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Abstract 

Background:  The double inversion recovery (DIR) pulse sequence was introduced several years ago and since that 
it grew important value in clinical neuroimaging. We aimed to assess the added value of double inversion recovery in 
evaluation of epileptic patients.

Results:  In mesial temporal sclerosis, the measured contrast parameters (SNR, CR, CNR and AI) were found to be 
significantly higher in DIR than in FLAIR and T2 sequences. In cases of focal cortical dysplasia, significantly higher CNR 
and AI in DIR than in T2 and FLAIR. Also DIR showed higher detection of the increased cortical thickness and cortical 
signal intensity than the T2 and FLAIR sequences. In tuberous sclerosis cases, the DIR showed higher visibility of the 
lesions than the T2 and FLAIR. Also DIR showed higher ability to detected grey-white matters junction blurring.

Conclusions:  Our study concluded that the greatest value of the double inversion recovery sequence is its higher 
ability in detecting multiple characteristics of the lesions in a one sequence.

Keywords:  Double inversion recovery, Epilepsy, Mesial temporal sclerosis, Focal cortical dysplasia, Malformations of 
cortical development

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Background
Epilepsy is a common chronic neurological brain condi-
tion that has wide range of causes with multiple influenc-
ing factors in most cases [1]. The MRI appears as a major 
player in its work up, however, a specifically tailored 
MRI protocol [2]. The Double inversion recovery (DIR) 
is appearing in the last few years to have a very impor-
tant role in the neuroimaging as an excellent grey matter 
imaging modality [3].

Of the major causes of epilepsy appear the mesial tem-
poral sclerosis and malformations of cortical develop-
ment, as two of the most common causes of epilepsy 
among adult and pediatric age groups respectively [4, 
5]. Mesial temporal sclerosis (MTS) is characterized by 
neuronal loss and gliosis affecting selective parts of the 

hippocampal formation [6]. On the other hand, malfor-
mations of cortical development (MCDs) are a very wide 
and diverse range of disorders presented by multiple MR 
imaging features [7]. They include focal cortical dyspla-
sias (FCDs), tuberous sclerosis (TSc), heterotopia, and 
polymicrogyria among other disorders [5, 7, 8].

MTS may represent a diagnostic challenge on MRI, as 
in the early stage, where the main findings of hippocam-
pal sclerosis (the atrophy and T2 hyperintensity) are sub-
tle [6, 9].

Also, some of the malformations of the cortical devel-
opment (MCDs) are difficult to characterize based on the 
current MRI modalities and they can mimic each other. 
So we conducted this study hoping that it can increase 
the efficacy of MRI in detecting the epileptogenic lesions 
so helping patients getting better management.

Methods
The study included 25 patients (18 females and 7 males). 
Their ages ranged between 1 and 57 years.
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Inclusion criteria
25 consecutive patients with history of primary idi-
opathic epilepsy and their MRI revealed epileptogenic 
lesions were prospectively included in the study. All age 
groups were included.

Exclusion criteria
Patients with space occupying lesions, inflammatory 
pathology and vascular malformations.

All patients were subjected to

1.	 Thorough history taking.
2.	 Conventional MRI epilepsy protocol, including:
	 All patients in this study were imaged using 3T mag-

net MRI machines; GE Discovery closed configura-
tion whole body scanner using a standard head coil.

A.	Three dimensional (3D) T1 weighted image uti-
lizing a repetition time (TR) of 8  ms, an echo time 
(TE) of 3 ms, an isometric slice thickness of 1 mm, 
FOV = 230 × 180 mm.

B.	 Axial and coronal T2 weighted image utiliz-
ing a repetition time (TR) of 4000  ms, an echo 
time (TE) of 100  ms, a slice thickness of 5  mm, 
FOV = 230 × 180 mm.

C.	Three dimensional (3D) FLAIR utilizing a repetition 
time (TR) of 7500 ms, an echo time (TE) of 110 ms, 
TI of 2000 ms, an isometric slice thickness of 1 mm 
and FOV = 230 × 180 mm.

