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ABSTRACT

Objective

Intracranial hypertension is a condition of raised intracranial cerebral spinal fluid
pressure and can be primary (idiopathic) or secondary (due to an underlying cause).
If left untreated, it can lead to problems like severe headaches and permanent loss
of vision. Therefore, we sought to determine the diagnostic ability of brain magnetic
resonance imaging in the detection of idiopathic intracranial hypertension by con-
sidering certain findings under the SOVAC approach.

Methods

This descriptive observational study was conducted in the radiology department at
King Fahad Military hospital in Dharan from January 2018 to January 2021. Eval-
uating MR imaging data of all adult patients (n=107) with clinical presentations of
headaches. Patients with space-occupying lesions, obstructive hydrocephalus, and
cerebral venous sinus thrombosis were excluded.

Brain MRI findings of (i) an empty sella, (ii) tortuosity of optic nerves with perioptic
CSF prominence, (iii) non-dilated lateral ventricles, (iv) acquired cerebellar ectopia,
and (v) cerebral venous sinus stenosis was documented based on our ‘SOVAC’ (Sella,
Optic nerve, Ventricular, Acquired cerebellar ectopia, Cerebral venous sinus steno-
sis) approach. The presence of all first four findings was considered positive for
IIH. Imaging was reviewed by two neuroradiologists and consensus reporting was
made. Findings of IIH were confirmed by the presence of high lumbar opening
cerebrospinal fluid (CSF) pressure or symptomatic response towards specificmedical
treatment. Outcomes of brain MRIs were presented on a 2x2 contingency table.

Results

Sensitivity and specificity of routine brain MRI findings in detection of IIH were
calculated as 76.4% [95% confidence interval (CI), 64.6-85.9%], and 84.6% (95% CI,
69.4-94.1%) respectively.
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Conclusion

Brain MRI findings under the ‘SOVAC’ approach can predict Intracranial hyperten-
sion with greater sensitivity and specificity.

المخلص

الھدف

أنویمكنالجمجمةداخلالنخاعيالدماغيالسائلضغطارتفاعمنحالةھوالجمجمةداخلالدمضغطارتفاع
مثلمشاكلإلىیؤديأنیمكنعلاجدونتركھعندأساسي).(بمسببثانویًاأوالسبب)(مجھولأولیًایكون

المغناطیسيبالرنینللتصویرالتشخیصیةالقدرةتحدیدإلىسعینالذلكللبصر.الدائموالفقدانالشدیدالصداع
فيالنتائجبعضفيالنظرخلالمنالسببمجھولالجمجمةداخلالدمضغطارتفاععنالكشففيللدماغ

سوفاك.طریقةباستخدام

الطریقة

٢٠١٨ینایرمنالظھرانفيالعسكريفھدالملكبمستشفىالأشعةقسمفيالوصفیةالدراسةھذهأجریت
١٠٧)=(العددالبالغینالمرضىلجمیعالمغناطیسيبالرنینالتصویربیاناتتقییمتم٢٠٢١.ینایرإلى
واستسقاءالأوراممنیعانونالذینالمرضىاستبعادتمالسریري.الكشفخلالالصداعمنیعانونالذین
للدماغالمغناطیسيبالرنینالتصویرنتائجتوثیقتمللدماغ.الوریدیةالأنفیةالجیوبوتجلطالانسداديالرأس
السائلبروزمعالبصریةالأعصابتعرج(٢)التركي,السرجمنطقة(١)للتالي:بالنسبةسوفاكبطریقة
تضیق(٥)المكتسبالمخیخيالانتباذ(٤)المتوسعة,غیرالجانبیةالبطنات(٣)العین,حولالشوكيالدماغي
تمتالجمجمة.داخلالدمضغطلارتفاعإیجابیًاالأولىالأربعةالنتائججمیعوجوداعتبرالوریدیة.الجیوب
تمبینھما.بالإجماعنھائيتقریرتقدیموتمالعصبیةالأشعةأخصائیيمناثنینقبلمنالتصویرمراجعة
الفتحةخلالمنالنخاعيالسائلضغطارتفاعوجودخلالمنالجمجمةداخلالدمضغطارتفاعنتائجتأكید

المغناطیسيبالرنینالتصویرنتائجتقدیمتممحدد.طبيعلاجنحوالأعراضاستجابةخلالأومنالقطنیة
الأضلاع.ثنائيجدولشكلعلىفيللدماغ

