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Part I1: Research, Teaching, and Clinical Contributions
A. Narrativereport of Research, Teaching, and Clinical Contributions

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 | have
contributed to the development of instruments now commercially available and widely used. As a
pioneer in the field | 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, | 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, | 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 severa 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 | 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. | have mentored several students visiting the lab; | 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.

B. Funding I nformation

2000-2009 Co-Investigator, NIH/NIBIB, 2P41RR14075-07, Brain Functional Imaging Regional
Resource. Project 4. Diffuse Optical Tomography
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2000-2008

2001-2002

2002-2008

2003-2004
2003-2005

2003-2008

2004-2007

2006-2008

2007-2008

P.I., NIH/NIBIB, 2RO1EB001954-07, Non-Invasive Optical Imaging of the Human
Brain

Co-Investigator, NIH/NIDA, 1R01DA 14178, High Field MR Research in Drug
Abuse: A Bioengineering Partnership

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

Co-Investigator, CIMIT, KFSH, Optical imaging for rapid determination of pain
Collaborator, NIH/INDS, 1R01NS44623, Neural-el ectromagnetic hemodynamic
links in humans

Co-lnestigator, NIH/NIBIB, 1RO1EB002482-04, Imaging CMRO2 with Combined
DOT and MRI

PI of the sub-contract, NIH/NINDS, 2R44NF044785-02, Use of Diffuse Optical
Tomography from Stroke

P.l., Foundation, Claflin Distinguished Scholar , Neonatal Brain Health Assessment
with Frequency-Domain Near-Infrared Spectroscopy

P.I., MGH, ECOR Interim Support Fund, Optical Monitoring of Cerebral
Oxygenation in Infants

D. Report of Teaching

1. Local contributions

0. Advisees/Trainees

Training Duration Name

2002-2003
2002-2003
2002-2003
2003-2005
2003-2006
2005-2006
2005-2007
2006-

2007-

2007-

Current Position

Andres Bur Tufts Medical Student

Kathleen Chen Resident at Cornell Medical School
MerjaHotakainen  Other

Sonal Thaker Northrop Grumman Corporation
George Themelis Post-Doctoral Fellow in Greece
Arielle Tambini Graduate Student

Ilkka Nissila Post-Doctoral Fellow in Finland

Harsha RadhakrishnanL aboratory Research Technologist
Nadége Roche Post-Doctoral Fellow
Kiran Thakur Tufts Medical Student

2. Regional, national, or international contributions

a. Invited Presentations

National

2004

2005

2007
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Diffuse optical imaging and spectroscopy of the brain, Infant OT/NIRS workshop,
The Charles Hotel, Cambridge, MA [Invited Lecture]

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

Braininjury studieswith DOT, The MIND Institute, Albugquerque, NM [Invited

Lecture]
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International

1998

1999

1999

2000

2002

2002

2003

2004

2004

2004

2007
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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]

Non-invasive optical studies of the human brain, breast, and skeletal muscle, 27th

Annua Meeting of American Society for Photobiology, Washington, DC [Invited
Lecture]

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

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]

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

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

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

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

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

Diffuse Optica 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]

NIRS data in infants, science and clinic, Engineering Conference International,

Advancesin Optics for Biotechnology, Medicine and Surgery, Naples, FL [Invited
Lecture]
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with Peripheral Vascular Disease. In: Proceedings SPIE 3194; San Remo, Italy. ;1998. p. 112-5.

29. Franceschini MA, Gratton E, Hueber DM, and Fantini S. Near-infrared Absorption and
Scattering Spectra of Tissuesin Vivo. In: Proceedings SPIE 3597; San Jose, California. ;1999. p.
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526-31.

30. Toronov V, Filiaci M, Franceschini MA, Fantini S, and Gratton E. Photon-density-wave
fluctuaction-correl ation-spectroscopy: study of coherence in the brain and muscles. In:
Proceedings SPIE 3597; San Jose, California. ;1999. p. 244-51.

31. Paunescu LA, Casavola C, Franceschini MA, Fantini S, Winter L, Kim J, Wood D, and Gratton
E. Calf muscle blod flow and oxygen consumption measured with near-infrared spectroscopy
during venous occlusion. In: Proceedings SPIE 3597; San Jose, California. ;1999. p. 317-23.

