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Abstract - Optoacoustic imaging is being investigated as a potential 
tool for monitoring the onset and progression of laser thermal 
therapy. In this study  OA images were acquired from ex vivo 
bovine liver using a reverse-mode OA imaging system consisting 
of a pulsed laser operating at 775 nm, and an 8 element annular 
array ultrasound transducer.  LTT was performed with an 810 
nm laser at 4 W for five minutes.  OA signals were acquired for 
two minutes prior to, five minutes during, and seven minutes post 
treatment at a rate of 2 Hz. 

Treatment induced effects were identified based on the OA 
signal amplitude in combination with spectral analysis of the OA 
radio frequency (RF) data.  The OA signal amplitude was 
compared with the measured tissue temperatures.  Spectrum 
analysis commonly performed on ultrasound backscatter RF data, 
which calculate  the spectral midband fit, slope, and intercept of 
the data was used to quantify the changes in the photoacoustic RF 
signal.  

The spectral midband fit and intercept increased on average 
11 dB and 10 dB  respectively.  The amplitude of the OA signals 
increased during treatment on average 350%.  However, post-
treatment, the response varied.   

The results of this study support our hypothesis that LTT 
causes detectable changes in the amplitude and frequency 
components of OA signals.  Both of these parameters may provide 
independent information about tissue state.  These results 
demonstrate the potential of OA detection for monitoring LTT. 

 
I. INTRODUCTION 

A. Laser Thermal Therapy 

Laser Thermal Therapy (LTT) is a minimally invasive 
technique of destroying diseased tissue.  The feasibility of LTT 
has been demonstrated in a number of sites including breast 
[5], brain [6, 7], liver [8, 9] and prostate [10, 11].  Thermal 
therapy involves heating tissue to between 55 and 90 oC for 
several minutes resulting in cell death.  Cell death occurs when 
thermal damage results in irreversible denaturation of proteins 
(i.e. coagulation), typically at temperatures above 55oC.  
Unlike hyperthermia (heating tissue to between 41-45 oC), 
thermal therapy acts as a stand-alone therapy and does not 
require further treatment from any additional techniques. 

Heating tissues result in highly variable outcomes which can 
result in insufficient treatment (leading to recurrence) or overly 
aggressive treatment [12].  This necessitates precise and 
continuous monitoring during treatment.  Real-time monitoring 
would ensure that the entire tumour has been destroyed while 
periprostatic critical structures are spared.  The efficacy of LTT 
would be improved if treatment response during treatment 
could be measured.   

Currently, tissue temperatures are commonly being 
measured during LTT using point sensors (e.g. thermocouples, 
fluoroptic probes) which provide temperature information at 
specific locations.  Monitoring using point sensors has proven 
to be inadequate due to the time delay in the conduction of 
thermal energy from the heating source to the temperature 
probe.  This can result in temperatures exceeding safe limits 
close to the heating source before they are detected by the 
temperature probes resulting in undesirable tissue charring. 

Tissue temperature can also be monitored using MRI 
thermometry which provides three-dimensional maps of tissue 
temperature in real-time.  However, this type of monitoring is 
commonly cost-prohibitive for most treatment centers [3].   

 
B. Optoacoustic Monitoring of LTT 

Optoacoustic (OA) imaging has the potential to provide 
three-dimensional information in real-time that may offer a 
means of monitoring the degree of thermal damage to the tissue 
during LTT.  OA imaging takes advantage of the significant 
changes in tissue optical properties due to thermal coagulation 
[13].  OA signals are strongly affected by the optical 
absorption and scattering coefficients, and mechanical 
properties of the target making coagulation an ideal target for 
OA imaging.  In this study, bovine liver was chosen as an ex 
vivo tissue model because the optical properties of bovine liver 
are similar to those of a highly vascularized tumour [14]. The 
optical absorption and reduced scattering coefficients (at 1064 
nm) of bovine liver have been shown to increase by upto two- 
and four-fold, respectively when coagulated [15].   

 
II. MATERIALS AND METHODS 
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Both amplitude and frequency spectrum analysis of OA data 

may provide independent information about tissue state.  The 
amplitude of the OA signal is largely affected by the optical 
absorption of the target while the frequency components of the 
signals may be dependent on physiological properties (e.g. 
size, spatial distribution and number density) of the absorbing 
structures in a manner somewhat similar to conventional 
ultrasound imaging [17, 18].  In this case, we hypothesize that 
the geometrical arrangement of the vascular tree is linked to 
this [20].  The red blood cells in the blood vessels are thought 
to be the main absorbing entities responsible for signals 
detected photoacoustically at these wavelengths [21].  

The OA signals obtained prior to and during heating (Fig 3) 
demonstrate the potential of OA imaging to monitor LTT in 
real-time.   

The amplitude of the OA signals during heating show a 
consistent increase when compared to pre-heating signals. 
However, during the post-heating period, the measured OA 
signal amplitude does not exhibit a consistent trend. This is 
likely due to the inconsistent alignment of the OA transducer 
which was ideally to be directly opposite the center of the 810 
nm laser beam .  The maximum temperature and damage 
reached during the course of the experiment would be greatest 
at the center of the lesion.  Therefore, we would expect the OA 
signal change would be greatest at this location as well.  The 
OA signals may have been acquired closer to the center of the 

lesion in the plot on the left (which reached a maximum OA 
signal of 0.67 a.u.) compared to the plot in the middle 
(maximum OA signal of 0.48 a.u.) and the plot on the right 
(maximum OA signal of 0.39 a.u.), which may have been 
acquired the furthest from the center.  The variation in the 
results post-treatment may be explained by the heat transport 
within the tissue.  When the heating laser is turned off the 
temperature at the center of the lesion would immediately 
decrease.  However,  heat would continue to dissipate outward 
from the center causing the temperature at the boundaries to 
decrease less quickly or even possibly increase.  These results 
also give us reason to believe that the amplitude change is not 
solely dependent on temperature (which causes an increase in 
the OA signal [19]), as every sample returned to its pre-
treatment temperature yet the OA signals did not return to their 
baseline value.  This indicates an irreversible change to the 
tissue that the OA signal is sensitive to (i.e. coagulation). 

The temperature is presented as normalized values as the 
maximum temperature reached has significant uncertainty due 
to the placement of the temperature probe (10 C/mm).   

Overall the results of this study demonstrate that 
optoacoustics is sensitive to LTT processes and that heat- 
induced changes in the amplitude and frequency components 
(midband fit and intercept) of the OA signals are observable in 
bovine liver ex vivo. These results demonstrate the potential of 
optoacoustics for monitoring laser thermal therapy. 

 

   

Figure 2:  Spectrum analysis parameters (midband fit, intercept and slope) prior to, during and post Laser Thermal Therapy performed on ex vivo bovine tissue.  
Dashed lines represent begin and end of laser heating. 

Figure 3: Normalized integrated OA signal (red) and normalized temperature measurements (blue) acquired 2 minutes prior to laser thermal therapy (LTT), 5 
minutes during LTT and 7 minutes post LTT.  Dashed lines represent begin and end of laser heating.  
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