النتائج

عنالكشففيسوفاكلنھجالحقیقيالسالبالمعدلونوعیةالحقیقيالموجبالمعدلحساسیةحسابتم
ثقة(مستوى٨٤.٦٪و٨٥.٩)٦٤.٦-بینثقة(مستوى٧٦.٤٪أنھاعلىالجمجمةداخلالدمضغطارتفاع
التوالي.على٩٤.١)و٦٩.٤بین

الخاتمة

بدقةالجمجمةداخلالدمضغطبارتفاعیتنبأأنسوفاكبطریقةللدماغالمغناطیسيالرنینلتصویریمكن
أكبرونوعیة

Keywords: Intracranial hypertension, SOVAC, cerebral spinal fluid, magnetic resonance
imaging

1. INTRODUCTION

Idiopathic intracranial hypertension (IIH) is a clinical syndrome with signs and symp-
toms of raised intracranial pressure (ICP) without any evident cause [1]. Mechanisms
like increased CSF production, decreased CSF absorption, increased intravascular volume,
and increased intracranial venous pressures have been proposed for the pathogenesis of
this condition [2, 3]The usual presentation is with headaches, visual problems (photop-
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sia, diplopia, visual loss), tinnitus, and eye pain. Papilledema may not always be present
and can be unilateral or bilateral [4, 5]. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) of the brain help to exclude brain tumors, dural sinus thrombosis,
and hydrocephalus [6]. A normal CSF fluid analysis with raised lumbar puncture opening
pressure aid in establishing a diagnosis [7, 8].

In the absence of any cause of ICP, certain brain imaging features support the diag-
nosis of IIH [9]. MRI is superior to CT in demonstrating those features with its high
inherent contrast resolution. Features pertaining to optic nerves such as; a) prominent
subarachnoid space around the optic nerve, b) vertical or coronal tortuosity of the optic
nerve, c) flattening of the posterior sclera, d) intraocular protrusion of optic nerve head,
and e) enlarged intraocular protrusion of optic nerve head, besides enlarged arachnoid
CSF outpouchings like empty sella, enlarged Meckel cave, prominent arachnoid pits or
smallmeningoceles within the temporal bone, and enlargedCSF around oculomotor nerve
within the cavernous sinus, venous sinus stenosis particularly lateral segment of the trans-
verse sinus, slit-like ventricles and acquired tonsillar ectopia have all been suggested to
indicate IIH [9–11].

Although few studies have discussed management options and prognosis of IIH in
Saudi Arabia [12, 13], no recent or specific studies are available in Kingdom to empha-
size the potential diagnostic capability of routine brain MRI based using a set criterion or
approach towards detection of IIH, that remains a diagnostic challenge for the neuroradi-
ologists [14]. Therefore, we aim to estimate the diagnostic capability of brainMRI to detect
IIH.

2. METHOD

This descriptive observational study was conducted in the radiology department at our
hospital over three years, from Jan. 2018 to Jan. 2021.

2.1 Subjects

All adult patients for whom routine brain MRIs were performed with clinical indications
of headaches with or without visual symptoms were retrospectively reviewed. Pregnant
patients, those with space-occupying lesions, trauma patients, obstructive hydrocephalus,
and known cerebral venous sinus thrombosis were excluded.
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2.2 Ethical approval

The research protocol was approved by the Hospital Research and Ethics Committee. The
study was conducted by the Helsinki Declaration.

2.3 Data acquisition

Clinical information was obtained from patients’ medical records via the hospital infor-
mation system (HIS), while MR imaging findings were reviewed through the radiology
information system/ picture archiving and communication system (RIS/ PACS). All clini-
cal and radiological data were kept strictly confidential.

2.4 Clinical measures

Theage and gender of patients were taken. Bodymass index (BMI)was expressed as within
normal (18.5- 24.9), over-weight (25.0- 29.0), and obese (30.0 and above).