32. Fantini S, Schutz O, Edler J, Heywang-Kobrunner S, Gotz L, Franceschini MA, and Siebold H.
Clinical Applications of Frequency-Domain Optical Mammaography. In: Proceedings SPIE 3566;
San Jose, Cdlifornia. ;1999. p. 194-9.

33. Casavola C, Paunescu LA, Franceschini MA, Fantini S, Winter L, Kim J, Wood D, and Gratton
E. Near-infrared spectroscopy and tilting table protocol: a novel method to study the blood flow
and the oxygen consumption in tissue. In: Proceedings SPIE 3597; San Jose, California. ;1999. p.
685-92.

34. Stankovic MR, Hueber DM, Maulik D, P, Stubblefield G, Rosenfeld W, Gratton E, Franceschini
MA, and Fantini S. Real-Time Optical Imaging and Spectroscopy of Brain Ischemiaand
Hemorrhage. In: Proceedings SPIE 3597; San Jose, California. ;1999. p. 676-84.

35. Franceschini MA, Toronov V, Filiaci M, Wolf M, Michalos A, Gratton E, and Fantini S. Real-
time video of brain activation in human subjects using a non-invasive near-infrared technique. In:
Proceedings of OSA, Advancesin Optical Imaging and Photon Migration, Topical Meeting;
Miami Beach, Florida. ;2000. p. 265-67.

36. Franceschini MA, Fantini S, Toronov V, Filiaci ME, Gratton E. Cerebral Hemodynamics
Measured by Near-Infrared Spectroscopy at Rest and During Motor Activation. In: A.
Gandjbakhche, editor. Proceedings of OSA, In Vivo Optical Imaging; Washington, DC. ;2000. p.
73-80.

37. Fantini S, Heffer EL, Franceschini MA, Gotz L, Heinig A, Heywang-Kobrunner S, Schutz O,
Siebold H. Optical Mammography with Intensity-Modulated Light. In: A. Gandjbakhche, editor.
Proceedings of OSA, In Vivo Optical Imaging; Washington, DC. ;2000. p. 111-7.

38. Fantini S, Franceschini MA, Hueber DM, Quistorff B, Greisen G, Brun NC, Ballesteros J, Zhang
Q, MaH, Ntziachristos V, and Chance B. Quantitative optical monitoring of the hemoglobin
concentration and saturation in the piglet brain. In: Proceedings of OSA, Advances in Optical
Imaging and Photon Migration, Topical Meeting; April 2-5, 2000; Miami Beach, Florida. ;2000.
p. 457.

39. Heffer EL, Franceschini MA, Fantini S, Heywang-Kobrunner S, Gotz L, Heinig A, Schutz O,
Siebold H. Analysis of Frequency-Domain Optical Mammograms Using Spectral Information.
In: Proceedings of OSA, Advancesin Optical Imaging and Photon Migration, Topical Meeting;
Miami Beach, Florida. ;2000. p. 401-2.

40. Franceschini MA, Zourabian A, Moore JB, Arora A, Fantini S, and Boas DA. Local
measurement of venous saturation in tissue with non-invasive, near-infrared respiratory-
oximetry. In: Proceedings SPIE 4250; San Jose, California. ;2001. p. 164-70.

41. Nadgir S, Fantini S, Renshaw PF, Henry M, Franceschini MA. Monitoring cerebral
hemodynamic using near-infrared spectroscopy during electro-convulsive therapy. In:
Proceedings of OSA, Biomedical Topical Meeting; Miami Beach, Florida. ;2002. p. 167-9.

42. Aggarwa P, Chen K, Franceschini MA, Ehrenberg B, Fantini S. Concurrent cerebral near-
infrared spectroscopy and el ectroencephal ography during all-night sleep. In: Proceedings of
OSA, Biomedical Topical Meeting; Miami Beach, Florida. ;2002. p. 297-9.

43. Franceschini MA, Thompson J, Culver JP, Strangman G, Boas DA. Looking for the fast signal:
Neuronal and hemodynamic evoked responses of the sensory-motor cortex. In: Proceedings of
OSA, Biomedica Topical Meeting; Miami Beach, Florida. ;2002. p. 208-10.
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44. Culver JP, Siegel A, Franceschini MA, Marota JJ, Mandevile JB, Boas DA. Which
hemodynamic contrast best localizes neuronal activity? A diffuse optical tomography study.
Proceedings of ISMRM, 10th Scientific Meeting; Honolulu, Hawaii. ;2002.

