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ABSTRACT
Three - dimensional fluid attenuated inversion recovery sequence (3D-FLAIR) was introduced as a 

practical sequence which helps to reduce the cerebrospinal fluid pulsation and flow artefacts of conventional 
2D acquisition and brings contiguous slices, ability in reformatting in variable planes which are typical 
features of 3D acquisition. 3D - FLAIR has been applied on assessing several neurologic pathologies. 
In this article, we introduce the application of 3D - FLAIR sequence without contrast enhancement on 
detecting abnormalities of cranial nerve pathology by presenting two cases, acute vestibular neuritis and 
facial nerve palsy. We suggest that 3D - FLAIR is the relatively useful sequence in detecting cranial nerve 
pathologies.

Keywords: 3D - FLAIR, fluid attenuated inversion recovery sequence, 3T MRI, cranial neuritis, cranial 
nerve pathology.

1Radiology Department, Vinmec 
Healthcare System, Hanoi, Vietnam

                                  - Received: 10/9/2021; Revised: 23/9/2021; 
                                  - Accepted: 10/10/2021
                                  - Corresponding author: Anh Nguyen Van 
                                  - Email: dr.anhnguyen92@gmail.com; Phone: 0987099845

I. INTRODUCTION 
Fluid - attenuated inversion recovery (FLAIR) 

is a magnetic resonance imaging (MRI) sequence 
that uses an inversion radiofrequency (RF) pulse to 
suppress the cerebrospinal fluid (CSF) signal, so as to 
enhance the distinctness and the detectability of the 
lesions by way of increasing lesion - to - background 
CSF contrast [1,2]. FLAIR sequence is commonly 
obtained using 2D multi - slice turbo spin - echo 
(TSE) [3]. Recently, along with the advances of new 
MRI techniques, 3D - FLAIR was introduced as a 
useful sequence providing higher signal - to - noise 
ratio (SNR) and contrast - to - noise ratio (CNR), 
diminishing significantly CSF pulsation and flow 
artefacts compared to 2D acquisition, as well as 
bringing contiguous slices that enable reformatting 

the data in other planes [4-7]. Thus, 3D - FLAIR 
especially on 3 Tesla (3T) MR system is valuable in 
detecting minor subarachinoid hemorrhage (SAH), 
white matter lesions in multiple sclerosis (MS), inner 
ear pathologies, peripheral lesions of brainstem and 
cranial nerve pathologies [8-11]. Certain articles have 
revealed the usefulness of 3D - FLAIR sequence with 
and without gadolinium administration in evaluating 
the cranial nerve’s abnormalities [11-13]. In this 
article, we introduced two cases of cranial nerve 
pathologies which the patients’ clinical symptoms 
were compatible with the abnormal findings found 
on non - contrast - enhanced (NCE) 3D - FLAIR MR 
imagesin cluding one case was diagnosed as acute 
vestibular neuritis and the other was diagnosed 
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as acute peripheral facial palsy. Both cases were 
improving the symptoms after receiving proper 
treatment.

II. CASE PRESENTATION
Case 1: A 31 - year - old man with no significant 

past medical history was admitted to our hospital 
with complaints of severely sudden vertigo, nausea 
and tinnitus in left ear for two days. The clinical 
examination revealed spontaneous right - beating 
horizontal nystagmus with positive horizontal head 
impulse test. Audiogram test was normal for both 
sides. The examination also revealed the patient’s 
gait was instable towards the left, on the other hand 
he still presented ambulatory ability and could stand 
unsupported. Neither focal neurological deficits 
nor abnormal central nervous symptoms were 
observed. Preliminary diagnosis was left - sided 
acute vestibular neuritis. 

Three days after the onset, a head 3T MRI with 
the standard single dose of Gadolinium (0.1 mmol/
kg of body weight) was performed to assess the 

cranial nerves and brain. The head MRI protocol was 
set up with the following sequences: T1 - weighted 
(T1W) in the sagittal plane; T2 - weighted (T2W) 
in axial and coronal planes; diffusion - weighted 
imaging (DWI) sequence in axial plane for whole 
brain; 3 - dimensional constructive interference in 
steady state (3D - CISS), pre - and post - contrast 3D 
- FLAIR for the infratentorial level assessment; post 
- contrast T1W in axial plane. The post - contrast 
sequences were taken in 10 - minute delayed phase 
with 01millimeter in slice thickness.

The abnormal signal of the left vestibular nerve was 
exposed on pre - contrast 3D - FLAIR sequence with 
focally high signal intensity of the cisternal segment of 
this nerve (Figure 1A) which did not help in assessing 
enhanced nature of the lesion on post - contrast 3D - 
FLAIR sequence afterwards. On post - contrast T1W 
images, no abnormal enhancement of this nerve was 
noted (Figure 1B). On the remaining sequences, there 
was neither abnormal signal of the left vestibular nerve 
nor abnormalities of the cerebral parenchyma and the 
other intracranial structures revealed. 

