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REVIEW ARTICLE

Headache and Neuroimaging: Why We Continue to Do It
J.E. Jordan and A.E. Flanders

ABSTRACT

SUMMARY: The appropriate imaging of patients with headache presents a number of important and vexing challenges for clini-
cians. Despite a number of guidelines and studies demonstrating a lack of cost-effectiveness, clinicians continue to image patients
with chronic nonfocal headaches, and the trend toward imaging is increasing. The reasons are complex and include the fear of
missing a clinically significant lesion and litigation, habitual and standard of care practices, lack of tort reform, regulatory penalties
and potential impact on one’s professional reputation, patient pressures, and financial motivation. Regulatory and legislative
reforms are needed to encourage best practices without fear of professional sanctions when following the guidelines. The value of
negative findings on imaging tests requires better understanding because they appear to provide some measure of societal value.
Clinical decision support tools and machine intelligence may offer additional guidance and improve quality and cost-efficient man-
agement of this challenging patient population.

ABBREVIATIONS: AI ¼ artificial intelligence; CDS ¼ clinical decision support; ED ¼ emergency department

EPIDEMIOLOGY

Appropriate imaging for patients presenting with headache
continues to be a ubiquitous challenge for clinicians, and

headache is an ancient problem—as old as humanity—with an-
cient references to headache in a number of archaic works.1,2 The
Ebers Papyrus (1200–1500 BC) referred to headache and other
neurologic disorders. Visual symptoms associated with headache
were described by Hippocrates in 400 BC. Aretaeus provided
one of the earliest classifications of headache around 200 AD.
Regarding treatment of headache, there is evidence of trepanation
of 9000-year-old Neolithic skulls, suggesting some of the first ther-
apeutic approaches. Hippocrates described cupping methods,
using a cup to create a partial vacuum to induce blood-flow to the
painful site for intense headache pain but cautioned against treat-
ment of more benign headache causes. Aretaeus recommended

cupping if bloodletting from the arm or forehead did not relieve
headache symptoms.2

Much criticism has been generated regarding overuse of
advanced imaging modalities, given that most patients with chronic
headache and a lack of focal neurologic signs or symptoms will have
negative findings. This has been viewed as a costly and wasteful use
of resources. Furthermore, headache syndromes account for an esti-
mated 12 million visits per year in the United States, approximating
over $78 billion per year in direct and indirect costs.1,3,4 Direct costs
include outpatient services, medications, office or clinic visits, emer-
gency department visits, laboratory and diagnostic services, and
management of treatment of adverse effects. Indirect costs include
the impact on education, career, earnings, social acceptance,
patients’ psychological and emotional control over their headaches/
lives, lost days from productive work, housework, and social activ-
ities. The life-long prevalence of experiencing any type of headache
is 96%. The global prevalence of tension headache is 40%, and mi-
graine, 10%.2,4 Of 301 acute and chronic diseases tracked by the
Global Burden of Disease studies, 2 headache forms are ranked
among those with the highest prevalence, tension and migraine
headaches.5-7

Headache disorders now rank third among the worldwide
causes of disability, measured in years of life lost to disability.6

The age-adjusted prevalence of headache (16.1%) in US adults
ranked third behind low back pain (28.1%) and knee pain
(19.5%) in a review of chronic pain by the Institute of Medicine.8

The prevalence rate for headache for the lowest socioeconomic
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groups in the United States is about 75% higher than in the high-
est socioeconomic groups. The higher prevalence rates hold true
for other causes of chronic pain as well, including low back pain,
knee pain, and neck pain.8 In short, a greater burden of chronic
pain attributable to headache (and other chronic pain syn-
dromes) appears to be borne by those who may have more lim-
ited resources for coping with chronic pain.

CLASSIFICATION SCHEMES
The first proposals in the modern era for the classification of head-
ache disorders were made in the 1960s by the National Institutes of
Health and the Research Group on Migraine and Headache of the
World Federation of Neurology.9-11 However, the work emanating
from these groups was limited in that the work merely constituted
a listing of a relatively few headache disorders without diagnostic
criteria, and the clinical utility was limited.11

In 1988, the International Headache Society published the
first clinically oriented classification system, the International
Classification of Headache Disorders.12 This gained interna-
tional acceptance and is recognized by the World Health
Organization as the definitive and reference standard for the
classification and categorization of headache disorders. The
third edition was published last year (Table 1).13 Major US
organizations providing clinical guidance include the US
Headache Consortium, the American Academy of Neurology,

the American College of Emergency Physicians, and the
American College of Radiology.

