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Concerns about radiation risk on 

the part of the public, referring 

physicians, regulators and 

legislators represent the number 

one non fiscal challenge to the 

future of radiology 

Why all the furor now? 



Population exposure 

to radiation has 

increased over 7 fold 

in 25 years mostly 

due to CT and 

cardiac nuclear 

scintigraphyï 

National 

Commission on 

Radiation Protection 

(NCRP) 



BEIR VII: Health Risks from Exposure to 

Low Levels of Ionizing Radiation 

Figure 2. In a lifetime, 

approximately 42 (solid 

circles) of 100 people will 

be diagnosed with cancer 

from causes unrelated to 

radiation. The calculations 

in this report suggest 

approximately one cancer 

(star) in 100 people could 

result from a single 

exposure of 100 mSv from 

low-LET radiation. 

Sponsored by the National Academies of Science 



Medical Errors in Diagnostic 

Imaging 

Isolated and clustered overexposures have 

raised serious concerns about the safety of CT 

imaging 







MGH Webster Center for Radiation Dose Research and Education 

CT Radiation Dose  

ÅRapid growth in procedures & aggregate 
related increase in radiation exposure  

ÅCT accounts for 49% of medical radiation 
exposure (NCRP Report 160) 

ÅReported ñ29,000 excess cancersò and 
ñ15,000 excess cancer deathsò from CT @ 
2007 rate of performance (A Berrington de Gonzalez et 

al. Arch Intern Med 2010: 169;2071-2077) 

ÅWidely publicized cases of overexposure 



IT Solutions For Managing And 

Optimizing Radiation Dose 

ÅIT enabled protocol governance 

ÅComputerized Physician Order Entry 

(CPOE) with decision Support (DS) 

ÅJust-in-time knowledge delivery 

ÅAutomated dose recording for CT and DR 

ÅData registries with bench marking 

capability 



IT Enabled Protocol Governance 

ÅSpeaks to ñsource-of-truthò concepts, not access to 

data 

ÅUse password protected protocol data base to 

maintain protocol integrity 

ÅUse network connectivity to control protocol 

distributionï  

ÅOnly authorized users allowed to change protocols 

ÅAll scanners in an institution should run the 

same/equivalent protocols 



IT Enabled Protocol Governance 

ÅAt MGH, the Medical Director for CT 

approves all new protocols and the Assistant 

CT Manager installs them via the department 

network on all devices 

ÅThis approach would have eliminated over 

90% of reported over exposures in US 

hospitals 



Color coded guide based 

on indication categories 

for helping radiologists 

and technologists select 

CT protocols for children 

Developed at MGH by 

Manudeep Kalra MD and 

colleagues 

ÅPink- Routine, R/O 

ÅGreen- Low dose, F/U 

ÅRed- Ultra low dose, bone 

and multiple exams 

ÅYellow- Stone protocol 

ÅBlue- High dose, high res 

ÅGrey- CT angiography 

ÅBabies  < 20lbs 

ÅCuties    21-60 lbs 

ÅKiddies   61-100 lbs 

ÅTeenies 101-200lbs 

ÅBiggies   >200lbs 



1 yr girl, 10kg, with abnormal facies, underwent Head CT for  

osseous dysmorphism: Craniosynostosis protocol 
Technique: (ASIR) 

Scan parameters 

80 kVp 

100 mA 

Pitch: 0.531 

Estimated dose:  

0.1 mSv 



 

Amelia of left upper limb 

Hypoplastic left scapula 

Hypoplastic left chest wall muscles 

No scoliosis or spinal abnormality 

9 yr old boy underwent 

whole spine CT with 

scoliosis protocol  

Estimated Dose: 0.15 mSv 

 Scan parameters 

High pitch: 3.0:1 

kVp: 100 

Table speed: 115.2 

Ref mAs: 10 





MGH Webster Center for Radiation Dose Research and Education 

Body Part NCRP 

Report 160 

2006 

Annals of 

Internal 

Medicine 

2009 

MGH 

2010 

Mean Eff 

Dose (mSv) 