45. Culver JP, Siegel A, Franceschini MA, Marota JJ, Mandeville JB, Boas DA. Which
hemodynamic contrast best localizes neuronal activity? In: Proceedings of OSA, Biomedical
Topica Meeting; Miami Beach, Florida. ;2002. p. 41-3.

46. D'Arceuil HE, Hotakainen MP, Liu C, De Crespigny A, Franceschini MA. Postnatal Brain
Maturation in Rabbits Studied by Combined NIRS and MRI. Proceedings of ISMRM, 12th
Scientific Meeting; Japan. ;2004.

47. Huppert TJ, Hoge RD, Franceschini MA, Boas DA. A Temporal Comparison of Simultaneously
Acquired BOLD fMRI and Near-Infrared Spectroscopy(NIRS) Hemodynamic Response
Functions. In: Proceedings of HBM, 10th Annual Meeting of the Organization for Human Brain
Mapping, conference on Functional Mapping of the Human Brain, Neuroimage 22; June 13-17,
2004; Budapest, Hungary. ;2004. p. 24.

48. Themelis G, Selb J, Thaker S, Stott JJ, Custo A, Boas DA, Franceschini MA. Depth of arteria
oscillation resolved with NIRS time and frequency domain. In: Proceedings of OSA, Biomedical
Topica Meeting; Miami Beach, Florida. ;2004. p. WF2.

49. Selb J, Stott JJ, Franceschini MA, and Boas DA. Improvement of depth sensitivity to cerebral
hemodynamics with atime domain system. In: Proceedingsif OSA, Biomedical Topical
Meeting; Miami Beach, Florida. ;2004. p. FC3.

50. Franceschini MA, Andre CJ, Huppert TJ, Joseph D, Stott J, and Boas DA. Diffuse optical
imaging of the whole head. Proceedings of HBM, 10th Annual Meeting of the Organization for
Human Brain Mapping, conference on Functional Mapping of the Human Brain, Neuroimage 22;
June 13-17, 2004; Budapest, Hungary. ;2004.

51. Zhang Y, Brooks DH, Franceschini MA, Boas DA. Improved localization of evoked
hemodynamic response in diffuse otpical functional imaging using a spatial subspace approach.
In: Proceedings of OSA, Biomedical Topical Meeting; Miami Beach, Florida. ;2004. p. WF3.

52. Huppert TJ, Hoge RD, Franceschini MA, Boas DA. Calculation of task-evoked changesin the
cerebral metabolic rate of oxygen consumption from simultaneous. In: Proceedings of OSA,
Biomedical Topical Meeting; Miami Beach, Florida. ;2004. p. WF4.

53. Diamond SG, Huppert TJ, Kolehmainen V, Franceschini MA, Kaipio JP, Arridge SR, and Boas
DA. Physiological System Identification with the Kalman Filter in Diffuse Optical Tomography.
In: Proceedings of Lecture Notesin Computer Science, MICCAI 3750; ;2005. p. 649-56.

54. Themelis G, D'Arceuil H, Thaker S, Diamond SG, Franceschini MA. Cerebral blood flow and
volume measurement in piglets using CW NIRS system. Proceedings of ECBO; Munich,
Germany. ;2005.

55. Thaker S, Chaves T, Themelis G, Almeida P, Krishnamoorthy K, Arvin K, Grant E, Franceschini

MA. NIRS measurements of cerebral hemoglobin concentration and oxygenation in neonates.
Proceedings of ECBO; Munich, Germany. ;2005.

56. Themelis G, D'Arceuil H, Diamond SG, Thaker S, Huppert TJ, Boas DA, Franceschini MA.
NIRS Measurement of Pulsatile Component of Cerebral Blood Flow and Volume from the
Arterial Oscillations. Proceedings of OSA, Biomedical Topical Meeting; Fort Lauderdale,
Florida. ;2006.

57. Joseph DK, Huppert TJ, Franceschini MA, Boas DA. Design and Validation of a Diffuse Optical
Tomography System with Improved Spatial Resolution for Functional Brain Imaging.
proceedings of OSA, Biomedical Topical Meeting; Fort Lauderdale, Florida. ;2006.