A number of authors have also sought to identify worrisome
features that could warrant imaging of patients with headache to
provide practical clinical guidance. The pneumonic SNOOP has
been used to indicate features that could raise clinical concern and
warrant imaging in both adult and pediatric populations such as
the presence of the following: systemic symptoms (eg, fever, HIV),
neurologic signs, onset pattern (eg, thunderclap, sudden), older age
onset, or pattern change.14-17 Other red flags include papilledema,
systemic illness including rash or neck stiffness, headache triggered
by cough or exertion, headache and pregnancy (or postpartum pe-
riod), worst headache of one’s life, and so forth.1 The American
College of Radiology has endeavored to provide guidance for imag-
ing of patients with headache based on a number of clinical var-
iants.18 The American College of Radiology Appropriateness
Criteria rank the use of imaging in patients with headache for a
given clinical variant with a score of 1–9, with 7–9 meaning usually
appropriate, 4–6 may be appropriate, and 1–3 usually not appropri-
ate. If there is wide dispersion of scores among panel members, a
ranking of “may be appropriate” can result, corresponding to a
score of 5. All scoring is based on expert opinion and the Delphi
method, in addition to a critical review of the existing literature. For
example, in the case of chronic headache with no new features and
normal neurologic examination findings, advanced imaging such as
CT or MR imaging would not be considered appropriate.
Conversely, a headache with new neurologic features would be con-
sidered appropriate for MR imaging or CT, with MR imaging hav-
ing the highest ranking. A summary of the clinical variants is
shown in Table 2.

USE AND COST-EFFECTIVENESS OF IMAGING IN
HEADACHE
Despite the availability of practice guidelines, appropriateness crite-
ria, and practice parameters, the use of imaging in patients present-
ing with headache appears to be increasing. In a study reviewed in
the American Emergency Medical Journal, it was found that imaging
of patients presenting to the emergency department during a 10-
year period (1998–2008) increased from just under 5% in 1998 to
approximately 15% by 2008,19 despite the rate of significant intra-
cranial pathology declining in the same period from about 10% to
,5%. The tripling of the imaging use rate for headache was accom-
panied by a tripling of the use of CT andMR imaging for all patients
presenting to the emergency department. Other research published
in JAMA Internal Medicine corroborated the trend with increasing
use of neuroimaging for the entire headache population studied
from 1995 through 2010, increasing from approximately 5% in 1995

Table 1: Headache Classification Committee of the
International Headache Society—The International
Classification of Headache Disorders
Part 1: The primary headaches
1) Migraine
2) Tension-type headache
3) Trigeminal autonomic cephalgia
4) Other primary headache disorders

Part 2: The secondary headaches—headache
(or facial pain) attributed to:
5) Trauma or injury to the head and/or neck
6) Cranial or cervical vascular disease
7) Nonvascular intracranial disorder
8) A substance or its withdrawal
9) Infection
10) Disorder of homeostasis
11) Disorder of the cranium, neck, eyes, ears,
nose, sinuses, teeth, mouth, or other facial or cervical
structure
12) Psychiatric disorder

Part 3: Painful cranial neuropathies, other
facial pains, and other headaches
13) Painful cranial neuropathies and other facial pain
14) Other headache disorders (not classifiable)

Table 2: From the American College of Radiology Appropriateness Criteria—Headache Clinical Variants (revised, 2019)
Variant 1: Sudden, severe headache or “worst headache of life.” Initial imaging.
Variant 2: New headache with optic disc edema. Initial imaging.
Variant 3: New or progressively worsening headache with one or more of the following “red flags”: subacute head trauma, related activity
or event (sexual activity, exertion, position), neurologic deficit, known or suspected cancer, immunosuppressed or
immunocompromised state, currently pregnant, or 50 years of age or older. Initial imaging.