Figure 1: (A) The 3D - FLAIR MRI shows focally high signal intensity in the 
cisternal segment of the left vestibular nerve (white narrow). (B) The post - contrast T1W MRI 

shows no enhancement of the left vestibular nerve. 
Based on clinical symptoms and MRI findings, 

he was diagnosed with left-acute vestibular neuritis 
and was treated with oral dexamethasone in 
several weeks. He recovered significantly without 
complication after 4 weeks.

Case 2: A 53 - year - old male patient presented 
to our hospital with left hemifacial weakness over 
a week. The patient did not report any extremity 
weakness, speaking trouble, fever, nausea, vomiting 
or other systemic symptoms. He also denied any 
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sick contacts previously. He had a history of 
chronical kidney failure. The physical examination 
showed facial asymmetry with the left side of face 
was flat and expressionless; restriction in wrinkling 
the forehead, limited movement of the left upper 
and lower lips. No tenderness was revealed 
around the affected region. Charles Bell’s sign 
was positive. He was diagnosed merely peripheral 
facial nerve paralysis. A head 3T MRI without 
gadolinium injection was indicated owing to his 
kidney failure condition. The protocol was installed 
similarly as was used for the patient in case 1 but 
the post - contrast sequences were skipped. 3D - 
FLAIR images exposed the abnormally high signal 
intensity of the descending segment (as known as 
mastoid and extracranial segments) of the left facial 
nerve. There was not abnormal signal intensity of 
the left geniculate ganglion and other segments of 
the nerve.

Figure 2: (A) 3D - FLAIR image on coronal plane 
shows high signal intensity of the descending 

segment of the left facial nerve (white narrow). No 
abnormal signal of the descending of the right facial 
nerve is seen (white circle). (B) No abnormal signal 

of the geniculate ganglion is seen (dash circle).

He was started on the course of acyclovir. He 
was scheduled for a follow - up after a month and 
significant recovery was seen.The recovery of the 

patient indicated that facial neuritis originates from 
viruses. Further follow - ups were planned for every 
month in the next 3 months.

III. DISCUSSION
3D - FLAIR has been proved as the sequence not 

only overcomes the artefacts from CSF pulsation 
and flow of standard 2D FLAIR but also offers the 
advantages associated with common 3D acquisition 
including superior SNR and CNR, contiguous slices, 
ability in reformatting in variable planes [4-7]. The 
dominance of 3D - FLAIR is enhanced by obtaining 
on higher field strength of 3 Tesla MR which helps 
improving SNR. Thanks to the superiority of 3D - 
FLAIR over 2D acquisition, this sequence has been 
applied on detecting subtle white matter lesions in 
MS [10,14], minor SAH [9], abnormalities of inner 
ear and certain conditions [8].

For the cranial nerve pathologies, especially 
for the facial and vestibulocochlear nerves, the 
sequences with gadolinium - enhancement have 
shown a relatively useful sequences to evaluate 
the anatomic course and abnormal enhancement 
of these nerves [11,15,16]. Nonetheless, T1W 
with contrast enhancement (CE) has revealed 
considerable limitations in diagnosing facial and 
vestibulocochlear neuritis in certain conditions. 
T1W with CE has shown indistinguishable 
enhancement of both normal and abnormal nerves 
[15,17,18]. On the other hand, several patients with 
contraindication of using contrast agents such as 
kidney failure in our case could not be performed 
MR scanning with CE sequences. Acute neuritis 
is the inflammated and edematous condition of 
the cranial nerve which is hypothesized that it 
could expose high signal intensity on FLAIR. With 
the advantages of 3D acquisition, 3D - FLAIR is 
supposed it has higher sensitivity than conventional 
2D in detecting thebright signal intensity of the 
lesion. To the best of our knowledge, there was only 
case of Kang Min Park et al. Reported about focally 
high signal intensity of the vestibular nerve on 3D 
- FLAIR without CE in acute vestibular neuritis 
(AVN) [13]. 
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In our first case with diagnosis of left - sided 
AVN, non - CE 3D - FLAIR sequence has revealed 
the high signal intensity in the cisternal segment 
of the left vestibular nerve meanwhile it did not 
show any abnormal enhancement of this nerve on 
post - contrast T1W images. This sign on MRI was 
consistent with the patient’s clinical symptoms. In 
our second case with diagnosis of facial neuritis, 
high signal intensity in the mastoid segment of 
the left facial nerve has observed on non - CE 3D 
- FLAIR images. This patient was treated with 

acyclovir and has improved gradually after a month.

IV. CONCLUSION
From our cases and reviewed articles, we 

suggest that NCE 3D - FLAIR is the relatively 
useful sequence in detecting cranial nerve 
pathologies, particularly in case of contraindication 
of gadolinium administration. However, toproperly 
assess thevalue of 3D - FLAIR in evaluating cranial 
nerve pathologies, further research with numerous 
samples should be performed.
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