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Retrospectif Analysis of 1545 Patients: Neuroimaging in Headache
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ABSTRACT

Objective: Neuroradiological imaging is also used to differentiate between
primary and secondary headaches. The aim of this study was to evaluate
retrospectively the significant abnormal neuroradiological imaging results
and rates in the primary headache group. In addition, it was also planned to
analysis the results of all headaches with imaging and discuss the imaging in
the headache with the literature.

Methods: Medical records of headache patients of the neurology outpatient
clinic at the tertiary care center were reviewed. Patients who required brain
imaging and did not have any disease that could cause pathology in imaging
were included. Neuroradiological images were grouped as brain computed
tomography (CT), brain magnetic resonance imaging (MRI) and others.
Results were normal, significant abnormal findings and others.

Results: Total 1545 patients were included. Primary headache 992,
secondary headache 91, painful cranial neuropathies and other headaches
were observed in 462 patients. Significant abnormal radiological findings
were found to be 4.3% in primary headache, 14.3% in secondary headache,
and 6.6% in painful cranial neuropathy and other headaches. Significant
findings in primary headache were Arnold Chiari Malformation, sinus
thrombosis, intracranial mass, choroid plexus xanthogranuloma,
hydrocephalus, vascular malformation.

Conclusion: In this series, the rate of significant findings in neuroradiological
imaging in primary headache is low. Secondary headaches require
neuroimaging because of the presence of underlying life-threatening causes,
although the rate of abnormal neuroradiological imaging is low. History,
examination, and red flags in headache may lead to imaging, but patient and
physician concerns may also increase imaging rates.
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OzZET

Amag: Noroloji pratiginde sik gozlenen bas agrisinin degerlendirilmesinde
primer, sekonder ayriminda néroradyolojik gériintileme de kullaniimaktadir.
Bu calismadaki primer bas agrisi grubunda 6nemli anormal néroradyolojik
gorintileme sonug ve oranlarinin retrospektif olarak degerlendirilmesi
amaglanmigtir. Ayrica gériintiilemesi olan tim bas agrilarinin da sonuglarinin
analizi ve bag agrisinda goriintllemenin literatir ile tartisiimasi da planlandi.
Yontem: : Uglincii basamak saglik merkezindeki néroloji polikliniginin bir yil
icindeki bas agrisi hastalarinin medikal kayitlari gézden gegirildi. Beyin
goriuntiilemesi istenen ve goriintiilemede patoloji yaratabilecek hastaligi
olmayan hastalar ¢alismaya dahil edildi. N6roradyolojik gériintilemeler beyin
bilgisayarli tomografi (BT), beyin manyetik rezonans goriintileme (MRG) ve
digerleri olarak gruplandirildi. Sonuglar normal, 6nemli anormal bulgu ve
digerleri olarak degerlendirildi.

Bulgular: Toplam 1545 hasta calismaya alindi. Primer bas agrisi 992,
sekonder bas agrisi 91, agrilh kranial noropatiler ve diger bas agrilar 462
hastada gozlendi. Primer bag agrisinda 6nemli anormal radyolojik bulgu %4.3,
sekonder bas agrisinda %14.3, agrili kranial noropati ve diger bas agrisinda
%6.6 oraninda bulundu. Primer basagrisindaki énemli radyolojik bulgular
Arnold Chiari malformasyonu, sinls trombozu, intrakranial kitle, koroid
pleksus ksantogranulomu, hidrosefali, vaskiiler malformasyon oldu.