2.5 Image acquisition

All MRI brain studies were performed on a 1.5 T machine (GE Machine). Routine brain
imaging included T1W (T1-Weighted) axial (Ax.) and sagittal (Sag.) Fast Spin Echo (FSE)
sequences, Ax. T2WI (T2-Weighted Imaging), Ax. FLAIR (Fluid Attenuation and Inver-
sion Recovery), DWI (Diffusion-Weighted Imaging) and ADC (Apparent Diffusion Coef-
ficient), and SWAN (Susceptibility Weighted Imaging) sequences. Thin slice sagittal 3D
CUBE (GE) T2WI, 3 mm Ax. And Cor. T2-W steady-state (FIESTA) was also acquired
for orbits and skull base (in cases of visual symptoms). MR venographies (either contrast-
enhanced or time of flight) were reviewed if available. Image parameters were not stan-
dardized.

2.6 Image interpretation

The presence of all brain MRI findings of (i) an empty sella (with or without sellar enlarge-
ment), (ii) tortuosity of optic nerves (with or without perioptic cerebrospinal fluid/ CSF
prominence), (iii) non-dilated (or slit-like) ventricles, (iv) cerebellar ectopia, and (v) trans-
verse cerebral sinus stenosis was considered positive for IIH. Empty sella was labeled when
the pituitary gland was found shrunken or flattened, filling the sella turcica with cere-
brospinal fluid instead of the normal pituitary. More than 50% sellar vacancy with the
concave surface of the pituitary gland was taken as a quantitative measure to label empty
sella. Optic nerve tortuosity was defined as lack of optic nerve congruity in >1 coronal
section. Prominent CSF space along the optic nerve sheaths was taken if the thickness of
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surrounding CSF exceeded 1 mm. In cases where MR venographies were acquired, more
than 50% luminal narrowing of cerebral venous sinuses was taken as stenosis. Cerebel-
lar tonsillar ectopia was labeled if the cerebellar tonsillar position was found under 5 mm
below the base of the skull. The absence of all or any one of these findings was taken as
negative for IIH. Final documentation of findings was mutually agreed upon between the
two radiologists.

2.7 Outcome analysis

Opening CSF pressures of more than 250 mm H2O (by estimating the value of pressure in
mmHg x 13.56) under lumbar punctures were taken as high intracranial pressure. Clinical
diagnoses of IIH were established (that partly include Dandy criteria) on documentation
of signs of raised ICP (papilledema),MRI findings (negative for structural causes or hydro-
cephalus), opening CSF pressures of more than 250 mm H2O, and relief of symptoms by
medical management. Outcomes of brain MRI imaging were presented as true positive
(TP; brain MRI correctly identified IIH), true negative (TN; brain MRI correctly excluded
IIH), false positive (FP; brain MRI incorrectly identified IIH), or false negative (FN; brain
MRI incorrectly excluded IIH). A fourfold contingency table represented the outcomes.

2.8 Statistical analysis

Data was collected and analyzed using Statistical Package for Social Sciences (SPSS Statis-
tics for Windows, version 22; IBM Corp., Armonk, NY, USA). The sensitivity, specificity,
and diagnostic accuracy of brain MRI were determined.

3. RESULTS

Of 107 patients, majority were females (n= 88, 82.2%), and the mean age was 44.78 years
(range 29- 68 years, standard deviation/ SD- 9.1). Papilledema was seen positive in 52 out
of 68 positive patients of IIH. Sensitivity, and specificity of routine brain MRI in detection
of IIH were calculated as 76.4% [95% confidence interval (CI), 64.62-85.91%], and 84.6%
(95% CI, 69.47-94.14%) respectively (P-value, 0.0005) [Table 1].

Out of 52 true positive cases of IIH, the majority (43/52; 82%) were either overweight
(n=29) or obese (n=14), while the majority of true negative cases of IIH (26/33; 78%)
were within normal limits of their body mass indices. MR venographies were found in
47 patients (n= 47), and 35 showed either unilateral (22/35) or bilateral (13/35) transverse
cerebral venous sinus stenosis. Acquired cerebellar ectopia was seen in 7 patients.
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Table 1 Brain MRI findings and their outcome
in the detection of IIH.

MRI Findings Clinical / CSF pres-
sure

Total

Positive Negative
Positive 52 6 58
Negative 16 33 49
Total 68 39 107

Figure 1 Selected MRI brain images of a 43-year-old male patient diagnosed with IIH showing A) empty
sella on sagittal T1W image, B & C) tortuosity of optic nerve and prominence of perioptic CSF on axial
and sagittal T2W image, andD)MRVTOF showing unilateral stenoses of left-sided transverse and sigmoid
cerebral venous sinuses.