Variant 4: New headache. Classic migraine or tension-type primary headache. Normal neurologic examination findings. Initial imaging.
Variant 5: New primary headache of suspected trigeminal autonomic origin. Initial imaging.
Variant 6: Chronic headache. No new features. No neurologic deficit. Initial imaging.
Variant 7: Chronic headache. New features or increasing frequency. Initial imaging.
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to 15% in 2010.20 Equally concerning is that while advanced imag-
ing use continued to increase, referrals to specialists for the head-
ache population also increased in that time period, as well as the use
of certain medications, especially the triptans and ergot alkaloids
used to treat migraine headaches. Paradoxically, lifestyle modifica-
tion that could be an effective tool to reduce use actually decreased
from about 23.5% to 18.5% in the same period.4

The cost-effectiveness of imaging of patients with chronic
headache and nonfocal neurologic signs or symptoms is lacking
according to a number of published studies. From a historical per-
spective, even earlier published studies failed to show cost-effec-
tiveness in the imaging of patients with headache and nonfocal
neurologic examinations. This finding holds true even though
imaging techniques and cost have evolved since the earlier studies.
One of the earliest studies was performed by Larson et al,21 who
found that the cost of finding a case of brain tumor in 1980 was
estimated to be at least $1265 ($3805 in 2018 dollars) for patients
with abnormal findings on neurologic examinations and $11,901
($35,799 in 2018 dollars) for patients with normal findings on neu-
rologic examinations. Some years later Akpek et al22 found similar
results from a sample of 592 patients presenting with headache
and no focal findings. Their calculations yielded a cost per clini-
cally significant case using marginal cost estimates of $23,400
($41,528 in 2018 dollars). Jordan et al23 looked at a similarly pre-
senting cohort of 328 patients undergoing MR imaging and
hypothesized that MR imaging might be more sensitive in detect-
ing significant pathology than CT. They found that only 1.5% of
patients had clinically significant MR imaging results. The cost per
clinically significant managed case detected was $34,535 (2018 dol-
lars). No statistically significant difference was found among refer-
ring specialties and clinically significant MR imaging results.2

Jordan et al23 also studied patients in the emergency depart-
ment (ED) presenting with headache and nonfocal neurologic
examinations, hypothesizing that patients experiencing headache
severe enough to prompt an ED visit might result in a higher
yield of significant pathology. Their study focused on the use of
CT, the most common technique used in EDs across the United
States. They found that the cost for the CT and ED visit was
approximately 3 times the cost of a routine outpatient visit.
Moreover, they found that the incremental cost per clinically sig-
nificant case detected in the ED was $50,078 (2018 dollars).24

Even in the pediatric patient population, cost-effectiveness of
imaging of patients with headache and nonfocal neurologic
examinations is lacking in lower-risk patients.25

WHY WE CONTINUE TO IMAGE
Despite a lack of cost-effectiveness for significant pathology in
patients without red flag signs, clinicians continue to fear the con-
sequences of missing significant pathology because it is known that
significant pathology can present with a sole symptom of head-
ache. For example, Evans26 performed a meta-analysis of the most
common secondary causes of headache, reviewing the results of
3026 scans in his analysis. A small percentage of significant abnor-
malities that are known to manifest with headache was found. He
found strokes in 1.2% of patients in his sample. Brain tumors
were found in 0.8%. Other conditions resulting in headache as a
sole symptom included hydrocephalus (0.3%), arteriovenous

malformations (0.2%), subdural hematomas (0.2%), and intracra-
nial aneurysms (0.1%).26 Evans also reviewed the yield of neuroi-
maging in patients with migraine headaches and no other
worrisome features and found a similar low yield of significant pa-
thology known for the potential to manifest with headache. That
meta-analysis combined the results of multiple studies during an
18-year period totaled 1440 scans. The analysis only found an inci-
dence of brain tumor in 0.3% of patients, arteriovenous malforma-
tion in 0.07%, and saccular aneurysm in 0.07%; but it found a
higher prevalence of white matter abnormalities reported on MR
imaging of 12%–46%.26 Notwithstanding the experience in the
United States, the National Clinical Guideline Center of the United
Kingdom also found in a meta-analysis of 3700 patients with non-
focal headache that only 32 significant abnormalities were found
or a yield of 0.86%. The analysis comprised 1800 MR images, 1862
CT scans, and 38 Doppler sonography studies published during
approximately 14 years.27

A myriad of reasons may be proffered by practitioners, gener-
alists, and specialists when justifying the imaging of patients with
headache and a lack of red flags or focal neurologic abnormalities.
In addition to the aforementioned, other chief concerns include
defensive medicine, community standard of care, professional
reputation concerns and fear of sanctions (National Practitioner
Data Bank reports, state agency reporting, higher malpractice
premiums, and so forth), a desire to avoid patient dissatisfaction,
patient-driven demand and insistence on imaging (especially in
pediatrics), and self-interest and financial motivation. In the digi-
tal age, social media reverberations, patient dissatisfaction, and
patient satisfaction surveys heighten the sensitivity of clinicians
to patient preferences. Forceful patient demands may be viewed
by some practitioners as difficult to resist. These coupled with
concerns about litigation and professional sanctions increase the
likelihood of capitulation to patient demands, regardless of prac-
tice guidelines or imaging yields.

