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Photoacoustic monitoring of changes in the blood circulation
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PhotoacoustidPA) signal generation can be used as the basis for a new medical tomographic
technique. In this article, we present results, which have been obtained by applying the PA technique
on animals and more specifically on Wistar rats. The primary goal was to investigate the possibility
of using PA for monitoring the changes in the blood circulation. This was achieved by tracking the
vessel position with one-dimensional scans and by monitoring the changes in the signal due to
artificially induced changes in the blood circulation. Z03 American Institute of Physics.
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I. INTRODUCTION II. MATERIALS AND METHODS

Photoacousti¢PA) signal generation is generally the re- The experimental results, which are presented in this ar-
sult of photothermal heating effects. The predominanticle, have been obtained by using a disk shaped piezoelec-
mechanism in biological tissue is the process of thermal extric sensot with diameter of 20Qum and PVDF film, 9um
pansion, in which the absorption of light in a restricted vol-thickness, as the active material. For the light delivery, four
ume is followed by thermal relaxation. The induced temperafibers each with a core diameter of 6@, are used. The
ture increase produces a stress that propagates through tHers are integrated in the “detector head an,d the measure-
sample in all directions. For short laser pul$e20 ng the ments were (?arrled out in “backward modé.As a I|ght
pressure is linearly proportional to the absorbed energy deni—zu:;e’ ualls’:g.;r?fala:zegtit[ ri(e;gu;]gyo?gg%iﬂg 12? \I’_V(')t:i]s
sity and the PA pulse can be calculated analytically with th I Wzs used. The OlE)tput energy of the fibers wr;\s 26 mJ/
assumption that the temperature distribution is Gaussian. | ) i

. ) ‘pulse and it was maintained below 20 mJ?gpulse for all
that case, the shape of the transient of a spherical or a cyliny, , experiments, which is the maximum permissible expo-
drical source is a bipolar signaf.

sure for this type of laser, according to the European regula-

The PA technique can be used to determine tiSsUgons, The signal was collected and averaged 16 times by a 1
characteristicsor to construct tomographic images of bio- Gsample/s, two channel digital oscilloscoff@®S-220, Tek-
logical tissu€’. The main advantage of it, compared to the tronix), and transferred to a computer for subsequent pro-
existing optical imaging techniquégransillumination, opti-  cessing. The data acquitition time was 1.03 s per measure-
cal coherence tomography, confocal microscopy) g&that  ment. The lateral resolution of the system, is limited by the
it does not suffer from the strong scattering of light in turbid detector diameter and it is100—200um. The resolution in
media such as biological tissue. As a result, the penetratioglepth depends on the duration of the laser pulse and on the
depth that can be reached is in the order of centimeters b§fata acquitition system and it is about 10—20." The ex-
using near-infrared light. Furthermore, the light source carPerimental setup is shown schematically in Fig. 1.

be tuned in different wavelengtiispectroscopy which in- The transients from all acoustic sources can be measured
creases the selectivity of this technique compared to ultraly the detector elements, in the form of time-of-flight sig-
sound nals. These signals contain the information for the recon-

The objective of the research described in this articlestrucnon of the positions of the sources. For the construction

- . : of the sample 2D image, a weighted delay and sum focused
was to explore the pOS.S'b”'ty of applying the PA techmque_ tobeam forming algorithth’ has been used. The imaging algo-

S . g tithm that was used for the calculation of the images has
chosen for thisn vivo study was the aorta of a Wistar rat in been developed by Hoeleat al. and has been detailed

which the blood concentration was altered artificially. elsewherd?

All the experiments were performed on Wistar rats. The
3Electronic mail: m.h.pilatou@tn.utwente.nl animals, which weighed-300—-350 g were anaesthetized by
0034-6748/2003/74(1)/384/3/$20.00 384 © 2003 American Institute of Physics

Downloaded 29 Mar 2011 to 130.89.112.86. Redistribution subject to AIP license or copyright; see http://rsi.aip.org/about/rights_and_permissions



Rev. Sci. Instrum., Vol. 74, No. 1, January 2003 Photoacoustic and photothermal phenomena 385

12 ae
3
00 E 1. 2mm -3
— 8.7 3
= T e o
=
-3
=]
--50
) ) 5.4
FIG. 1. Experimental setufl) Nd:YAG laser 532 nm at 50 H#2) optics 0 2 4 6 8 10
box, output four fibers; 3X—Y scanning system#) PA detector;5) oscil- T lation [mm]
loscope(Tektronix TDS 220; (6) PC for data processing7) animal posi- Faanon
tion.

