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Part II: Research, Teaching, and Clinical Contributions

A. Narrative report of Research, Teaching, and Clinical Contributions

B. Funding Information

My research activity focuses broadly on the development and application of non-invasive optical 
techniques to studies of the human brain. Near-infrared spectroscopy (NIRS) and diffuse optical 
imaging (DOI) use light in the visible and near-infrared spectral regions (wavelength range: 650-950 
nm) to quantify absolute or relative changes in hemoglobin concentration in biological tissues. 

My interdisciplinary research activity covers diverse areas such as design and development of 
instrumentation, development of data processing algorithms for image reconstruction, data collection 
with human subjects and animal models, and the search for potential clinical applications. 

I began working with NIRS in the early 1990s, when the field was just emerging, and I have 
contributed to the development of instruments now commercially available and widely used. As a 
pioneer in the field I have made substantial contributions to the modeling and testing of the diffusion 
theory to describe light propagation in turbid media. As an experimentalist interested in biomedical 
applications, I have tested the technique for several medical applications, including detection of breast 
cancer, assessment of peripheral vascular disease, non-invasive blood glucose monitoring, and brain 
oxygenation monitoring.

Since 1999, I have focused on optical functional brain studies in humans and animals. The methods 
we use are very sensitive to hemoglobin changes at depths of up to several cm. The information one 
can obtain is mostly related to changes in the blood flow and in the oxygen saturation of hemoglobin 
in the cerebral cortex. This is relevant because one can detect and investigate the hemodynamic 
changes associated with brain activity in healthy and diseased brain. Furthermore, the methods may 
be sensitive to the direct effects of neuronal activation, thus opening new opportunities for the 
investigation of neurovascular coupling. 

Neurovascular coupling is my key research interest and I have designed and performed a number of 
multimodal studies using fMRI, MEG and EEG. 

Another primary interest is development of a near-infrared spectroscopy device for continuous 
monitoring of the regional tissue oxygenation, cerebral blood volume and oxygen consumption in the 
neonate’s brain. Such a device shows potential for detecting brain tissue compromise before the 
development of irreversible structural damage, thus allowing for timely and specific intervention. In 
the past two years we have collected data in more than 100 infants and demonstrated the ability of 
NIRS to detect brain damage. In addition, we have recently shown that we can follow the 
development of brain vasculature in healthy humans from birth to 1 year of age. We are now 
measuring deviations from the normal development due to brain damage. The long-term objective of 
this project is to establish NIRS as new standards for monitoring neonatal brain health and metabolic 
and hemodynamic development in the normal and diseased brain.

My teaching interests encompass supervising the laboratory activity of graduate and undergraduate 
students. I have mentored several students visiting the lab; I have guided them through their research 
projects, teaching them the procedures for data collection and analysis, and the organization of the 
material for oral and written presentation of the results. 

2000-2009 Co-Investigator, NIH/NIBIB, 2P41RR14075-07, Brain Functional Imaging Regional 
Resource. Project 4: Diffuse Optical Tomography
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D. Report of Teaching

1. Local contributions

2. Regional, national, or international contributions

2000-2008 P.I., NIH/NIBIB, 2R01EB001954-07, Non-Invasive Optical Imaging of the Human 
Brain

2001-2002 Co-Investigator, NIH/NIDA, 1R01DA14178, High Field MR Research in Drug 
Abuse: A Bioengineering Partnership

2002-2008 P.I., NIH/NICHD, 1R01HD42908-04, Optical Monitoring of Cerebral Oxygenation 
in Infants

2003-2004 Co-Investigator, CIMIT, KFSH, Optical imaging for rapid determination of pain
2003-2005 Collaborator, NIH/INDS, 1R01NS44623, Neural-electromagnetic hemodynamic 

links in humans
2003-2008 Co-Inestigator, NIH/NIBIB, 1R01EB002482-04, Imaging CMRO2 with Combined 

DOT and MRI
2004-2007 PI of the sub-contract, NIH/NINDS, 2R44NF044785-02, Use of Diffuse Optical 

Tomography from Stroke
2006-2008 P.I., Foundation, Claflin Distinguished Scholar , Neonatal Brain Health Assessment 

with Frequency-Domain Near-Infrared Spectroscopy
2007-2008 P.I., MGH, ECOR Interim Support Fund, Optical Monitoring of Cerebral 

Oxygenation in Infants

g. Advisees/Trainees

Training Duration Name Current Position
2002-2003 Andres Bur Tufts Medical Student
2002-2003 Kathleen Chen Resident at Cornell Medical School
2002-2003 Merja Hotakainen Other
2003-2005 Sonal Thaker Northrop Grumman Corporation
2003-2006 George Themelis Post-Doctoral Fellow in Greece
2005-2006 Arielle Tambini Graduate Student
2005-2007 Ilkka Nissila Post-Doctoral Fellow in Finland
2006- Harsha Radhakrishnan Laboratory Research Technologist
2007- Nadège Roche Post-Doctoral Fellow
2007- Kiran Thakur Tufts Medical Student

a. Invited Presentations

National

2004 Diffuse optical imaging and spectroscopy of the brain, Infant OT/NIRS workshop, 
The Charles Hotel, Cambridge, MA [Invited Lecture]

2005 Diffuse Optical Imaging, MEG and fMRI in functional brain studies: a multi-
modality approach, Turning to the light: New methods in Optical Medical Imaging, 
New York Academy of Sciences, New York, NY [Invited Lecture]

2007 Brain injury studies with DOT, The MIND Institute, Albuquerque, NM [Invited 
Lecture]
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International

1998 Tissue optics and medicine: Light as a non-invasive sensor of breast tumors, Gordon 
Conference on Laser in Medicine and Biology, Meriden, NH [Invited Lecture]

1999 Non-invasive optical studies of the human brain, breast, and skeletal muscle, 27th 
Annual Meeting of American Society for Photobiology, Washington, DC [Invited 
Lecture]

1999 Cerebral hemodynamics measured by Near-Infrared Spectroscopy under rest 
conditions and during motor activation, First Inter-institute Workshop on In Vivo 
Optical Imaging at the NIH, Bethesda, MD [Invited Lecture]

2000 Real-time video of cerebral hemodynamics in the human brain using non-invasive 
optical imaging, HBM 2000, 6th Annual Meeting of the Organization for Human 
Brain Mapping, San Antonio, TX [Selected Presentation]

2002 Optical imaging of brain function, Photonics Boston: Biomedical workshop, Boston, 
MA [Invited Lecture]

2002 Quest for a robust measurement of the fast signal, Third Inter-Institute Workshop on 
Diagnostic Optical Imaging and Spectroscopy: The Clinical Adventure. Bethesda, 
MD [Invited Lecture]

2003 Non-invasive optical signals in humans, Optical Imaging Workshop at the annual 
meeting of the Society for Psychophysiological Research, Chicago, IL [Invited 
Lecture]

2004 Diffuse optical imaging of the brain, BIROW II Workshop, RSNA/NIH, Bethesda, 
MD [Invited Lecture]

2004 Exploring neurophysiology using diffuse optical imaging, Biomedical Optics, OSA, 
Miami, FL [Invited Lecture]

2004 Diffuse Optical Imaging bridges MEG and fMRI in functional brain studies, Fourth 
Inter-Institute Workshop on Optical Diagnostic Imaging from bench to bedside at 
NIH, Bethesda, MD [Invited Lecture]

2007 NIRS data in infants, science and clinic, Engineering Conference International, 
Advances in Optics for Biotechnology, Medicine and Surgery, Naples, FL [Invited 
Lecture]
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