OpeningCSFpressuresweremeasured in 31 patients and found to be high in 23 patients
with a mean of 261 mm H2O (SD- 4.6 mmH2O). For the remaining TP patients for whom
opening CSF pressure measurements were not made, clinical improvement with medical
treatment was observed. Opening CSF pressures were measured in 31 patients and found
to be high in 23 patients with a mean of 261 mm H2O (SD- 4.6 mmH2O).

4. DISCUSSION

Idiopathic intracranial hypertension (IIH) is a disorder related to raised intracranial pres-
sure with unknown etiology. It is also sometimes called benign intracranial hypertension
or pseudotumor cerebri. High pressure around the brain causes symptoms like headaches
and vision changes. The role of clinical neuroradiology is to exclude causes of secondary
intracranial hypertension (e.g., space-occupying lesions, obstructive hydrocephalus, infec-
tion, and cerebral venous sinus thrombosis) and to identify imaging findings that support
the diagnosis of IIH [15]. Our study exploited the role of routine brainMRI in the detection
of such findings by adopting ‘SOVAC’ approach. Although some studies have highlighted
different sensitivities of various individual imaging findings, we found ‘SOVAC’ approach
a more practical and easy way to identify such condition in a methodical way.
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Partially empty sella sign can occur in 70-80% of IIH cases and is produced by down-
ward herniation of arachnocele through the diaphragmatic sellae and results in subsequent
flattening or thinning of pituitary gland tissue [5]. This sign may be a normal appearance
in the older population and is best depicted on sagittal T1- or T2-weighted images. This
was one of the findings in false-positive cases in our study. Optic nerve sheath (ONS) is
composed of CSF within perioptic subarachnoid space and dura. Unilateral or bilateral
enlargement of ONS diameter (to more than 5 mm) and vertical tortuosity may be seen in
45-65% of IIH cases [10]. Orbital abnormalities seen in IIH may be explained by elevated
intracranial and CSF pressure through subarachnoid space surrounding the optic nerves.
However, it is worth stating that their appearances do not always correlate with the clinical
symptoms of papilledema. We found the presence of optic nerve tortuosity with concomi-
tant prominence of CSF along the optic nerve sheath to bemore commonly associated with
papilledema rather than only tortuosity without perioptic CSF prominence.

Transverse cerebral venous sinus narrowing (unilateral or bilateral) has also been
reported in 65-90% IIH cases, usually involving lateral aspects [16]. Its role in the patho-
genesis of IIH due to venous outflow obstruction or its compression secondarily from
increased intracranial pressure is still unclear. We did not find MR venographies in all
patients as these were not routinely requested for the clinical indications of headaches,
but where available were reviewed to collaborate with the outcomes. Most positive IIH
cases were having focal or diffuse, unilateral or bilateral stenoses, or atretic transverse
or sigmoid sinuses. Slit-like ventricle may also be seen in IIH, though difficult to be
objectively evaluated, and be a normal appearance in young subjects. We also considered
non-dilated ventricles to be included in slit-like ventricles particularly in the older age
group as mild age-related ventricular prominence could be seen due to atrophy. Acquired
cerebellar ectopia may be seen in 10-20% of cases, which can be misinterpreted by Chiari
1 malformation [11].

IIH may be a self-limiting disorder, but it can become chronic requiring treatment.
Weight loss is recommended for all obese patients. For all patients with severe headaches
and papilledema, lumbar puncture is always performed after brain imaging. Medical treat-
ment includes medications that reduce CSF production (e.g., acetazolamide or topira-
mate). CSF shunting (ventriculoperitoneal or lumboperitoneal) is reserved for the ful-
minant condition with the rapid visual loss [16]. Optic nerve sheath fenestration may be
performed in fulminant cases (not responding to medicines) [17]. Endovascular stenting
for transverse sinus stenoses has been considered in refractory cases [18]. The return to
normal appearances of the pituitary gland and optic nerves indicates a positive response
to therapy or treatment [10]. Other imaging sequences have also been reported in the lit-
erature to evaluate IIH. Sarica A et al found a significant diffusion tensor imaging (DTI)
alteration in periventricular whitemattermicrostructure of 35 patients with IIH suggesting
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tissue compaction with higher CSF pressures [19]. Razek AAKA and colleagues found that
susceptibility-weighted imaging (SWI) detected cerebral microbleeds (CMBs) in 16 out of
55 IIH patients especially those with a higher graphic rating scale (GRS) for headache [20].

