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Objective Neuroimaging in headache patients identifies clinically significant neurological abnormalities and plays an important role in
excluding secondary headache diagnoses. We performed a systematic review and meta-analysis of the existing guidelines and studies
surrounding neuroimaging in headache patients.

Methods The research question involved determining the prevalence of detecting clinically significant neurological abnormalities us-
ing neuroimaging in patients suspected of primary headache. Searches of the PubMed and Embase databases were conducted on Eng-
lish-language studies published from 1991 to 2016, and the reference lists of the retrieved articles were also checked manually. All head-
ache subtypes and patients aged =15 years were included in the analysis.

Results Ten studies met the selection criteria. The pooled prevalence of detecting clinically significant abnormalities in the neuroimag-

ing of headache patients was 8.86% (95% confidence interval: 5.12-15.33%). Subsequently, diverse subgroup analyses were performed
based on the detection method, headache type, study type, study region, age group, and disease type.

Conclusion The present findings indicate that limited neuroimaging methods should be carefully considered for headache diagnostic
purposes when there are red flag symptoms. Limitations and suggested directions for future studies on neuroimaging in headache pa-

tients are described.
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INTRODUCTION

Headache is a common and disabling disease around the
world." The most important methods for diagnosing headaches
and determining the headache type are neurological examina-
tions and a obtaining detailed history of the patients symp-
toms.” The screening of secondary headaches is also performed
by identifying high-risk factors of sinister pathologies, such
as new outbreaks, or changes in the symptoms of headache
patients older than 50 years.” The International Classification
of Headache Disorders, 3rd edition (ICHD-3) comprises two
main categories: primary and secondary headache disorders."
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Primary headache disorders exhibit a benign non-organic
etiology such as migraines, tension-type headaches, and clus-
ter headaches. Secondary headache disorders are caused by or-
ganic diseases such as stroke, head and/or neck trauma, brain
tumors, cranial cervical vascular disorders, and non-vascular
intracranial disorders.*

According to the UK National Clinical Guideline Centres
guidelines,’ the traditional method of diagnosing primary
headaches does not require neuroimaging, which should be
avoided if unlikely to change the management of care or reveal
any abnormalities. There are several reasons for this selective
use of neuroimaging in headache patients: 1) it is not cost ef-
fective;*® 2) neuroimaging can cause the patient anxiety,
which may impact the results and promote clinical uncer-
tainty,”® it has the potential risk of providing false-positive
results, and, thus, further evaluations that would otherwise
be unnecessary may be required, and neuroimaging can detect
clinically insignificant abnormalities, such as sinusitis, that do
not impact the pathology behind headache and, therefore,
would not change the clinical therapeutic approach; and 3)
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the overuse of some neuroimaging tools may cause severe
side effects in patients.>"° For example, although computed to-
mography (CT) and CT angiography (CTA) are convenient
neuroimaging tools, they can cause allergic reactions and ex-
pose the patient to radiation.

Neuroimaging should be performed, however, on those sus-
pected of an underlying disorder based on the presence of ad-
ditional symptoms and signs that do not fit the clinical diag-
nosis of primary headache (e.g., atypical headache patterns, a
history of seizures, and/or focal neurological symptoms or
signs). Clinical guideline pertaining to neurophysiological tests
and neuroimaging procedures for non-acute headache recom-
mend magnetic resonance imaging (MRI) for autonomic ner-
vous headache.” An international guideline published in 2013
reported brain imaging to be beneficial for patients aged>50
years with new-onset headaches." MRI is more sensitive than
CT in screening for secondary headache, but a CT brain scan
should be obtained as soon as possible when subarachnoid
hemorrhage (SAH) is suspected.'> According to a systematic
literature review;"> neuroimaging tests should be considered
for patients with cluster headaches, acute severe headache, hu-
man immunodeficiency virus (HIV), or changes in conscious-
ness and cognitive function. Furthermore, some recommend
neuroimaging for headaches accompanied by nausea or vom-
iting and those worsened by Valsalva maneuver, such as cough-
ing during thunderclap headaches." In addition, neuroimag-
ing evaluations, such as CT, CTA, MRI, and magnetic resonance
angiography (MRA), may be necessary for a differential di-
agnosis in the case of pregnancy, postpartum headache, and
headaches aggravated by sexual activity or exercise.”