3.	 Double inversion recovery (DIR) sequence:

	 We used a three dimensional double inversion recov-
ery (DIR) sequence utilizing a repetition time (TR) of 
7000 ms, an echo time (TE) of 80 ms, inversion times 
(TI) of 3400/325 ms, a slice thickness of 1×1×2 mm 
and FOV= 230 × 180 mm.

Image analysis
All images were analyzed by two experienced neurora-
diologists. To test the impact of DIR sequence, the two 
observers assess, for each sequence and lesion, variable 
semiological aspects assigned as following:

1. Mesial temporal lobe sclerosis:

A.	Visual evaluation: the examiners evaluate for hip-
pocampal hyperintensity, compared to the contralat-
eral side.

B.	 Quantitative assessment: Measuring signal intensi-
ties of both hippocampi on the coronal DIR, FLAIR, 
and T2 images, round small regions of interest 

(ROIs) of similar size are manually drown on bilat-
eral hippocampi, and signal intensities are acquired 
independently at the head, body, and tail levels of 
the hippocampus. The mean value denotes the signal 
intensity of the whole hippocampus. The ROIs are 
placed to include as much of the hippocampal tissues 
as possible while avoiding the adjacent CSF spaces to 
diminish the effects of partial volume from the CSF. 
From the measured signal intensities of bilateral hip-
pocampi on the coronal DIR, FLAIR, and T2 images, 
the signal-to-noise ratio (SNR), contrast-to-noise 
ratio (CNR), contrast ratio (CR), and asymmetry 
index (AI) are calculated for all patients.

SNR = SI1/SDno
CNR = |SI1 − SI2|/SDno,
CR = |SI1 − SI2|/SI2
AI = 100 (%) × |SI1 − SI2|/ [(SI1 + SI2)/2]
where SI1 is the signal intensity of affected hip-
pocampus,
SI2 is the signal intensity of contralateral hip-
pocampus.
SDno is the SD of the noise,

2. Focal cortical dysplasia:
A. Visual evaluation: the examiners evaluate for each 

sequence and lesion, variable semiological aspects 
assigned as following:

1.	 Cortical Thickness (CT): examiners evaluate the 
lesion for cortical thickness comparing it to the con-
tralateral healthy side and giving a result of no differ-
ence or increased cortical thickness (CT).

2.	 Cortical Signal Intensity (CSI): the examiners evalu-
ate a given lesion, compared with contralateral 
healthy side, giving a result of no difference or CSI 
change (hypointensity on T1 sequence and hyperin-
tensity on T2, FLAIR and DIR sequences)

3.	 GM/WM junction blurring: the examiners evaluate 
whether blurring is present, or not.

4.	 Subcortical WM hyperintensity: the examiners eval-
uate if white matter subcortical hyperintensity is 
detected, or not.

B. Quantitative assessment: calculating average sig-
nal intensities of the lesions manually on the coronal 
DIR, FLAIR, and T2 images. For sake of comparison, 
the contralateral side for each lesion is further seg-
mented and average intensity is measured. Then the 
signal-to-noise ratio (SNR), contrast to- noise ratio 
(CNR), contrast ratio (CR), and asymmetry index (AI) 
are calculated.

3. Lesions for visual analysis only:
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A. Heterotopia / Polymicrogyria / Schizencephaly: 
the examiners are asked to evaluate each lesion accord-
ing to visibility, each lesion is classified as better, similar, 
or lower visible between DIR versus T1, T2 and FLAIR 
sequences.

B. Tuberous sclerosis:

1.	 Counting of cortical tubers: the examiners are asked 
to count all the lesions on T2, FLAIR and DIR, each 
sequence will be assessed separately from the others, 
starting by T2 sequence followed by the FLAIR and 
ending by the DIR.

2.	 Lesion visibility: the examiners are asked to evalu-
ate each lesion according to its visibility, where each 
lesion is classified as better, similar, or lower visible 
between DIR versus T2 and FLAIR sequences.

3.	 GM/WM junction blurring: the examiners are asked 
to evaluate if blurring is present, or not.

C. Other lesions:
The examiners are asked to evaluate each lesion accord-

ing to its visibility, where each lesion is classified as bet-
ter, similar, or lower visible between DIR versus T2 and 
FLAIR sequences.