Sonug: Bu seride incelenen primer basagrilarindaki nororadyolojik
gorintilemede 6nemli bulgu orani duigiiktlr. Anormal bulgu orani diisiik olsa
da sekonder bas agrilari, altta yatan yasami tehdit eden nedenlerden 6tiiri
norogorintlileme gerektirir. Bas agrisinda 6ykl, muayene ve kirmizi
bayraklar gorintiileme konusunda yol gosterir ancak glinimizde hasta ve
hekim kaygilari da gériinttileme oranlarini artiriyor olabilir.
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INTRODUCTION

Headache is one of the most common symptoms that could impair an
individual’s quality of life. It is a common cause of presentation to physicians’
offices and has a large share in health expenditures worldwide. The global
prevalence of headache is unclear, and the prevalence of primary headache
is greater. In 2010 global disease burden questionnaire, stress type headache
and migraine are the second and third most common disorders worldwide,
with migraine being also the seventh most common cause of disability (1).
Although secondary headaches are rarer, they are of greater importance.
Their etiologies may include life threatening conditions of central nervous
system or other systems. Thus, evaluation of pain and decision making about
the necessity of imaging studies are crucial for patients presenting to
neurologist with headache. The aim of this study was to retrospectively
evaluate neuroimaging rates and results in primary headache group. It is also
planned to review the results of other headaches which have neuroimaging,
which is important in the headache, and to discuss the imaging of headache
with relevant literature.

METHODS

In this retrospective and cross-sectional study, electronic medical records
of our neurology outpatient clinic were reviewed by four neurologists
between July 2016 and July 2017. Patients with headache were enrolled who
have main diagnosis of headache and brain neuroimaging (CT, MRI and other
brain studies (MRI/CT venography-angiography, diffusion, or their
combinations with brain CT/MRI) was performed. Patients with a known
intracranial neoplasm, vascular lesion or seizure disorder were excluded. All
MRI studies had done with 1.5 Tesla and two detector computed
tomography had used. The results of imaging studies were reviewed by
radiologist and neurologist from written report and image archive systems.
The main diagnosis of headache was determined with pain history and
international classification of disease (ICD) code. Age, gender, headache
diagnosis, type and result of neuroimaging and neurological examination
findings of all patients were recorded. The results of neuroradiological
imaging were categorized according to McCrory et al. in the US Headache
Consortium as follows: normal (normal, T2 hyperintensity of migraine),
important abnormalities and others, i.e. unimportant findings (sinusitis,
ischemic gliotic focus, lacunar infarction, meningioma, arachnoid cysts,
demyelinating plaques) (2). Important abnormalities included tumors,
hydrocephalus, vascular  malformations  (aneurysm, arteriovenous
malformation, cavernoma, venous angioma) and Arnold-Chiari malformation
(ACM), intracerebral and extracerebral hemorrhage, acute and subacute
ischemia, and sinus thrombosis. Headache was categorized by (ICHD)-3 beta
as primary, secondary, painful cranial neuropathies, and other headache
disorders. Other headaches were non-specific headaches of primary
headaches which did not meet the diagnostic criteria and excluded the
secondary causes. In the primary headache it was known headache class but
unexpected age was requested in the presence of a change in the character
of pain, in the presence of unresponsiveness to treatment, in secondary
headaches and in others in the presence of a red flag and history that did not
meet the primary headaches (3). Imaging findings were assessed by
subgroups in the primary headache category. The study was approved by our
university’s clinical research ethic committee (02.06.2018-03/01).

Statistical analysis

The statistical analyses were performed with SPSS 21 (SPSS Inc, Chicago, II,
USA) software package. Quantitative variables were expressed as
percentage, mean, and standard deviation. Data distribution was assessed
with the normality test, with non-normally distributed variables being
compared with Mann Whitney-U test. p value of less than 0.05 was
considered statistically significant.

RESULTS

In this study, medical records of 2980 patients who have headache were
reviewed. Total 1545 patients were included according to inclusion and
exclusion criterias. There were 1113 women (72.03%) and 432 men (27.9%)
in study group. The mean age was 42.8 (range 16-90) years. There is not
significant difference in mean age between female and male patients
(42.53%16, 43.69417 p=0.264).

Primary headache was the most common type of headache (991 patients,
64.2%), followed by painful cranial neuropathies and other headaches (462
patients, 29.9%) and secondary headache (91 patienst, 5.9%). The primary
headache subtypes were migraine (345 patients, 34.8%), tension type
headache (TTH) (528 patients, 53.2%), migraine with TTH (108 patients,
10.9%), trigeminal autonomic headache (4 patients, 4%), and other primary
headaches (stabbing headache, 7 patients, 7%) (Table 1). Neurological
examination was pathological (papillary edema) only three cases in primary
headache group. In painful cranial neuropathy and other headaches,
neurological examination was normal but neurological examination findings
could not be achieved in secondary headaches.

Table 1. Groups of headache

Headache group n (%)
Primary headaches 992 (64.2)
Painful cranial neuropathies and other headaches 462 (29.9)
Secondary headaches 91 (5.9)
Total 1545

The rates of neuroimaging studies are given on Table 2. The most frequent
imaging method was MRI (828, 53.6%) in the study group. The important
radiological finding was found 4.3% in primary headache, 14.3% in secondary
headache, and 6.6% in painful cranial neuropathy and other headaches.
Abnormal imaging findings in primary headache subgroup were present 2%
in migraine, 1.6% in TTH, 0.6% in combined migraine and TTH, and 0.1% in
trigeminal autonomic headache (Table 3). Normal radiological imaging
findings were present 86.4% in primary headache and 9.3% in other findings.

Table 2. The types of neuroimaging

Neuroimaging study n (%)
Brain MRI 828 (53.6)
Brain CT 598 (38.7)
Others 119 (7.7)
Total 1545

MRI, Magnetic rezonans imaging; CT, Computerize tomography

Table 3. Significant neuroimaging abnormalities in patients with primary
headache

Primary headache Neuroimaging
subtypes findings (n)
Significant
Normal abnormalities Other Total

Migraine 300 20 25 345
TTH 454 16 58 528
Mikst (migraine +TTH) 93 6 9 108
TOH 3 1 0 4
Other primary headache 7 0 0 7
Total 857 43 92 992

TTH, Tension type headache; TOH, Trigeminal autonomic headache
DISCUSSION
History, neurological and systemic examinations are important tools to

make an accurate diagnosis of headache, a complaint commonly observed in
the neurology practice.
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Neuroradiological imaging serves to differentiate primary headaches from
secondary ones. In addition, some conditions may require neuroradiological
imaging for follow-up of primary headaches (3,4).

This study examined imaging data of large patient group who were
diagnosed as having primary headache (migraine, stress, trigeminal
autonomic headache and other primary headaches) . It revealed a
prevalence of 4.3% for important abnormal radiological findings. Studies in
the literature assessing brain CT findings in chronic headaches (with
unknown main diagnosis) have revealed a prevalence of 0-3% for important
radiological findings (5,6,7,8,9). While a review of brain MRI findings in
chronic headaches by Wang et al demonstrated that the prevalence was
3.7% in the migraine, TTH, mixed, atypical headache group, the prospective
study of Tsushima et al (where headache subgroups were undefined) a
corresponding figure of 0.7% was reported (10,11). Another study by
Sempere et al assessing brain CT and MR findings in a greater number if
patients with headache reported a prevalence of 1.2% (12).

Although differences between prevalence numbers reported by previous
studies may result from the differences related to population size and
methodology, the reported prevalences are generally low. Our study also
demonstrated a low prevalence for important radiological findings, albeit
somewhat higher than those reported in the literature. This may have
stemmed from a greater rate of MRI examination than CT examination. The
important radiological findings were ACM Type |, sinus thrombosis,
intracranial mass, choroid plexus xanthogranuloma, hydrocephalus, vascular
malformation (aneurysms, cavernoma). ACM Type | refers to the herniation
of cerebellar tonsils through foramen magnum for 3 to 5 mm downwards; it
is controversial if it is a true cause of headache (13,14). In our study, 19 cases
in the primary headache group had incidental ACM Type |, of which 10 were
diagnosed with migraine. Other incidental findings were choroid plexus
xanthogranuloma, vascular malformation (aneurysm, cavernoma), and
hydrocephalus. An intracranial mass (schwannoma, paraganglioma and
occipital mass) was observed in two migraine patients and one TTH. Prior
clinical studies have reported that isolated headache is rare, occurring rather
with other symptoms. Moreover, stress type headache was the most
common headache type followed by migraine type headache in primary and
secondary metastatic tumors (15). Sinus thrombosis was detected in three
patients (two migraines, one TTH) who were found to have papillary edema
in neurological examination.