Although previous studies and literature reviews have pro-
vided consistent conclusions on when neuroimaging for head-
aches should be implemented, clear evidence supporting these
recommendations are lacking because most studies have
been case series or expert opinions, and there is a paucity of
data from randomized clinical trials.>'*'>"* Frishberg et al."® con-
ducted a systematic review and meta-analysis on non-acute
headache patients diagnosed by CT or MRI. Even though they
found significant intracranial abnormalities in patients with
migraine headaches (~0.2%), there was insufficient data for
patients with tension-type and unspecified headache types.
Tsushima and Endo'” evaluated the ability of MRI to detect
neurological abnormalities in chronic or recurrent headache
patients and reported detection rates of 2.1% in unspecified
headache patients, 0.52% in migraine patients without com-
plications, and 26.3% in migraine patients with complica-
tions. Alons et al.” conducted a systematic review on the util-
ity of CT in patients with acute headache. The prevalence of
vascular abnormalities in acute headache patients was 7.4%,
and 1.6% of the abnormalities were presumed to be the cause
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of the headache. Because these meta-analyses focused on
limited ranges of headache types and neuroimaging tools,
further analyses of the various headache types and neuroim-
aging tools evaluated in more recent articles are required.

Therefore, the present report will provide a systematic lit-
erature review and meta-analysis of recent studies; all head-
ache subtypes were included given that the purpose of this
study was to aid in making appropriate differential diagnoses.
The research question was formulated based on the PICO
(patients, intervention used, comparison and outcome) model."

Research Question: In patients with suspected primary
headache who underwent neuroimaging evaluations to identi-
fy the cause of headache, what is the prevalence of detecting a
clinically important brain structure abnormality such as can-
cer, deformity, hemorrhage, or infarction by neuroimaging?

In addition, various subgroup meta-analyses were con-
ducted according to the detection method, headache type,
study type, study region, age group, and disease type to iden-
tify the sources of group heterogeneity and provide specific
information on neuroimaging of headache patients.

METHODS

Study search

The systematic review was performed in accordance with
the guidelines of the National Evidence-based Healthcare
Collaborating Agency for systematic reviews.'* Computer-
assisted literature searches for relevant articles were conduct-
ed using the Seoul National University Medical Library. We
performed a literature search of the PubMed and Embase
databases up to January 2018 using the following key words:
headache, cluster headache, migraine disorder, computed to-
mography angiography, CT, magnetic resonance imaging, and
MRI. Specific search strategies reviewed by experts (Supple-
mentary Table 1 in the online-only Data Supplement) were
used to retrieve a total of 1,485 studies. The PubMed search us-
ing MeSH terms and the Embase search using Emtree terms
yielded 354 and 1,131 articles, respectively. After excluding
duplicates, 1,417 studies published from 1970 to January 2018
were included. Two authors (PH.Y,, J.Y.E) reviewed the titles
and abstracts of each document using ENDNOTE X8 soft-
ware and conducted individual reviews according to pre-set
inclusion and exclusion criteria. The inclusion criteria were
original reports involving CT/CTA/MRI/MRA neuroimaging
of patients whose main symptom was headache. The exclu-
sion criteria were as follows: language other than English;
patient age <15 years; case studies, literature reviews, or me-
ta-analyses; headache caused by trauma or injury; patients di-
agnosed with secondary headache; cost-effectiveness articles;
and inability to distinguish among neuroimaging methods.



When discrepancies occurred, consensus was achieved through
group discussions. The reference lists of all retrieved studies
were also checked manually. After reviewing the texts of the
included studies, they were reassessed to narrow down the
articles for inclusion in the meta-analysis. Studies selected
independently by both authors using the aforementioned
criteria were included in the final analysis. Ten studies corre-
sponding to the research question were ultimately selected. A
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) flowchart for the study selection process
is shown in Figure 1.

Risk of bias and data extraction

The risk of bias was assessed using the Risk of Bias Tool
developed by Hoy et al."” used to evaluate the methodologi-
cal quality of systematic reviews of non-randomized preva-
lence studies. This scale is based on a ‘yes’ or ‘no’ designation.
Studies can be further classified as high risk if three or fewer
items are designated as ‘yes, moderate risk if four or five
items are designated as yes, and low risk if six or more items
are designated as ‘yes’ Data pertaining to the following infor-
mation was extracted: author/year, study type, sample size,
numbers of males and females, age, sample source, country,
headache subtype, number and percentage with abnormali-
ties, type of detection tool, presence of contrast group, and
risk-of-bias score (0-10). Risk-of-bias assessments and data
extraction were performed by one author (J.Y.E) and super-
vised by the other (PH.Y).
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Statistical analyses

