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Product Brief: 
Photoacoustic Technology with Vevo LAZR Imaging System 

 
  
 
Introduction 
 
Advancing cancer research is a global priority. The National Cancer research Institute has 
recently developed a comprehensive strategic plan for advancing cancer research progress. 
This plan is specifically aimed, among other initiatives, to understand the causes and 
mechanisms of cancer, to improve early detection and diagnosis, and to develop effective 
and efficient therapeutics (see appendix I).  
 
Insight into researching the causes and mechanisms of cancer has been greatly facilitated 
by the development of genetic reporters and our increased understanding of tumor 
biomarkers. Similarly, advances in nanotechnology allow researchers to study cancer in its 
earliest stages of progression, enabling early detection and development of novel therapies 
to target the disease. Importantly, it has also been recognized that the microenvironment 
plays a critical role in cancer initiation and progression and may be an important factor in 
prevention and treatment intervention development [NCI Strategic Plan]. Understanding 
of the tumor microenvironment mandates an in vivo approach to preclinical 
research; imaging and translational methods are becoming a fundamental part of 
oncology programs.  
 
Angiogenesis has long been a central focus of both understanding tumor development and 
anti-cancer therapy alike (Folkmann ’70’s). The expression and detection of early 
biomarkers such as VEGFR2 and αvβ3 integrins is key to the prediction of growth and 
progression, and vascular density is a key indicator for development or regression in 
response to therapeutics. Additionally, however, while neovasculature is critical for tumor 
development, the tortuous, abnormal structure and function of microvessels supplying 
tumors, and the reduced oxygen transport capacity of the blood due to the presence of 
disease- or treatment-related anemia, can lead to imbalances between oxygen supply and 
consumption resulting in hypoxic, heterogenic areas. These areas give rise to factors within 
the tumor and the tumor microenvironment that drive progression and advancement of the 
tumor tissue, increase tumor resistance and reduce the efficacy of certain therapeutic 
approaches, and play a pivotal role in the loss of apoptotic potential and malignant 
transformation. Characterization of acute hypoxia in heterogenous tumors 
throughout progression and in response to treatment precludes fixed endpoint 
analysis as a solution and necessitates a longitudinal, in vivo approach to 
research. 
 
Tumor cells that undergo malignant transformation or epithelial-mesenchymal transition 
(EMT) often acquire the ability to metastasize, frequently via invasion into the lymphatic 
vessels. Sentinel lymph node (SLN) biopsy is a common procedure for the evaluation of 
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metastatic presence and staging of cancers. Metastatic cells in the lymphatic system can 
continue to infiltrate and invade other tissues and/or proliferate and give rise to new, 
secondary tumors. Therapeutics are not able to simultaneously target proliferation and 
invasion and migration of individual cells. Cocktails of therapeutics and adjuvant therapies 
are increasingly the standard of care and therefore the consideration of contraindications is 
paramount for the development of effective and efficient therapeutic strategies. Noteworthy 
in recent history are effective anti-cancer compounds that have serious off-target effects 
resulting in cardiovascular toxicity. Longitudinal monitoring of the cardiovascular 
system throughout the duration of therapeutic administration is critical. 
 
To research all of these areas is an ambitious undertaking but nevertheless one that is 
needed and assumed by the world leaders in oncology. Having a system capable of 
addressing all of these concerns is similarly ambitious. The Vevo® LAZR photoacoustic 
imaging system has been specifically designed to address the major objectives in preclinical 
cancer research. 
 
 
Vevo LAZR Photoacoustic Imaging System 
 

 
“The Vevo LAZR photoacoustic imaging system combines 
the sensitivity and specificity of optical imaging with the 
high-resolution of ultrasound and has been specifically 
designed for non-invasive real-time in vivo research in 
small animals. It is the most recent and sophisticated 
system ever to have been produced by VisualSonics 
whose cutting edge advancements in high-resolution 
ultrasound have made the company a global leader in 
preclinical imaging with the second highest number of 
system installations in the world. Created for innovative 
life science researchers, the easy-to-use system allows 
investigators to quickly acquire, export, and analyze data        

             and to ask and answer questions that were not previously 
             possible.” 
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FEATURES: 
 