Mean Eff 

Dose (mSv) 

Mean Eff 

Dose (mSv) 

Abdomen      10       12       6.9 

Chest       7        7       3.5 

CTA Heart       20       3.3 

(median) 

Head        2       2   0.7-1.0 

Spine, 

Cervical 

      10       5       3.4 

CTC       10           8       5.9 

CT Dose Comparison 



CPOE with Decision Support 

ÅPoint-of-care decision support 

ÅEvidence based appropriateness criteria 

modified from ACR 

ÅReduce/eliminate unnecessary examsï 

100% dose reduction 

ÅSelect best protocol for patient and 

patientôs diseaseï up to 90% dose 

reduction 

 



CPOE Login Screen 



View images and reports 

Schedule Appointments on-

lineðNo phone calls 

Phone list for peer-to-

peer consultation 



Select Method and Body Part 



Just-in-time knowledge delivery 





Safety Alerts Delivered 

Automatically 



Select Reason for Exam 

Headache 



Additional Information Requested 



26 

Duplicate Exam Warning 

 

Search engine finds  all prior or  

scheduled exams of the  

same type 



ñAppropriatenessò Values 

4-6 
Intermediate 

1-3 
Low Utility  

7-9 
High Utility 



Low Score for Indication Given 

Tension headache 



High Score for Indication 

Recurrent increasingly severe headaches 



Direct SchedulingðNo Phone 

Calls, Faxes or Emails 



ROE Impact On Outpatient CT Utilization 

C. L. Sistrom, P. A. Dang, J. B. Weilburg, K. J. Dreyer, D. I. Rosenthal, and J. H. Thrall. Effect 

of computerized order entry with integrated decision support on the growth of outpatient 

procedure volumes: seven-year time series analysis. Radiology 251 (1):147-155, 2009. 

Annual Compound 

Growth Rate 

12% 

Annual Compound 

Growth Rate 

1% 
ROE Penetration 

CT Scan Utilization 

 



ROE Exams Scheduled/Rescheduled vs. Phone 

Calls Answered  

205,712 

223,661 
240,110 

305,210 

391,789 

76,957 76,995 
67,778 62,919 
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Exams Scheduled Calls Received 

Overall increase of 

approximately 90%  

since 2006 

Overall decrease of 

approximately 30%  

since 2006 



CPOE DS: Radiology Order Entry With 

Decision Support 

ÅMajor opportunity to use IT to improve quality 

and make practice more efficient at the same 

time 

ÅWell received by referring physicians 

ÅEach exam ordered is a learning opportunity 

with just-in-time knowledge delivery and point-of 

care decision support 

ÅConsistent and reproducible 

ÅSaves timeï direct scheduling and no phone 

calls to the department of radiology or to1-800 

é.. ñMay I order a scanò radiology utilization 

management companies (RBMs) 



IT Tools for Dose Extraction and 

Recording  

Å ACR Triad Site Server  

ï https://triad.acr.org/ 

Å Radiance Upenn 

ï http://radiancedose.com/ 

Å Dose Utility 

ï http://www.dclunie.com/pixelmed/software/webstart/DoseUtilityUsage.html 

Å Radimetrics 

ï http://www.radimetrics.com/wordpress/ 

Å Radtrac 

ï http://www.radtrac.com/medical-radiation-safety/ 

Å Valkyrie (Weill Cornell Medical Center) 

ï http://www.medscape.com/viewarticle/721372 

Å DICOM Index Tracker (DIT) 

ï http://www.mayoclinic.org/news2010-sct/6088.html 

http://www.radimetrics.com/wordpress/
http://www.radtrac.com/medical-radiation-safety/
http://www.radtrac.com/medical-radiation-safety/
http://www.radtrac.com/medical-radiation-safety/
http://www.radtrac.com/medical-radiation-safety/
http://www.radtrac.com/medical-radiation-safety/
http://www.medscape.com/viewarticle/721372


How do they work? 



