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The Role of Double Inversion Recovery 
Imaging in Acute Ischemic Stroke

INTRODUCTION

In the acute phase of brain ischemia, the best strategy to demonstrate restricted 
water motion related to cytotoxic edema, is diffusion-weighted imaging (DWI) with 
magnetic resonance imaging (MRI) (1-3). However, single-shot echo-planar imaging 
(EPI)-based DWI is limited in detecting acute ischemic stroke in some areas of the brain, 
because of a magnetic susceptibility artifact and a low spatial resolution (4). Also, it is 
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Purpose: The purpose of this study was to investigate if double inversion recovery 
(DIR) imaging can have a role in the evaluation of brain ischemia, compared with 
diffusion-weighted imaging (DWI) and fluid-attenuated inversion recovery (FLAIR) 
imaging. 
Materials and Methods: Sixty-seven patients within 48 hours of onset, underwent 
MRI scans with FLAIR, DWI with b-value of 0 (B0) and 1000 s/mm2, and DIR 
sequences. Patients were categorized into four groups: within three hours, three to 
six hours, six to 24 hours, and 24 to 48 hours after onset. Lesion-to-normal ratio (LNR) 
value was calculated and compared among all sequences within each group, by the 
Friedman test and conducted among all groups, for each sequence by the Kruskal-
Wallis test. In qualitative assessment, signal intensity changes of DIR, B0, and FLAIR 
based on similarity with DWI and image quality of each sequence, were graded on a 
3-point scale, respectively. Scores for detectability of lesions were compared by the 
McNemar’s test. 
Results: LNR values from DWI were higher than DIR, but not statistically significant 
in all groups (P > 0.05). LNR values of DIR were significantly higher than FLAIR within 
24 hours of onset (P < 0.05). LNR values were significantly different between, before, 
and after six hours onset time for DIR (P = 0.016), B0 (P = 0.008), and FLAIR (P = 0.018) 
but not for DWI (P = 0.051). Qualitative analysis demonstrated that detectability of 
DIR was higher, compared to that of FLAIR within 4.5 hours and six hours of onset (P 
< 0.05). Also, the DWI quality score was lower than that of DIR, particularly relative 
to infratentorial lesions. 
Conclusion: DIR provides higher detectability of hyperacute brain ischemia than B0 
and FLAIR, and does not suffer from susceptibility artifact, unlike DWI. So, DIR can be 
used to replace evaluation of the FLAIR-DWI mismatch.

Keywords: Double inversion recovery; Acute ischemic stroke; 
Magnetic resonance imaging; Diffusion MRI; Brain infarction

pISSN 2384-1095
eISSN 2384-1109

Na Young Choi, Soonchan Park, Chung Min Lee, Chang-Woo Ryu, 
Geon-Ho Jahng
Department of Radiology, Kyung Hee University Hospital at Gangdong, College of Medicine, 
Kyung Hee University, Seoul, Korea

Magnetic resonance imaging

http://crossmark.crossref.org/dialog/?doi=10.13104/imri.2019.23.3.210&domain=pdf&date_stamp=2019-10-1


211www.i-mri.org

https://doi.org/10.13104/imri.2019.23.3.210

an intrinsically low signal-to-noise ratio sequence, caused 
by a large diffusion-encoding gradient. 

Fluid-attenuated inversion-recovery (FLAIR) and T2-
weighted (T2W) images, as well as conventional T2-
based MRI methods, are usually limited in detecting acute 
ischemic stroke during the hyperacute phase (2, 3, 5-7), 
because of insufficient sensitivity to detect cytotoxic edema 
in the acute phase of infarction (8-10). Additionally, in 
FLAIR, imaging contrast between white and gray matter is 
usually more or less poor, because transverse magnetization 
is highly decayed with a lengthy repetition time (TR) and 
lengthy echo time (TE). Previous studies reported FLAIR 
could estimate the age of stroke in patients with unclear 
stroke onset time, by evaluation mismatch of the ischemic 
lesion compared to DWI (11, 12). 