Inherent co-registration 

 
The placement of sensitive and specific signal into an anatomical context is 
invaluable for all applications. For photoacoustic signal to have meaning requires not 
only that structures be resolved but also that the location of the structures can be 
identified. This is particularly important when considering heterogenous tissues such 
as tumors, and when differentiating between small areas such as the tumor 
microenvironment.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
High-resolution 

Visualization on a micro-scale is critical for small animal research. Visualization of 
small structures is important for early detection of tumors as well as quantitative 
measurement of tumor size. The heterogeneity of tumor tissue has far reaching 
implications for both disease progression and therapeutic response; appreciation of 
dynamic processes in the tumor microenvironment is critical to advance our 
understanding of tumor biology and to the development of effective therapeutics. 
Detailed visualization and characterization of such small structures necessitates a 
high-resolution approach to imaging, particularly for early stage tumors and subtle 
changes within small subpopulations of cells.  The Vevo LAZR platform offers 
resolution down to 30 µm for anatomical imaging and 44 µm for photoacoustic 
signal, enabling imaging of biologically relevant information in tumors. 
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High-sensitivity 
 

High-resolution alone is not sufficient for 
comprehensive appreciation and 
characterization of the microenvironment 
of heterogeneous tumor tissue, or for the 
detection of micrometastasis. High 
sensitivity is also essential for the 
detection of small populations of 
cancerous cells and the differentiation of 
resolved structures within tumors and 
adjacent to tumors as different from one 
another. Furthermore, the detection of 
functional molecular events and 
biochemical pathways in oncogenic processes necessitate high sensitivity. The 
photoacoustic effect is a very subtle phenomenon, and the Vevo LAZR platform has a 
high dynamic range (70 dB) and 256 piezo-electric elements to ensure sensitive 
detection. 

 
High-specificity 
 

Increasingly, therapeutic approaches to cancer have become more specific, directed 
against selected cell types, proteins, or biochemical processes. The use of 
genetically-encoded contrast agents, cell-specific dyes, biomarker-specific agents 
such as antibodies, peptides, phage, etc., and activatable agents bestow unequivocal 
specificity to photoacoustic signals.  
 

Real-time 
 
The 256 element linear array transducer provides frame rates in access of 1000 Hz 
and the integrated optical and acoustic transduction system allows frame rates up to 
20 Hz. Real-time imaging allows for interventional procedures such as Image-guided 
injection and biopsy. Such procedures are relevant in oncology for implanting cells 
into specific areas to generate orthotopic tumors as well as for fine-needle aspiration 
of the sentinel lymph node. Furthermore, real-time imaging allows for the 
investigation of dynamic processes such as perfusion kinetics and acute hypoxia. 
Acute hypoxia is particularly interesting where investigation is permitted on a micro 
scale. 

 
3D Imaging 

 
Offering 3D imaging is important for heterogenous tissues such as tumors and brain 
where a section of the tissue is not necessarily representative of the entire structure. 
Furthermore, a live, sweeping view of the tissue allows for appreciation of the 
differences during acquisition. This makes for an interactive experience; facilitating 
image interpretation. This is also an important feature in terms of work flow, 
particularly for slight adjustments and repositioning when the animal is enclosed in 
the imaging environment. 
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Multispectral Imaging (Spectroscopic Imaging) 
 

Multispectral imaging refers to collecting data with multiple [laser] wavelengths to 
produce a single image. For example, one contrast agent can be imaged at multiple 
wavelengths to produce a single image. This averaging increases the signal to noise, 
which effectively increases the resolution. This type of imaging makes the imaging of 
oxygen saturation possible and provides an indication of the oxygen consumption in 
tumor microenvironments. 

 
 Multiplexing capabilities 

 
This refers to having information from more than one source (i.e. several contrast 
agents) in the same image. This effectively allows us to identify two points as being 
different from one another, (provided the spatial resolution is sufficient to separate 
them). This is the major benefit for the multiple wavelength capabilities. This would 
enable us to image, for example, methylene blue (identifying the sentinel lymph 
node) and metastatic cells inside the node.  