We did not include the pediatric population in our study. However, Hartmann AJ et
al found similar MRI findings as those for adults in the detection of IIH in children while
reviewing data of 50 children aged under 17 years of age [21]. Gaier ED and Heidary G
found that pediatric patients were more likely to be asymptomatic or present with atypical
symptoms posing a diagnostic challenge in some patients [22]. Moreover, they observed
no apparent association of IIH with gender or obesity in prepubertal patients. Aylward SC
and Way AL found that untreated IIH in children could lead to poor quality of life and
morbidity [23]. We did not include pregnant women in our study. However, Kesler A and
Kupferminc M suggested that IIH can occur in any trimester during the pregnancy and
found no increase in visual outcome or change in morbidity in such patients [24].

Limitations to our study included its retrospective nature and the associated bias in
excluding pregnant women and pediatric population which may show different disease
course and pertinent findings. Various other MR imaging findings were not included that
could have also suggested IIH like flattening of posterior sclera or globe flattening, intraoc-
ular protrusion of optic nerve head and enhancement, enlarged Meckel caves, and promi-
nent arachnoid pits. High-resolution orbital imaging and contrast-enhancedMR venogra-
phies were not acquired for all the patients as routine studies were requested by the clini-
cians, however, authors recommend that these should be incorporated by the radiologists if
clinical suspicion of IIH is raised or imaging findings suggestive of IIH on acquired images.
Larger scale prospective studies with the inclusion of all these findings and subgroup anal-
ysis need to be considered for further validation of results.

5. CONCLUSION

IIH is a known cause of headaches. Detection of all three findings of empty sella, tortuos-
ity of optic nerves and non-dilated ventricles on routine brain MRI can predict IIH with
greater sensitivity and specificity.

CONFLICT OF INTEREST

Theauthors declare that the researchwas conducted in absence of any commercial or finan-
cial relationships that could be construed as a potential conflict of interest.

Saudi Journal of Radiology

16

https://saudiradiology.com/index.php/home/index


Waheed et al. Can ‘SOVAC’-a set of brain magnetic resonance imaging findings-detect idiopathic intracranial hypertension?

ACKNOWLEDGEMENTS

N/A

REFERENCES

[1] Wall M. Update on Idiopathic Intracranial Hypertension. Neurol Clin.
2017;35(1):27886895–27886895.

[2] Thurtell MJ ; 2019,. Available from: https://doi.org/10.1212/CON.
0000000000000770PMID.

[3] Markey KA, Mollan SP, Jensen RH, Sinclair AJ. Understanding idiopathic intracra-
nial hypertension: mechanisms, management, and future directions. Lancet Neurol.
2016;15(1):26700907–26700907.

[4] Abdulsalam A, Ajlan HK, M A. Idiopathic intracranial hypertension in males. Neu-
rosciences. 2017;22(3):28678218–28678218.

[5] Mallery RM, Rehmani OF, Woo JH, Chen YJ, Reddi S, Salzman KL. Util-
ity of Magnetic Resonance Imaging Features for Improving the Diagnosis of
Idiopathic Intracranial Hypertension Without Papilledema. J Neuroophthalmol.
2019;39(3):30829949–30829949.

[6] Ahmad SR,MossHE. Update on theDiagnosis and Treatment of Idiopathic Intracra-
nial Hypertension. Semin Neurol. 2019;39(6):31847039–31847039.

[7] Sundholm A, Träisk F, Hellgren K, Lundvall M, Söderman M, Gustavsson B. Nilsson
Remahl I. Idiopatisk intrakraniell hypertension - riktlinjer saknas ännu - Förslag till
nationellt handläggningsstöd för utredning, behandling och uppföljning. Lakartid-
ningen. 2019;116.

[8] Smith SV, Friedman DI ; 2017,. Available from: https://doi.org/10.1111/head.
13144PMID.

[9] Pal A, Sengupta P, Biswas D, Sen C, Mukherjee A, Pal S. Pattern of Idio-
pathic Intracranial Hypertension in Indian Population. Ann Indian Acad Neurol.
2019;22(1):30692759–30692759.