White matter hyperintensity on T2-weighted MRI images in migraine has
been shown by many studies. These changes may be observed in migraine
both with and without aura and in the absence of risk factors. Furthermore,
these lesions have a higher rate in the migraine patients than the healthy
controls (16). As T2 hyperintensities in the white matter were unimportant
and would not alter the outcome in the migraine patients, they were
included in the normal imaging findings.

Our study found a rate of 6.6% for the important radiological findings
(subacute ischemia, ACM, venous angioma) among the group of painful
cranial neuropathy and other headaches. Painful cranial neuropathies are
characterized by pain in the cranial or cervical nerve distribution, and the
most common ones are trigeminal, postherpetic, and occipital varieties (17).
The ones in our patient group were seven trigeminal neuralgia cases which
were idiopathic. Radiological findings were in other nonspecific headaches.

The retrospective analysis revealed that there were 91 secondary
headache cases, which had a rate of important radiological findings of 14.3%.
Apart from neuroradiologically diagnosable secondary headaches such as
subarachnoid bleeding, cerebral venous thrombosis that are mentioned in
IHS, some secondary causes are with normal neuroradiological imaging such
as medication overuse. This affects the results.

This study raises the question of whether more than necessary
neuroradiological imaging is required in primary headaches. In this reviewed
patient series, psychiatric comorbidities that may accompany primary
headache, particularly migraine, TTH, or both, may also lead to
misinterpretation of red flag signs and other follow-up parameters due to
treatment resistance secondary to drug abuse. Hence, neurological
examination is of great importance in these conditions. In migraine
neuroimaging is not recommended if its diagnostic criteria are fully met,
neurological and systemic examination are normal, and the course is stable
(18). It was proved that the same recommendation also applies to other
primary headaches (19). As is known, red flags are recommended in clinical
practice to question secondary and potential life-threatening conditions.
Orange flags are the other recommended danger signs in headache (20). In

2003 the SNOOP4 (systemic symptoms/signs and disease, neurologic
symptoms or signs, onset sudden or onset after the age of 40 years, and
change of headache pattern) list including the red flag signs recommended
for clinical practice was revised as the SNNOOP10 list by adding orange flag
signs to it (21). Nowadays, however, the rate of ordering radiological imaging
tests for headache has been progressively increasing. Headache being the
primary symptom, patient’s and physician’s concerns about headache, better
access to neurologists, and repeated visits are the reasons of this increase
(22,23,24).

In summary, the rates of important radiological signs are low in primary
headache and most are incidental. Clinican should review diagnosis criteria,
red flags, neurologic examination and follow-up of patients with primary
headache. Secondary headaches require neuroimaging because of the
presence of underlying life-threatening causes, although the rate of
abnormal neuroradiological imaging is low.

Conflict of interest
No conflict of interest was declared by the authors.

REFERENCES

1. Vost T, Falxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M et al. Years lived with
disability (YLDs) for 1160 sequale of 289 diseases and injuries 1990-2010: a systematic
analysis fort he Global Burden of Disease Study 2010. Lancet 2012;15:2163-96.

2. McCrory DC, Matchar DB, Rosenberg JH, Silberstein SD. Evidence-based guidelines for
migraine headache: overview of program description and methodology. Minneapolis,
Minn: American Academy of Neurology; 2000. http://w w w. aan.com
/professionals/practice/pdfs/gl0086.pdf. Accessed November 7, 2005.