Double inversion recovery (DIR) MRI sequence is a 
method to suppress signals from cerebral spinal fluid (CSF) 
and white matter in the brain simultaneously, by applying 
two inversion pulses with two different inversion times (TI). 
This allows the DIR to increase image contrast between 
gray and white matter (13, 14). So, a brain lesion can be 
distinguished from normal tissue with a DIR image due to 
the difference in T1 relaxation time, because DIR imaging 
contrast depends on T1 relaxation time. Although DIR 
imaging has been applied to brain diseases such as multiple 
sclerosis or epilepsy (13, 15-18) and Alzheimer’s (19), no 
study has evaluated the role of DIR imaging in detecting 
acute ischemic brain lesions. 

Since a DIR sequence shows high lesion conspicuity in 
gray and white matter compared with FLAIR or T2W images 
(20), the DIR image may provide better detectability of 
hyperacute ischemic stroke than FLAIR. So, the purpose of 
this study was to evaluate if DIR can detect acute ischemic 
stroke, and to compare lesion contrast of DIR images to that 
of DWI and FLAIR. 

MATERIALS AND METHODS

Patient Selection
From September 2006 to May 2008, a total of 101 

patients underwent MRI scanning with DWI, FLAIR and 
DIR sequences due to ischemic symptoms. Among them, 
we included consecutive patients (n = 76) with ischemic 
symptoms within 48 hours’ symptom onset time, and with 
diffusion restriction lesions. Patients who had other brain 
diseases (n = 1; moyamoya disease), or with hemorrhagic 
infarction (n = 5) and severe motion artifacts (n = 3) were 

excluded. In the end, 67 patients (41 men and 26 women; 
mean age = 66.7; range = age 31 to 86), were enrolled 
in the study. Patients’ medical history and demographic 
information such as age, sex, and duration from symptom 
onset were obtained. Patients were stratified into four 
groups based on time after onset of stroke symptoms: 
Group I (onset ≤ 3 hours), Group II (3 < onset ≤ 6), Group 
III (6 < onset ≤ 24), and Group IV (24 < onset ≤ 48). 
Table 1 lists patients’ demographic information. The local 
Institutional Review Board approved a waiver of consent for 
this retrospective study. 

MRI Scanning Protocol
Images were acquired with a 3.0 Tesla MRI scanner (Philips 

Medical System, Achieva, Best, the Netherlands) using a 
dedicated 8-element phased array sensitivity-encoding 
(SENSE) head coil. Imaging protocols included contiguous 
axial sections of DWI, FLAIR, and DIR. Imaging parameters 
for the FLAIR sequence were TR/TE/TI =11000/140/2800 ms, 
slice thickness = 5 mm, field of view (FOV) = 189 × 240 
mm2, and matrix size = 256 × 240, and turbo spin-echo (TSE) 
factor = 30. Acquisition time for FLAIR was 130 seconds. 
Imaging parameters for the DWI sequence were TR/TE = 
3540/72 ms, slice thickness = 5 mm, FOV = 230 × 230 mm2, 
matrix size = 192 × 192, and b-values = 0, and 1000 s/mm2.

The DIR sequence consisted of two radio frequency (RF) 
180° inversion pulses, preceding TSE imaging acquisition (19, 
21). The two TI for the DIR sequence was TI1/TI2 = 2600/360 
ms wherein TI1 was the time interval from the first to the 
second 180° inversion pulses, and TI2 was the time interval 
from the second 180° inversion pulse, to the 90° excitation 
pulse. To set the two TIs, we used the null point for the CSF 
signal (TI1 = 2650 ms, CSF T1 = 4300 ms), and for white 
matter (TI2 = 360 ms, WM T1 = 830 ms) in the human brain, 
in a 3 Tesla MRI system (22, 23). Effective TE that was time 
of sampling the center of k-space, with respect to excitation 
pulse was 100 ms. Additional imaging parameter were: TR 
= 8000 ms, slice thickness = 5 mm, echo-spacing = 8.3 ms, 
echo-train length = 11, acquisition matrix = 256 × 256, 
reconstruction matrix = 512 × 512, FOV = 180 × 180 mm, 
matrix size = 356 × 256 mm, number of slices = 25, slice 
thickness = 3 mm, gap between slices = 0.3 mm, TSE factor 
= 44, SENSE factor = 2, and number of averages = 1. Scan 
time for the DIR sequence was 140 seconds. The excitation 
90° RF pulse was preceded by a fat saturation pulse, and an 
inferiorly placed saturation slab to minimize flow artifacts. 
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Imaging Analysis
To identify pathological lesions, images were interpreted 