[10] Tan YJ, Choo CH. Idiopathic Intracranial Hypertension - Characteristic MRI Fea-
tures. Headache. 2020;60(9):32757392–32757392.

Saudi Journal of Radiology

17

https://doi.org/10.1212/CON.0000000000000770PMID
https://doi.org/10.1212/CON.0000000000000770PMID
https://doi.org/10.1111/head.13144PMID
https://doi.org/10.1111/head.13144PMID
https://saudiradiology.com/index.php/home/index


Waheed et al. Can ‘SOVAC’-a set of brain magnetic resonance imaging findings-detect idiopathic intracranial hypertension?

[11] Caglayan HZB, Ucar M, Hasanreisoglu M, Nazliel B, Tokgoz N. Magnetic Resonance
Imaging of Idiopathic Intracranial Hypertension: Before andAfter Treatment. J Neu-
roophthalmol. 2019;39(3):31430269–31430269.

[12] Alkherayf F, Al-Shaar A, Awad H, M. Management of idiopathic intracranial hyper-
tension with a programmable lumboperitoneal shunt: early experience. Clin Neurol
Neurosurg. 2015;136:26056804–26056804.

[13] Alkali NH, Daif A, Dorasanamma M, Almoallem MA. Prognosis of idiopathic
intracranial hypertension in Saudi Arabia. Ann Afr Med. 2011;10(4):22064260–
22064260.

[14] Kwee RM, Kwee TC. Systematic review and meta-analysis of MRI signs for diagnosis
of idiopathic intracranial hypertension. Eur J Radiol. 2019;116:31153551–31153551.

[15] Bouffard MA. Fulminant Idiopathic Intracranial Hypertension. Curr Neurol Neu-
rosci Rep. 2020;20(4):32219578–32219578.

[16] Karsy M, Abou-Al-Shaar H, Bowers CA, Schmidt RH. Treatment of idiopathic
intracranial hypertension via stereotactic placement of biventriculoperitoneal shunts.
J Neurosurg. 2018;130(1):29393752–29393752.

[17] Farrokhi Y, Kashani S, S, Fard A, Pakdel M, Yadegari F et al. Optic canal size in idio-
pathic intracranial hypertension and asymmetric papilledema. Clin Neurol Neuro-
surg. 2019;184:31176474–31176474.

[18] Giridharan N, Patel SK, Ojugbeli A, Nouri A, Shirani P, Grossman AW ; 2018,. Avail-
able from: https://doi.org/10.3171/2018.4.FOCUS18100PMID.

[19] Sarica A, Curcio M, Rapisarda L, Cerasa A, Quattrone A, Bono F. Periventricular
white matter changes in idiopathic intracranial hypertension. Ann Clin Transl Neu-
rol. 2019;6(2):30847356–30847356.

[20] RazekAA, BatoutyNM,AzabAG. Role of susceptibility-weighted imaging in patients
with idiopathic intracranial hypertension. Jpn J Radiol. 2020;38(8):32236855–
32236855.

[21] Hartmann AJ, Soares BP, Bruce BB, Saindane AM, Newman NJ, Biousse V. Imag-
ing Features of Idiopathic Intracranial Hypertension in Children. J Child Neurol.
2017;32(1):28195748–28195748.

[22] Gaier ED, Heidary G. Pediatric Idiopathic Intracranial Hypertension. Semin Neurol.
2019;39(6):31847041–31847041.

Saudi Journal of Radiology

18

https://doi.org/10.3171/2018.4.FOCUS18100PMID
https://saudiradiology.com/index.php/home/index


Waheed et al. Can ‘SOVAC’-a set of brain magnetic resonance imaging findings-detect idiopathic intracranial hypertension?

[23] Aylward SC, Way AL ; 2018,. Available from: https://doi.org/10.1007/s11916-018-
0665-9.

[24] Kesler A, Kupferminc M. Idiopathic intracranial hypertension and pregnancy. Clin
Obstet Gynecol. 2013;56(2):23563883–23563883.

Saudi Journal of Radiology

19

https://doi.org/10.1007/s11916-018-0665-9
https://doi.org/10.1007/s11916-018-0665-9
https://saudiradiology.com/index.php/home/index

	Introduction
	METHOD
	Subjects
	Ethical approval
	Data acquisition
	Clinical measures
	Image acquisition
	Image interpretation
	Outcome analysis
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION



