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ProarAM

Bicengineering s a dypramic and expancing Reld
which strives to make improvements in patient careand
quality of lite through theapplication of principles and tools
abthe physical and biological sciences. The contriliutions

af hivengincers have had tremendons impacr on many
aspects ob medicine including; elinical diagnosis. (..
edtnpiited tomegraphy), creation ofnew medical disciplines

(&g, micresitegeryh, .and the trearment of disease

e
arrificial organs}.

Ihe Centerfor Engineeting in Medicine (GEM)
at the Massachuserrs General l'lu:-\;_\-:[:ﬂ (MGHY and other
[eaching Hespirals of the Harvard Medical School (HNS)
have croated 2 unique two-veer Biomedical Enginesring

Research and Educason (BERE) l.L'J.llI'.'\..\JILILI Progrm, m
train physicians in bicengincering,  The BERE prograum
provides physician fellows with the knowledge and skills:m
address important clinical problems ar the inreitace of
sineering and medicine. The BERE PIOZTAN CONSIsTs
o

specibically tor physicians and (2} a research training activiry

a dichietic set of bioengineering conrses: desy

in bigengineering.
Fellows are-expected 'to devore 1D0% of their
etforts to the BERL program

R EsSEARCH

I"he research programs af the CEM fic uley cover
ahroad speCiTum -'-!-j'-:- e in hivengineering, all ofwhich
are-marked by mulndiseiplinary collaibomtions and clinical
relevance, Theressarch fad can e gronped into three major
thruists:

Molecular and Cellular Therapeutics; gene and prher

mrgeted thetipies, devug delivery systems, and cell
rransplantation and taificking

[is5ne Engingering and A rtificizl Organs Development;
hioa

tisstes, micredsbrication of celliular systems, and

ficial OrgAs amethanics, preservation of cells and

hiomaterials for ossue repain and destan

Functonal Imaging: whale body and organ metabolic
engineering using MMR and PET and microscopic imaging
ot molecilar and cellular procesies,



THE CENTER FOR ENGINEERING IN MEDICINE

Phe Harvard Medical establishment has contribueed significanty to the development
af the discipline of biomedicul engineering: and has been theaddress of several "firsrs” inheateh
science technology: Ul recenthys no formal velticle for the organization and'advancemenrof
bicengineering existed within the Harvard Medical School or the Harvard Teaching Hospizals.
21995, the CEM was formed o fill thisvoid

Fhe CEM was established by bivenginesring investignesar the Harvard Teaching
]']I':":ISPi:[J_]S [MEH, Boshamand Wamen's |']n¢c{_ul:l.| (BWH), Besh Isrpel-Dieaconess Medical
Clenter (BIDME)], the Shoness Bumns Hospical (SBH], and the Harvaed-MET Bivision of
Health Seiences and Technology (HST). i 1995, with the help of Rinding made available by
the Whitdcer Foundation, MGH, und ather private and mndosrealsoueces, che CENElaunched
the firse progrm o bormelly ceain MU llows (o lomedical engineering,
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HiceLIoHTSs 1IN HARVARD HisToORY

[Hah First time cthier used during surgery

1560 Protan beam thempy to freat tumors of the eve, neck, and brain
1962 T'hie first successtul sargical reatmchment of a severad Biman limb
194 Practical longterm biotd srorage

15705 PMET seanning

1981 ['he fiest areificil skin made from living cells

1983 Greneric marker for Huntington's discase discoversd

1591 Fligh-speed MEI scanning



FACILITIES
The primary core facilivies available w all BERE fellows include:

Microseale Engineering Facility focuses on creatng huactianal
tissie subsritnoes using microtexnired ohd micrbparrerned
surhices; gnd on developing microlluidic dévides for diignosic
-\.'|=|.I.'|. It if('!] .rr'.__'i;'h i,'li'.r!;,'rtfblg_".b.

Tissue Enpnineerime Fadilioy conraing an extensive siite ol tigsue
culture. rooms; media preparation moms, call isaladon oons,
including rooms forvital ransfecoon ol mammation cells)

Laser Facility conmins argon-and dyve lnsersand 5 ash-lamped
pumped C-swirched N YAG laser equipped with runing
capability from the uleeavioler tooche infrared.

whicrascopy Faciliny ineludes vwe laser confiocil m ICHOSCOpEE, (WO
fluorescent microscopes, intraviral ‘micrescopy systems, a
Hunsmission elictrmn microscgpe, and compuret-aided inmge
amalysis systems,

NMR and Mass Spéctrometry Facility includes apn NME
spectrameter equipped with imaging acéessories ancd Wi mass
spectromet v syvatemswhich Indude ultra-trace analvsicalfstable
Isaopes.

Pasitron: Emission Tomography (PET) Facilivy includes a
Crelatron anda radischemistry lnborarary with theee ot cells:
Thissa compion use facilivy

Computer Facility is dedicared to compnrational studies and is
fully squipped, includinga Silicon Graphics Osgin 2000 with
Q2 worksmrions; and an exrensive nerwark of PO and Macineesh
pepanal computers withsnboware tor all relevant applicanions:

Core FACULTY

Francois Berthiaume, PhD
Surgery; MGH

Joseph Bonventre, MD, PhD
Meditine, MGH

Deborah Burssein, PhD
Radiology, BIDMC

Alan Fischman, MD, PhD
Raidiology, MGH

Alex Fowler, PhD
Mech. Enpineering, Ubiss

Matha Gray, PhD
Elécr. Engineering, MIT

Jeffrey Morgan, PhI).
Surpery, MGH

_-€harles Rath, PhD

Surgery, MGH
Martin Schmidr, PhD
Eléct. Enginecring, MIT
Jay Schniwer, MD, PhD
Pediarric Surgery, MGH
Gregory Stephanopoulos, PhD
Chem. Engineering, MIT
Ronald Tompkins. MD, 5¢D
Surgery, MGH
Mehmet Toner, PhD
Surgery, MGH
Martin Yarmush, MD, PhD
Surgery, MGH

AEFILIATES

Rakesh Jain, PhD
Radiation Oncology, MGH

Ralph Mueller, PhD
Orthopedic Res., BIDMC

Bruce Rosen, MD, Phi)
R.admln-q. MGH

Sieven Skatcs, PhD
Bioscaristics, MGH

Robert Weisskoff, PhD
Radioloay, MGH

Jose Venegas, PhD
Anesthesiology MGH.




JULY-- AUGUST
Laboratory in Molecular and
Cellufar Sciences

SEFTEMBER - DECEMBER
Fundamentalsin Biomedical
Engireering

Seminar Series in Biomiedical
Engineering
JANUARY

Biostanstics

FERRLJARY - MAY
Case Smdies in Biomedical

Engineering,

Seminar Series in Biomedical
Enginecring

YEAR 2 -

JULY - DECEMBER
Seminar Series in Biomedical
Engineering

JANUARY
Imaging in Medicine

FEBRUARY - JUNE
Seminar Senies in Biomedical

Engineering

COURrRsE WORK
L u:|1|l|:'liu:| of 4 set of couses in hiomedical Engieering
will provide |J|:'- sichans with asolid backeroundin the fundamen |
principles ol enginesring and. physical sciences, A basic
tndes -t.m.imi_', |.| these principles will allow pliysicians to [nremc
praducrivebewith the blomedical ensineerine research edmmuniey,
it position them o conducr significanc independent research in
theirown investizitve cateers

I'he sot of coumes has been mg‘:-_'Li;"'lLu”rlr' LJ;.'.l.l__u,:l:.-J fiar
physicians, and is cught by CEM faculey members. Chur ficulty
includes'a diverse sTOup u:uu_tl[_:ill{_'cl:-. sttenrists, and physidins,
Wl with s common interesrin p:tn‘if“ng iT'I-;ll;'E‘-'IlI training 1

biomedical engifeering pesearcl and crlieation.

AbeLicaTioN Process

[he BERE program is npen all phsicians interested

in hinmmedical cng; s an interes| in aeademis medicine and

an undergradiiite depree in enoineseing . mathemarics, o the
phyvsical sefences 15 helphul, butmnol rcquiful Fellgwship stpends
range from $30,000 - 532,000, depending an the Ellows prior

Applications can be obeained from:
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level L‘I-E'\:E'-rfl'j:'flk'r_'

[he Canrer lor £ nusl:r‘rlllu inMedicime
Massichuseres Cieneral Hospital  GRB 1407
S5 Fruit Srreet

Hoston, MA 02114

*"'.|'-Pli-::l!il‘ll'l'i mist be received by November 15 and. succosful

candidates dre notilfied by Felimiary 1 ofthe Follipwitige yeur



THE CENTER FOR ENGINEERING IN MEDICINE
Mussachusetts General HospitallGRE 1401

55 Fruit Street

Bostosr, MA 02115

i Phone: (617) 726-3474

Fae: (617) 225-0340
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