by a neuroradiologist (CWR) with 15 years’ experience. 
When multiple diffusion restriction lesions were present in a 
patient, the largest lesion was selected for further imaging 
analysis. Diffusion restrictive lesions were classified based 
on location and size. According to the location, lesions 
were classified as supratentorial or infratentorial lesions. 
According to size, lesions were classified as small (less than 
2 cm), medium (2 cm to 4 cm) or large (greater than 4 cm) 
infarcts, based on maximum length of infarction.

Apparent diffusion coefficient (ADC) maps were first 
calculated, by using the two DWI data with b-values of 0 
and 1000 s/mm2. ADC maps in combination with DWI were 
used, as a tool to distinguish recent cerebral infarction. In 
this study, we did not obtain spin-echo T2W images during 
the acute stages of infarction, to reduce acquisition time. 
So, DWI with a b-value = 0 s/mm2 (B0) was regarded as the 
T2W image.

Quantitative Assessment
Imaging co-registrations among the three different 

images of DWI, DIR, and FLAIR were performed, using SPM5 
software (Statistical Parametric Mapping 5; http://www.
fil.ion.ucl.ac.uk/ spm/software/spm5/). So, imaging planes 
after co-registration were identical, for the four images of 
DIR, FLAIR, B0, and DWI. To determine signal intensities 

from infarcted and contra-lateral normal brain areas, 
volumetric region-of-interests (ROIs) were defined on DWI, 
at the infarction area and its contra-lateral normal area 
over several slices using MRIcro software (http://people.
cas.sc.edu/rorden/mricro/index.html). Mean values of signal 
intensities of DIR, FLAIR, B0, and DWI for each patient were 
obtained from the ROIs.

To explore imaging contrast between normal areas and 
infracted lesions for each sequence, lesion-to-normal ratio 
(LNR) value was calculated as the difference of signal 
intensities between the infarction lesion (L) and the normal 
area (N), and divided by that of the normal area. So, LNR 
values were calculated by the formula of 100 (L-N)/N for 
DIR, FLAIR, B0, and DWI data. Thus, the higher LNR value 
indicated greater lesion contrast, and increased lesion 
visualization. 

Qualitative Assessment
To investigate potential diagnostic advantages by only 

visually reviewing images, we qualitatively evaluated 
conspicuity of the lesion on each image sequence. One 
neuroradiologist (CWR) blinded to clinical information 
including the time from stroke onset, graded signal intensity 
changes from grade 0 to 2 on each of the DIR, FLAIR, and 
B0 images, in the area corresponding to hyperintensity 
identified on DWI. Grade 0 was defined, as no signal 
changes demonstrated on DWI. Grade 1 was defined, 

Table 1. Number of Patients by Symptom Onset Time and Lesion-to-Normal Ratio Values in Each Sequence Separated to Onset Times

Characteristics Group I (n = 18) Group II (n = 15) Group III (n = 26) Group IV (n = 8) Total (n = 67) P value

Onset time (hours) ≤ 3 > 3 and ≤ 6 > 6 and ≤ 24 24 < and ≤ 48

2.3 ± 0.7 4.9 ± 0.9 15.9 ± 6.1 39.1 ± 10.1 12.6 ± 12.5

Age (years) 64.5 (54.25-71) 76 (63-82) 69.5 (52.75-75.75) 74 (60.5-81.75) 70 (55-77) 0.197*

Male/Female (n) 8/10 13/2 16/10 4/4 41/26 0.077

Lesion-to-normal ratio (LNR)