In this review, meta-analyses assessing the probabilities of
detecting clinically significant abnormalities related to head-
ache were performed; a clinically significant abnormality was
considered to be an intracranial finding that may represent
evidence of secondary headache or a need to change the ther-
apeutic approach. Subsequently, subgroup meta-analyses of
the clinically meaningful findings were performed. Meta-anal-
yses were conducted using the meta package in R (version
3.5.0, The R Foundation, Vienna, Austria). To calculate the
pooled proportion, the data were log transformed and evalu-
ated by the Clopper-Pearson method to calculate 95% confi-
dence intervals (CIs). To estimate between-study heterogene-
ity, the I? statistic was used. If the ratio of the actual variance
(P?) is >50% and the significance of the homogeneity test <0.10,
the heterogeneity of the effect size is considered substantial.””
Samples with high I? values, indicating substantial heteroge-
neity, were included in the random-effects model. The ran-
dom-effects meta-analysis model incorporates heterogeneity
into the analysis, resulting in a wider CI and a more conser-
vative claim of statistical significance. Subgroup analyses were
performed according to the detection method (CT, CTA,
MRI, and MRA), headache type (acute vs. non-acute), study
type (prospective vs. retrospective), study region (Asia, Europe,
or North America), age group (<30, 31-40, 41-50, 51-60, and
>60 years of age), and disease type (cerebrovascular disease,
brain space-occupying lesions, infectious/inflammatory dis-
ease, and congenital human brain malformations). Although
various types of disease were identified, they were classified

Records identified through database searching (N=1,485)
- Pubmed (N=354)
- Embase (N=1,131)
- Duplicated (N=68)

:

Records after duplicates removed (N=1,417)

Records excluded (N=1,397)
- Language other than English
- Out of topic
- Patient age <15 years
- Case series, literature reviews of mate analyses
- Headache caused by trauma or injury
- Patients diagnosed with secondary headache

:

Records screened (N=20)

- Cost-effectiveness articles

v

Full-text articles assessed for eligibility (N=6)

\ 4

Full-text articles excluded, with reasons (N=14)
-Patients with other disease (e.g., focal neurologic deficit, altered
mentation, syncope) (N=12)
- Inability to distinguish among neuroimaging methods (N=2)

A

Full-text articles included, with reasons (N=4)
- From reference index (N=3)
- From research question (N=1)

[ Included J[ Eligibility J{ Screening J[Identiﬁcation}

Studies included in systematic review and meta-analysis (N=10)

Figure 1. PRISMA flowchart of the study selection process. Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA)

flow chart.
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into the four aforementioned categories as follows: 1) cere-
brovascular diseases included aneurysm/superior hypophy-
seal artery (SHA), infarcts, cerebral thrombosis, reversible cere-
bral vasoconstriction syndrome, cerebral ischemia, arteriovenous
malformation, hypertensive emergency, temporal arteritis,
chiari malformation, vasculitis, stroke, incidental cerebral an-
eurysm, subdural hemorrhage, moyamoya disease, arterial dis-
section, and segmental vasoconstriction; 2) brain space-occu-
pying lesions included subdural hematoma, arachnoid cyst,
pseudotumor cerebri, meningioma, metastatic disease, pitu-
itary adenoma, neurosarcoidosis, hemangioma, bleed into glio-
blastoma, cavernoma, brain tumors, and pituitary macroadeno-
ma; 3) infectious/inflammatory diseases included meningitis
and sinusitis; and 4) congenital human brain malformations
included Dandy-Waler syndrome. Publication bias was assessed
by constructing a funnel plot in which each point denotes a
single study. In the absence of bias, effect estimates of smaller
studies are scattered at the lower end of the plot and those of
larger studies clustered centrally toward the top, forming a
symmetrical inverted funnel.” Conversely, asymmetric distri-
bution of the points in a funnel plot indicates the existence of
publication bias.

RESULTS

Summary of the included studies

Ten studies (n=2,377 participants) were ultimately selected
for the present meta-analysis. Of these 10 studies, five were
retrospective analyses,””**** and five were prospective anlay-
ses.'* % The studies were published between 1991% and 2016%
and were conducted in the Netherlands,” United States,”**’

YE Jang et al.

United Kingdom,** Switzerland," Japan,'"” Korea,** and Tai-
wan.”® Only headache patients aged 15 years or older were
included. The headache subtypes in these studies included
#1022 non-acute headache,” chronic
or recurrent headache,”” migraine,”* and thunderclap head-
ache.* The number of subjects included in each study ranged
from 18”7 to 510** with a total number of 2,377. Three studies
used MRI,'"*?” three used CTA,”*** two used CT,'“** one
used MRA,* and one used both MRI and CT.* The charac-

teristics of these 10 studies are presented in Table 1.

acute severe headache,

Risk of bias (quality assessment)
The risk of bias was assessed using the Risk-of-Bias Tool
developed by Hoy et al."” Of the 10 studies, nine were considered

k 9,17,22-28
]

low ris and one was of moderate risk.!’ The risk-of-bi-

as scores for each study are presented in Table 1.