  
HARDWARE 
 
The Vevo LAZR photoacoustic imaging system employs a nanosecond laser and 
sophisticated optics to generate the photoacoustic response. There are 3 main hardware 
constituents that are central to the function of the optical component of the system: The 
Nd:YAG laser, Second Harmonic Generator (SHG), and the Optical Parametric Oscillator 
(OPO). Together, these components provide a tunable light source from 680-970 nm at    
20 Hz enabling real-time imaging of a variety of endogenous and exogenous signals. 
 

 
 
Integrated optical and acoustic transduction system 

Efficient workflow is achieved with the 
seamless integration of fiberoptics and 
piezoelectric elements into a transducer 
with a small footprint. These 
characteristics allow for the study of 
small anatomical areas and permit 
interrogation and acquisition from 
multiple angles. Applications studying 
the microenvironment of tumors and 
stem cells, as well as small organs 
including the eye are made feasible due 
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to the physical properties of the transduction system. Depending on the size and 
depth of tumors, as well as the photoacoustic properties of the target, there are 
different transducers available. 

 
 
Enclosure (LAZRTight™ Small Animal Enclosure) 

 
Providing an imaging 
enclosure ensures safety for 
the operator, even for core 
facilities or areas where the 
operator is not working in 
isolation, for example on a lab 
bench. Furthermore, 
enclosing physiological 
monitoring, integrated 
anesthesia, transducer 
mounting system, 3D image 
controller, and micro-injection 
system optimizes the welfare 
of the animal and ensures an 
efficient and repeatable 

imaging session. 
 
 
 
 
SOFTWARE 
 

Like VisualSonics, the software for the Vevo LAZR photoacoustic imaging system has 
been designed by small animal researchers for small animal researchers. The 
software and tools have been created specifically with cancer research applications in 
mind. 

 
NanoStepper 

Providing fast, automated control of sophisticated hardware requires similarly 
sophisticated and user-friendly software. NanoStepper 
enables sequential and automated acquisition, display, and 
export of up to 5 wavelengths for complex multispectral 
and multiplexing applications. All imaging parameters are 
displayed during imaging and are recorded with the images 
for further analysis offline. The flexibility of the software 
provides the researcher with the power and control needed 
to investigate a multitude of areas within cancer research. 
Please see the selected applications below for insight. 

 
Calculations 

Using the OxyHemo acquisition parameter, the software 
automatically implements an alternating reversed 
wavelength frame processing (ARWFP) algorithm to 
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generate and display multispectral images at up to 4 frames per second. 
Quantification of oxygen saturation and total hemoglobin content within a user 
defined region of interest is accomplished using dedicated algorithms within the 
OxyZated and HemoMeaZure analysis tools respectively. As the calculations are 
dependent on the wavelengths used, the software includes built in defaults based on 
published data, but also allows the user the flexibility to modify the wavelengths to 
their preference. 
 

Digital RF-Mode 
Pressure waves of the photoacoustic signal and reflected sound from the transmitted 
ultrasound pulse reach the LZ Series MicroScan™ transducers. They are converted 
into electrical signals which are amplified, digitized and processed to generate the 
displayed co-registered image. Prior to digitization and processing to generate 
images, these multi-frequency signals are commonly referred to as an RF (radio 
frequency) signal. After amplification, the receive signal is sampled, (converted into 
a digital signal), and processed by the beamformer. Quadrature sampling is used, 
which converts the RF signal into two digital quadrature signals, the I (in-phase) and 
the Q (quadrature) signals, referred to collectively as the IQ signal. The beamformer 
processes data which is in the IQ data format. If required, a digital representation of 
the RF signal can be reconstructed from the IQ data. Obtaining Digital RF data allows 
for the implementation of novel algorithms, important for the in depth 
characterization of nanoparticles and imaging agents, and unique endogenous 
signals. Furthermore, it allows for custom multiplexing and multispectral imaging. 
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Digital RF enables the subtraction of data acquired at different wavelengths to 
generate multispectral images with increased signal to noise ratio, effectively 
increasing sensitivity and resolution. 