　DWI 57.7 (36.3-64.1) 49.4 (25.3-81.7) 67.3 (48.5-90.0) 58.0 (33.1-80.7) 59.6 (37.5-79.0) 0.174*

　DIR 29.4 (22.6-46.2) 35.0 (19.3-48.9) 57.8 (35.8-64.2) 48.8 (18.2-59.0) 41.0 (25.1-60.5) 0.098*

　FLAIR 13.8 (10.3-27.9) 16.8 (4.7-29.6) 24.6 (16.0-43.0) 18.0 (13.8-31.3) 19.5 (12.7-31.5) 0.090*

　B0 15.0 (7.6-17.9) 11.2 (8.7-17.5) 23.6 (13.9-32.8) 13.6 (4.6-22.1) 15.9 (9.6-22.6) 0.007*

P† < 0.001 < 0.001 < 0.001 < 0.001

Age and Lesion-to-normal ratio (LNR) are median with interquartile range (Q1-Q3).
Duration from symptom onset time are presented as mean ± standard deviation.
P† tested by Friedman test
P* tested by Kruskal Wallis test
Values in bold indicate statistical significance.
B0 = DWI with b-value = 0 s/mm2 was regarded as T2W images; DIR = double inversion recovery; DWI = diffusion weighted image with the b-value of 1000 s/mm2; FLAIR 
= fluid-attenuated inversion recovery   
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as subtle hyperintense signal changes and Grade 2 was 
defined, as definite hyperintense signal changes. All of these 
subtle and definite signal intensity changes (Grade 1 and 
Grade 2) were considered positive lesions in each sequence. 

Additionally, to evaluate the effect of an artifact or low 
resolution on diagnosis of acute ischemic stroke, image 
quality of each sequence was scored. Presence and severity 
of artifact and overall image quality were subjectively 
graded on a 3-point scale. Score 3 was defined as no 
artifact and good image quality, as sufficient in detecting 
the lesion. Score 2 was defined as scant artifact or low 
resolution not impairing diagnostic quality, and Score 1 was 
defined as a considerable artifact that affects evaluation of 
the lesion. In particular, since the detection of infratentorial 
lesions using DWI is restricted by geometric distortion from 
susceptibility artifact, they were separately classified. 

Statistical Analysis
Age and gender were compared among the four groups, 

using the Kruskal-Wallis and Fisher’s Exact test, respectively. 
To compare LNR values among the four different imaging 
sequences for the four groups, the Friedman test (similar to 
parametric repeated measures ANOVA) was performed with 
LNR values as the dependent variable, and sequence types 
as the independent variable. If any significant difference 
was found among imaging sequences, then post-hoc 
analysis was applied, to examine significant differences 
between sequences. Minimum level of significance was set 
at a value of Bonferroni-corrected P < 0.05, to consider 
multiple comparison effects. Also, patients were reclassified 
into two groups according to time of symptom onset (before 
or after six hours), and we repeated the Friedman test for 
these two groups (significant level; P < 0.05). 

To compare LNR values among the four groups, Group I, 
II, III and IV, for each sequence, the Kruskal-Wallis (similar 
to one-way ANOVA) test was used, with post-hoc analysis. 
If any significant difference was found among the groups, 
then post-hoc analysis was applied, to examine significant 
differences between the groups using the Mann-Whitney 
test. Minimum level of significance was set at a value 
of Bonferroni-corrected P < 0.05, to consider multiple 
comparison effects. Mann-Whitney test was also performed, 
for comparison among the reclassified two groups (before 
or after six hours) within each sequence (significant level; P 
< 0.05). 