FIG. 3. One-dimensional scan over the aorta.

intraperitoneal injection of urethane 12.5%ml/100 g body
weigh) and placed in supine position on a heating blanket. A The aorta diameter was 1.8—2 mm and that matches the
midline incision was made from the pubic bone to the xy-indicated dimension on the above graph. The absorption co-
phoid. The intestines and abdominal fatty layers were laterefficient of blood at 532 nm is-30 mm * and that results in
alized. The aorta was then meticulously isolated from thea penetration depth of about 3am. As a consequence of
cava vein under an operating microscope using microsurgicdhat, only the upper part of the aorta can be imaged. Thus,
instruments. Vessels branching off from the aorta were lithe strong front signal, is generated by a shell, with a thick-
gated and the vessel was placed on white gauze. The righess equal to the penetration depth, while the back signal is
carotid artery in the neck was also exposed and canulateis reflection on the gauze.
under the microscope. It served as an entryway to the circu- The amplitude of the acoustic transient, which is gener-
latory system(Fig. 2). All the animals were sacrificed at the ated by the red blood cellRBC) in the vessel, it is propor-
end of each experiment. tional to their concentration when the penetration depth of

The aorta was immersed in a layer of ultrasound gelight is larger than the vessel diameter. In that case changes
(Sonogel™ transparent at 532 prwhich served as coupling in the blood circulation can be measured by monitoring the
medium for the sound waves. The white gauze was used iRA signal in time. Since the penetration depth of the green
order to isolate and elevate the vessel from the surroundinight is small compared to the aorta diameter, only severe
tissue. And although they did not absorb light, they acted ashanges in the blood circulation can be measueeg., lack
sound reflectors, since their acoustic impedance was high@f blood). For that purpose a second set of experiments was
than that of the vessel walls. This may result in measuremererformed.
artifacts, especially in imaging; but their use was absolutely ~ The detector was positioned above the aorta, the opti-

necessary. mum position found by scanning over the vessel, and saline
solution injected into the rat through the right carotid artery.
Ill. RESULTS AND DISCUSSION Approximately 40%(20 ml) of the total blood voluméesti-

. . I h ith sali h
In order to find the exact position of the vessel, a one-malted 50 ml was exchanged with saline to decrease the

: . . : hemoglobin content from 10.0 to 6.1 mmol/l. The PA signal
dimensional scan, perpendicular to the aorta axis, was per-

formed with steps of 0.1 mm. The signals were averaged 12§vas averaged 16 times and recorded for a time period of

times and a line of a total length of 10 mm was scanned. Thglmost 110s. The variation of th&y, (piezoelectric phenom-

enon in time was used as a measure of the changes in the

intensity graph, where the aorta position can be seen clearl . . . .
is shown in the Fig. 3. Taking into account the directional?éIOOd circulation(Fig. 4. The PA signal presented changes

sensitivity of the sensdr® the signal intensity was calculated In the shape and in the time positiéhig. 5).
by the peak-to-peak voltagé/f,) of the photoacoustic sig-

. : . ith Sali
nal, while the depth was calculated by the time of flight. Flush of the Aorta with Safine
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FIG. 2. Aorta isolated from the surrounding tissue by white gauzes. FIG. 4. Changes of th¥, in time due to changes in the blood circulation.
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That is also depicted in Fig. 5 where the signal presents a

= At=04ysec 1. 1 | I I I I |
08 //! S L7 s it Satne — backward shift in time, thus moving to greater depths in the
o: A 1 ‘ vessel. The shift is in the order of O, which corresponds
N A ,"r, to a depth shift of 0.6 mm, assuming that the velocity of
| oA Wilal WS - sound is 1500 m/s.

From the experimental results, it can be concluded that
the PA technique can be used for monitoring the changes in
08 the blood circulation. However, for measuring changes in the
blood concentration, wavelengths with higher penetration
depths, need to be used for accessing the vessel in its en-
tirety.
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FIG. 5. Changes of the PA signal.
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