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Ideal Clinical Imaging Guidelines 
 Evidence-based 

 Produced by experts in imaging, supplemented by 
others 

 Consistent, transparent methodology (e.g., Rand, 
AIM, use of Delphi process) 

 Updated regularly (e.g., q 2 years) 

 Widely accepted 

 Readily available-on-line, as data base, as part of CPOE 
or DSS 
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Why is there a need for imaging referral 
guidelines/appropriateness criteria? 

 Inappropriate Use of imaging: 

                Underuse and Overuse 

 Increasing costs 

 Radiation exposure 

 ?Regulatory Mandate?-”Meaningful Use” 
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Why is this the time to use clinical 
imaging guidelines? 
 Cost concerns with imaging and healthcare overall 

 Patient and societal concerns regarding radiation risks 

 ±50% of imaging currently not done by radiologists 

 Payers, CMS want better control 

That is, how can Radiologists take back control of 
imaging utilization? 



Reasons for Inappropriate Imaging 

 Patient expectations and demands for imaging 

 Concerns of liability exposure if diagnosis is delayed 

 Conflict of interest presented by physician ownership of 
imaging equipment (self-referral) 

 Lack of knowledge by ordering physicians and other 
providers (increasing number of exams ordered by non-
physicians)-e.g., “customary practice” 

 Lack of specific guidance from Radiologists (and other 
imagers) 
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Some 30 Percent Of Canadian Diagnostic Procedures 
Deemed "Inappropriate.“ 

 
"As many as 30 percent of diagnostic imaging procedures are inappropriate 

or contribute no useful information, a joint report by the Canadian 
Association of Radiologists (CAR) and the Canadian Government-
established Health Council of Canada (HCC) concluded." The 
"association especially emphasized the role of family practice 

physicians in ordering non-essential tests," stating that they "are 
overwhelmed with heavy caseloads and continuously changing 

technologies and imaging guidelines." Thus, "CAR is currently 
redeveloping its Diagnostic Imaging Referral Guidelines, originally 

produced in 2005, to reflect evolving technologies and considerations 
surrounding these guidelines to provide physicians with support in 

ordering the most appropriate diagnostic imaging exam."  

Health Imaging, 9-28-10 



Access To MRI Scanners May Be Linked To  
Rate Of Unnecessary Back Surgeries. 

 
 Patients with low back pain may undergo more unnecessary surgery if they 

have greater access to magnetic resonance imaging machines.  “The number of 
MRI machines tripled in the US to 26.6 machines per one million people in 
2005," an increase that  "is raising the cost of treating lower back pain.“ 

 

 "if all Medicare patients with new-onset lower back pain lived in areas with the 
least MRI availability in 2004, there would have been 5.4 percent fewer lower 
back MRIs and nine percent fewer back surgeries."  

 

 Notably, "two-thirds of the MRI scans that appear to result from 
increased availability happened within the first month of onset of back 
pain," But, "clinical guidelines recommend delaying MRI use until 4-6 
weeks after onset, during which time most low-back pain patients show 
spontaneous improvement."  
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More advanced and costlier breast cancer 
screenings don’t always result in better detection 
of the disease in women ages 66 and older 

 Medicare spends about $1.08 billion a year on breast 
screenings and follow-up tests, almost as much as the $1.36 
billion spent to treat the disease 

 Average cost for screening per beneficiary was $63, while 
the mean cost of initial treatment was $16,600. In some 
regions, the cost of screening was as high as $110 per female 
Medicare recipient and most of the higher cost was because 
of newer, more expensive screening technologies 

 For those areas where screening expenses were highest, 
there was no increased detection of advanced cancers or a 
corresponding reduction in treatment costs 

Gross et al, JAMA Int Med, 1/7/13 



Patient Expectations 
 Patients expect their doctor to “do something” 

 Not unique to imaging — expectations to get a 
prescription — antibiotics for viral illnesses (such 
as common cold) 

 Patients often disconnected from costs of their care 

 Elite athlete gets immediate imaging for injuries, 
why shouldn’t I?  Vendors even market to patients! 

 “A good doctor” would get an x-ray/CT/MRI 
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Mass. Medical Society 2008 Investigation of 
Defensive Medicine 

 Liability Premiums = $26,000,000,000/year 

 2000% increase vs. 1975 

 Annual growth rate = 12%, 4x inflation 

 83% of physicians practiced defensive medicine 

 Defensive Practice:  

 Imaging:   

 Plain x-rays 22%,  

 CT 28%,  

 MR 27% 

 US 24% 

 Other: 

 specialty referral/consult 28%, 

 laboratory studies 18%, 

  hospital admission 13% 

 28%: Liability concerns affected their care of patients “a lot” 
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Of 2000 Orthopedists surveyed, 96 %  of respondents(1214) reported 
they had practiced defensive medicine by ordering scans, laboratory 
tests, specialist referrals or hospital admissions mainly to avoid 
possible malpractice claims. On average, 24 percent of all the ordered 
tests were for defensive reasons. 

Using the American Medical Association's billing codes as a reference point 
for costs, researchers determined that orthopedic surgeons spent nearly 
$8,500 per month -- nearly a quarter of their total practice costs -- on 
defensive medicine, adding up to an average of nearly $102,000 per doctor 
each year. Given the 20,400 practicing orthopedic surgeons in the United 
States, this amounts to $173 million per month and $2 billion annually 
nationwide 

M Sethi, Vanderbilt, AAOS Annual Mtg 
2-9-2012 

Fear of Lawsuits Influences Care From Most Orthopedic Surgeons:  
More than 95 percent said they ordered unnecessary tests, referrals and 
hospitalizations to protect themselves 
  



Lack of Knowledge by Referring 
Clinicians 
 Most physicians want to do the right thing for 

their patients 

 Medical imaging is increasingly complex 

 Best imaging practices can change rapidly – 
imaging for acute CVA, US vs. CT for 
appendicitis, PET/CT for cancer imaging, cMR for 
CAD 

 Physicians can’t possibly keep up with all areas of 
medicine 

 Non-physician practitioners provide increasing 
amounts of care, and they order imaging  studies 
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Scheduling a repeat CT scan for patients with mild traumatic 
brain injury and stable neurologic signs is unnecessary, given 
that it rarely changes management 

 Among all patients, the weighted rate of intervention 
based on neurologic examination was 2.7%, which was 
significantly higher than the 0.6% rate based on CT 
findings in the absence of neurologic changes. 

 Furthermore, the simple yet important neurological 
examination is the predictive factor of changing the 
management and guiding the need for repeat imaging after 
mild head injury 

 Considering that this practice is neither risk nor cost free, 
evidence-based rules should be implemented. 

 Almenawar et al, Neurosurgery 2013; 72: 56–64 



Variation in Use of Head CT by 
Emergency Physicians 

Unadjusted head CT ordering per physician:   

                 range  4.4% to 16.9% overall,    

                             15.2 to 61.7% for atraumatic HA 

Conclusion: ER Physicians vary significantly in use of 
head CT, even after adjusting for variables. 

 

 

                                                                       Prevedello et al., Am J Med, 2012, 125:356 
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Author’s specialty and conflicts of interest contribute to 
conflicting guidelines for screening mammography 

 
     Twelve guidelines were identified with a total of 178 physician authors 

from a broad range of specialties. Of the four guidelines not 
recommending routine screening, none had a radiologist member, 
whereas of the eight guidelines recommending routine screening, five 
had a radiologist member (comparison of the proportions, P=0.05). A 
guideline with radiologist authors was more likely to recommend 
routine screening (odds ratio=6.05, 95% confidence interval=0.57–∞, 
P=0.14). The proportion of primary care physicians on guideline panels 
recommending routine vs. nonroutine screening was significantly 
different (38% vs. 90% of authors; P=0.01). The odds of a 
recommendation in favor of routine screening were related to 
the number of recent publications on breast disease diagnosis 
and treatment by the lead guideline author (P=0.02). 
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Rising Costs in Medical Imaging 

 Diagnostic imaging has been the fastest growing component 
of medical expenditure in the United States, with an annual 
growth rate of 9% (through 2009). This rate is more than 
double the rate of general medical procedures (4.1%) 

 This growth is primarily due to high-tech procedures 

 High-tech procedures usually = high cost procedures 

 CMS reported 25% increase in “advanced imaging” from 2003 
to 2004 
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What W 

Service code 2006 cost 
Change in 
cost 

% Change in 
cost 

. Supplies and Devices $1332 $469 24.2% 

. ICU $984 $341 17.6% 

. 
Room & board, semi-
private 

$1841 $220 11.3% 

. OR services $729 $166 8.6% 

. Pharmacy $851 $150 7.7% 

. Room & board, private $795 $141 7.3% 

. Coronary Care $327 $97 5% 

. Laboratory $494 $70 3.6% 

. CT Scan $183 $63 3.3% 

. Cardiology $238 $47 2.4% 

. All Other $1796 $174 9% 

. Total $9569 $1938 100% 

What Hospital 
Inpatient 
Services 
Contributed the 
Most to the 
2001–2006 
Growth in the 
Cost per Case?. 

Maeda ET AL, Health 
Services research, 
47:1814, 2012 

http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2012.01460.x/abstract
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Health Care Cost Institute, May 2012 

 
Radiology procedure volume fell 5.4% in 2010 compared to 2009 among the three 
private payers that contributed data to the survey: Aetna, Humana, and United 
Healthcare 
 
2009: 1,253 radiology procedures per 1,000 insured individuals. 
2010: 1,185 radiology procedures per 1,000 insured individuals  
 
 Radiology was the only loser in outpatient procedure volume with a decrease of 2.7%,: 
   400 procedures per 1,000 insured in 2009  
   389 procedures per 1,000 insured in 2010.  
 
Use of diagnostic testing (i.e., laboratory and pathology services) increased by  
                           2.4%  
           ancillary services grew 0.6% 
           'other categories' segment grew 5.9%. 
ACR Assistant Executive Director for Government Relations and Health Policy Cynthia 
Moran said imaging is among the slowest-growing physician service expenditures. Said 
Moran, "Imaging is not a primary driver of healthcare costs, but it is a primary tool for 
saving and extending lives."  



Growth In Medicare Spending Per Beneficiary  
Continues To Hit Historic Lows 
 

 
 Expenditures per Medicare beneficiary increased by only 0.4% in 

fiscal year 2012, substantially below the 3.4% increase in per capita 
GDP (Exhibit 1).1 The very slow growth in Medicare spending in fiscal year 
2012 follows slow growth in 2010 and 2011. In 2010, spending grew at only 
1.8% per beneficiary, and in 2011 at 3.6 %. Over the three year period from 
2010-2012, Medicare spending per beneficiary grew an average of 1.9% 
annually, or more than 1 percentage point more slowly than the average 
annual growth of 3.2% in per capita GDP (that is, at GDP-1.3). 

 
 The aging of the US population will put strain on the financing of the 

Medicare program. Although growth in spending per beneficiary is 
projected at or below the rate of GDP per capita, the number of Medicare 
beneficiaries is projected to grow at approximately 3% annually. As a result, 
aggregate Medicare spending will account for a growing share of GDP over 
the next decade.  

January 7, 2013 

Richard Kronick and Rosa Po 



Cumulative Contribution of Aging and 
Excess Cost Growth to Medicare 

Spending Under OACT’s Alternative 
Scenario, 2013-2035 

Source: Office of the Actuary, CMS. Note: Analysis assumes that  

physician payment rates increase at1% per year from  

2013-2035, and does not reflect the 0% update  

in the American TaxpayersRelief Act of 2012.  



Patient Safety 

Goal: 

 To maximize the benefits of performing medical 
imaging and radiological procedures to outweigh 
any risk of harm to patients from radiation 
exposure 

 Eliminate poor imaging (repeated procedures) 

 Eliminate inappropriate utilization of medical imaging 
and radiological procedures (wrong procedure ordered) 
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Patient Safety 

What might the upper estimate of risks be? 

 

 Lifetime risk of fatal cancer from effective dose of 10 mSv 
from 1 CT or 1 nuclear medicine study is ~ 1/2000 or 0.05 
%*. 

 60 million CT scans and 20 million nuclear medicine 
scans annually in US might cause up to 40,000 fatal 
cancers. 
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U.S. FDA website 



What are the reasons for concern? 

 Evidence suggest overuse of imaging, worldwide 

 Overuse and Inappropriate use occur 

 Population radiation exposure is increasing, 2° 

   use of diagnostic ionizing radiation 
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Collective effective dose as a percentage for all exposure  
categories in 2006 

 NCRP report no. 160 (1). (Schauer D A, Linton O W Radiology 2009;253:293-296) 
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http://content.nejm.org/content/vol361/issue9/images/large/06t3.jpeg


Is CT Safe? 
Smith-Bindman et al, NEJM, 2010;363:1-4 
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In the US, 10% of population has a CT scan annually 
    (75 mil total), with 10% yearly increase 

Doses used in clinical practice are higher  
 than commonly reported, and vary  
 substantially within and among facilities 

Risk of cancer from a single CT scan could 
be as high as 1 in 80 



More risk than benefit for aggressive CT, 
PET/CT monitoring of eye cancer 
 Annual CT or PET/CT surveillance of patients with 

ophthalmic melanoma increases estimated lifetime 
attributable risk of imaging associated cancer between 0.9 
percent and 7.9 percent, depending on patient 
characteristics 

 While local control of choroidal melanoma is often 
achieved, five- and 10-year cumulative metastasis rates have 
been shown to be 25 percent and 34 percent 

 “With limited treatment options for metastatic disease, a 
discussion of the risks and benefits of the various 
surveillance methods must take place with patients during 
the course of their management”  

Wen et al, JAMA Ophthalmology, 1/13 



March 11, 2014 

The 600% increase in medical radiation exposure to the US population since 1980 
has provided immense benefit, but increased potential future cancer risks to 
patients. Most of the increase is from diagnostic radiologic procedures. 

Cancer risks associated with external radiation from 
diagnostic imaging procedures. 

To reduce future projected cancers from diagnostic procedures, we advocate 
1. the widespread use of evidence-based appropriateness criteria for 

decisions about imaging procedures 
2.  oversight of equipment to deliver reliably the minimum radiation required to 

attain clinical objectives 
3. development of electronic lifetime records of imaging procedures for patients 

and their physicians 
4. commitment by medical training programs, professional societies, and radiation 

protection organizations to educate all stakeholders in reducing radiation from 
diagnostic procedures.  

Linet MS, NCI 
CA Cancer J Clin. 2012 Feb 3. doi: 10.3322 

http://mailview.custombriefings.com/mailview.aspx?m=2009100901acrad&r=4653686-4985&l=013-e4e&t=c
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Cancer Screening Among Patients With Advanced Cancer  

           Context  Cancer screening has been integrated into routine 
                            primary care but does not benefit patients with limited life expectancy.  

 
Objective  To evaluate the extent to which patients  

                  with advanced cancer continue to be screened for new cancers.  

Conclusion  A sizeable proportion of patients  
with advanced cancer continue to  
undergo cancer screening tests that do not  
have a meaningful likelihood of providing benefit.  

Camelia S. Sima, MD, MS; Katherine S. Panageas, DrPH; 
Deborah Schrag, MD, MPH  
 
JAMA. 2010;304(14):1584-1591. doi:10.1001/jama.2010.1449 



Ionizing Radiation Exposure among Kidney Transplant 
Recipients Due to Medical Imaging during the Pretransplant 
Evaluation 

Among the 172 kidney transplant recipients, 905 procedures were 
performed. Seventy patients (40.7%) were exposed to low dose (0–20 
mSv), 51 (29.7%) were exposed to moderate dose (>20–50 mSv), 28 
(16.3%) were exposed to high dose (>50–100 mSv), and 23 (13.4%) were 
exposed to very high dose (>100 mSv) cumulative effective radiation. 
Nuclear stress tests accounted for 82.9% of the total radiation 
exposure. In multivariate analysis, older age, diabetes, and black race 
were associated with exposure to >20 mSv radiation during the pre-
transplant evaluation. 

 

 Kidney transplant recipients are exposed to large amounts of ionizing 
radiation from medical imaging during the pre-transplant evaluation. 
The effects of radiation upon malignancy risk and strategies to reduce 
this radiation exposure warrant further investigation 

Nguen et al., Clin J Am Soc Neph, 4-2012 



IAEA Estimate, 2012 

 Distinguish population from individual risk 

 Population studies too complex-need cellular 
definitions for modeling individual risk 

 Individual risk: perhaps none at <50 mSv/person/year 



What Can We Do? 

 Radiologists must act as consultants to their 
referring clinicians 

 Best examination may depend on local 
equipment and expertise 

 We can’t monitor every order before the study is 
done 

 Recognized criteria could help guide 
selection of proper examination (e.g., ACR 
Appropriateness Criteria®) 

 Integration into Radiology Information Systems 
could help steer to appropriate imaging request 
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Valid Clinical Imaging Referral 
Guidelines 

 Require high-quality, reproducible methodology 

 Must be regularly updated and widely accepted 

 Difficult and expensive to achieve! 

 Reality: 1. Guidelines are used only if mandated, 
accessible and acceptably high quality 

                    2. Guidelines are difficult, time 
consuming and expensive to creat, maintain and 
deploy 



Challenges/Goals 
 Guidelines must be based on sound methodology 

 There is a need for imaging referral guidelines, in 
useable form 

 Such decision support must be comprehensive, user-
friendly, relevant and interactive 



Ideal Clinical Imaging Guidelines 
 Evidence-based 

 Produced by experts in imaging, supplemented by 
others 

 Consistent, transparent accepted methodology (e.g., 
Rand, AGREE, use of Delphi process) 

 Updated regularly (e.g., q 2 years) 

 Widely accepted 

 Readily available-on-line, as data base, as part of CPOE 
or DSS 
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