Also, we evaluated the proportion of DWI +, FLAIR + and 
B0 + results for the following time intervals: within three 
hours, 4.5 hours, and six hours, respectively. Additionally, for 

qualitative analysis of acute cerebral infarction, McNemar’s 
test was used to compare detectability of each sequence, 
especially in patients in the hyperacute stage. A P-value 
of 0.05 was statistically significant. All analyses were 
performed, using SPSS software version 24.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

Age (P = 0.197) and gender (P = 0.077), were not 
significantly different among the four groups. Mean time 
between onset of ischemic symptom, and MR scanning 
was 12.6 ± 12.5 hours. Thirty-three patients (48.5%) 
underwent MR scanning, within six hours of symptom 
onset. Table 1 summarizes demographic characteristics of 
patients, according to onset time of acute ischemic stroke 
in this study. Sixty patients had supratentorial lesions, and 
only seven patients had infratentorial lesions. A number of 
lesions in patients according to infarct size, were 28, 14, 
and 25 for large, medium, and small, respectively. 

Representative examples of ischemic lesion images from 
each sequence are shown in Figures 1 and 2. Figure 1 shows 
representative MRI images scanned 24 hours, after symptom 
onset in the case of an age 50 female with an infarction 
in the right pons. DWI had the highest LNR value, and DWI 
and DIR show the ischemic lesion in the right pons, clearly 
compared with FLAIR and B0. Figure 2 shows representative 
MRI images, collected three hours after symptom onset of 
an age 71 female patient. There is ischemic infarction, in 
the right MCA territory. DIR had the highest LNR value in 
this case. 

Comparison of LNR Values among the Five Image 
Types for Each Group

Figure 3 shows mean LNR values of each sequence within 
all groups. For all groups within 48 hours of initial stroke 
symptoms, LNR value of DWI was the highest followed 
by DIR, FLAIR, and B0. Also, in all groups, the result of the 
Friedman test showed that LNR values were significantly 
different among the four sequences (P < 0.001) (Table 1).

Table 2 summarizes results of the Friedman test and post 
hoc analysis with Wilcoxon signed-rank tests for multiple 
comparisons, between sequences in each group (all of the 
P values were applied Bonferroni correction). In all groups, 
LNR values of DIR were not significantly different (P > 0.05) 
to those of DWI. Additionally, LNR values from DIR were 
statistically significantly higher than those of FLAIR in all 
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groups except Group IV. Compared with B0, DIR showed 
statistically significantly high LNR values in Group I and 
Group III. Within Group IV, within 24 to 48 hours after 
onset, LNR values among all four imaging sequences were 
not significantly different from each other (P > 0.05). 

The result of the Friedman test in the reclassified two 
groups (before and after six hours onset time), showed that 
LNR values were significantly different among all sequences 
(P < 0.001). First, LNR values from DWI were significantly 
higher than those from DIR (Before six hours from onset: 
P = 0.015, after six hours of onset: P < 0.001). In patients 
before or after six hours from stroke onset, LNR values from 
DIR were significantly higher than those from FLAIR (P < 
0.001) and B0 (Before six hours from onset: P = 0.002, after 
six hours of onset: P < 0.001).

Comparison of LNR Values among the Four Groups for 
Each Image Type

The result of the Kruskal Wallis test showed that LNR 
value of only the B0 was significantly different among the 
four groups (P = 0.007). Post-hoc analysis with the Mann 
Whitney U-test showed that LNR value of the B0 was 
significantly different, only between Group II and Group 
III (Bonferroni corrected P = 0.018). For other sequences, 
LNR values were not significantly different among the four 
groups: DWI (P = 0.174), DIR (P = 0.098), and FLAIR (P = 
0.090).

In the two reclassified groups (before and after six hours 
onset time), LNR values were significantly different between 
the two groups for B0 (P = 0.008), DIR (P = 0.016), and 
FLAIR (P = 0.018), but were not significantly different for 

a b c

Fig. 1. Representative magnetic 
resonance imaging (MRI) images 
scanned 24 hours after symptom onset, 
in the case of 50 years-old female with 
infarction in the right pons. Diffusion-
weighted imaging (DWI) ambiguously 
shows the ischemic lesion in the right 
pons, but double inversion recovery 
(DIR) depicts the lesion more clearly 
than the other sequences. From left 
to right, images are from (a) DWI, (b) 
DWI with b-value of 0s/mm2 (B0), (c) 
Apparent diffusion coefficient (ADC), 
(d) Fluid-attenuated inversion recovery 
(FLAIR) and (e) DIR. Note that the LNR 
values of each sequence are as follow: 
DWI = 43.5, DIR = 22.7, FLAIR = 9.4, 
and B0 = 5.8.

d e
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DWI (P = 0.051). 

