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INVITED COMMENTARY

Emergency Department Neuroimaging:
Are We Using our Heads?

P

atterns of neuroimaging use in emergency settings vary widely. A study of Canadian EDs found
that neuroimaging rates for patients with minor
head trauma with similar characteristics ranged from 16%
to 70% between hospitals and 6% to 80% among individual physicians.1 Understanding these variations is a
key step to determine appropriate use.

See also page 260
In this issue of the Archives, Raja and colleagues report head CT and MRI rates in US EDs from 2007. The
national average rate for neuroimaging in the ED was
6.7%. Rates were higher in elderly patients, in urban settings, and in nonprofit hospitals. The 3 leading complaints associated with neuroimaging were trauma, headache, and dizziness, and the 3 leading discharge diagnoses
were trauma, headache, and seizure. While previous studies have reported local imaging rates2,3 and rates of imaging

in subpopulations with specific complaints,4,5 this report provides neuroimaging rates from a national sampling of undifferentiated patients.
There are some challenges with extrapolating data from
this study. Because the data are at the visit level rather than
patient level, it is possible that a single patient generated
multiple visits (and multiple CT scans). Also, because individual EDs were sampled over 4-week periods, it is possible that frequent visitors could have attended surrounding EDs. Finally, the usual limitations of using an
administrative data set are present, including potentially
lower accuracy of International Classification of Diseases,
Ninth Revision, Clinical Modification coding and procedure codes (from which these imaging rates are obtained)
and self-reported data fields (eg, race/ethnicity, where there
is approximately a 15% nonresponse rate and therefore includes imputed values).
Even with such limitations, this study provides a valuable benchmark for national neuroimaging rates. What
this report cannot answer, however, is whether our current imaging rates are too low (resulting in significant
amounts of inappropriately missed disease), just right,
or too high (resulting in excessive risks from imaging without significant improvements in outcomes). One reason
for concern that rates might be too high is that the use
of medical imaging over the past 2 and a half decades has
increased anywhere from 6-fold6 to 20-fold.7 Reasons for
increased imaging, especially CT scanning, include increased availability, improved acquisition times, improved image accuracy and detail, and the desire for increased diagnostic certainty.8
Besides the increase in the shear numbers of scans, there
is also reason to worry about the doses of radiation delivered with any one scan. A recent report in the New York
Times described a group of patients who presented with
complaints and findings consistent with radiation poisoning, including hair loss in a circumferential band. It was
discovered that these patients had received toxic doses of
radiation during CT scanning of the head to evaluate for
suspected stroke.9 Research suggests that such experiences may present a more systematic problem than previously recognized. In an evaluation of medical imaging
at 4 hospitals, Smith-Bindman and colleagues10 reported
that effective doses varied significantly (13-fold mean variation). For routine head CT scans, the minimum and maximum effective doses recorded ranged from 0.3 to 6 mSv,
and for stroke studies, the doses ranged from 4 to 56 mSv.
Our ultimate goal in ordering medical imaging is to
gain knowledge that will lead to an effective intervention. Said another way: no one’s condition ever improves solely by having an imaging test. We would like
to avoid unnecessary exposure to radiation, its consequent risks, and also detection of incidental findings that
can lead to patient concern, further medical evaluation