Defensive medicine costs have been considered major drivers
of increasing health care expenditures. Furthermore, it appears
that physicians are much more likely to blame defensive medicine
for a major portion of escalating health care costs than policy
makers. A 2005 survey revealed that 93% of “high-risk” specialists
in Pennsylvania reported practicing defensively.28 A 2008 study
elicited a comparable response from 83% of Massachusetts physi-
cians. The Massachusetts physicians indicated that between 20%
and 30% of imaging studies and specialty referrals were ordered
primarily for defensive purposes.29 An important observation of
the study also found that while physicians may initially order
additional nonbeneficial tests due to defensive medicine, with
time these tests tend to become incorporated into the standard of
care of the community.29,30

Cost escalation attributable to defensive medicine is difficult to
quantify. This issue stems, in part, from the fact that no national
claims data exist, making it difficult to quantify these costs on a
national scale. Rather, data are available to a varying degree state
by state, and the risk profile of a given region may differ signifi-
cantly from that in others. Nevertheless, policy makers do not fully
agree with physicians on the national impact of medical liability
costs on US health expenditures. For example, a study designed to
estimate this impact found that the overall annual medical liability
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system costs, including defensive medicine, were estimated to be
$55.6 billion ($64.3 billion, in 2018 dollars) or 2.4% of total health
care spending.31 While significant in absolute terms, this is far
below the 20%–30% of health expenditures often estimated by
physicians and others.30 The truth may lie somewhere between the
two, but this is an important subject requiring further study.

VALUE AND NEGATIVE IMAGING RESULTS
The increasing trend toward imaging lower-risk patients with
chronic headache is commonly assumed to be of limited value
when imaging study findings are negative; these studies are viewed
as both costly and wasteful. Yet these assumptions may be too sim-
plistic. “Value” is a term that is not coterminous with cost when it
comes to health expenditures, and value from the patient’s per-
spective is not necessarily coterminous with that of payers or policy
makers.32 Negative test results are often highly valued by patients
and providers, and this feature appears to underestimate the true
societal value of imaging tests with negative findings when it comes
to patients presenting with headache.

Imaging tests with negative findings may result in a reduction
of patient or family anxiety, providing an anxiolytic effect for
multiple parties (including providers). Other benefits of negative
imaging results of patients with headache may include improve-
ment in productivity, reduction in subsequent medical visits to
both generalists and specialists, a reduction of subsequent costs
of imaging, school performance improvement, decreases in psy-
chological and behavioral problems, as well as opportunities for
treatment of incidental findings such as sinus disease, which
might actually be the cause of a headache.23,27,33

It has been shown that in patients presenting with chronic
headache, those offered imaging earlier were less likely to be
referred to a specialist such as a neurologist or psychiatrist.33 This
finding was even more striking when comparing patients with psy-
chological or psychiatric disorders using proxy measures (Hospital
Anxiety and Depression Scale), with a greater propensity toward
referral among patients with positive results on the Hospital
Anxiety and Depression Scale. A trend toward a decrease in subse-
quent imaging for those offered scanning sooner was also observed
but not at the same level of statistical significance.33 Referrals to
specialists may generate further work-ups and interventions in
addition to imaging, resulting in increases in direct costs for
patients not offered imaging sooner rather than later. Indirect costs
arising from patient anxiety such as reductions in productivity or
time lost from work, school, and so forth also appear to take a toll
and may be more costly from a societal perspective. Hence, imag-
ing may be anxiolytic and reduce the anxiogenic effects and down-
stream costs resulting from not providing patients (and providers)
with answers regarding their headaches early on.

The value of negative findings on imaging tests should not be
overlooked, and this is an important area requiring further study.
In the case of headache, further study of the anxiolytic effects of
imaging also requires additional investigation. A growing body of
literature has begun elucidating the clinical and economic bene-
fits that can accrue from negative findings on imaging tests.
Although beyond the scope of this manuscript to review in detail,
such studies range from imaging using coronary CTA to lung
cancer screening, etc., which is in contrast to the many studies

looking at various imaging modalities and organ systems with
respect to negative or positive predictive value.34-36

