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Medical Imaging in EHR

Billing for image acquisition Billing for image processing

Order for imaging

Order for imaging

Billing for image interpretation

Radiology Report (NLP-able)







And yet…..

H0: Clinically acquired images have tremendous 
potential to advance biomedical research as well as 
clinical care



Radiomics

“…high-throughput extraction of quantitative 
features that result in the conversion of images into 
mineable data and the subsequent analysis of these 
data for decision support…”

“…it is conceivable that conversion of [standard of 
care] digital images to mineable data will eventually 
become routine practice…”

• Gillies et al, Radiology 2016



Partners Clinical Image Bank



Amassing Pediatric Brain MRI�s to 
Understand �Normal� using Mi2b2

P. Ellen Grant, Yangming Ou, Lilla Zollei, Rudolph Pienaar, Steve Pieper, 
Sara Bates, Shawn N. Murphy, Randy L. Gollub

Partners Healthcare System, Children�s Hospital Boston, 
and Massachusetts General Hospital, Boston, MA 



Images Of Baby Brains: Priceless
• Whole-brain ADC from 100s of infants allow benchmarking



Using the Medical Imaging Informatics Bench to Bedside (mi2b2) Workbench

RPDR/i2b2 
query

M
i2b2 

request

Download 
images

MRN list

or

HIPAA compliant mi2b2 Workbench restricts access of investigator to the patient cohort identified in 
associated IRB, data pulls are audit logged 

Murphy SN, Wang Y, Wang TD, Sack D, Reynolds N, Plesniak W, Andriole K, Wei J, Pieper S, Herrick C, Gollub RL. High throughput 
tools to access images from clinical archives for research, J Digit Imaging. 2015 Apr;28(2):194-204. doi: 10.1007/s10278-014-9733-9



Data Collection- RPDR + 
mi2b2

Mi2b2 engine: https://www.nmr.mgh.harvard.edu/lab/mi2b2

Lead: Shawn Murphy, Randy Gollub (MGH)  [Murphy et al, 2015]

N   =   2,871
- Scanned 2006-2013 with ADC maps 

in Siemens 3T scanner

- 0-6 years old at the time of scan

- Radiological reports suggesting free 

of abnormality

N=~100,000
- Brain MRI in MGH

N   =   1,648
- ADC maps found and not corrupted

N   =      705
- ADC maps re-examined & confirmed to 

be normal by a neuro-radiologist (Dr. 

Grant) and a neonatologist (Dr. Bates)

N   =      201
- Duplicates and CNS morbidity removed

- Still normal 3 years after the initial visit

To get To vet

https://www.nmr.mgh.harvard.edu/lab/mi2b2


Data Analysis Approach – Atlas 
Construction

[Software for Atlas Construction]
* Ou et al,  https://www.nitrc.org/projects/popdramms

[Atlases released]
* Ou et al,  
https://www.nitrc.org/projects/mgh_adcatlases

Ou Y, Zollei L, Retzepi K, Castro V, Bates SV, Pieper S, Andriole KP, Murphy SN, Gollub RL, 
Grant PE, Human Brain Mapping, 2017

https://www.nitrc.org/projects/popdramms
https://www.nitrc.org/projects/mgh_adcatlases


Validation – are the atlases right?
a) Whole-brain volume and ADC values, and changes

Statistically, at each age,
measurements from 1 atlas == measurements from multiple individuals

Ou Y, et al, Human Brain Mapping, 2017



Validation – are the atlases right?

b) Regional and voxel-wise ADC values, and changes

measures from 1 atlas ~ measures from multiple individuals

Ou Y, et al, Human Brain Mapping, 2017



Yet, 20-50% intra-/inter-rater variability or 
uncertainty even for experienced pediatric 
neuroradiologists!

Standard of care includes 
brain MRI in first days of life. 
At MGH, state of the art, 
research quality acquisition 
protocol including DWI and 
quantitative ADC maps was 
established in 2008 and has 
been stable since.

Goergen, et al, Clinical Radiology, 2014

Most common cause of Neonatal Brain Injury 
is Hypoxic Ischemic Encephalopathy (HIE)

• HIE occurs in 2-6/1000 infants, most common in term infants

• Therapeutic hypothermia is now the standard treatment

• Survivors often suffer from long-term neuro-cognitive deficits

Figure from cerebralpalsy.org



Detecting HIE Injury is difficult

Figure from Howlett et al, Ped Res, 2013

• Gold Standard: Apparent Diffusion Coefficient (ADC) maps 

• Abnormally low ADC values => restricted diffusion => lack of 
oxygen/blood

• Q: How low is too low? What is within normal variation?
An easy case

De Veris et al, BMJ, 2010Gano et al, Ped. Res., 2012

More challenging cases



Atlas-based Abnormality Detection 
--- A naïve but intuitive approach

Atlases

Quantification of Voxel-wise
“Normal ADC Variations”