Qualitative Analysis
McNemar’s test demonstrated that DIR was sensitive to 

detect brain ischemia, than FLAIR and B0 in patients with 
acute ischemic stroke within three to six hours after stroke 
onset. Detection rates of DIR were significantly different 
from those of FLAIR with 4.5 hour (P = 0.0412) and six 
hours (P = 0.0412) of onset (Table 3). 

According to the qualitative score of each sequence (Table 
4), DIR showed fewer artifacts than DWI. Particularly, this 
was a notable difference in infratentorial lesions known as 
highly affected by susceptibility artifacts on DWI. Figure 4 
shows the difference in qualitative scores between DWI and 

a b c

Fig. 2. Representative magnetic 
resonance imaging (MRI) images, 
collected three hours after symptom 
onset of 71 years-old female. There 
is ischemic infarction, in the right 
middle cerebral artery (MCA) territory. 
Diffusion-weighted imaging (DWI) 
depicts the lesion more clearly than 
the other sequences; Double inversion 
recovery (DIR) also depicts the lesion 
better than fluid-attenuated inversion 
recovery (FLAIR) and DWI with b-value 
of 0s/mm2 (B0) sequences. From left 
to right, images are from (a) B0, (b) 
DWI, (c) Apparent diffusion coefficient 
(ADC), (d) DIR and (e) FLAIR. Note that 
LNR values of each sequence are as 
follow: DWI = 32.8, DIR = 60.3, FLAIR 
= 10.2, and B0 = 22.2.

d e

Fig. 3. Graphs of mean lesion-to-normal ratio (LNR) values, 
of each sequence within all groups (Group I through Group 
IV).
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DIR for patients with pontine infarction, and its effect on 
identification of acute infratentorial brain ischemia. 

DISCUSSION

Comparison of LNR Values among the Four Image 
Types for Each Group

In this study, LNR values of DWI were highest in all time-
phase. This result is consistent with the previous finding, 
that DWI is highly sensitive to the early diagnosis of acute 
cerebral infarction (24). However, LNR values of DIR were 
not significantly different from those of DWI for all time-
phase, and were significantly higher than those of B0 and 
FLAIR sequences within 24 hours from stroke onset. Also, 
in our qualitative analysis, DIR shows higher detectability 
of brain ischemic lesion within six hours of stroke onset 
than FLAIR and B0. Results suggest that the DIR sequence 
may be more sensitive than T2W and FLAIR sequences for 
detecting infarcts, especially at the hyperacute stage (within 
six hours of onset). Previous studies have showed that 
conventional MRI sequences such as T2WI and FLAIR are 
sensitive to subacute brain ischemia (2), but may not detect 

Table 2. The Result of Comparing the LNR Values among the Four Sequences in Each Group 

Group (onset, h) Friedman test
Post-hoc Wilcoxon signed-rank test

DWI vs. DIR DWI vs. FLAIR DWI vs. B0 DIR vs. FLAIR DIR vs. B0 FLAIR vs. B0

I (≤ 3) < 0.001 0.429 0.002 0.002 0.007 0.029 > 0.999

II (> 3 and ≤ 6) < 0.001 0.106 0.008 0.045 0.012 0.231 > 0.999

III (> 6 and ≤ 24) < 0.001 0.086 < 0.001 < 0.001 < 0.001 < 0.001 > 0.999

IV (24 < and ≤ 48) < 0.001 > 0.999 0.117 0.117 0.251 0.117 > 0.999

Each cell shows the P value. Bonferroni-corrected P-values are reported for Post-hoc Wilcoxon signed-rank test. Bold font indicates statistical significance. 
B0 = DWI with b-value = 0 s/mm2 was regarded as T2W images; DIR = double inversion recovery; DWI = diffusion weighted image with the b-value of 1000 s/mm2; FLAIR 
= fluid-attenuated inversion recovery; LNR = lesion-to-normal ratio  