Meta-analyses

Based on the results of the meta-analyses, the pooled prev-
alence of clinically significant findings was 8.86% (95% CI:
5.12-15.33%), and there was high inter-study heterogeneity
(Q=147.12, 1°=0.7438, I’=93.2%, p<0.01). A random-effects
model was used because of the high I values, indicating sub-
stantial heterogeneity. Forest plots of the meta-analyses are
presented in Figure 2.

Subgroup meta-analyses

Subgroup analyses were performed according to the detec-
tion method, headache type, study type, study region, age
group, and disease type. The pooled prevalence rates of sig-
nificant abnormalities were 4.98% as assessed by CT (95%

Study Events Total Proportion
Alons 2015 13 70 — s 0.19
Carstairs 2006 23 116 —e5 0.20
Clarke 2010 2 226 & 0.01
Clarke 2010 9 304 = 0.03
Cooper 2016 27 510 | 0.05
Rizk 2013 11 74 . 0.15
Tsushima 2005 2 306 = i 0.01
Ziegler 1991 4 18 ) 0.22
Cooney 1996 30 185 —e 0.16
Han 2013 34 512 = 0.07
Chen 2006 22 56 — 039
Random effects model 2,377 = 0.09
Heterogeneity: ‘ I I T '
I’=93%, 12=0.7438, p<0.01 01 02 03 04 05
A

95%-CI  Weight 0.0 |
[0.10;0.30]  9.7% 01 4
[0.13;0.28]  10.1% o iy .
[0.00;0.03]  63% 02 | o 1 e
[0.01;0.06]  9.2% s ! o\
[0.040.08] 10.1% || & 03 °
[0.08;0.25]  9.5% || B ° i S
[0.00;0.02]  63% || T 04
[0.06;0.48]  83% || & °
[0.11;0.22] 10.1% 0.5
[0.05;0.09]  10.2%
[0.26;0.53]  10.2% 0.6 \
[0.05;0.15]  100.0% 071 e ‘ ‘ ‘ ‘
5 4 -3 2 1
B Log transformed proportion

Figure 2. Forest plot and funnel plot for the Research Question. Forest plot (A) showing the prevalence of detecting clinically significant ab-
normalities. The events refer to cases in which abnormal findings were observed when neuroimaging was performed on the patients in
each study. The total refers to the number of patients participating in each study, and the x-axis represents the confidence interval. When
the confidence interval does not include zero, the incidence is not zero. Publication bias was tested using funnel plots. Funnel plot (B)
showing the log-transformed proportion of detecting clinically significant abnormalities. To calculate the pooled proportion, the data were
log-transformed and evaluated by the Clopper-Pearson method to calculate 95% confidence intervals (Cls). Asymmetrical points indicate

the presence of publication bias.
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CI: 1.67-14.88%), 13.33% as assessed by CTA (95% CI: 6.24-
28.49%), 39.29% as assessed by MRA (95% CI: 28.37-54.41%),
and 5.70% as assessed by MRI (95% CI: 1.63-20.01%). There
was also high inter-study heterogeneity (Q=18.05-39.96, °=
0.4090-1.4514, 1°=88.9-92.5%, p<0.01). The pooled preva-
lence rates of significant abnormalities associated with acute
and non-acute headache were 13.98% (95% CI: 7.14-27.39%)
and 4.06% (95% CI: 1.20-13.77%), respectively, with high in-
ter-study heterogeneity (Q=52.23-90.56, 1°=0.6625-1.6982,
’=92.3-94.5%, p<0.01). The pooled prevalence rates of sig-
nificant abnormalities in the prospective and retrospective
studies were 10.64% (95% CI: 4.60-24.63%) and 7.31% (95%
CI: 3.77-14.18%), respectively, with high inter-study hetero-
geneity (Q=46.02-71.08, 1°=0.4790-0.9630, I>=91.3-93.0%,
p<0.01). The pooled prevalence rates of significant abnor-
malities were 18.03% for studies conducted in North Ameri-
ca (95% CI: 14.26-22.81%), 6.43% for studies conducted in
Asia (95% CI: 1.25-32.95%), and 5.98% for studies conduct-

