most common clinical methods for respiratory
rate monitoring are based on transthoracic impedance
plethysmography. Electrode-skin impedance instabilities
and skin irritations caused by the electrode paste are

common problems, making the thoracic impedance
plethysmography less suitable for monitoring purposes.

site was approximately 4 cm distal to the medial side of
the cubital fossa on the left arm.

The experimental set-up is shown in Figure 1. The
fiber-optic probe consisted of 61 pairs of fibers. One of
the fibers in each pair guided light from the light source
to the skin and the other fiber picked up and guided the
reflected and scattered light to a photodetector. The centreto-centre fiber distance was 0.23 mm. In the probe end
which faced the skin, the fiber pairs were arranged in 4 (5)
concentric circles with 7 (6 + I centre pairs), 12, 18 and
24 fiber pairs in each circle. The radial distance between
the rings, Är, was 0.75 mm. A pulsed light emitting
diode (LED) was used as source of illumination. All the

receiving fibers were collected

wave-

Light

Number of

intensity

fibre pairs

560
560

(mWmm-2)

7. 19. 37. 6r
'7, 19, 37, 6l
7. 19. 37. 61
7. t9. 37. 6l
1.37
0.029 7, 19,37, 6l

0.029
0.015
2.77

940
940
940
Table 1. Sequence of measurements.

has been used for heart and respiratory rate monitoring
l2,3J.The technique is based on light impinging on the
skin surface. The light is absorbed, scattered and reflected
in tissue and blood. Perfusion and structural changes in
the skin modulate the light which returns to the
photodetector. Technical parameters that influence the
magnitude of the AC-signal are; light source wavelength

accordance with table

measurement site [10]. However, to my knowledge there
are no studies available concerning the respiratory signal
dependence on the above mentioned parameters.
The aim of this paper is to study the dependence of the
respiratory photoplethysmographic signal amplitude and

one bundle. The

length
(nm)

The photoplethysmographic signal (PPG) was first
used by Hertzman[l] for studies of blood volume
pulsations in the skin. This signal has been used for heart
rate and perfusion monitoring in plastic surgery and in
oxygen saturation measurements (pulse oximetry).
Recently, a new optical method utilizing the PPG signal

14,5,6,7f, incident light intensity, light source and
photodetector arrangement [4,8,9] as well as the

in

illuminating fibers were collected in several bundles each
corresponding to one ring of the probe. The number of
illuminating rings, and thereby fiber pairs, was altered by
switching the corresponding LED on/off.

The measurement sequences were performed in

l.

The measurements were done at

two wavelengths, 560 nm and 940 nm and at 2 or

3

intensities, respectively.
A signal, synchronous with the respiration rate, was
obtained from the unprocessed PPG-signal with a 2nd

order analogue Butterworth high-pass filter and an
analogue low-pass filter with the cut-off frequencies 0.1
Hz and 0.5 Hz respectively. The respiration rate was
simultaneously monitored via impedance
plethysmography (I{ELLIGE, Servomed, Germany).
The signals were digitally recorded (12 bit resolution)

signal-to-noise ratio on the wavelength and illuminated

on a computer (386SX with A/D-card, AT-MIO-l6L-9,
National Instruments, USA). The sample rate was 17 Hz
for respiratory signals and the measurement period was 3
minutes. The respiratory synchronous signal from PPG as

tissue volume.

well as the simultaneously derived

METHOD
Eight healthy subjects aged between 20 and 31 years
took part in this study. During the experiments the
subjects rested comfortably in a supine position. During

impedance plethysmographic signal were analysed. The
respiratory signals corresponding to the first 30 breaths
were used in the analysis with the maximum value of the
impedance signal as a trigger. An averaged RllV-signal
was calculated. The p-p value was calculated from the
averaged RllV-signal. The pp averaged RllV-signal were

the

measurements

the left arm was

positioned

approximately at the level of the heart. The measuring
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Figure 1. Experimental set-up of the PPG, ECG and imper
impedance plethysmography.
normalized with respect to the sensitivity characteristics

I2l

of the photodetector.
RESULTS

For each measurement in the sequence the mean and
standard deviation (8 subjects) of the p-p averaged (30
breaths) Rl[V-signal were calculated.
The dependence of the p-p averaged RllV-signal on

number

of fibre pairs, incident light intensity

with intensity while the

t4l

and

wavelength were studied.
The p-p averaged RllV-signal at the light wavelength
560 nm for the light intensities 0.015 mWmm-2 and
0.029 mWmm-2 did not increase significantly with the
number of fibre pairs except when increasing the number
of fibre pairs from 37 to 6l at the light intensity 0.015
mWmm-2. The p-p averaged RllV-signal, for 7 fibre pairs,

increased significantly

t3l

t5l
t6l

p-p
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intensity when using 19,37 and 61 fibre pairs. At 940
nm the p-p averaged RllV-signal using 0.029 mWmm-2,
1.37 and 2.77 mWmm-2 did not increase significantly
with the number of fibre pairs. The dependence of the
averaged RllV-signal on wavelength was also studied. The
p-p averaged RllV-signal was not significantly different at
560 nm than at 940 nm when using the same intensity at
the two wavelengths for '7, 19,37 and 61 fibre pairs. At
560 nm for the intensity 0.015 mWmm-2 the p-p averaged
RllV-signals were not significantly different than at 940
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nm using 0.029 mWmm-2.
At the wavelength 560nm (0.015 and 0.029mWmm-2)
and at 940 nm (0.029, 1.37 and2.77 mWmm-2) the p-p
averaged RllV-signal did not increase significantly with
the number of fibre pairs (illuminated volume). However,
there was a tendency towards increasing amplitude with an
increased number of fibre pairs.

On the basis on the results of this study it is
suggested that the main contribution to the RllV-signal
originates from perfusion changes synchronous with the
respiration in venules and veins. This implies that the
number of measuring sites is limited to sites where larger
superficial veins och network of veins are to be found.
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