(often including further imaging and radiation), and interventions of undetermined value.
The development of decision rules represents an important step toward this goal. Neurotrauma is the leading indication for neuroimaging in the ED with 1.42 million head CT scans ordered annually for this indication
based on this report by Raja and colleagues. There has
been a significant investment in research to assist clini-
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cians in selection or exclusion of neuroimaging for these
patients. However, as with many decisions rules, the question remains: what is the desired outcome? Should our
goal be the detection of any “radiologically significant”
injury, of which most (approximately 90%-99%11-17) are
nonsurgical and do not lead to additional intervention?
Or should it be detection of only those injuries requiring neurosurgical intervention (ie, a clinical outcome)?
How much specificity is it worth sacrificing to increase
our sensitivity for radiologically significant injury?
A recent study compared the sensitivity and specificity of 6 guidelines for minor head injury.18 For detection of neurosurgical lesions, all of the decision rules were
exquisitely sensitive, showing narrow confidence intervals that reached 100%. For positive predictive value, however, there were significant variations. The best performing rule, the Canadian High Risk Rule, would have
required 39 CT scans to detect 1 neurosurgical lesion.
The worst performing rules, the New Orleans and the National Institute for Health and Clinical Excellence, would
have required 52 and 54 CT scans, respectively, to achieve
the same. Given the 1.4 million head CT scans ordered
for trauma in the United States, use of the New Orleans
rule for mild head trauma could result in 450 000 more
CT scans per year compared with use of the Canadian
Rule without a corresponding increase in detection of injuries requiring neurosurgical intervention.19
Despite this information, current medical society (and
Centers for Disease Control and Prevention) recommendations for imaging of minor head trauma in the United
States use New Orleans criteria, which is most sensitive
for radiologically significant disease.20,21 One widely cited
validation study of this rule, however, reported a specificity of only 3%. Clearly, casting a net widely exposes
many more patients to the expense and exposure of
imaging. While the goal of these consensus guidelines
is to reduce unnecessary imaging, we have learned from
experience the fine balance between high sensitivity and
lower specificity when developing and applying decision rules. More than a decade ago, guidelines for the use
of lumbar spine radiographs were promulgated to improve the accuracy of imaging in low-back pain, based
on identification of “red flags” for infection fractures and
tumors. When these guidelines were retrospectively evaluated in a large family practice population, their use would
have resulted in a 238% increase in use.22 This experience provides an important lesson in the unintended consequences of well-intended decision rules.
One approach to address the debate over how to identify and approach radiologic vs clinical outcomes is the
development of a “2-tiered” decision rule. The first tier
mandates neuroimaging to identify patients at highest risk
for neurosurgical disease. The second tier allows for either
imaging or an observation period in the group at risk for
radiologically significant findings but without significant
risk for neurosurgical intervention.23,24 The desired management of second-tier patients will vary by setting, patient preference, and clinician preference. This approach
has been successfully used in the Canadian imaging rule
for adults and, more recently, a decision rule for children.23,24
The desire to improve “diagnostic certainty” through
increased use of medical imaging, however, may remain

unrequited. As noted in a now famous editorial by Jerome
Kassirer,25(p1273)
diagnostic certainty usually is unattainable; it is frequently not
required for optimal care; and because all tests are imperfect
and some impose risk, the attempt to reach certainty with more
and more tests sometimes produces substantial harm. . . . The
errors and risks inherent in diagnostic tests demand that we
think about their use in terms of the probabilities and values
of outcomes we are trying to achieve.

As a society and as a profession, we cannot allow the temptation for diagnostic certainty to undermine the intent
of our profession: the patient’s best interest. It has been
estimated that approximately one-third of all CT scans
in the United States are not medically necessary.7 To
achieve the best interests of our patients, we must be led
by our heads, not by our technology.
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16. Norlund A, Marké LA, af Geijerstam JL, Oredsson S, Britton M; OCTOPUS

(REPRINTED) ARCH INTERN MED/ VOL 171 (NO. 3), FEB 14, 2011
263

WWW.ARCHINTERNMED.COM

©2011 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 09/04/2015

17.

18.
19.
20.

21.
22.
23.

24.
25.

Study. Immediate computed tomography or admission for observation after mild head injury: cost comparison in randomised controlled trial. BMJ.
2006;333(7566):469.
Sadowski-Cron C, Schneider J, Senn P, Radanov BP, Ballinari P, Zimmermann H. Patients with mild traumatic brain injury: immediate and longterm outcome compared to intra-cranial injuries on CT scan. Brain Inj. 2006;
20(11):1131-1137.
Stein SC, Fabbri A, Servadei F, Glick HA. A critical comparison of clinical decision instruments for computed tomographic scanning in mild closed traumatic
brain injury in adolescents and adults. Ann Emerg Med. 2009;53(2):180-188.
Smits M, Dippel DW, de Haan GG, et al. External validation of the Canadian CT Head Rule and the New Orleans Criteria for CT scanning in patients with minor head injury. JAMA. 2005;294(12):1519-1525.
Jagoda AS, Bazarian JJ, Bruns JJ Jr, et al; American College of Emergency
Physicians; Centers for Disease Control and Prevention. Clinical policy: neuroimaging and decisionmaking in adult mild traumatic brain injury in the
acute setting. Ann Emerg Med. 2008;52(6):714-748.
Centers for Disease Control and Prevention. Mild TBI Pocket Guide. Atlanta, GA: Centers for Disease Control and Prevention; 2008. http://www
.cdc.gov/concussion/pdf/TBI_Pocket_Card-a.pdf. Accessed September 8, 2010.
Suarez-Almazor ME, Belseck E, Russell AS, Mackel JV. Use of lumbar radiographs for the early diagnosis of low back pain: proposed guidelines would
increase utilization. JAMA. 1997;277(22):1782-1786.
Kuppermann N, Holmes JF, Dayan PS, et al; Pediatric Emergency Care Applied Research Network (PECARN). Identification of children at very low
risk of clinically-important brain injuries after head trauma: a prospective
cohort study. Lancet. 2009;374(9696):1160-1170.
Stiell IG, Wells GA, Vandemheen K, et al. The Canadian CT Head Rule for
patients with minor head injury. Lancet. 2001;357(9266):1391-1396.
Kassirer JP. Our stubborn quest for diagnostic certainty: a cause of excessive testing. N Engl J Med. 1989;321(18):1272-1273.

COMMENTS AND OPINIONS

Cardiac Function in 5-Year Survivors
of Childhood Cancer

T

he article by van der Pal et al1 on cardiac function in survivors of childhood cancer is very concerning, reporting a 27% incidence of abnormal cardiac function. However, the authors define
abnormal cardiac function as a left ventricular shortening fraction (LVSF) below 30%. This level appears to have
been chosen based on extrapolation to an ejection fraction of 50%. This is considerably higher than many standard references that quote a lower limit for LVSF of 27%
to 28%.2,3 Although difficult to extrapolate from the limited data provided, even a 20% decrease in the threshold for shortening fraction would dramatically decrease
the incidence of abnormal left ventricular function. While
the article by van der Pal et al1 provides valuable data on
risk factors for late cardiac complications of cancer
therapy, the inappropriately high threshold for cardiac
function chosen by the authors yields a distortion in what
may be the true incidence and is needlessly alarming.

ber quantification: a report from the American Society of Echocardiography’s Guidelines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology. J Am Soc
Echocardiogr. 2005;18:1440-1463.
3. Gutgesell HP, Paquet M, Duff DF, McNamara DG. Evaluation of left ventricular size and function by echocardiography: results in normal children.
Circulation. 1977;56(3):457-462.

In reply

Rosenberg suggests that our definition of an LVSF of less
than 30% as an abnormal cardiac function in a series of
asymptomatic adult childhood cancer survivors is inappropriate.1 We respectfully disagree. Our choice was based on
the Common Terminology Criteria for Adverse Events
(CTC-AE), an established scoring system for both acute and
chronic conditions in patients with cancer,2 and using the
lower thresholds for children,3 as Rosenberg suggests, is not
adequate in our adult population. We acknowledge, however, that any dichotomization of a continuous measurement for the identification of a pathological condition may
be overly simplistic. Indeed, the choice of an LVSF threshold for the definition of abnormal cardiac function matters
for the prevalence estimate in our study: 27% of the survivors have an LVSF less than 30%, while 20.2% have an LVSF
less than 29% and 15% have an LVSF less than 28%. It does,
however, not matter for our conclusions on the determinants of decreased LVSF because those were based on linear regression analyses of continuous LVSF.
An important question is if a decreased LVSF due to childhood cancer treatment is associated with a higher risk of
symptomatic clinical heart failure (CHF) in the long term.
Although the risk of developing CHF in childhood cancer
survivors is high,4 studies in survivors focusing on the predictive value of abnormal LVSF for later CHF are still lacking. Current data, in other patient populations, suggest that
an abnormal LVSF is associated with an increased risk of
CHF.5,6 Moreover, early treatment of asymptomatic left ventricular dysfunction can improve cardiac outcome.5 Therefore, we believe our data support the need for lifelong riskstratified medical surveillance of childhood cancer survivors
for the early detection of adverse events that are amenable
to intervention.
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