ed in Europe (95% CI: 2.66-13.46%), with high between-
study heterogeneity (Q=0.89-77.52, 1°=0.0-1.9233, ’=0.0-
97.4%, p<0.01). The pooled prevalence rates of significant
abnormalities were 5.73% in the <30 group (95% CI: 2.72-
12.07%), 7.34% in the 31-40 group (95% CI: 4.21-12.78%),
14.60% in the 41-50 group (95% CI: 3.67-58.03%), 20.29%
in the 51-60 group (95% CI: 5.86-70.20%), and 26.93% in
the >60 group (95% CI: 8.69-83.52%), with high between-
study heterogeneity (Q=0.54-28.73, 1°=0.0-1.3569, I’=0.0-
93.0%, p<0.01). Lastly, the pooled prevalence rates for signif-
icant abnormalities were 4.31% for cerebrovascular disease
(95% CI: 2.01-9.24%), 1.35% for brain space-occupying le-
sions (95% CI: 0.59-3.11%), 0.72% for infectious/inflamma-
tory disease (95% CI: 0.20-2.57%), and 0.36% for congenital
human brain malformations (95% CI: 0.16-0.81%), with high
between-study heterogeneity (Q=5.12-137.26, T°=0.0-1.2185,
’=0.0-92.7%, p<0.01). Forest plots obtained from the sub-
group analyses are presented in Figure 3.

C
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Figure 3. Forest plots for the subgroup analyses. Forest plot (A) showing the subgroup analysis by detection method. Forest plot (B) show-
ing the subgroup analysis by headache type. Forest plot (C) showing the subgroup analysis by study type. Forest plot (D) showing the sub-

group analysis by study region.
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Figure 3. Forest plots for the subgroup analyses (continued). Forest plot (E) showing the subgroup analysis by age group. Forest plot (F)
showing the subgroup analysis by disease type. In forest plot E, each forest plot indicates the pooled incidence by age group; (a) is <30, (b)
is 3140, (c) is 41-50, (d) is 51-60, and (e) is >61. In forest plot F, each plot indicates the pooled prevalence that each disease will be
found. (a) A kind of cerebrovascular disease, (b) a brain space-occupying lesions, (c) an infectious/inflammatory disease, and (d) congenital

human brain malformations.

DISCUSSION

We performed a systematic literature review and meta-
analysis to examine the prevalence of detecting clinically sig-
nificant pathologies via neuroimaging in patients with sus-
pected primary headache. The present findings are important
because this study included patients with various types of
headache, such as migraine, tension type headache, acute se-
vere headache, and chronic/recurrent headache, to identify
the value of using neuroimaging as an initial diagnostic tool.
Furthermore, diverse subgroup meta-analyses based on de-
tection method, headache type, study type, study region, age

group, and disease type were performed to examine these
factors as sources of potential heterogeneity and to provide
clinically useful information. The present analyses found a
8.86% prevalence of detecting clinically significant lesions in
primary headache patients, which is consistent with previous
studies. Clinically significant abnormalities and/or patholo-
gies, including brain cancer, tumors, deformities, hemorrhag-
es, and infarctions, can be a cause of headache. A previous
meta-analysis of 19 studies involving adult patients presenting
with headache to an emergency department who underwent
non-contrast CT head scans reported detection rates of 6.7%
(95% CI: 5.9-7.5%) in non-traumatic headache patients who
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underwent a normal neurological exam and 8% (95% CI:
7.3-8.7%) in patients with altered mental status or any focal
neurological findings.® In another systematic review, the prev-
alence of significant intracranial abnormalities in migraine
headache patients ranged from 0% to 3.1% among 11 stud-
ies, and the probability of a headache abnormality being clas-
sified as “unspecified” was 0-6.7%.'° A meta-analysis of the
use of MRI to detect chronic or recurrent headaches estimat-
ed an overall detection rate of 2.1% (upper 99.5% confidence
bound: 3.4%) in unspecified headache patients and 0.52% in
migraine patients without any other neurological findings."”
Clarke et al.*® found that the prevalence of detecting signifi-
cant abnormalities by neuroimaging increased from 1.2% to
5.5% when an intracranial abnormality or other high-risk
pathology was the provisional diagnosis. Although the studies
involved various types of headache and brain imaging tech-
niques, the prevalence of detecting a clinically significant ab-
normality on neuroimaging was usually below 10%. A com-
mon recommendation in all review articles was judicious and
selective use of neuroimaging in headache patients with ab-
normal neurological findings or atypical symptoms on physi-
cal examination.

In the present study, various subgroup meta-analyses based
on neuroimaging tools, headache type, study type, continent,
age group, and disease type were conducted. Performing sub-
group meta-analyses and systematic reviews on various neu-
roimaging tools allows us to consider the respective advantag-
es and disadvantages of each imaging modality. The prevalences
of each neuroimaging technique cannot be compared direct-
ly, since selection bias can induce differences in the rate of
detecting structural abnormalities. This bias occurs because
of the different types of neuroimaging methods used depend-
ing on the headache type and patient symptoms. According
to a national clinical guideline, CT should be performed in
patients with thunderclap headache when SAH is suspected
whereas MRI should be considered in those with cluster head-
ache, paroxysmal hemicranias, or short-lasting unilateral neu-
ralgiform headache attacks with conjunctival injection and
tearing (SUNCT)."” SUNCT is rare headache disorder char-
acterized by extremely frequent attacks of unilateral head pain
and autonomic activation that is considered to be a trigemi-
nal autonomic cephalgia.” In addition to the conventional
uses of CT and MRI, CTA and MRA are becoming increas-
ingly recognized as feasible tools for the detection of intracra-
nial abnormalities in headache patients. Previous studies have
shown that CTA is highly sensitive for detecting aneurysms
in patients with thunderclap headaches and that MRA is use-
ful for detecting small intracranial aneurysms (3-4 mm).”*
However, CT and CTA carry some risks, including potential
adverse reactions to the contrast medium (e.g., allergic reac-
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tion and renal dysfunction) and radiation exposure.10 The
disadvantages of MRI and MRA include the high cost of op-
eration, long image acquisition time, limited access, and the
need for greater technical expertise to interpret the obtained
images compared to CT scans.'®** Given these respective ad-
vantages and disadvantages, guidelines regarding the selec-
tion of appropriate neuroimaging tools require further evalu-
ation and studies.

Previous studies have distinguished between acute severe
headaches (e.g., thunderclap headache) and non-acute head-
aches (e.g., migraine, tension-type headache). The former is
a severe headache that peaks within a few minutes and lasts
more than an hour. It can be a symptom of secondary head-
ache syndromes such as SAH and cerebral venous thrombo-
sis.9 In the present study, the prevalence of detecting signifi-
cant neurological abnormalities was slightly higher in acute
[13.98% (95% CI: 7.14-27.39%)] than non-acute [4.06% (95%
CI: 1.20-13.77%)] headache patients, similar to previous stud-
ies. In a previous meta-analysis, vascular abnormalities were
identified by CTA in 7.4% of patients with acute severe head-
ache and normal neurological examination results.”" A large
prospective multicenter study detected SAH in 7.7% of 3,132
patients with acute headache.> Another meta-analysis iden-
tified significant abnormalities using CT or MRI in approxi-
mately 0.2% of non-acute headache patients with normal
neurological examination results.'® In a large prospective con-
secutive study of 1,876 patients with non-acute headaches,
significant intracranial lesions were found in 22 of the patients
(1.2%), and the prevalence of clinically significant abnormal-
ities in headache patients with normal neurological examina-
tion results was 0.9%.” These results suggest that neuroimaging
can detect abnormal findings at a higher rate in acute head-
ache patients than in non-acute headache patients. In com-
parisons of study type, there was little difference in prevalence
between prospective [10.64% (95% CI: 4.60-24.63)] and ret-
rospective [7.31% (95% CI: 3.77-14.18)] studies. Retrospec-
tive studies are associated with a high risk of bias and are
limited by data collection; however, those limitations appear
to have little effect on the detection of abnormal findings by
neuroimaging. The prevalence was also not affected by study
region. The prevalence was slightly higher in North America
[18.03% (95% CI: 14.26-22.81%)] than in other continents [ Asia:
6.43% (95% CI: 1.25-32.95%); Europe: 5.98% (95% CI: 2.66-
13.46%)], which may reflect differences in evaluation meth-
ods by ethnicity, insurance status, and guidelines across conti-
nents or countries. In a systematic analysis of the global, regional,
and national burden of neurological disorders, the prevalence
and disability-adjusted life years of the different types of
headache exhibited a three- to four-fold variation; however,
further research is needed to determine the prevalence ac-



cording to study type and region.

A previous set of guidelines recommended neuroimaging
for patients older than 50 years of age with new-onset head-
ache disorder."" Additionally, Chen et al.*® reported that va-
soconstriction is more common in middle-aged patients and
those with atypical headaches, which are more frequent or
severe than a typical migraine. Among the 10 studies selected
for the present meta-analysis, detailed age information was
available in three studies.”***® Therefore, patient age was di-
vided into five categories for the subgroup meta-analysis:
<30, 30 s, 40 s, 50 s, and >60 years of age. The prevalence
rates of clinically significant intracranial abnormalities were
5.73% in the <30 group (95% CI: 2.72-12.07%), 7.34% in the
30 s group (95% CI: 4.21-12.78%), 14.60% in the 40 s group
(95% CI: 3.67-58.03%), 20.29% in the 50 s group (95% CI:
5.86-70.20%), and 26.93% in the >60 s group (95% CI: 8.69-
83.52%). Taken together, these results suggest that there is a
greater probability of identifying an intracranial disease in old-
er patients. More specifically, the discovery rate of abnormal-
ities more than doubled in patients in their 40 s and older.
However, additional research will be needed to confirm this re-
sult due to the high between-study heterogeneity in patients
above their 40 s.