Table 3. The Predictive Performance of Each Imaging Sequence Based on Diffusion Restrictive Lesion in Patients with Hyperacute 
Phase of Ischemic Stroke 

Onset (hours)
DIR FLAIR B0 McNemar (P value)

- + - + - + DIR vs. FLAIR DIR vs. B0

≤ 3 2 16 7 11 12 6 0.0736 0.0044

> 3 1 48 2 47 7 42 　 　

≤ 4.5 2 23 8 17 15 10 0.0412 0.0009

> 4.5 1 41 1 41 4 38 　 　

≤ 6 3 30 9 24 17 16 0.0412 0.0005

> 6 0 34 0 34 2 32 　 　

Positive (+) was defined as Grade 1 plus 2. That is, the patients with subtle or definite signal intensity changes in the region corresponding to the acute ischemic lesion on 
DWI were included. Negative (-) was defined as no signal intensity change in each sequence (Grade 0 only). Bold font indicates statistical significance. 
B0 = DWI with b-value = 0 s/mm2 was regarded as T2W images; DIR = double inversion recovery; DWI = diffusion weighted image with the b-value of 1000 s/mm2; FLAIR 
= fluid-attenuated inversion recovery 

Table 4. The Patient Proportion According to the Quality Scores 
of Each Imaging Sequence 

Quality score
DIR DWI FLAIR B0

Total / Infratentorial lesion (n = 67 / n = 7)

1 (poor) 2 / 0 4 / 3 3 / 0 6 / 1

2 (fair) 9 / 1 18 / 2 4 / 1 2 / 1

3 (good) 57 / 6 45 / 2 60 / 6 59 / 5

Score 1 was defined as a considerable artifact that affects the evaluation of the 
lesion. Score 2 was defined as a little artifact or low resolution not impairing 
diagnostic quality, and score 3 was defined as no artifact and good image quality 
enough to detect the lesion. 
B0 = DWI with b-value = 0 s/mm2 was regarded as T2W images; DIR = double 
inversion recovery; DWI = diffusion weighted image with the b-value of 1000  
s/mm2; FLAIR = fluid attenuated inversion recovery
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an ischemic lesion within few hours of onset (3, 5-7). 
Additionally, in our visual assessment of image quality 

for each sequence, DIR showed better image quality in 
detecting acute ischemic stroke compared to DWI, especially 
in infratentorial lesions. Although DWI is the standard 
technique to detect acute ischemic stroke, evaluation of 
regions of the air-bone interface including infratentorial 
lesion, is limited by susceptibility artifact and low spatial 
resolution in clinical practice (4, 25). 

A DIR sequence may significantly improve signal contrast 
of brain tissue by applying two inversion pulses, and may be 
less sensitive to susceptibility-related artifacts than DWI. 
So, DIR can serve as complementary sequence in identifying 
hyperacute infarction, without signal changes of FLAIR in 
areas that are difficult to detect because of poor image 

quality in DWI. 
Inversion recovery (IR) sequences can be used to nullify 

the signal of a tissue by appropriately selecting the TI, and 
the additional inversion pulse allows two tissues to be 
nullified simultaneously. In this study, the DIR sequence 
used two 180-degree inversion times to null signals from 
CSF and white matter, and resulted in superior contrast 
between gray and white matters which were limited 
in other sequences (13, 15-18, 26). Most of ROIs were 
composed of white matter lesions, although we did not 
accurately identify it as either gray or white matter lesions. 
Failure to nullify or suppress the white-matter signal, 
resulted in high signal intensity on the DIR sequence. This 
phenomenon is supposedly caused by T1 shortening usually 
because of edema or demyelination in white matter, similar 