POTENTIAL REMEDIES AND FUTURE DIRECTIONS
Unquestionably, patients presenting with headache even in the
chronic low-risk setting will continue to challenge practitioners
and bring with them the inexorable pressures to image. Therefore,
potential solutions and remedies must be multifaceted. With
respect to defensive medicine, federal tort reform has been advo-
cated by some to help shield practitioners from litigation if follow-
ing practice guidelines. In the era of evidence-based medicine and
best practices, such protections are becoming increasingly impor-
tant, not only for improved patient management and outcomes
but also for the most optimal allocation of limited resources.37

Examples of tort reform include the capping of damages in medical
malpractice cases or limiting professional sanctions if clinicians are
following guidelines. Currently.30 states have laws limiting dam-
ages.38 Such approaches may reduce malpractice insurance costs
but probably will not eliminate defensive medicine practices with-
out other measures being taken.39

State tort reform or federal tort reform or both are often advo-
cated as a way to reduce damages and costs related to medical
liability as well as reducing cost associated with the practice of de-
fensive medicine. However, tort reform legislation can be chal-
lenged under the Fifth Amendment Equal Protection Clause and
the Seventh Amendment clause on the right to a jury trial under
the US constitution.40,41 Notwithstanding, few federal courts
have overturned malpractice tort reform, and it is unlikely that
the Supreme Court would overturn federal malpractice tort
reform because the lowest level of scrutiny is typically applied in
reviewing the constitutionality of tort reform statutes.40,41 In
other words, if there is a rational public policy reason for the
legislation, the courts are unlikely to overturn it.

The adoption of a no-fault system to compensate patients
injured during medical practice has also been advocated as a poten-
tially less costly and fairer way to deal with medical injuries.42 This
contrasts with the US tort liability system, which is considered a
type of social insurance to compensate for injuries in a market-
based economy. No-fault systems have become more popular in
many developed Organization for Economic Cooperation and
Development countries and are considered social insurance of
goodwill, wherein the patients are compensated for medical injury
without regard to a provider’s fault.42 Moreover, no-fault systems
are thought to be more efficient, fairer, and less costly. Judgment
under such systems is more likely to rely on the opinions of experts
rather than lay people as currently practiced under the jury system
in the United States.

Other potential remedies and future directions include compar-
ative effectiveness studies in the work-up and management of head-
ache (eg, pharmaceuticals versus lifestyle interventions) and follow-
up costs; alternative screening studies and/or alternate imaging
approaches; patient cost-sharing of diagnostic testing; regulatory
reform (eg, National Practitioner Data Bank, state reporting
requirements); and clinical decision support and artificial intelli-
gence (AI) tools. Relatively few studies have reviewed the compara-
tive effectiveness of alternative approaches for the diagnosis and
management of headache using nontraditional means, though
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some studies have examined the comparative effectiveness of vari-
ous pharmacologic therapies.43 Yet, alternative approaches may be
more cost-effective and improve outcomes for patients with chronic
headache, particularly when there is a focus on preventative meas-
ures. For example, appropriate lifestyle interventions could be very
effective in the management and prevention of headache while
obviating more expensive interventions and imaging.44 Alternative
approaches may also avoid the complications of pharmacotherapies
and medication overuse, which, in and of themselves, can have
debilitating effects and result in the need for further costly
interventions.5,45

Alternative imaging algorithms could be considered to ease
patient and provider anxiety, given the anxiolytic effects that such
information can provide.33 For example, a significantly scaled-
down version of a brain MR imaging examination might suffice
with 1 or 2 sequences, while being less costly than conventional
brain MR imaging protocols.15 Moreover, patient cost-sharing
could select patients who have a strong desire for imaging despite
the absence of good clinical indications or red flags. In such cases,
the patient’s willingness to pay could inform policy prescriptions
and decision-making, while reducing the burden on payers. In
the current environment, patients are increasingly expressing a
willingness to assume some costs for their health care. A recent
survey conducted by Deloitte regarding consumer health prefer-
ences indicated that younger generations are more likely to be
willing to pay some of their health care costs than older genera-
tions.46 This survey has important implications for policy makers
not only in the management of headache but for other disorders
as well, given the recognition of limited resources for health
expenditures. However, differential consumer payment schemes
for health care can increase the risk of multitiered systems and
disparities in health care.

In addition to tort reform, regulatory reform regarding physi-
cians’ credentials and reporting should also be an important con-
sideration to counter defensive medicine practices. Calls for tort
reform, even if successful, are unlikely to diminish defensive
medicine practices as long as physicians fear professional sanc-
tions and impugnment of their reputations. Malpractice judg-
ments and regulatory requirements to report such verdicts (or
even settlements) to state board agencies and the National
Practitioner Data Bank can have chilling effects on physicians’
practice patterns and cause them to be risk-averse. Even simple
patient reports to licensing authorities can result in exhaustive
and intimidating reviews of a physician’s practices and creden-
tials. Hence, even limiting damages to small dollar amounts
would be unlikely to reassure physicians if their reputations could
still be impugned in the process. Both best-practice guidelines
that shield physicians following them and no-fault systems of
awarding damages for injured patients would, in conjunction
with tort reform, be more likely to shift the calculus affecting the
behavior of physicians when it comes to defensive medicine.

Finally, clinical decision support (CDS) tools and AI algorithms
also appear to be promising for helping clinicians navigate this
complex clinical and public health problem. CDS systems are
designed to provide clinicians, staff, patients, and others with
knowledge and person-specific information, to enhance health and
health care.47 CDS comprises tools such as computerized alerts,

reminders to providers and patients, clinical guidelines, condition-
specific order sets, and focused patient data reports.47 Most CDS
applications operate as components of electronic health records,
though stand-alone CDS systems are also becoming increasingly
available. Newer and fastest-growing CDS tools are powered by AI,
neural networks, or deep/machine learning techniques. The recent
guidance by the FDA on classifying and regulating CDS systems
has been considered too ambiguous for developers to effectively
follow. These systems have not been included in the FDA medical
device category and therefore are not subject to FDA oversight,
though effort is underway to change this.48

Emerging studies examining the role that AI could play in
diagnosing and managing patients with headache have recently
begun to appear in the literature. For example, a case-based rea-
soning AI-powered Clinical Decision Support System study diag-
nosed primary migraine and primary tension headache with a
high degree of accuracy and performed better than the guideline-
based Clinical Decision Support System (International Headache
Society–International Classification of Headache Disorders).49 It
has also been shown that machine learning methods and feature
selection can be used to support specialists in the classification of
migraines automatically in patients undergoing MR imaging
using DTI biomarkers.50

A recent study presented at the 70th Annual Meeting of the
American Academy of Neurology in Los Angeles examined the
safety of an artificial intelligence system for nonacute headache di-
agnosis and compared an AI system with the performance of neu-
rologists in the diagnosis of nonacute headaches.51 The study
compared the performance of a support vector machine model in
classifying the headache as primary versus secondary with that of 2
general neurologists. The support vector machine model trained to
“read” clinical records had a better performance in the diagnosis of
secondary headache (sensitivity¼ 90.2%; specificity¼ 93%) com-
pared with the neurologists (sensitivity¼ 82%; specificity¼ 85%),
and the correct headache diagnosis was achieved in 89%–94% of
cases when the International Classification of Headache Disorders
criteria were combined with machine learning models. Hence,
early work in AI shows the potential to help generalist clinicians
evaluate and manage difficult and often confusing cases of head-
ache, on a par with or exceeding the skill of specialists.

CONCLUSIONS
Despite a number of guidelines and studies demonstrating a lack
of cost-effectiveness, clinicians continue to image patients with
chronic nonfocal headaches, and the trend toward imaging is
increasing. The reasons for this prevailing trend are complex and
include the fear of missing a significant lesion and litigation, ha-
bitual and standard of care practices, lack of tort reform, regula-
tory penalties and the potential impact on one’s professional
reputation, patient pressure, and financial motivation. There is a
need for further clarity on the cost of imaging versus not imaging
(direct and indirect), especially with respect to the anxiolytic
effects on patients. Scaled-down, less costly screening studies may
offer alternative approaches. Comparative effectiveness studies,
lifestyle interventions, and preventive measures must be further
studied to identify the most effective and cost-effective measures
that can be undertaken to assuage concerns and the tendency to
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image patients with headache when clinical signs do not warrant
it. Regulatory and legislative support to encourage best practices
without fear of financial and professional sanctions when follow-
ing guidelines is needed. Moreover, serious consideration needs
to be given to the adoption of no-fault systems for compensation
of injured patients currently practiced in many Organization for
Economic Cooperation and Development countries.

Radiologists and other clinicians should be well-versed and
conversant regarding the value of imaging tests with negative find-
ings because they appear to provide some measure of value, from
patient and societal perspectives, but further study is also needed
in this area. Patient cost-sharing and willingness-to-pay schemes
are worth exploring in the light of limited resources for health
expenditures. Clinical decision support tools, AI, and machine
learning may offer additional guidance and improve quality and
cost-efficient management of this challenging patient population.
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