58. Franceschini MA, Nissilal, Wu W, Bonmassar G, Boas DA. Neurovascular Coupling in the Rat
Somatosensory Cortex: A Non-Invasive Diffuse Optical Imaging and Electroencephal ography
Study. Proceedings of OSA, Biomedical Topical Meeting; Fort Lauderdale, Florida. ;2006.
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59. Nissilal, Stufflebeam S, Diamond SG, Huppert TJ, Hamalainen M, Franceschini MA. Responses
to Median Nerve Stimulation as Recorded by Simultaneous Diffuse Optical Imaging and
Magnetoencephal ography. Proceedings of OSA, Biomedical Topical Meeting; Fort Lauderdale,
Florida. ;2006.

60. Grant EP, Themelis G, Arvin K, Thaker S, Krishnamoorthy KK, Bortfeld H, Franceschini MA.
Alterationsin Regional Oxygen Saturation (StO2) and Blood Volume (HbT) in Infants with
Brain Injuries and ECMO. Proceedings of OSA, Biomedical Topical Meeting; Fort Lauderdale,
Florida. ;2006.

Reviews/Chapter JEditorials

1. Fantini S and Franceschini MA. Studio ottico di tessuti biologici nel vicino infrarosso:
spettroscopia e tomografia (Optical study of biological tissues in the near-infrared: spectroscopy
and tomography), R. Pratesi, editor. Laser e Luce in Chirurgiae Medicinaed in Biotecnologia
(Laser and Light in Surgery and Medicine and in Biotechnology). 1995:415-26.

2. Gratton E, Fantini S, Franceschini MA, Walker S, and Maier J. Spectroscopy and tomography of
tissues in the frequency-domain. In: E. Kohen and J.G. Hirschberg, editors. Analytical Use of
Fluorescent Probesin Oncology. NATO ASI Series, Series A: Life Sciences. New Y ork: Plenum
Press;1996. p. 41-52.

3. Fantini S, Barbieri B, Franceschini MA, and Gratton E. Frequency-domain specroscopy. In: E.
Kohen, editor. Applications of Optical Engineering to the Study of Cellular Pathology.
Trivandum, India: Research Signpost;1997. p. 57-66.

4. Fantini S, and Franceschini MA. Frequency-domain techniques for tissue spectroscopy and
imaging. In: V.V. Tuchin, editor. Handbook of Optical Biomedical Diagnostics. Bellingham, WA:
SPIE Press;2002. p. 405-53.

5. Boas DA, Franceschini MA, Dunn AK, Strangman G. Non-invasive imaging of cerebral activation
with diffuse optical tomography. In: R.D. Frostig, editor. In Vivo Optical Imaging of Brain
Function. Boca Raton, London, New Y ork, Washington DC: CRC Press;2002. p. 193-221.

6. Wolf M, Franceschini MA, Paunescu LA, Toronov V, Michalos A, Wolf U, Gratton E, Fantini S.
Absolute frequency-domain pulse oxymetry of the brain: Methodology and measurements. Adv.
Exp. Med. Bio. 2003;536:61-74.

Educational Materials
1. Fantini S, Franceschini MA. Tomografia Ottica (Optical Tomography). 2000.
Patents

1. Gratton E, Maier JS, Franceschini MA, Fantini S, Walker SA. Determining Material
Concentrationsin Tissues. U.S. Patent No. 5,492,118. 1996 Feb 20.

2. Gratton E, Fantini S, Franceschini MA, Mantulin WW, Barbieri B. Photosensor with Multiple
Light Sources. U.S. Patent No. 5,497,769. 1996 Mar 12.

3. Gratton E, Fantini S, Franceschini MA, Manutlin WW, Barbieri B. Photosensor with Multiple
Light Sources. Continuation in part. Us Patent No. 5,772,587. 1998 Jun 30.

4. Gratton E, Fantini S, Franceschini MA, Mantulin WW, Barbieri B. Photosensor with Multiple
Light Sources. Continuation in part. US Patent No. 6,192,261. 2001 Feb 20.

5. Franceschini MA, Fantini S, Gratton E. Method for Measuring Absolute Saturation of Time-
Varying and Other Hemoglobin Compartments. US Patent No. 6,216,021. 2001 Apr 10.
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6. Boas DA, Franceschini MA, Fantini S. Method for Measuring Venous Oxygen Saturation. US
Patent No. 6,985,763 B2. 2006 Jan 10.
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