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 Provide historical context
◦ Developed by ACEP in collaboration with CDC
◦ Search and grading conducted 10 years ago

 Critical Question 1 most relevant to “avoidable imaging”
◦ Who needs head CT?

• Critical Q 2 & 3 address roles of MRI and biomarkers
◦ Lack of evidence for Level A or Level B recommendations

 Critical Q 4 addresses disposition following negative CT
◦ Yes, may be discharged….except inadequate data for bleeding 

disorders, anticoagulation, antiplatelets, previous 
neurosurgery



 Guideline intended for adults with blunt head 
trauma
◦ Present to ED within 24 hours of injury
◦ GCS 14 or 15
◦ 16 years or older

 Exclusions
◦ Penetrating trauma
◦ Multisystem trauma
◦ Age < 16
◦ GCS < 14

 Primary outcome: acute traumatic intracranial 
lesion on CT



 Head CT indicated with LOC or amnesia only 
if one or more of the following is present:
◦ Headache
◦ Vomiting
◦ Age > 60 years
◦ Drug or alcohol intoxication
◦ Deficits in short-term memory
◦ Trauma above the clavicle
◦ Post-traumatic seizure
◦ GCS < 15
◦ Focal neurologic deficit
◦ Coagulopathy



 Head CT should be considered with no LOC 
or amnesia if any of the following:
◦ Focal neurologic deficit
◦ Vomiting
◦ Severe headache
◦ Age > 65 years
◦ Signs of basilar skull fracture
◦ GCS < 15
◦ Coagulopathy
◦ Dangerous mechanism of injury* 



 GCS 13-14 or 15 with a “risk factor”
 N = 3,181 in Netherlands
 Primary outcome: any traumatic finding on CT
◦ New Orleans Criteria adapted
 Se = 99% (98 to 100%) 
 Sp = 3% (1 to 5%)
 LR+ = 1; LR- = 0.3

◦ Canadian Rule adapted  
 Se = 85% (81 to 89%)
 Sp = 40% (37 to 42%)
 LR+ = 1.4
 LR- = 0.4

JAMA. 2005;294(12)



 Enrolled 2,707 with GCS 13-15
 Subgroup analysis with GCS = 15 (n = 1822)
 Secondary outcome: clinically important

injury
◦ New Orleans Se = 100%; Sp = 13% (11 to 14%)
 LR+ = 1
 LR - = 0.1
◦ Canadian Rule Se = 100%; Sp = 51% (48 to 53%)
 LR+ = 1.7
 LR - = 0.3

JAMA. 2005;294(12)



Success Story – BWH Head and PE 
CTs with Clinical Decision Support

Ali S. Raja, MD, MBA, MPH

Vice Chairman ‐ Department of Emergency Medicine, Massachusetts General Hospital
Senior Faculty ‐ Brigham and Women’s Hospital Center for Evidence‐Based Imaging
Associate Professor of Emergency Medicine and Radiology ‐ Harvard Medical School

Executive Director, Harvard Medical School Library of Evidence

@AliRaja_MD



Financial Conflicts of Interest:
None



Head CT ordering rates: BWH ED in 2009 

3-fold inter-physician variation (21.2%-60.1%) remained after multivariable adjustment
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2016 implications: Cost?  Radiation exposure?

Prevedello L, et al. Am J Med. 2012 Apr;125(4):356-64.





Clinical Decision Support for
Adaptive Data Collection





Lesson One

One Specialty Cannot Implement 
Imaging CDS Alone



The CT-PE Problem

Life-threatening diagnosis +
Low-threshold for missed diagnosis +
Readily available definitive diagnostic test +
No physician consequences for over-testing =

Rapidly increasing PE-protocol CT ordering



Incidence and mortality of pulmonary embolism 
in the United States, 1993–2006

Wiener,. Schwartz, Woloshin. Arch Intern Med. 2011 May 9; 171(9): 831–837.



Solutions?