Finally, a subgroup meta-analysis was conducted accord-
ing to disease type to determine which intracranial patholo-
gy could be expected when planning neuroimaging for pa-
tients with complaints of subjective headache. The identified
intracranial diseases were categorized into four major groups,
and it was revealed that the prevalence of finding cerebrovas-
cular disease was highest [4.31% (95% CI: 2.01-9.24%)], fol-
lowed by brain space-occupying lesions [1.35% (95% CI: 0.59-
3.11%)], infectious/inflammatory disease [0.72% (95% CI:
0.20-2.57%)], and congenital human brain malformations [0.36%
(95% CI: 0.16-0.81%)]. Thus, cerebrovascular diseases, such
as SAH, infarcts, and cerebral thrombosis, were the most like-
ly to be detected. The signs and symptoms associated with
SAH include sudden onset thunderclap headache, neck stiff-
ness, nausea, vomiting, photophobia, a decreased level of
consciousness, syncope, focal neurological deficits, seizure,
drowsiness, confusion, and agitation.***> However, previous
studies have shown that some of these symptoms overlap with
those of sub-acute carbon monoxide poisoning, including
headaches, nausea, vomiting, dizziness, muscular weakness,
and blurred vision.*® When performing neuroimaging for head-
ache patients complaining of these symptoms, one might ex-
pect to identify cerebrovascular disease.

There are limitations to the present study. First, only one
study using MRA to diagnose headache was assessed, and
the number of subjects in that study was not sufficient. Thus,
more studies are needed to compare the utility of MRA with

YE Jang et al.

other neuroimaging tools. Second, our literature search in-
cluded only published articles, and the underlying selection
bias in published articles may have affected the prevalence
rates more so than in previous meta-analyses. Third, the het-
erogeneity of the study made it difficult to obtain valid and
consistent results despite the use of standardized analytical
methods. Future research is needed to compensate for these
limitations, especially in terms of standardization of neuro-
imaging tools. Currently, CT, CTA, MRI, and MRA are used
for neuroimaging in headache patients, and standardized
guidelines for effective use of each modality are needed. The
unification of terms associated with neuroimaging diagnoses
would also be of great benefit. In headache patients diag-
nosed by neuroimaging tools, the diagnoses or disease names
are often heterogeneous, which may ultimately lead to a de-
creased standard of care. The differences in diagnoses of head-
ache patients according to various medical environments, in-
cluding primary care, secondary care, tertiary care, emergency
room, and outpatient care, should also be evaluated. Finally,
the cost-effectiveness of neuroimaging in headache patients
needs to be determined. Until now, neuroimaging has been
considered unnecessary for primary headache patients, espe-
cially those with chronic headache and no focal neurological
signs.>**” As such, cost effectiveness should be evaluated ac-
cording to headache type, symptoms and signs, and the im-
plemented neuroimaging tool.

The present study conducted a systematic literature review
and meta-analysis that focused on neuroimaging for head-
ache patients. Because the overall prevalence of a clinically
significant intracranial pathology in headache patients who
underwent neuroimaging was 8.86%, neuroimaging meth-
ods should be utilized for headache patients in a careful and
limited manner due to the occurrence of various side effects
and to reduce unnecessary imaging. In the case of acute head-
ache patients who visit an emergency department, angiogra-
phy tests, such as CTA or MRA, may be useful for identifying
underlying vascular abnormalities, but this issue will require
further research to reach a definite conclusion. Additionally,
further research will be needed regarding differences in the
prevalence of headaches according to race, age, and work-up
due to health care systems and insurance. In conclusion, this
study revealed significant implications for meta-analyses of
various headache patients and neuroimaging tools. Future
studies in this area will help in the diagnosis of primary head-
aches by neuroimaging.
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Supplementary Table 1. Searching strategies