Atlas-based HIE detection

* Ou et al, OHBM, 2015, 2017



Accuracy of Z-map Approach
• Compare with expert annotations
• Machine-vs-Human   =?=   Human-vs-Human



Inter-rater Dice overlap compared to algorithm-rater Dice overlap



Accuracy of Z-map Approach (n = 6 cases, n =2 
raters

An atlas-based naïve Z-map 
approach can provide a good 
initiation for lesion detection, 
approaching the accuracy of 
human experts



Ongoing Work –
Bring to Radiology Classroom and 
Reading Room

Structured Report template



Image analysis approach

• 1. Field of View Normalization [Ou’16 (pending)]

• 2. Skull Stripping [Ou’14; Doshi’14; Ou’16]

• 3. Automatic Structural Segmentation [Ou’14; Doshi’16]

• 4. Multi-modal/channel Fusion [Ou’11, ‘14]

• 5. Tissue Density and Morphometry [Davatzikos’97; Ou’11, ‘14]

• 6. Atlas Construction [Ou’14, ‘15, ’16 (u.r.)]

• 7. Lesion Detection [Ou’07, ‘09, ‘16a, ‘16b (u.r)]

• 8. Longitudinal Change Quantification [Ou’15]

• 9. Machine learning to predict clinical variables [Ou’09; ‘16 (u.r.)]

Based on DRAMMS Registration (2, 3, 4, 5D)   [Ou’11, ‘12, ‘14a,b, ‘15]

Based on BEFI Machine Learning [Ou’09, ’17 (u.r.)]

1

2

3 4

5
6

7

8

9

https://www.nitrc.org/projects/normalizefov

https://www.nitrc.org/projects/picasso

https://www.cbica.upenn.edu/sbia/software/MUSE

https://www.nitrc.org/projects/dramms

https://www.cbica.upenn.edu/sbia/software/dramms/tools/ravens.html

https://www.nitrc.org/projects/popdramms

https://www.cbica.upenn.edu/sbia/software/dramms

https://www.nitrc.org/projects/normalizefov
https://www.nitrc.org/projects/picasso
https://www.cbica.upenn.edu/sbia/software/MUSE
https://www.nitrc.org/projects/dramms
https://www.cbica.upenn.edu/sbia/software/dramms/tools/ravens.html
https://www.nitrc.org/projects/popdramms
https://www.cbica.upenn.edu/sbia/software/dramms
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RPDR Evolved into international “Informatics for Integrating Biology 
and the Bedside (i2b2)” sponsored by the National Institutes of 
Health, what is it?

• Software for explicitly organizing and transforming person-
oriented clinical data to a way that is optimized for clinical 
genomics research
• Allows integration of clinical data, trials data, and genotypic data

• A portable and extensible application framework
• Software is built in a modular pattern that allows additions without 

disturbing core parts
• Available as open source at https://www.i2b2.org

https://www.i2b2.org/


An i2b2 Environment (the Hive) is built from i2b2 Cells

A
B

C

“Hive” of software services 
provided by i2b2 cells
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I2b2 Software components are distributed as open source 



Implementations (a sampling)
CTSA’s
§ Boston University 
§ Case Western Reserve University (including Cleveland Clinic) 
§ Children's National Medical Center (GWU), Washington D.C. 
§ Duke University
§ Emory University (including Morehouse School of Medicine and Georgia Tech ) 
§ Harvard University (including Beth Israel Deaconess Medical Center, Brigham and 

Women's Hospital, Children's Hospital Boston, Dana Farber Cancer Center, Joslin 
Diabetes Center, Massachusetts General Hospital) 

§ Medical University of South Carolina
§ Medical College of Wisconsin
§ Oregon Health & Science University 
§ Penn State MIlton S. Hershey Medical Center
§ Tufts University 
§ University of Alabama at Birmingham 
§ University of Arkansas for Medical Sciences 
§ University of California Davis 
§ University of California, Irvine 
§ University of California, Los Angeles* 
§ University of California, San Diego* 
§ University of California San Francisco 
§ University of Chicago 
§ University of Cincinnati (including Cinncinati Children's Hospital Medical Center) 
§ University of Colorado Denver (including Children's Hospital Colorado) 
§ University of Florida 
§ University of Kansas Medical Center
§ University of Kentucky Research Foundation
§ University of Massachusetts Medical School, Worcester
§ University of Michigan
§ University of Pennsylvania (including Children's Hospital of Philadelphia) 
§ University of Pittsburgh (including their Cancer Institute) 
§ University of Rochester School of Medicine and Dentistry
§ University of Texas Health Sciences Center at Houston
§ University of Texas Health Sciences Center at San Antonio 
§ University of Texas Medical Branch (Galveston) 
§ University of Texas Southwestern Medical Center at Dallas 
§ University of Utah 
§ University of Washington
§ University of Wisconsin - Madison (including Marshfield Clinic) 
§ Virginia Commonwealth University
§ Weill Cornell Medical College 