 
 
 
For further information about Digital RF-Mode please refer to the following documents 
-Digital RF Product Note 
-Publications by Czarnota, Kolios, Konafagu 
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APPLICATIONS 
 
Methylene Blue: Sentinel Lymph Node Imaging 
 

The sentinel lymph node (SNL) is the first lymph node to which cancer is likely to 
spread from the primary tumor. Therefore, as a standard of care in the clinic, it is 
commonly removed surgically and examined for the presence of metastatic cancer 
cells. Detection of the SNL clinically usually involves the use of ionizing radiation. 
Furthermore, invasive surgical procedures for biopsy are subject to complications 
including lymphedema. Ultrasound detection and real-time Image guided fine needle 
biopsy provides a minimally invasive means for such procedures and decreases the 
risk of complications. Preclinically, high-resolution ultrasound provides the spatial 
resolution required to image lymph nodes, however alone it is not able to identify the 
SNL. Specific identification of the SNL can be achieved by injection of Methylene Blue 
subcutaneously into the forepaw of mice. Methylene Blue is a non-toxic non-ionizing 
FDA approved dye.  Draining into the SNL, Methylene Blue can be imaged with 680 
nm light:  

  
 
 
For further information about this application, please refer to the following documents: 
-Sentinel Lymph Node Application Note 
-Sentinel Lymph Node Protocol 
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Endogenous Hemoglobin Signal: Total Hemoglobin and Oxygen Saturation 
 

The study of acute hypoxia in the microenvironment of tumors with imaging requires 
high sensitivity, high specificity, high spatial resolution, and high temporal 
resolution. The Vevo LAZR photoacoustic imaging system enables the evaluation of 
oxygen saturation using endogenous signals inherent to the biological system. 
Hemoglobin differentially absorbs light depending on both the wavelength of the light 
and the oxygenation status. Oxygen bound hemoglobin (oxyhemoglobin; HbO2) is 
represented in the graph below as a red line and hemoglobin which is not bound to 
oxygen (deoxyhemoglobin; Hb) is represented in the graph below as a blue line. 
Using sophisticated imaging techniques and algorithms, the Vevo LAZR platform is 
able to quickly generate parametric maps of total hemoglobin and oxygen saturation 
using the OxyZated and HemoMeaZure tools. 

 
 

 
 

Absorption spectrum of hemoglobin in the spectral range relevant to the VisualSonics 
laser system (adapted from Prahl 1999). Hb indicates fully deoxygenated 
hemoglobin, and HbO2 is 100% oxygenated hemoglobin. 

 
 
 
For further information about this application please refer to the following documents: 
-Oxygen Saturation Application Note 
-Oxygen Saturation Protocol 
-Photoacoustics white paper 
-WMIC Poster 2010 
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Single Walled Carbon Nanotubes: Targeted Imaging of Tumor
 

 Biomarkers  

“Without exogenous contrast agents, most of the current 
imaging methods can only readily detect cancers once they 
have made a visible change to a tissue, by which time 
thousands of cells will have proliferated and perhaps 
metastasized. And even when visible, the nature of the tumor—
malignant or benign—and the characteristics that might make it 
responsive to a particular treatment must be assessed through 
biopsies. Imagine instead if cancerous or even pre-cancerous 
cells could somehow be tagged for detection by conventional 
scanning devices. Two things would be necessary—something 
that specifically identifies a cancerous cell and something that 
enables it to be seen—and both can be achieved through 
nanotechnology“ 

 
-NCI alliance for nanotechnology in cancer 

http://nano.cancer.gov/learn/impact/diagnosis.asp 
 
 

Employing the use of targeted nanoparticles lends enhanced sensitivity and 
specificity at the molecular level. Importantly, a wide variety of nanoparticles have 
been designed, each having different properties and applications. The Vevo LAZR 
photoacoustic imaging system offers tunable wavelengths between 680-970 nm, 
enabling the simultaneous in vivo study of the most cutting edge nanoparticles. 

 

 
 
 
 
 
For further information about this application please refer to the following documents: 
-Nanoparticle Application Note 
-Nanoparticle protocols 
 -circulating, targeted 
-NCI alliance for nanotechnology in cancer 
http://nano.cancer.gov/learn/impact/diagnosis.asp 
 
 
 