Pubmed Search
Key word Result Date
#1  Headache*[MeSHTerms] OR ClusterHeadache*[MeSHTerms] OR 50,147  2018-01-25
MigraineDisorder*[MeSHTerms] OR Tension-Type Headache*[MeSH Terms] OR
Vascular Headache*[MeSH Terms)]
#2  Headache*[Title/Abstract] OR Cluster Headache*|Title/Abstract] OR 89,782  2018-01-25
Migraine*|Title/ Abstract] OR Tension-Type Headache*[Title/ Abstract] OR
Tension Type Headache*[Title/Abstract] OR Vascular Headache*[Title/Abstract]
P #3  #1OR#2 100,275  2018-01-25
#4  Tomography, X-Ray Computed[MeSH Terms] OR Computed Tomography 2,395,285  2018-01-25
Angiography*[MeSH Terms] OR Magnetic Resonance Imaging*[MeSH Terms] OR
Diffusion Magnetic Resonance Imaging*[MeSH Terms] OR Magnetic Resonance
Angiography*[MeSH Terms] OR Diagnostic Imaging*[MeSH Terms|
#5  CT|[Title/Abstract] OR Computed Tomography Angiography*|Title/ Abstract] OR 566,668  2018-01-25
Magnetic Resonance Imaging*[Title/ Abstract] OR MRI[Title/Abstract] OR
MRIs[Title/ Abstract] OR Diffusion Magnetic Resonance Imaging*[Title/ Abstract] OR
Magnetic Resonance Angiography*[Title/ Abstract] OR Diagnostic Imaging*[Title/ Abstract]
I #6  #40OR#5 2,582,568  2018-01-25
#7  Evaluation Studies as Topic*[MeSH Terms] OR Evidence-Based Medicine*[MeSH Terms] 1,079,793  2018-01-25
OR Practice Guidelines as Topic*[MeSH Terms] OR Guideline*[MeSH Terms] OR
Practice Guideline*[MeSH Terms]
#8  EvaluationStudiesasTopic*[ TextWord]OREvidence-BasedMedicine*[ TextWord]OR 554,666  2018-01-25
Evidence Based Medicine*[Text Word] OR Practice Guidelines as Topic*[ Text Word] OR
Guideline*[Text Word] OR Practice Guideline*[Text Word]

(@) #9  #7 OR#8 1,340,670  2018-01-25
Sum  #10 #3 AND #6 AND #9 564  2018-01-25
Limit #11 adult{MeSH Terms] OR (adult*[Text Word] NOT adolescent*[Text Word] NOT 6,890,962  2018-01-25

child*[ Text Word])
Final #12 #10 AND #11 354  2018-01-25
Embase Search
#1  headache’ti,ab,kw OR ‘cluster headache’:ti,ab,kw OR ‘migraine’:ti,ab,kw OR 121,040  2018-01-25
‘tension headache’:ti,ab,kw OR ‘vascular headache:ti,ab,kw OR ‘migraine disorder’:ti,ab,kw
#2  headache’/exp OR ‘cluster headache’/exp OR ‘migraine’/exp OR ‘tension headache’/exp 226,116  2018-01-25
OR ‘vascular headache’/exp
P #3  #1 OR#2 248,388  2018-01-25
#4  computed tomographic angiography’:ti,abkw OR ‘computed tomography scanner’:ti,abkw 790,680  2018-01-25
OR ‘functional magnetic resonance imaging’ti,abkw OR ‘nuclear magnetic resonance
imaging’:ti,ab,kw OR diffusion weighted imaging’:ti,ab,kwOR ‘magnetic resonance
angiography’:ti,ab,kw OR ‘diagnostic imaging’:ti,ab,kw OR ‘ct’:ti,abkw OR ‘mri’ti,ab,kw
#5  computed tomographic angiography’/expOR ‘computed tomography scanner’/exp 926,794  2018-01-25
OR ‘functional magnetic resonance imaging’/exp OR ‘nuclear magnetic resonance imaging’/
exp OR diffusion weighted imaging’/exp OR ‘magnetic resonance angiography’/exp OR
‘diagnostic imaging’/exp
I #6  #4 OR#5 1,294,872 2018-01-25
#7  evaluation study’:ti,ab,kw OR ‘evidence based medicine’:ti,ab,kw OR ‘practice guideline’:ti,ab,kw 301,610 2018-01-25
OR ‘clinicalpractice’:ti,ab,kw OR ‘guideline’:ti,ab,kw OR ‘best practice’:ti,ab,kw OR ‘clinical
practice guideline’:ti,ab,kw
#8  evaluation study’/exp OR ‘evidence based medicine’/exp OR ‘practice guideline’/exp 1,666,838  2018-01-25
OR ‘clinical practice’/exp OR ‘guideline/exp

(@) #9  #7 OR#8 1,798,386  2018-01-25
Sum  #10 #3 AND #6 AND #9 2,169  2018-01-25
Limit #11 adult:tiabkw OR ‘adult’/exp 7,311,520  2018-01-25
Final #12 #10 AND #11 1,131  2018-01-25