Fig. 4. Examples of two patients 
with infratentorial infarctions, for 
qualitative assessment of image 
quality in each sequence. Top row: 
An age 50 male who underwent 
magnetic resonance imaging (MRI) 
scan at 20 hours after left ataxia. A 
typical susceptibility artifact (white 
arrows) is visible on (a) diffusion-
weighted imaging (DWI), without 
affecting diagnosis of a small (< 2 
cm) hyperintense lesion in the right 
pons (Score 2). In (b) double inversion 
recovery (DIR), a lesion is identified 
at a location corresponding to that 
of DWI, without anatomic distortion 
(Score 3). Bottom row: Images of an 
age 81 female presenting left side 
weakness and speech disturbance, 
were obtained within 48 hours after 
symptom onset .  (a)  DWI shows 
considerable geometric distortion 
by susceptibility artifact, leading to 
underestimation of right paramedian 
pontine infarction (arrowhead) (Score 
1). Also, itself may be mistaken for 
an artifact. In contrast, (b) DIR shows 
definite high signal intensity lesion in 
the right pons (Score 3).

a b

a b



www.i-mri.org218

DIR MRI in Ischemic Stroke | Na Young Choi, et al.

with characteristics of FLAIR which reflects minimal change 
of the CSF in patients with subarachnoid hemorrhage or 
meningitis (27). Thus, the DIR sequence could be used as 
an effective tool, for detecting hyperintense lesions in the 
brain. 

Comparison of LNR Values among the Groups for 
Each Image Type

Our results for comparing LNR values in each sequence 
showed, that only B0 could discriminate the acute ischemic 
lesion among the four groups. However, when we re-
grouped more simply based on before or after six hours of 
onset, DIR (P = 0.016) and FLAIR (P = 0.018) also showed 
discrimination of acute infarcts, in addition to B0 (P = 0.008). 
Previous studies have revealed that DWI-FLAIR mismatch, 
which is ischemic lesions detected with DWI but not with 
FLAIR, can predict onset time in acute ischemic stroke with 
uncertain time of symptom onset (11, 12).

Our study showed that DIR was similar or superior to 
FLAIR, in detecting hyperacute ischemic lesions (within six 
hours of ischemic stroke onset). Also, in visual assessments, 
lesion conspicuity looks higher in DIR images than in B0 
and FLAIR images, within three hours, three to 4.5 hours, 
and six hours of onset. There is a considerable time gap 
between lesion detection with DWI, and detection by B0 
and FLAIR. Although relationships between onset times of 
ischemic stroke and signal changes in the DIR sequence 
require further studies, it is expected that the DIR sequence 
will yield additional information in predicting hyperacute 
infarcts, not clearly identified in DWI and FLAIR. 

Limitations
This study had several limitations. First, the number 

of patients enrolled in our study was small. There were 
only seven patients with infratentorial lesion. So, findings 
may be insufficient to demonstrate that DIR plays a 
complementary role in diagnosing acute ischemic stroke, 
especially in evaluating infratentorial lesions with limited 
diagnostic value on DWI. Additional studies with a larger 
number of patients are warranted, for better understanding 
of the usefulness of DIR in diagnosing acute ischemic 
stroke. Second, we draw ROIs manually by one person (CWR). 
This may cause subjective assessment of data. So, multiple 
readers should perform data analyses. Third, DIR and FLAIR 
images for each patient, were co-registered and resliced 
into B0 images. Mis-coregistrations among images may 
miscalculate LNR values from ROIs. Finally, in routine brain 
imaging for acute ischemic stroke, FLAIR and DIR requires 

additional scan time. Scan times in this study were 140 
seconds for DIR, and 130 seconds for FLAIR. So, the major 
obstacle for application of DIR or FLAIR in hyperacute stroke 
patients is the scan time issue. 

In conclusion, in quantitative and qualitative analyses, 
DIR was superior to FLAIR in distinguishing hyperacute 
brain ischemia within six hours of symptom onset. DIR 
also showed better image quality in the infratentorial area, 
whereas DWI was limited in evaluating brain lesion. So, DIR 
can be applied to enhance evaluation of the FLAIR-DWI 
mismatch.
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