Statistical analysis
The statistical analysis of lesions on the different pulse 
sequences will be performed patient and lesion wise. All 
data will be gathered, statistically analyzed, and tabulated. 
Qualitative data will be described using number and per-
cent. Quantitative data will be described using mean and 
standard deviation. Significance of the obtained results 
will be judged at the 5% level (P value of < 0.05 was con-
sidered statistically significant). Significance between 
periods was done using Post Hoc Test (adjusted Bonfer-
roni) comparing between different periods using F test 
(ANOVA).

Results
In our study 10 patients (40%) had mesial temporal scle-
rosis, 6 patients (24%) had focal cortical dysplasia, 1 
patient (4%) had gray matter heterotopia, 1 patient (4%) 
had polymicrogyria, 2 patients (8%) had tuberous sclero-
sis and 5 patients (20%) had gliotic changes. The socio-
demographic data are shown in Table 1.

1.	 Assessment of patients with mesial temporal sclero-
sis:

	 In the current study we assessed ten (10) patients 
with mesial temporal sclerosis with their mean 
age about 22.9  years (ages ranging between 17 and 
35 years).

	 A. Visual evaluation:

	 On T2, only six cases (60%) showed hyperintense 
signal in the affected hippocampus, compared to 
the contralateral side, the cortex and basal ganglia. 
While on FLAIR and DIR the hyperintense signal is 
detected within the affected hippocampus in all the 
ten cases (100%) compared to the contralateral side, 
the cortex and basal ganglia (Fig. 1)

	 B. Quantitative assessment: the measured signal 
intensity was found to be higher in the ipsilateral side 
compared to the contralateral side in all the three 
sequences in 100% of cases.

	 Also, all the four contrast parameters (as shown in 
Table 2) were found to be significantly higher in DIR 
than in FLAIR and T2 sequences (P  value of < 0.05 
was considered statistically significant).

2.	 Assessment of patients with focal cortical dysplasia:
	 In the current study we assessed six patients with 

focal cortical dysplasia with their mean age about 
11 years (ages ranging between 1 and 21 years).

	 A. Visual evaluation:
	 1. Cortical Thickness: in T1, T2 and FLAIR, only 4 

out of the 6 cases (67%) showed increased cortical 
thickness compared to all the 6 cases (100%) on DIR 
showing increased cortical thickness (Fig. 2)

	 2. Cortical Signal Intensity: T1 showed cortical signal 
intensity change in only 2 of the cases (34%). While 
T2 and FLAIR, each showed cortical signal intensity 
change in 4 cases (67%) compared to 6 cases (100%) 
on DIR.

	 3. GM/WM junction blurring: none of the cases (0%) 
showed grey-white matter junction blurring in the 
T2 sequence, compared to 2 out of the 6 cases (34%) 
in the remaining other sequences (T1, FLAIR and 
DIR) whom showed blurring in the grey/white mat-
ter junction.

	 iv. Subcortical WM signal: none of the cases (0%) 
showed subcortical white matter signal change on 
T1 sequence, compared to 2 cases (34%) that showed 
subcortical white matter hyperintense signal on T2, 
FLAIR and DIR.

	 B. Quantitative analysis:
	 The measured signal intensity was found to be higher 

in the affected side compared to the contralateral side 
on T2, FLAIR and DIR in 100% of cases. The contrast 
parameters are shown in Table 3.

3.	 Assessment of patients with Heterotopia / Polymi-
crogyria / Schizencephaly:

	 We found only one patient in our study having pol-
ymicrogyria. The abnormality was lower visualized 
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on DIR than on T1, similar to that on T2 and better 
than on FLAIR (Fig. 3).

	 Also, we found a single patient with grey matter het-
erotopia. The abnormality was almost equally visual-
ized on DIR, T1 and FLAIR, and better visualized on 
DIR than on T2 (Fig. 4).

4.	 Assessment of patients with tuberous sclerosis:
	 In our study we found only two patients with tuber-

ous sclerosis.
	 1. Counting cortical tubers: counting the lesions 

in the two patients revealed a single lesion seen on 
DIR which was missed on T2 and FLAIR sequences. 
Other than that, there were another 18 lesions seen 
on T2, FLAIR and DIR sequences.

	 2. Lesions visibility: The lesions were classified as 
having better, similar, or lower visibility between DIR 
versus T2 and FLAIR sequences as shown in Table 4.

	 3. GM/WM junction blurring: grey-white matters 
junction blurring was noted in 8 lesions out of the 
whole 19 lesions (about 42%) in each of the T2 and 
FLAIR sequences. While this number is almost dou-
bled on DIR to be 15 lesions with grey-white matters 

Fig. 1  Left mesial temporal sclerosis in an 18 years old female 
patient. Oblique coronal T2 weighted (a), FLAIR (b) and DIR (c) 
images. The left hippocampus is atrophic showing hyperintense 
signal in T2 (arrow in a), FLAIR (arrow in b) and in DIR (arrow in c). 
Asymmetry of signal intensity of the hippocampi is most conspicuous 
on the DIR image

Table 1  Distribution of the studied cases according to 
demographic data

No %

Sex

Male 7 28

Female 18 72

Age

Range 1–57

Mean ± SD 21.1 ± 12.5

Median 18

Table 2  contrast measurements in patients with MTS compared 
between DIR, FLAIR, and T2 MRI (Data expressed as means (SDs))

p: p value for F test (ANOVA) with repeated measures for comparing between 
different period

Significance between periods was done using Post Hoc Test (adjusted 
Bonferroni)

p1: p value for comparing between DIR and FLAIR

p2: p value for comparing between DIR and T2

*Statistically significant at p ≤ 0.05

Parameter DIR FLAIR T2 p1 p2

SNR 135.4 
(15.01)

101.2 
(34.21)

63.27 
(11.45)

 < 0.05*  < 0.05*

CR 0.45 (0.05) 0.11 (0.03) 0.12 (0.02)  < 0.05*  < 0.05*

CNR 41.31 (2.32) 9.20 (3.34) 6.57 (1.92)  < 0.05*  < 0.05*

AI 36.30 (3.20) 10.02 (2.93) 10.78 (1.64)  < 0.05*  < 0.05*
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junction blurring out of the 19 lesions seen in the two 
patients (about 79%) (Fig. 5).

5.	 Assessment of patients with gliosis.

In our study, there were five patients showing glio-
sis. The results of their visual assessment were demon-
strated in Table 5.

Fig. 2  Focal cortical dysplasia type I in a 9 years old female patient. 
Coronal T1 (a), T2 (b), FLAIR (c) and DIR (d) images. T1 shows subtle 
hypointense signal (arrow in a). Also, T2 and FLAIR show increased 
cortical thickness and hyperintense signal (arrows in b, c). The 
high signal intensity and increased cortical thickness are most 
conspicuous on the DIR image (arrow in d)

Table 3  contrast measurements in patients with focal cortical 
dysplasia compared between DIR, FLAIR, and T2 MRI (Data are 
presented as means (SDs))

p: p value for F test (ANOVA) with repeated measures for comparing between 
different period

Significance between periods was done using Post Hoc Test (adjusted 
Bonferroni)

p1: p value for comparing between DIR and FLAIR

p2: p value for comparing between DIR and T2

*Statistically significant at p ≤ 0.05

Parameter DIR FLAIR T2 p1 p2

SNR 157 (45.8) 132 (95.7) 127 (27.5)  > 0.05  > 0.05

CR 0.32 (0.09) 0.09 (0.06) 0.11 (0.05)  < 0.05*  < 0.05*

CNR 39.5 (17.1) 14.5 (16.7) 11.9 (6.2)  < 0.05*  > 0.05

AI 27.6 (6.5) 9 (5.4) 10.1 (4.6)  < 0.05*  < 0.05*

Fig. 3  Bilateral peri-Sylvian polymicrogyria in an 18 years old female 
patient. Reconstituted curved axial T1 (a), FLAIR (b) and DIR (c) 
images. Bilateral peri-Sylvian areas of abnormal gyral pattern with 
irregular convoluted thick cortices noted (arrows in a–c). No signal 
intensity difference between the normal and abnormal cortex on any 
of the pulse sequences, including DIR
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Discussion
In the visual assessment of mesial temporal sclerosis 
(MTS), there was a characteristic high signal intensity 
of the affected hippocampus in patients with MTS on 
DIR images, which was confirmed by the quantitative 
evaluation (in the form of SNR, CR, CNR and AI shown 
in Table 2. Our study agreed with what Qiong et al. [6] 
stated in their study, that DIR images can describe hip-
pocampal sclerosis (HS) with high signal noise to ratio 
(SNR) and contrast to noise ratio (CNR), superior to 
conventional MR sequences (T2 and FLAIR sequences). 
However, our study showed significant increase in the 
contrast ratio (CR) and asymmetry index (AI) as well.

In case of focal cortical dysplasia, our study showed 
that the 3D DIR was capable to increase the detect-
ability of some of the focal cortical dysplasia features, 
increased cortical thickness and cortical signal inten-
sity in particular. Ryan [10] stated that the sensitivity 
and specificity of the DIR sequence for FCD among 
their observers ranged from 50 to 88% and 67–91% 
respectively and reached to conclusion that the DIR 
sequence is sensitive for the detection of focal cortical 
dysplasia, particularly when reviewed by experienced 
interpreters. Other researchers as Granata et  al. [11] 
concluded that the main advantage of DIR acquisition 
could be its capability to demonstrate at the same time 
all the semiological characteristics of cortical develop-
ment disorders.

Fig. 4  Right centrum semi-ovale nodular heterotopia in a 12 years 
old female patient. Coronal MPGRE T1 (a), T2 (b), FLAIR (c) and DIR (d) 
images. A heterotopic grey matter nodule noted following the signal 
of the grey matter in all pulse sequences (arrows in a–d), however, 
most conspicuous on 3D T1 and DIR

Fig. 5  Tuberous Sclerosis in an 8 years old female patient. Axial T2 
(a), FLAIR (b) and DIR (c). A sub-cortical tuber in the left frontal lobe 
shows very subtle hyperintense signal in T2 and FLAIR (white arrows 
in a, b) while extreme high signal is noted on DIR (white arrow in c). 
Another sub-cortical tuber is seen left posterior parietal lobe (black 
arrows in a–c)



Page 7 of 7Aly et al. Egypt J Radiol Nucl Med          (2021) 52:241 	

In assessment of tuberous sclerosis patients, one of the 
cortical tubers was missed on T2 and FLAIR and only 
initially visualized on DIR. Also most of the lesions were 
better visualized on DIR than on FLAIR sequence. This 
can reflect the higher capability of the DIR sequence in 
lesion detectability over the T2 and FLAIR sequences. In 
the study by Cotton et al.[12] they found that in all their 
patients, the cortical tubers appeared very bright on the 
DIR sequence and were well outlined compared with 
high resolution T2 or FLAIR images and they concluded 
that DIR images may have a complementary role in the 
MRI evaluation of the tuberous sclerosis patients.

Conclusion
Our study concluded that the greatest value of the DIR 
sequence is its higher ability in detecting multiple char-
acteristics of the lesions in a one sequence. Also, it should 
be clear that every MRI sequence has its value and the 
DIR is not to replace any of them, but to add to them in 
the sake of patient’s benefit.
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Table 4  Classify the lesions of tuberous sclerosis according to 
visibility in DIR compared to T2 and FLAIR

Sequence Better Similar Lower

T2 10 (53%) 9 (47%) 0 (0%)

FLAIR 14 (73%) 3 (16%) 2 (11%)

Table 5  classifying visually assessed lesions on patients with 
gliosis according to visibility on DIR compared to the T2 and 
FLAIR

Sequence Better Similar Lower

T2 4 (80%) 1 (20%) 0 (0%)

FLAIR 0 (0%) 4 (80%) 1 (20%)
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