US009408539B2

a2 United States Patent 10) Patent No.: US 9,408,539 B2
Tearney et al. 45) Date of Patent: *Aug. 9, 2016
(54) SYSTEMS, METHODS AND (2013.01); A61B 5/0075 (2013.01); A61B
COMPUTER-ACCESSIBLE MEDIUM WHICH 5/0084 (2013.01); GO1B 9/02091 (2013.01);
PROVIDE MICROSCOPIC IMAGES OF AT G02B 6/32 (2013.01)
LEAST ONE ANATOMICAL STRUCTURE AT (58) Field of Classification Search
A PARTICULAR RESOLUTION CPC ... GO2B 6/32; AG61B 5/0084; A61B 5/0066;
(71) Applicants: The General Hospital Corporation, AG61B 5/0075; A61B 5/0044
Boston, MA (US); The Regents of the USPC e 385/12
University of Colorado, Denver, CO See application file for complete search history.
Us) (56) References Cited
(72) Inventors: Guillermo J. Tearney, Cambridge, MA
(US); Brett E. Bouma, Quincy, MA U.S. PATENT DOCUMENTS
(US); Joseph A. Gardecki, Acton, MA 339754 A Ulo44 B
(US); Linbo Liu, Cambridge, MA (US); o race
Robert R. Mcleod, Boulder, CO (US) 3,090,753 A 5/1963 .Matuszak et al.
. ) . . (Continued)
(73) Assignees: The General Hospital Corporation,
New York, NY (US); THE REGENTS FOREIGN PATENT DOCUMENTS
OF THE UNIVERSITY OF
COLORADQO, Denver, CO (US) CN 1550203 12/2004
DE 4105221 9/1991
(*) Notice: Subject to any disclaimer, the term of this .
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS
Thl.s patent is subject to a terminal dis- The Japanese Final Office Action for Japanese Applciation 2012-
claimer. 556285 dated Aug. 11, 2015
(21) Appl. No.: 14/640,998 (Continued)
(22) Filed: Mar. 6, 2015 ) ) ]
(65) Prior Publication Data Primary Examiner — Ryan Lepisto

(74) Attorney, Agent, or Firm — Andrews Kurth LLP
57 ABSTRACT

) } o Exemplary embodiments of apparatus, systems and methods
(63) Continuation of application No. 13/042,116, filed on  can be provided for providing at least one electro-magnetic

US 2015/0238084 A1l Aug. 27,2015
Related U.S. Application Data

Mar. 7, 2011, now Pat. No. 9,081,148. radiation to at least one sample. For example, a plurality of
(60) Provisional application No. 61/311,171, filed on Mar. Wave-guldu.lg arrangements can be pr OVIfled W,hlc,h are con-
5, 2010, provisional application No. 61/311,272, filed ﬁ,f,%ured to () prov%de. the electro-magnetic rad.la.tlon(s), and
on Mar. 5. 2010. (i) at a point of emission of each of the wave guiding arrange-
’ ments, cause a phase of each of the electro-magnetic radia-
(51) Int.CL tion(s) to have a predetermined value. The exemplary appa-
GO2B 6/32 (2006.01) ratus can be part of a probe. Further the exemplary apparatus
A61B 5/00 (2006.01) can include an interferometric arrangement provided in com-
GOIB 9/02 (2006.01) munication with the probe and/or be part of the probe.
(52) US.CL
CPC ............ A61B 5/0066 (2013.01); A61B 5/0044 17 Claims, 26 Drawing Sheets

( A 480 420 a4p 450 470

apo C
410