Academic Health Centers (does not include AHCs that are part of a CTSA): 
§ Arizona State University 
§ City of Hope, Los Angeles 
§ Georgia Health Sciences University, Augusta 
§ Hartford Hospital, CN
§ HealthShare Montana 
§ Massachusetts Veterans Epidemiology Research and Information Center 

(MAVERICK), Boston 
§ Nemours
§ Phoenix Children's Hospital 
§ Regenstrief Institute 
§ Thomas Jefferson University
§ University of Connecticut Health Center
§ University of Missouri School of Medicine 
§ University of Tennessee Health Sciences Center 
§ Wake Forest University Baptist Medical Center 

HMOs:
§ Group Health Cooperative
§ Kaiser Permanente

International:
§ Georges Pompidou Hospital, Paris, France
§ Hospital of the Free University of Brussels, Belgium 
§ Inserm U936, Rennes, France 
§ Institute for Data Technology and Informatics (IDI), NTNU, Norway 
§ Institute for Molecular Medicine Finland (FIMM) 
§ Karolinska Institute, Sweden 
§ Landspitali University Hospital, Reykjavik, Iceland
§ Tokyo Medical and Dental University, Japan 
§ University of Bordeau Segalen, France
§ University of Erlangen-Nuremberg, Germany 
§ University of Goettingen, Goettingen, Germany 
§ University of Leicester and Hospitals, England (Biomed. Res. Informatics Ctr. for 

Clin. Sci) 
§ University of Pavia, Pavia, Italy
§ University of Seoul, Seoul, Korea

Companies:
§ Johnson and Johnson (TransMART)
§ GE Healthcare Clinical Data Services 



Query items

Person who is using tool

Query construction

Results - broken down by number distinct of patients

Use RPDR to access detailed clinical data





Wizard 
Selection

Use mi2b2 to access large medical image sets



mi2b2 Partners Tutorial 
(http://mi2b2help.partners.org)

MI2B2 Workbench

http://mi2b2help.partners.org/


Mi2b2 at Partners Healthcare
• http://mi2b2help.partners.org

http://mi2b2help.partners.org/


Operating the mi2b2 Workbench
The user inputs the passphrase 
associated with the IRB protocol of the 
particular project in order to access 
the next windows.

Images are viewed in the Image 
Viewer and can be manipulated 
using the tools provided.



Managing Expectations
Weeks

Days

Organizing 
images QA images analyze images





CIB: Motivation and Goals
• The Clinical Image Bank seeks to make valuable 

collections of patient cohorts available to Partners 
investigators and their collaborators
• Well curated phenotypes
• Clinical images with secondary research utility
• Clinical information not available in RPDR

• Easily accessible to support robust data mining
• Web accessible with credentials
• DUA simplifies management while maintaining patient 

privacy and all legal protections
• Enables cohort curation across phenotypes over 

time



CIB: Register from within firewall 
(use VPN)



CIB: Sign the DUA



CIB: Login



CIB: Run a Query



CIB: Create a Table of Data



CIB: Review Patients



CIB: View Timeline of available images



CIB: View thumbnails of images



CIB: Download data



CIB: Download data



Download Images



CIB: Currently available data



Detailed information on NICU care



CIB: Clinical outcome measures



CIB: Quantitative Imaging Metrics



What kinds of images?

• Mostly brain MRI now (T1, T2, FLAIR, DWI/ADC) 



Occasional scans are of poor 
quality



Approximately n=120
Non-Brain scans

• Mostly spine (n=99)
• Miscellaneous other MR (n=21)
• No way to consistently tell anything from 

file name

In addition there are MRS traces (n=2)





The Partners Biobank
Ø The Partners Biobank 

provides samples (plasma, 
serum, and DNA) collected 
from consented patients. 

Ø 80,000 patients have 
consented to date

Ø Samples are available for 
distribution to Partners investigators* 
to help identify novel Personalized 
Medicine opportunities that reduce 
cost and provide better care

*with required approval from the Partners Institutional Review Board (IRB). 

Research Discoveries

Data

Samples
Consent

Improved Clinical Care for All Patients



Biobank Integrative Genomics Strategy

Partners BioBank Samples
(Whole Blood Extracted DNA/RNA)

Genotyping

Illumina MEGArray:
Multi-Ethnic GWAS/Exome SNP Array

Array Cost: $59/ sample

Transcriptome

Whole  Transcriptome Analysis:
RNA-seq

Array Cost:  
$40-50/sample

Epigenome
Profiling

Methylation Analysis:
HumanM450K Array

Array Cost: $150/sample

Genome/Transcriptome Analysis: ~$100/sample

Genome/Transcriptome/Epigenome Analysis: ~$260/sample



Sanger Sequencing
Targeted Next Gen Seq

Whole Genome Seq (WGS)
Medical Exome (WES)

Sequencing
Genotyping
Microarray
RNA Seq.

Translational Genomics CORE
Laboratory for Molecular 

Medicine

Partners Personalized Medicine Components

6.7 million Partners patients
Data from EMR

Additional research data
Validated phenotypes/controls

Genomic Data Repository (GDR)

Phenotype Core/Research 
Patient Data Repository

PPM Information Technology /IT, Bioinformatics, Research ,  Administrative 

Partners Biobank

DNA, Plasma & Serum from 
47,000 Consented Patients
Sample Processing Services

61



Informatics Tools

Biobank Data

Additional Data

Survey Data

Other Research
Data 

Electronic Medical Record (EMR) Data

MedicationsDemographics
Diagnoses

VisitsLab Results

Coded Data

Procedures

Physician Notes

Imaging Reports

Pathology Reports
Surgery Notes

Text Data (Notes/Reports)

RPDR

Research

Data Integration | Phenotype Discovery Center

Genetic Data

Samples

DNA

Serum

Plasma

GWAS

Data Visualization

Calculated Controls (Charlson Index)

Data Queries

Natural Language Processing

Extract DataAnnotation

Consent

Recontact

Validated  Phenotypes

Coronary Artery Disease
Congestive Heart Failure

Rheumatoid Arthritis

IBDType II Diabetes
Multiple Sclerosis
Bipolar Disorder

Consent Status

6
2



Initially:

AUC = 0.55

Finally:

AUC = 0.86

Clinical Status Model Specificity Sensitivity Precision AUC
Depressed Billing Codes 0.95 0.09 (0.03) 0.57 (0.14) 0.54 (0.02)

Depressed NLP  0.95 0.42 (0.05) 0.78 (0.02) 0.88 (0.02)

Depressed NLP + Billing Codes 0.95 0.39 (0.06) 0.78 (0.02) 0.87 (0.02)

Well Billing Codes 0.95 0.06 (0.02) 0.26 (0.27) 0.55 (0.03)

Well NLP  0.95 0.37 (0.06) 0.86 (0.02) 0.85 (0.02)

Well NLP + Billing Codes 0.95 0.39 (0.07) 0.85 (0.02) 0.86 (0.02)

Use Phenotyping 

Algorithms to define 

cohorts of treatment-

resistant and treatment-

responsive depression

Initially:

AUC = 0.54

Finally:

AUC = 0.87



Biobank Portal | Curated Diseases w/genotype data

Validated Phenotype Count* Predictive Positive Value
Bipolar Disease 154 89%

Congestive Heart Failure 556 90%

Coronary Artery Disease 3476 97%

Crohn’s Disease 566 90%

Multiple Sclerosis 190 90%

Rheumatoid Arthritis 885 90%

Type 2 Diabetes Mellitus 2712 97%

Ulcerative Colitis 392 90%

* Based on 20,086 patients
** Based on  79,834 patients

Healthy Controls based on Charlson Index Count*
0 – 10-year survival probability is >98.3% 12,142

1 – 10-year survival probability is >95.87% 8,556

2 – 10-year survival probability is >90.15% 8,250
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Genotype Data

•141 SNP or indels (V1)
•243 SNP or indels (V2)
•1336 subjects with protein altering (frameshift, missense, 
nonsense, start loss, stop loss) variant

LDLR



High Quality Phenotypes for Genetic Studies

67
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Operating the mi2b2 Workbench
The user inputs the passphrase 
associated with the IRB protocol of the 
particular project in order to access 
the next windows.

The main window of the 
Patients tab displaying the 
patient list specific to this 
project.

The user can enter a list of MRNs specific 
to a patient cohort in order to access 
information from only those studies.

After selecting the studies of interest under the Studies tab, the user requests 
them from PACS by clicking on the “Move to Image Repository” button



Operating the mi2b2 Workbench
The user now has to wait for the all of the 
requested material to be retrieved from 
PACS into the project-specific mi2b2 
repository. Once this happens, all studies’ 
status labels will be set to Completed in 
the Transfer Log tab.

Images are viewed in the Image 
Viewer and can be manipulated 
using the tools provided.

The Transferred Images tab displays 
the project’s repository, which houses 
the studies that correspond to 
Completed requests. In order to view 
them the user has to download them to 
a local machine.


