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Introduction

The optimum reference in calculating skin transmittance is the probed skin itself. That is, the ratio of skin reflectance signal under  maximum blood flow to skin reflectance signal under minimum blood flow. The advantages of the method are (1) cost reduction by  avoiding the external reference and most importantly (2) specific probing of blood glucose instead of a mixture of blood and interstitial fluid glucose as is the case currently. This referencing scheme can only be feasible, if there is enough change in absorbance between the two conditions of blood flow. Also the heart pulse must be accurately monitored in order to accomplish data acquisition synchronicity or to simply point to data taken at periods of high and at periods of low blood flow. This work focuses on the feasibility aspect of the method.



Background

NIR radiation of our wavelength range incident on the skin penetrates by roughly 0.5 mm deep on the average before being back-scattered by biological tissue. The photon path length through the skin is roughly 1 mm. The back-scattered photons can be detected by a photodetector as a composite signal of three components. A dc component due to absorption, a pulsatile component at the heart rate (1 - 1.5 Hz) due to the variation of absorption with blood flow, and a random component in the audio frequency band (0 - 15 kHz). In frequency domain the composite signal appears with a peak at dc, a peak at the heart rate frequency, and 1/f due to the random part as seen in Figure 1.

�

Figure 1.  Data taken with a homemade heart pulse detector and the HP  35665A spectrum analyzer.



The random part is generated by random collisions of the photons with moving biological cells such as red blood cells or by movement of the probed skin with respect to the photodetector. Such collisions cause the photons not only to change direction but  also to change frequency (Doppler shift). The Doppler shift frequency depends on the velocity of the moving cells as shown in Figure 2. Laser Doppler Flowmetry is based on this phenomenon. Heart pulse may be monitored, quite conveniently by optoelectronic means. 
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Figure 2.   A 1 mm/s movement will cause  a 750 Hz Doppler shift assuming an angle of 60o in the direction 	          	    between moving cell and receiver at a wavelength of 670 nm. At 90o the Doppler shift is zero.



We will use as a feasibility criterion the percentage modulation index, that is the percentage ratio (v/v) of the peak-to-peak ac component to the dc component of the reflected signal. This index also serves as an indication of the photon “ac” path length. That is the path length as a percentage of the dc (~1 mm). All signal shown below were acquired at channel 11 (nominal wavelength = 1271 nm).



Description of Apparatus and Setup

A system originally designed to detect blood flow was used to detect heart pulse in the finger.  A circuit schematic is shown in Figure 3.  It essentially consists of a driver with feedback for the laser diode (red visible) and a Si diode detector. An amplifier, a 4th order elliptic high pass filter, another amplifier with low pass filter process the detected signal and a buzzer amplifier and  buzzer provide an audible tone to warn each time the heart pumps serving as indicator of appropriate probe contact and minimum movement. The sharp high pass filter (-80 dB/dec at 0.8 Hz) is essential in eliminating the large dc component and some of the low  frequency Doppler shifts due to movement. Note that contact pressure of the skin to the probe is critical as too much will cause vascular occlusion while too little will result in bad optical contact. The probe  consists of a pair of plastic fibers placed next to each other as close as physically possible (~ 1 mm). The pair is mounted on a machined aluminum piece shaped to allow a  finger to rest comfortably on the probe while being fastened by a piece of Velcro.  The system allows selection of its own probe or of external probe by a switch. When used with a D1000, channel 1 of the D1000  is internally disconnected  and the output of the finger pulse detector is routed to channel  1. When “internal” probe is selected,  the pulse detector probe is processed and routed to the D1000. When “external” probe  is selected,  the signal from channel 11  of the D1000 is brought out of the D1000 and connected to the pulse detector where it is processed and routed back to the D1000 at channel 1. This allows heart pulse data to be acquired synchronously with skin data.

�

Figure 3.  Circuit schematic of system used to detect heart pulse (drawing filename sac086.dwg).

For the experiment a D1000 (m18)  was used with modified embedded code to allow shorter integration times (32 scan average) and faster sampling than normal. The sampling rate was 100 kHz / (64 X 32) =  48.83 spectra/s and the observation time was 4096/48.3 = 83.389 s. A PC ran PCCORE as usual but the data was saved on a PCMCIA card placed on the DSP slot and not on a file. The D1000 was placed on a knife-edge balancing device (titer-totter, see Figure 4). Its probe was surrounded by a temperature controlled (using a chiller at 37 oC)  flat aluminum  piece which provided a larger area against which the skin was pressed
. Balancing is necessary  in order to have a small force (20 g) exherted at the probed skin.
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Figure 4. Photograph of the overall experimental setup. The D1000 sits on the right of the titer-totter balancing system 		  with counter weights on the opposite end
 
(drawing filename
s
 sc009.dwg - sc021.dwg)
. 



Summary of Data and Results

Raw time data as acquired by the D1000/pulse detector is shown in Figure 5. The top trace was taken on the index finger by the D1000 probe while the second and third traces were taken by the D1000 probe at the forearm and lip respectively.
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Figure 5.  Typical raw time data acquired by the D1000 detector showing heart pulse at different body locations used in  	         	   determining dc component, ac component, and percentage index.



A different set of time data of which a time expanded version is plotted in Figure 6. It shows data taken on the right index finger (channel 1/finger ext.) used as time reference with data taken synchronously using the D1000 on the left index finger (channel 11/finger int.) at top,  on the left forearm (channel 11/forearm int.) middle, and  on the lower inner lip (channel 11/lip int.). 
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Figure 6.  Expanded time axis data used in determining time lags between right finger (top) and other locations.
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The dc and ac components of the data were determined by visual inspection from data plots similar to the typical data and the percentage index was calculated. The table in Figure 7 summarizes these values obtained from raw data taken at different locations on different individuals and gives average values. There is a slight variation among individuals but it appears that the dc and ac values and  indices are characteristic of each location with lip ranking the highest  index (0.3), finger fairing second (0.15), and forearm last (0.05) as seen in the averaged values on the table in Figure 8. In terms of dc value, though, the forearm ranks highest (2.01) followed by the lip (1.83) and the finger (1.33). In the ac values the lip again stands out (5.4 V) while the finger  (2.05) and forearm  (1.00) are trailing. Figure 8 also includes time lag values in heart pulse between the right finger and left finger, the right finger and left forearm, and the right finger and lower inner lip. 



location�ac (mVp-p)�         dc (V)�   index (%)�time lag (ms)��lip�5.40�1.83�0.30�80��finger�2.05�1.33�0.15�0��arm�1.00�2.01�0.05�40��Figure 8. Values averaged over individuals. 


Conclusions

Based on the above results, if a cuvette of skin of 1 mm length is to be assumed for the dc case, the path length for the ac will only be 3 mm p-p at best for the inner lip (0.3%). Assuming that the ac component of  the reflectance is due to capillary blood and the dc due to interstitial fluid, the lip lacking the stratum corneum and having a large concentration of capillaries registers the highest ac absorption with nearly same dc absorption as the forearm. The finger that shows higher ac but lower dc component than the forearm apparently has larger concentration of capillaries and is suspected to have thicker stratum corneum than the forearm.

Due to the low modulation index, i.e., low ac pathlength, the signal-to-noise ratio of the ac absorbance of skin will be low which, in turn, will tremendously increase the integration time needed to keep random instrument noise in check.For comparison: the random noise sensitivity of the straight PLS, rank=25 b-vector of the 1992 German FT-IR, 30 cm-1 resolution, NIR 1-mm cuvette, 126 diabetic patients, blood plasma transmission experiment was 1.55 mg/dL rms / mAU rms in the 1.21 - 1.87 micron wavelength range. At the reduced optical resolution of the D1000, this translates into approximately 2.3 mg/dL rms / mAU rms in our current 7:49 pixel range. Assuming the heart pulse ac measurement to be equivalent to an ideal transmission cuvette with pathlength 3 micron, therefore, the random noise sensitivity of the ac b-vector is expected at 770 mg/dL rms / mAU rms!  On the D1000, an integration time of 0.5824 seconds (910 scans) results in random absorbance noise of approximately 7 mAU rms typically (measured at rank 24 of SVD (Abs, pixel 7:49)), or 7x770=5390 mg/dL rms. In order to average this error down to 10 mg/dL rms, integration time 
will 
ha
ve 
to be 47 hours. Therefore, referencing skin at maximum blood flow to skin at minimum blood flow in calculating absorbance using the heart pulse is unfortunately impractical.



Suggestions for further Work

It remains to be investigated whether there is a benefit to only use skin data acquired at maximum blood flow in the calculation of absorbance, as variations in blood volume would remain relatively constant and not cause error. 

Since blood volume can also be modulated more effectively (larger amplitude and maybe higher frequency) than the heart pulse by external electro-mechanical means, a system should be devised perhaps using piezoelectrics and the method should be investigated.



References



H. Fujii, T. Asakura, K. Nohira, Y. Shintomi, T. Ohura

Blood Flow Observed by Time-Varying Laser Speckle

Optics Letters, Vol. 10, No. 3, March 1985



Mendelson and Yocum

Skin Reflectance Pulse Oximetry

Biomedical Instrumentation and Technology, Nov/Dec 1991



E. Berardesca, P. Elsner, H. Mailbach

Bioengineering of the skin: Cutaneous Blood Flow and Erythema

CRC Press, 1995



H. M. Heise and A. Bittner

Near Infrared Spectrometric Investigation of Pulsatile Blood Flow for Non-Invasive Metabolite Monitoring

11th International Conference on Fou
r
ier Transform Spectroscopy

Athens, GA , August 1997



Filename: #TECHRPB.DOT		Effective 10-02-97