Radiance Upenn 

ïSmall footprint; a set of web-based scripts that runs on a 

Windows machine  

ïSupport for four major CT vendors: Siemens, GE, Toshiba 

and Philips  

ïAutomated extraction of parameters from CT dose sheets 

and storage in a relational database  

ïUses GOCR open-source optical character recognition (OCR) 

software to extract dose data  

ïAbility to parse RDSRs (radiation dose structured reports) 

and add these data to the database  

ïAbility to generate RDSR and transmit it to the ACR for 

participation in the Dose Index Registry  

ïUses open-source PixelMed API to read and write RDSR  

ïhttp://radiancedose.com/ 
Open source: freely available 

http://jocr.sourceforge.net/
http://www.acr.org/
https://nrdr.acr.org/Portal/DIR/Main/page.aspx
http://www.dclunie.com/pixelmed/software/


Dose Utility 
Å Import files from a CD or the local hard drive or a shared network drive 

or any other media, with or without a DICOMDIR  

Å Query and selectively retrieve dose information or entire CT series from 
remote DICOM devices  

Å Extract the dose information from a GE or Siemens CT screen saved 
image using Optical Character Recognition (OCR)  

Å Extract the dose information from a Philips CT screen save or localizer 
image using the proprietary Standard Extended SOP Class Exposure 
Dose Sequence information in the "header"  

Å Generate Radiation Dose Structured Reports (RDSRs) from such 
extracted dose information  

Å View the contents of dose screen save images and RDSRs  

Å Tabulate the contents of dose screen save images and RDSRs for 
multiple patients and studies  

Å Validate the content and structure of RDSRs  

Open source: freely available 
http://www.dclunie.com/pixelmed/software/webstart/DoseUtilityUsage.html 



Radimetrics: eXposureÊ  

ï integrates with your existing PACS, RIS, and/or HIS to 

provide a single system for monitoring patient radiation 

exposure across imaging modalities 

ïThe Dashboard and Patient Scorecard features of eXposureÊ 

present meaningful and easily understood views of this 

information either standalone or as part of a more complete 

electronic medical/patient record.  

ïRoutinely tracking radiation exposure within the EMR/EPR 

and considering cumulative patient dose when ordering 

diagnostic imaging tests can only lead to a more informed 

decision-making process, better utilization of resources, and 

ultimately benefit the patient.  

ïhttp://www.radimetrics.com/wordpress/ NOT open source 



Radimetrics: 

eXposureÊ  

NOT Open source 
ïhttp://www.radimetrics.com/wordpress/ 

ïAdditional 

features 

ïOrgan based 

dose estimation 

ïSoftware support 

comes with cost 

 



DICOM Index Tracker (DIT) 

ïThe DICOM Index Tracker (DIT), designed 

and architected by Steve G. Langer, Ph.D. at 

Mayo Clinic in Rochester, is being 

developed at Mayo Clinic in Arizona in 

cooperation with Arizona State University.  

ïDIT tracks all the information available in the 

images contained in a patient's imaging 

studies (including dose, scanner utilization 

and other information) and compiles it into 

an accessible format.  

http://www.mayoclinic.org/news2010-sct/6088.html 



Why a Dose Index Registry?  

CT scans contribute 49% of medical 

radiation dose and 25% of total dose 

41 

From NCRP Report No. 160, ñIonizing Radiation Exposure 

 of the Population of the United Statesò (2009) 



ACR Dose Registry 

ÅTakes input from the dose extraction 

systems just described 

ÅAllows hospitals to record and track their 

CT and DR dose experience over time 

ÅAllows hospitals to benchmark themselves 

against similar institutions and against 

national best practices 





Registration Process 

ÅSign Participation Agreement 

ÅRegister on NRDR website 

ÅDownload software to transmit data 

ïACR will contact you and walk you through 

the installation 

ÅConfigure scanners (or PACs) 

ÅData transmission to NRDR is completely 

automated ï no personnel required 

beyond initial setup 






