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Objective: To evaluate the diagnostic performance and image quality of 1.5-mm slice thickness MRI with deep learning-
based image reconstruction (1.5-mm MRI + DLR) compared to routine 3-mm slice thickness MRI (routine MRI) and 1.5-mm
slice thickness MRI without DLR (1.5-mm MRI without DLR) for evaluating temporal lobe epilepsy (TLE).

Materials and Methods: This retrospective study included 117 MR image sets comprising 1.5-mm MRI + DLR, 1.5-mm MRI
without DLR, and routine MRI from 117 consecutive patients (mean age, 41 years; 61 female; 34 patients with TLE and 83
without TLE). Two neuroradiologists evaluated the presence of hippocampal or temporal lobe lesions, volume loss, signal
abnormalities, loss of internal structure of the hippocampus, and lesion conspicuity in the temporal lobe. Reference standards
for TLE were independently constructed by neurologists using clinical and radiological findings. Subjective image quality,
signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR) were analyzed. Performance in diagnosing TLE, lesion findings,
and image quality were compared among the three protocols.

Results: The pooled sensitivity of 1.5-mm MRI + DLR (91.2%) for diagnosing TLE was higher than that of routine MRI (72.1%,
P < 0.001). In the subgroup analysis, 1.5-mm MRI + DLR showed higher sensitivity for hippocampal lesions than routine MRI
(92.7% vs. 75.0%, P = 0.001), with improved depiction of hippocampal T2 high signal intensity change (P = 0.016) and loss
of internal structure (P < 0.001). However, the pooled specificity of 1.5-mm MRI + DLR (76.5%) was lower than that of routine
MRI (89.2%, P = 0.004). Compared with 1.5-mm MRI without DLR, 1.5-mm MRI + DLR resulted in significantly improved
pooled accuracy (91.2% vs. 73.1%, P = 0.010), image quality, SNR, and CNR (all, P < 0.001).

Conclusion: The use of 1.5-mm MRI + DLR enhanced the performance of MRI in diagnosing TLE, particularly in hippocampal
evaluation, because of improved depiction of hippocampal abnormalities and enhanced image quality.

Keywords: Brain; Epilepsy; Temporal lobe; Magnetic resonance imaging; Deep learning

INTRODUCTION with hippocampal sclerosis identified on MRI, consistent
with a seizure origin in the temporal lobe [2]. However,
Early surgical therapy for drug-resistant temporal lobe approximately 20%-40% of patients with focal epilepsy are
epilepsy (TLE) is highly effective, enabling patients to “MRI-negative” on clinical MRI, indicating the absence of
achieve seizure freedom and improve their quality of life an identifiable lesion on 1.5T or 3T MRI [3-6]. Advanced
[1]. Favorable outcomes have been observed in patients imaging techniques using ultra-high-field MRI with high
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Improved Hippocampal Sclerosis Detection with Deep Learning Reconstruction

spatial resolution and an increased signal-to-noise ratio
(SNR) can improve the visualization of smaller anatomical
structures and subtle pathological findings [7,8]. Several
studies have demonstrated that the conspicuity of internal
hippocampal structures is improved using the high spatial
resolution imaging provided by 7T MRI [9-12].

In the examination of TLE, turbo spin echo sequences
with thin slices (i.e., 2 mm) are recommended for assessing
the internal structure of the hippocampus, according to the
Harmonized Neuroimaging of Epilepsy Structural Sequences
(HARNESS-MRI) protocol proposed by the International
League Against Epilepsy (ILAE) [13]. However, thin slices
are associated with increased noise and scan time, resulting
in lower SNR and image quality [14]. Deep learning-based
image reconstruction (DLR) has recently been introduced
to address these compromises related to spatial resolution.
DLR learns to reconstruct images by recognizing patterns of
low resolution and noise through training on previous data,
thereby reconstructing only the ideal image [15]. Although
previous studies have shown improved SNR and contrast-to-
noise ratio (CNR) using DLR techniques [16-21], the utility
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of DLR for detecting abnormalities in the diagnosis of TLE
has not been evaluated. We hypothesized that 1.5-mm slice-
thickness oblique coronal 2D turbo spin echo T2-weighted
imaging reconstructed with DLR (1.5-mm MRI + DLR) would
be superior to routine 3-mm slice-thickness oblique coronal
2D turbo spin echo T2-weighted imaging (routine MRI)
and 1.5-mm slice thickness MRI without DLR (1.5-mm MRI
without DLR) in detecting focal lesions in patients with TLE.
Therefore, this study assessed the image quality and
diagnostic performance of 1.5-mm MRI + DLR in comparison
with routine MRI and 1.5-mm MRI without DLR to identify
abnormalities in the evaluation of TLE.

MATERIALS AND METHODS

Study Population

This retrospective, single-institution study was approved
by the Institutional Review Board of Asan Medical Center
with a waiver for written informed consent (IRB No.
2022-0514). All data were managed according to Health
Insurance Portability and Accountability Act standards and
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Fig. 1. Flow diagram of patient inclusion and image analysis. TLE = temporal lobe epilepsy, DLR = deep learning-based reconstruction
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were fully anonymized before being exported for research
purposes. A flow diagram illustrating the patient inclusion
process is shown in Figure 1. A total of 307 potentially
eligible patients who underwent brain MRI with an epilepsy
protocol due to clinical suspicion of focal epilepsy between
August 2021 and June 2022 were retrospectively reviewed

by an experienced neuroradiologist (J.E.P., with 10 years of
experience in neuroradiology), who did not participate in image
analysis. Exclusion criteria were as follows: 1) history of brain
surgery (n = 21) and 2) a missing sequence of 1.5-mm slice
imaging (n = 57). For the evaluation of diagnostic performance,
both a disease-positive group (patients with TLE based on
the reference standard) and a disease-negative group were
included. Finally, a total of 117 patients (34 with TLE and 83
without TLE) with 117 MR image pairs (routine MRI, 1.5-mm
MRI without DLR, and 1.5-mm MRI + DLR) were included.

MRI Acquisition Protocol

MRI was performed using a 3T scanner (Siemens VIDA;
Siemens Healthineers, Erlangen, Germany) with a 64-channel
head/neck coil. We obtained oblique coronal T2-weighted
images using two different schemes: 3-mm routine MRI and
1.5-mm slice-thickness MRI. Details of the MRI acquisition
protocol are provided in the Supplementary Methods.

Deep Learning-Based Reconstruction (DLR)

The acquired oblique coronal 1.5-mm slice-thickness 2D
turbo spin echo T2-weighted images were reconstructed
using commercially available MR image reconstruction
software (SwiftMR®, v2.0.1.0. AIRS Medical, Seoul, Korea).
This software employs a self-supervised learning framework
to improve image quality without requiring additional scan
data [22]. The algorithm includes a deep convolutional
neural network component that eliminates noise from the
image domain and estimates truncated high-frequency image
data. This pipeline is applicable to 2D and 3D acquisitions
across various anatomical regions, pulse sequences, contrast
weightings, field strengths, and coil configurations. The
noise reduction level was adjustable, as the model training
process involved incorporating varying levels of noise
on the input side. Details on the DLR are provided in the
Supplementary Methods.

Image Analysis

Two readers (P.S.S. and Y.W.R., each with 2 years of
experience in neuroradiology) blinded to clinical information
assessed the images. Before performing the image analysis,
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the readers were trained using 10 sample cases that were
not included in the study. A consensus was reached with
an experienced neuroradiologist (J.E.P., with 10 years of
experience in neuroradiology). After training, the readers
independently interpreted the 351 randomly shuffled MR
images over a specified 1-month period to minimize in-
group bias.

Detection of Lesions and Laterality in the Temporal Lobe
and Hippocampus

Initially, the readers identified whether there was an
abnormality in the right or left hippocampus or right or
left temporal lobe, recording the location and laterality. In
the presence of bilateral lesions, laterality was considered
bilateral.

Lesion Findings

Subsequently, the readers assessed lesion findings using
a three-point scale. Evaluation of hippocampal lesions
involved three aspects: volume loss (0 = no, 1 = moderate,
2 = severe), T2 high-signal intensity abnormality (0 = no,
1 = visible, 2 = clearly visible), and loss of the internal
structure of the hippocampus (0 = no, 1 = visible, 2 =
clearly visible). Higher scores indicated more severe disease.
For the temporal lobe, the conspicuity of any lesion was
evaluated (0 = no lesion, 1 = intermediately defined margin,
and 2 = well-defined margin).

Image Quality Assessment

Example images illustrating the assessment of image
quality are shown in Supplementary Figure 1. The same
reader used a three-point scale to evaluate the degree of
overall subjective image quality, flow and motion artifacts,
sharpness, and structural conspicuity. For quantitative
analysis, the SNR and CNR were calculated from routine MRI,
1.5-mm MRI without DLR, and 1.5-mm MRI + DLR for 30
randomly selected patients. The ratios of SNR and CNR were
calculated by dividing the SNR and CNR of 1.5-mm MRI +
DLR by those of routine MRI and 1.5-mm MRI without DLR.
Details of the assessment of image quality using three-point
scales, SNR, and CNR are provided in the Supplementary
Methods, with example images for calculating SNR and CNR
shown in Supplementary Figure 2.

Reference Standards
All available MRI resources were reviewed, and the
presence of abnormalities was determined by an experienced
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neuroradiologist (J.E.P.). Reference standards for the
causes of epilepsy were established by two neurologists
(Y.S.K. and S.L., with 20 and 35 years of experience in
neurology, respectively), incorporating all available clinical
histories, laboratory findings, electroencephalography
(EEG) findings, surgical records, and MRI findings. Patients
lacking a typical clinical presentation of seizures and
exhibiting normal laboratory and EEG findings, along with
negative MRI findings, were considered disease-negative.
Any discrepancies in location (right hippocampus, left
hippocampus, right temporal lobe, or left temporal lobe)
were resolved through discussions.

Statistical Analysis

To evaluate the diagnostic performance of routine MRI,
1.5-mm MRI without DLR, and 1.5-mm MRI + DLR in the
diagnosis of TLE, accuracy, sensitivity, and specificity were
calculated. Detection sensitivity among patients with TLE
was also determined. Logistic regression with generalized
estimating equations was used to compare the diagnostic
performances pooled across the two readers among the MRI
imaging protocols, considering the correlation between
observations within each patient. McNemar’s test was used
to compare the performance between the protocols for each
reader. Additionally, receiver operating characteristic curves
were generated to evaluate diagnostic performance using
lesion-finding scores, and the area under the curve (AUC)
was calculated. Inter-reader agreement was calculated using
Cohen’s kappa statistic, with K-values < 0.20 (poor), 0.21-
0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial),
and 0.81-1 (almost perfect agreement). The lesion findings
and image quality scores were compared using the Friedman
test. Comparisons of SNR and CNR measurements between
routine MRI, 1.5-mm MRI without DLR, and 1.5-mm MRI +
DLR were performed using paired sample t-tests.

Statistical planning and analysis were performed by
an experienced statistician (S.0.K., with 12 years of
experience) using SAS 9.4 (SAS Institute, Cary, NC, USA) and
R software (version 3.6.1; R Core Team, Vienna, Austria). A
value of P < 0.05 was considered statistically significant.
For multiple comparison, the alpha value was adjusted
using Bonferroni correction (o = 0.05/3 = 0.0167).

RESULTS

Characteristics of the Study Population
A total of 117 study patients (mean age + standard
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Table 1. Clinical characteristics of the patients

Characteristic Value
All patients 117
Patients with TLE 34 (29.1)
Age, yrs 41 + 16
Sex, male:female 56:61
Cause of TLE
Hippocampal sclerosis 16 (47.1)
Tumor 7 (20.6)
Post-inflammation sequelae 4 (11.8)
Post-hemorrhage sequelae 2 (5.9)
Trauma 2 (5.9)
Neuronal migration disorder 2 (5.9)
Cavernous malformation 1(2.9)

Data are presented as mean #+ standard deviation or n (%).
TLE = temporal lobe epilepsy

deviation, 41 + 16 years; 61 females) were enrolled.

The clinical characteristics of the study population are
summarized in Table 1. Among the 34 patients with TLE,
the most common cause of TLE was hippocampal sclerosis
(n =16, 47.1%), followed by brain tumors (n = 7, 20.6%).
Three patients were pathologically confirmed to have

brain tumors after surgical resection (dysembryoplastic
neuroepithelial tumor in two patients and polymorphous low-
grade neuroepithelial tumor of the young in one patient), and
four patients were diagnosed with low-grade glioma based
on MRI findings and follow-up. Eight patients with TLE were
diagnosed with sequelae of inflammation (n = 4, 11.8%),
intracranial hemorrhage (n = 2, 5.9%), or trauma (n = 2,
5.9%).

Diagnostic Performance for TLE

The inter-reader agreement between two readers was
substantial (k = 0.647, 95% CI: 0.545-0.749). The diagnostic
performance of routine MRI, 1.5-mm MRI without DLR, and
1.5-mm MRI + DLR in the diagnosis of TLE is summarized in
Table 2, with detailed information listed in Supplementary
Table 1. The pooled accuracy of the readers on 1.5-mm MRI +
DLR (80.8%, 95% CI: 74.0-86.1) was comparable to that on
routine MRI (84.2%, 95% CI: 77.7-89.1; P = 0.371), while
the pooled sensitivity of 1.5-mm MRI + DLR (91.2%, 95% CI:
82.3-95.8) was significantly higher than that of routine MRI
(72.1%, 95% CI: 56.7-83.5; P < 0.001). However, the pooled
specificity of 1.5-mm MRI + DLR (76.5%, 95% CI: 67.7-
83.5) was lower than that of routine MRI (89.2%, 95% CI:
82.6-93.4; P =0.004). Figure 2 shows cases of hippocampal
sclerosis on routine MRI and 1.5-mm MRI + DLR.
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Table 2. Comparison of diagnostic performance pooled across two readers between routine MRI, 1.5-mm MRI without DLR, and 1.5-mm
MRI + DLR

Performance parameter Routine MRI 1.5-mm MRI without DLR 1.5-mm MRI + DLR P* pt
Performance in the entire patients
Accuracy 84.2 (77.7, 89.1) [197/234]  73.1 (65.5, 79.5) [171/234] 80.8 (74.0, 86.1) [189/234]  0.371  0.010
Sensitivity 72.1 (56.7, 83.5) [49/68] 83.8 (71.6, 91.4) [57/68] 91.2 (82.3, 95.8) [62/68]  <0.001  0.064
Specificity 89.2 (82.6, 93.4) [148/166] 68.7 (59.1, 76.9) [114/166] 76.5 (67.7, 83.5) [127/166] ~ 0.004  0.042
Sensitivity in subgroup of patients with TLE according to lesion location
Hippocampus 75.0 (59.9, 85.8) [51/68] 86.8 (72.9, 94.1) [59/68] 92.7 (84.0, 96.8) [63/68] 0.001  0.031
Temporal lobe 89.7 (75.1, 96.2) [61/68] 82.4 (69.1, 90.7) [56/68] 92.7 (84.0, 96.8) [63/68] 0.341  0.012

Data are pooled results across the two readers in % with the 95% confidence interval in parentheses and raw numbers in brackets.
*P-value for comparison between routine MRI and 1.5-mm MRI + DLR, 'P-value for comparison between 1.5-mm MRI without DLR and
1.5-mm MRI + DLR. P-value < 0.016 indicates statistically significant difference with Bonferroni correction.

DLR = deep learning-based reconstruction, TLE = temporal lobe epilepsy

3-mm Routine MRI 1.5-mm MRI+DLR

Fig. 2. Increased detection sensitivity on 1.5-mm MRI + DLR in patients with hippocampal sclerosis. A: Blurring of hippocampal striation
in the left hippocampus is considered suspicious on routine MRI (left), but is obvious on 1.5-mm MRI + DLR (arrows, right). B: Routine
MRI shows within-normal volume, signal intensity, and internal structure of both hippocampal tails (upper). However, 1.5-mm MRI + DLR
shows increased signal intensity and blurred hippocampal striation in both hippocampal tails (arrows, lower). DLR = deep learning-based
reconstruction
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In comparison with 1.5-mm MRI without DLR, the pooled
accuracy was significantly improved with DLR (1.5-mm MRI
without DLR: 73.1%, 95% CI: 65.5-79.5; P = 0.010). The
pooled sensitivity and specificity of 1.5-mm MRI + DLR were
higher than those of 1.5-mm MRI without DLR, although the
differences were not statistically significant (P = 0.064 and
P =0.042, considering correction for multiple comparison).

False-positive (FP) results for diagnosing TLE were
compared between 1.5-mm MRI + DLR and 1.5-mm MRI
without DLR. Both readers 1 and 2 identified FPs in common
in 12 patients on 1.5-mm MRI + DLR and 19 patients on 1.5-mm
MRI without DLR. The most common FP pattern was loss of
internal structure in a single slice but normal appearance
in successive slices (+DLR: 58.3% vs. without DLR: 68.4%),
followed by anatomic variation of the hippocampus (+DLR:
16.7% vs. without DLR: 15.8%), limited evaluation of
the hippocampus because of artifact (+DLR: 16.7% vs.
without DLR: 10.5%), and definite radiologic abnormality
(enlarged perivascular space) but not clinically diagnosed
as TLE (+DLR: 8.3% vs. without DLR: 5.3%). The patterns
of false positives were similar between the images with
and without DLR. The patterns of FP detection are shown
in Supplementary Table 2 and examples of FP detection are
shown in Figure 3.

Detection Sensitivity and Lesion Findings in the
Hippocampus and Temporal Lobe in Patients with TLE

The 1.5-mm MRI + DLR showed significantly higher
detection sensitivity for hippocampal lesions in patients
with TLE (92.7%, 95% CI: 84.0-96.8) compared to routine
MRI (75.0%, 95% CI: 59.9-85.8; P = 0.001) (Table 2).
Additionally, 1.5-mm MRI + DLR showed higher detection
sensitivity for hippocampal lesions than 1.5-mm MRI
without DLR (86.8%, 95% CI: 72.9-94.1; P = 0.031) and
for temporal lobe lesions (82.4%, 95% CI: 69.1-90.7; P =
0.012). The highest AUCs for diagnosing TLE according to
lesion location were observed in 1.5-mm MRI + DLR, with
values of 0.90 (95% CI: 0.82-0.98) for hippocampal lesions
and 0.99 (95% CI: 0.97-1.00) for temporal lobe lesions
(Supplementary Fig. 3).

For reader 1, abnormal hippocampal T2 high-signal
intensity was significantly better depicted on 1.5-mm MRI +
DLR (P =0.016) than on routine MRI (Table 3). Furthermore,
the loss of the internal structure of the hippocampus was
significantly better delineated on 1.5-mm MRI + DLR for
both readers 1 (P < 0.001) and 2 (P =0.011). None of the
lesion findings were significantly different between 1.5-mm
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Comparison of Image Quality: Qualitative and
Quantitative Analysis

Compared with routine MRI, the 1.5-mm MRI + DLR
showed significantly better structural conspicuity for
both readers 1 (P = 0.001) and 2 (P < 0.001) and better
sharpness for reader 2 (P < 0.001) (Table 3). However,
flow artifacts were more frequently detected on 1.5-mm
MRI + DLR than on routine MRI for both readers 1 and 2
(P < 0.001). Compared with 1.5-mm MRI without DLR,

DLR significantly improved overall image quality, motion
artifacts, sharpness, and structural conspicuity (all, P <
0.001).

In the quantitative analysis, the SNR of the temporal
lobe on 1.5-mm MRI significantly increased by 2.31 times
with the application of DLR (mean SNR + standard
deviation: 292 + 91 using 1.5-mm MRI + DLR vs. 132 + 34
using 1.5-mm MRI without DLR; P < 0.001). Similarly, DLR on
1.5-mm MRI increased CNR between the temporal lobe and
brain parenchyma by 2.41 times (72 + 41 using 1.5-mm MRI
+ DLR vs. 32 + 15 using 1.5-mm MRI without DLR; P < 0.001).
Compared with routine MRI, the SNR and CNR on 1.5-mm
MRI + DLR increased 1.27 and 1.35 times, respectively,
although the differences were not statistically significant.
(Supplementary Table 3).

MRI without DLR and 1.5-mm MRI + DLR.

DISCUSSION

In our study, we compared the diagnostic performance of
routine MRI, 1.5-mm MRI without DLR, and 1.5-mm MRI +
DLR in patients with and without TLE. Our findings revealed
that 1.5-mm MRI + DLR showed significantly improved
accuracy compared to 1.5-mm MRI without DLR, along with
higher sensitivity compared to routine MRI. In the subgroup
analysis, the detection sensitivity in patients with TLE,
particularly for hippocampal lesions, was significantly higher
on 1.5-mm MRI + DLR than on routine MRI. We attribute
this improvement to the enhanced depiction of signal
abnormalities and the loss of internal structures in the
hippocampus. Quantitative and qualitative image analyses
showed that DLR improved image quality, SNR, and CNR.
Based on these findings, thin-slice MRI with DLR appears to
enhance the detection of hippocampal sclerosis.

Various pathologies cause chronic focal epilepsy,
including mesial-temporal sclerosis, focal cortical dysplasia,
neoplasms, cerebral infarction, and post-traumatic
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Fig. 3. Cases of false-positive detection. A: The internal structure within a left hippocampus of normal shape and volume is slightly
blurred on 1.5-mm MRI + DLR (left, asterisk) but preserved on routine MRI (right, arrows). B: The internal structure of a left hippocampus
with incomplete inversion is slightly blurred on 1.5-mm MRI + DLR (middle, asterisk) but preserved on routine MRI (right, arrows). The
patient’s EEG findings were normal. C: The overall image quality is fair with motion artifacts (arrowheads) on 1.5-mm MRI + DLR, and
the internal structure seems blurry (asterisk, left). The internal structure is preserved on routine MRI without artifacts (arrows, right). Dz
The readers diagnosed a finding of a prominent perivascular space as encephalomalatic change on both 1.5-mm MRI + DLR and routine
MRI. The EEG findings were normal in this patient. DLR = deep learning-based reconstruction, EEG = electroencephalography
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Table 3. Comparison of lesion findings and image quality between routine MRI, 1.5-mm MRI without DLR, and 1.5-mm MRI + DLR

Reader 1 Reader 2
Routine  1.5-mm MRI  1.5-mm pr pt Routine  1.5-mm  1.5-mm p pt
MRI without DLR  MRI + DLR MRI MRI MRI + DLR
Lesion findings
Hippocampus
Volume loss 0.6+08 05x08 0.6+0.8 1.000 0.688 0.3x0.6 0.4x0.7 0.4x0.7 0.234 1.000
T2 high signal intensity 0.2 +0.5 0.4 +0.7 0.4+0.6 0.016 1.000 0.2+0.5 0.4+0.6 0.3+0.6 0.563 0.109
Loss of internal structure 0.2 + 0.4 0.6 + 0.7 0.7+0.7 <0.001 0.424 0.2+0.6 0.7+0.7 0.5+0.7 0.011 0.070
Temporal lobe
Lesion conspicuity 0.6+09 0.7+09 0.8+1.0 0.250 0.563 0.6 +0.8 0.6+0.8 0.8+1.0 0.148 0.195
Image quality
Overall image quality 28+05 23+0.7 2.8+05 0.364<0.001 2.7+0.6 2.2+0.6 2.8+0.5 0.183 <0.001
Flow artifacts 3.0+1.0 2.7x04 2.8+0.4 <0.001 0.018 3.0£0.2 2.6+0.5 2.6+0.5 <0.001 0.349
Motion artifacts 2.9+0.3 2.7 +£0.6 29+0.4 0.152 <0.001 2.7+0.6 2.6+0.6 2.8+0.4 0.043 <0.001
Sharpness 2.9+0.3 2.1+0.6 29+0.2 1.000 <0.001 2.7+0.5 2.1+0.7 2.9+0.3 <0.001 <0.001
Structure conspicuity 29+04 2.2%05 3.0£0.1 0.001 <0.001 2.8+0.5 2.3+0.5 3.0+x0.2 <0.001<0.001

Data are presented as mean + standard deviation.

*P-value for comparison between routine MRI and 1.5-mm MRI + DLR, 'P-value for comparison between 1.5-mm MRI without DLR and
1.5-mm MRI + DLR. P-value < 0.016 indicates statistically significant difference with Bonferroni correction.

DLR = deep learning-based reconstruction

encephalomalacia [23]. Among these, hippocampal
sclerosis is the most common cause of TLE and can be
identified on MRI. However, the challenge of MRI-negative
TLE remains unresolved; therefore, high-resolution MRI
is required. Achieving high-resolution images of the
hippocampus using 3T MRI is challenging because of the
trade-off between spatial resolution and image noise.
Recently, the DLR technique has led to improvements in
image quality and advanced anatomical imaging. Studies
on various small structures, including the pituitary glands
[17,18,24], prostate glands [16,19,25], and peripheral
nerves [26], have demonstrated improved image quality
and lesion conspicuity using the DLR technique. In our
study, the impact of DLR was clearly demonstrated in
the comparison between 1.5-mm MRI with and without
DLR. DLR significantly improved overall image quality,
motion artifacts, sharpness, and structural conspicuity in
the qualitative analysis, while also increasing SNR (2.31
times) and CNR (2.41 times) in the quantitative analysis.
Furthermore, when compared to routine MRI, 1.5-mm MRI
+ DLR showed better sharpness and structural conspicuity
in qualitative analysis, along with higher SNR and CNR in
quantitative analysis. This contributed to the improvement
in image quality, which led to a clearer depiction of T2 high
signal intensity abnormalities and loss of internal structure
in the hippocampus.

As a result of these improvements, the sensitivity for the
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diagnosis of TLE was higher using 1.5-mm MRI + DLR than
using routine MRI. Additionally, the detection sensitivity
for hippocampal lesions in patients with TLE using 1.5-mm
MRI + DLR was significantly higher than that using routine
MRI. As epileptogenic discharges in the temporal lobe do not
always indicate TLE, the accurate diagnosis of MRI-negative
TLE is challenging, and invasive investigations are sometimes
necessary [27,28]. We believe that 1.5-mm MRI + DLR is
beneficial for determining and localizing the epileptogenic
focus, planning surgical management, and reducing the
need for invasive investigations such as stereotaxic depth
electrode implantation. Our results indicate that thin-slice MRI
with DLR enhances the detection performance for hippocampal
abnormalities, thus decreasing the proportion of patients
with MRI-negative TLE and increasing the proportion of
patients eligible for curative surgery.

Notably, the specificity of 1.5-mm MRI + DLR was lower
than that of routine MRI. We retrospectively reviewed 27
FP lesions (for both readers) and found that most (77.8%)
showed loss of internal structure in a single slice but were
normal in successive slices, which diminished the specificity
for TLE. Since additional findings, including atrophy, T2
signal intensity abnormalities, and loss of digitations of the
hippocampal head, are frequently detected in hippocampal
sclerosis [29,30], a single finding of loss of internal
structure in a single slice should be cautiously interpreted.

Our study had several limitations. First, we included
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both disease-positive and disease-negative patients in
this retrospective study to assess diagnostic performance,
resembling conditions in actual clinical settings. However,
a prospective study including other types of focal epilepsy
is required. Second, the readers were blinded to all
patient information, including slice thickness; however,

an inherent bias may still have been present in the image
evaluation. Third, MRI is routinely performed with a 3-mm
slice thickness in clinical practice, as in our institution,
despite partial volume averaging effects [31] that result
in poor delineation of small structures. As the HARNESS-
MRI protocol recommends images with a 2-mm slice
thickness for evaluating the hippocampus, this also needs
to be evaluated in the future. Finally, only 8.8% of the
patients underwent surgery with pathological confirmation.
We attempted to overcome this issue by constructing

a reference standard based on the clinicoradiological

consensus of experienced neurologists and neuroradiologists.

A multicenter validation with surgical confirmation in a
larger population is necessary.

In conclusion, 1.5-mm MRI + DLR showed higher
diagnostic performance for TLE compared to routine MRI and
1.5-mm MRI without DLR, which is attributed to improved
image quality, SNR, and CNR. Specifically, 1.5-mm MRI +
DLR showed benefits in evaluating the internal structure
and signal abnormalities of the hippocampus, resulting in
increased detection sensitivity for identifying hippocampal
abnormalities. These findings underscore the significance of
thin-slice imaging with DLR and its potential to reduce the
number of MRI-negative TLE cases.
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