3. De Luca GC, Bartleson JD. When and how to investigate the patient with headache.
Semin Neurol 2010; 30:131-44.

4. Feoktistov A, Diamond M. Diagnosing and understanding adult headache. Otolaryngol
Clin North Am 2014;47:175-85.

5. Larson EB, Omenn GS, Lewis H. Diagnostic evaluation of headache. Impact of
computerized tomography and costeffectiveness. JAMA 1980; 243:359-62.

6. Demaerel P, Boelaert |, Wilms G, Baert AL. The role of cranial computed tomography
in the diagnostic work-up of headache. Headache 1996; 36:347-88.

7. Dumas MD, Pexman JH, Kreeft JH. Computed tomography. evaluation of patients with
chronic headache. Can Med Assoc J 1994; 151:1447-52.

8. Akpek S, Arac M, Atilla S, Onal B, Yucel C, Isik S. Cost-effectiveness of computed
tomography in the evaluation of patients with headache. Headache 1995; 35:228-30.

9. Weingarten S, Kleinman M, Elperin L, Larson EB. The effectiveness of cerebral imaging
in the diagnosis of chronic headache. Arch Intern Med 1992; 152:2457-62.

10. Wang HZ, Simonson TM, Greco WR, Yuh WTC. Brain MR imaging in the evaluation of
chronic headache in patients without other neurologic symptoms. Acad Radiol 2001; 8:
405-8.

11. Tsushima Y, Endo K. MR imaging in the evaluation of chronic or recurrent headache.
Radiology 2005;235:575-79.

12. Sempere AP, Porta-Etessam J, Medrano V, Garcia-Morales |, Concepcidn L, Ramos A,
et al. Neuroimaging in the evaluation of patients with non-acute headache. Cephalalgia
2005;25:30-35.

13. Jamieson DG, Hargreaves R. The role of neuroimaging in headache. J Neuroimaging
2002;12:42-51.

14. Evans RM. incidental findings and normal anatomic variants on MRI of the brain in
adults for primary headaches. Headache 2017;57:780-791.

15. Nelson S, Taylor LP. Headaches in brain tumor patients: primary or secondary?
Headache 2014;54:776-85.

16. A Romano, V Cipriani, A Bozzao. Neuroradiology and headaches. J Headache Pain
2006;7:422-32.

17. Wilhour D, Nahas SJ. The Neuralgias. Curr Neurol Neurosci Rep 2018;18:69.

18. Silberstein SD and Consortium UH. Practice parameter: Evidence-based guidelines
for migraine headache (an evidence-based review) report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2000; 55: 754-62.

19. Wang R, Liu R, Dong Z, Su H, Ao R, Liu Y, et al. Unnecessary Neuroimaging for
Patients With Primary Headaches. Headache 2019;59:63-68.

20. K Ravishankar. WHICH headache to investigate, WHEN, and HOW? Headache
2016;56:1685-97.

21. Do TP, Remmers A, Schytz HW, Schankin C, Nelson SE, Obermann M, et al.
Gantenbein AR, Schoonman GG. Red and orange flags for secondary headaches in
clinical practice: SNNOOP10 list. Neurology 2019;92:134-44.

22. Young NP, Elrashidi MY, McKie PM, Ebbert JO. Neuroimaging utilization and findings
in headache outpatients: Significance of red and yellow flags. Cephalalgia 2018;38:1841-
48.

23. Callaghan BC, Kerber KA, Pace RJ, Skolarus L, Cooper W, Burke JF. Headache
neuroimaging: Routine testing when guidelines recommend against them. Cephalalgia
2015;35:1144-52.

24. Cote DJ, Laws ER Jr. The Ethics of "Choosing Wisely": The Use of Neuroimaging for
Uncomplicated Headache. Neurosurgery 2017;1;80816-9.

51