Emergency Medicine Interventions:
- Failed

- Not integrated into imaging requests
- Education only, Not point-of-care

Radiology Interventions:
- Failed

- Presented novel information at the point-of care, 
halting flow
- No internal champions











Inpatient CTPA USE

Month 31
26.0 per 1000 admissions 

Month 32
22.8 per 1000 admissions 

Relative reduction 12.8% p=0.008 

No significant increase or decrease in 
CTPA use trends, p=0.52

Dunne R, et al. Radiology. February 2015.



Impact of effective CDS  on “Choosing 
Wisely” Initiatives

• CT for suspected pulmonary embolism: (ACEP)
– ED use      20%; yield up 69% over 2 years
– Inpatient use      13% over one month, then stable

• MRI for low back pain: (ACP)
– Outpatients: MRI use      30% on day of PCP visit;          
12.3% within 30 days of index PCP visit

• CT for minor traumatic brain injury (ACEP)
– 13.4%     in use of CT in ED 

All above now published or in press in peer reviewed journals



Lesson Two

CDS Must be Based on 
High Quality Evidence





CMS
Medicare Imaging Demonstration 

(MID: 11/2011-9/2013)

• Designed as an alternate to preauthorization, MID 
assessed impact of CDS based on a broad set of 
professional society guidelines

• Evidence was limited to ONLY these MID 
guidelines

• BWH used same ‘syringe’ as used in prior CDS



MID: BWH Convenership
83,064 orders in the intervention period

Alert/Behavior Control Intervention P value

Actionable alerts 7.9% 5.7% <0.001

Alerts ignored ‐‐‐ 98.9% (n=82,188) N/A

Exams modified ‐‐‐ 1.07% (n=903) N/A

Exams cancelled  ‐‐‐ 0.03% (n=23) N/A



Protecting Access to Medicare Act (2014)

Ordering professionals advanced imaging services 
must be exposed to evidence-based Appropriate 
Use Criteria (AUC) via CDS

– Consequence for failure—imaging provider will not be 
paid



PAMA rules: Key provisions
• Specified AUC will be developed and published by 

“qualified provider-led entities”

– qPLE must have rigorous processes to assess and 
grade the evidence using a multidisciplinary team, and 
then publish evidence-based criteria online

– Implementation date initially January 2017, now 
delayed 



Lesson Two

CDS Must be Based on 
High Quality Evidence





Harvard Medical School Library of 
Evidence

• A national public domain repository of objectively 
scored, health IT consumable evidence from any 
source designed to
– Accelerate adoption of CDS for imaging 
– Highlight high priority clinical conditions where strong 

evidence is lacking to stimulate discovery







Lesson Three

CDS is only the First Step













Imaging/
Condition

Reference Type Control Intervention P value

Head CT/ ED 
minor trauma

(ACEP) 

Gupta 
JAMIA 2014

Education only  49% 76% < 0.001

Chest CT/ED
PE (NQF)

Raja
Acad Rad 2014

Education only 57% 76% <0.01

Chest CT/ED
PE (NQF)

Raja
AJR 2015

Add MD 
feedback

78% 85% <0.05

LS MRI/
ambulatory

(ACP)

Ip
American J Med 

2013

Add peer to 
peer, MD 
feedback

78% 96% <0.005

Impact of CDS-enabled Interventions on 
Documented Adherence to Evidence



Lessons Learned

1 One Specialty Cannot Implement Imaging 
CDS Alone

2 CDS Must be Based on High Quality 
Evidence

3 CDS is only the First Step
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Canadian CT Head Rule:
Learning Objectives

To understand the evidence 
behind the Canadian CT Head 
Rule 

To review how to use the CCHR 
on your patients



Minor Head Injury:
The Clinical Problem
6,000,000 head injury cases / 
year in Canadian and U.S. EDs
Classic minor head injury: 
Transient neurological 
impairment 
GCS 13‐15 

<1% risk of epidural 
hematoma and need for 
intervention
Yield of CT very low in North 
America



Minor Head Injury:
Case Study #1
45 y.o. male knocked out x 1 
minute with baseball bat
headache, no amnesia, no 
vomiting
Pmh = 0; Meds = 0
Alert, contusion forehead, 
GCS=15, neuro = N
What do you do?
CT head
Observe
Discharge with no imaging



Minor Head Injury:
Case Study #2
75 y.o. female walked into 
door, no loss of consciousness 
Laceration eyebrow, no 
amnesia, no vomiting
Pmh = HTN; Meds = diuretic
Alert, 2 cm laceration 
eyebrow, GCS=15, neuro = N
What do you do?
CT head
Observe
Discharge with no imaging



Canadian CT Head Rule

Variation (N=1,699)  
Annals EM  1997

Derivation (N=3,121)  
The Lancet  2001

Validation (N=2,707)
JAMA  2005 

Implementation (N=4,531) 
CMAJ  2010



• 4,531 patients in 12 EDs
• Found barriers to KT

JAMA 2005



JAMA 2005



JAMA 2005



• 4,531 patients in 12 EDs
• No missed injuries
• Barriers to KT



Conclusions:
Canadian CT Head Rule

Accurate and reliable for CT 
imaging  in minor head injury 
patients 

Could safely limit use of 
imaging

Also ensures that patients at 
risk receive CT in a timely 
manner



How to Use the 
Canadian         
CT Head Rule



The Canadian CT Head Rule Should 
Only be Used for these Patients:

Minor head injury with one of:
Witnessed loss of consciousness
Amnesia for the injury
Confusion after the injury

GCS  13‐15 on ED arrival
Injury < 24 hours



The Canadian CT Head Rule Should 
Not be Used for these Patients:

< 16 years of age

Minimal head injury without:
Loss of consciousness
Amnesia
Confusion

GCS < 13

Major trauma (head, chest, 
abdomen, # femur, hypotension) 

Oral anticoagulants 



High Risk (for Neurological Intervention)

1. GCS score < 15 at 2 hrs after injury
2. Suspected open skull fracture
3. Any sign of basal skull fracture
4. Vomiting ≥ 2 episodes
5. Age ≥ 65 years

Medium Risk (for Brain Injury on CT)

6. Amnesia before impact ≥ 30 min
7. Dangerous mechanism (pedestrian,      

occupant ejected, fall from elevation)



Dangerous Mechanism of Injury

1. Pedestrian struck by a vehicle
2. Occupant ejected from motor vehicle
3. Fall from elevation ≥ 3 feet or 5 stairs



Minor Head Injury:
Case Study #1
45 y.o. male knocked out x 1 
minute with baseball bat
headache, no amnesia, no 
vomiting
Pmh = 0; Meds = 0
Alert, contusion forehead, 
GCS=15, neuro = N
What do you do?

Discharge with no imaging



Minor Head Injury:
Case Study #2
75 y.o. female walked into 
door, no loss of consciousness 
Laceration eyebrow, no 
amnesia, no vomiting
Pmh = HTN; Meds = diuretic
Alert, 2 cm laceration 
eyebrow, GCS=15, neuro = N
What do you do?

Discharge with no imaging



The Canadian CT Head Rule:
Tips and Precautions

The Rule can be safely used for patients 
who have been drinking if they are 
cooperative 

Patients without a history of loss of 
consciousness, amnesia, or confusion rarely 
need a CT scan

Patients >65 do not need a scan just based 
on their age if they do not have this history



The Canadian CT Head Rule:
Learning Aids



The Canadian CT Head Rule:
Learning Aids



High Risk (for Neurological Intervention)

1. GCS score < 15 at 2 hrs after injury
2. Suspected open skull fracture
3. Any sign of basal skull fracture
4. Vomiting ≥ 2 episodes
5. Age ≥ 65 years

Medium Risk (for Brain Injury on CT)

6. Amnesia before impact ≥ 30 min
7. Dangerous mechanism (pedestrian,      

occupant ejected, fall from elevation)



Emergency Medicine 
Research: 

Good Patient Care Requires 
Good Evidence







Avoidable Imaging Webinar: 
Thursday, September 15 
1:00pm‐2:00pmEST 

ACEP E‐QUAL Network Resources and More 
Information:

www.acep.org/equal

Contact Nalani Tarrant (Project Manager): 
ntarrant@acep.org


