US009510756B2

a2 United States Patent (10) Patent No.: US 9,510,756 B2
Grady et al. 45) Date of Patent: Dec. 6, 2016
(54) METHOD AND SYSTEM FOR DIAGNOSIS A61B 5/7267 (2013.01); GO6T 7/0012
OF ATTENTION DEFICIT HYPERACTIVITY (2013.01); A61B 2576/026 (2013.01); GOIR
DISORDER FROM MAGNETIC RESONANCE 33/5602 (2013.01); GO6T 2207/10088
IMAGES (2013.01); GO6T 2207/30016 (2013.01)
(58) Field of Classification Search
(71) Applicants:Leo Grady, Millbrae, CA (US); Sara CPC o AG61B 5/0042; GO6K 9/00
Saperstein, Jamaica Plain, MA (US); USPC e 600/410; 382/128
Jason Bohland, Cambridge, MA (US) See application file for complete search history.
(72) Inventors: Leo Grady, Millbrae, CA (US); Sara (56) References Cited
Saperstein, Jamaica Plain, MA (US);
Jason Bohland, Cambridge, MA (US) U.S. PATENT DOCUMENTS

. QG 6,579,234 B2 6/2003 Lowen et al.
(73) Assignees: Siemens Healthcare GmbH, Erlangen 7403.814 B2 75008 Cox of al.

(DE); Boston University, Boston, MA 8,340,752 B2 122012 Cox et al.
(US) (Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 OTHER PUBLICATIONS
U.S.C. 154(b) by 592 days.

Describing the Brain in Autism in FiveDimensions—Magnetic

(21) Appl. No.: 13/785,050 Resonance Imaging-Assisted Diagnosis of Autism Spectrum Dis-
order Using a Multiparameter Classification Approach. Christine
(22) Filed: Mar. 5, 2013 Ecker,] Andre Marquand,2 Janaina Mourdo-Miranda,3,4 Patrick
Johnston,l Eileen M. Daly,1 Michael J. Brammer. Aug. 2010.*
(65) Prior Publication Data (Continued)

US 2013/0231552 Al Sep. 5, 2013
Primary Examiner — Stephen R. Koziol

Related U.S. Application Data Assistant Examiner — Delomia L Gilliard
(60) Provisional application No. §1/ 606,610, filed on Mar. (57) ABSTRACT
5, 2012, provisional application No. 61/650,031, filed . . .
on May 22, 2012. A method and system for automated diagnosis of attention
deficit hyperactivity disorder (ADHD) from magnetic reso-
(51) Int. CL nance images is disclosed. Anatomical features are extracted
GO6K 7/00 (2006.01) from a structural magnetic resonance image (MRI) of a
A61B 5/00 (2006.01) patient. Functional features are extracted from a resting-state
A61B 5/055 (2006.01) functional MRI (rsFMRI) series of the patient. An ADHD
A61B 5/16 (2006.01) diagnosis for the patient is determined based on the ana-
(Continued) tomical features, the functional features, and phenotypic
features of the patient using a trained classifier. An ADHD
(52) US. CL subtype may then be determined for patients diagnosed as
CPC ............. AG6IB 5/0042 (2013.01); A6IB 5/055 ADHD positive using a second trained classifier.
(2013.01); A61B 5/168 (2013.01); A61B
5/4076 (2013.01); A61B 5/7264 (2013.01); 43 Claims, 7 Drawing Sheets

102

|

MRI

'

Hxtract frunctional Featgres from functional | 106
MRI Series

}

Determine ADHD Di
based on Anatomical
tieatuves, and Phenotyp

Using Traince

Hxtract Anatomical Featuren rom Srructnral ‘ 104

for Patient
Lunctional
Parient

0%

T
= Ao SN

o
;
‘ Predict ADHD Subtype

x
Outpud Prediction Confidenes aud Foature
Tnfluence




