
INTRODUCTION

In recent years, the incidence and mortality rates of cancer have been increasing globally. In China, the 
cancer incidence rate has reached 293.91 per 100,000 inhabitants, with a mortality rate of 174.55, both 
significantly higher than the global average1, posing a great threat to public health2,3. Leptomeningeal 
metastasis (LM) is one of the most severe complications of cancer. It is rather difficult to estimate the in-
cidence of LM as the condition could be easily underdiagnosed4. Melanomas (23%), lung cancer (9-25%) 
and breast cancer (5%) are the tumors most likely to develop LM5. Once they enter the cerebrospinal 
fluid, tumor cells spread along the surface of the meninges and migrate throughout the central nervous 
system. They implant randomly and grow, forming secondary leptomeningeal metastatic deposits. If left 
untreated, the time from diagnosis to death is approximately 4-6 weeks6,7. Therefore, early detection of 
LM is crucial for prolonging survival and preserving neurological function. 

Currently, contrast-enhanced T1WI is routinely used to image LM in clinical practice. However, this approach 
may lead to missed diagnoses due to excessive vascular enhancement, poor image contrast, and inflow enhance-
ment effects8. By contrast, the fluid-attenuated inversion recovery (FLAIR) sequence suppresses signals from ad-
jacent cerebrospinal fluid (CSF) without enhancing normal cortical vessels, thereby highlighting leptomeningeal 
lesions by allowing their magnetization to recover. Contrast-enhanced FLAIR imaging has long been considered 
highly sensitive for detecting infectious meningitis9,10. Accordingly, it has been proposed that contrast-enhanced 
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ABSTRACT – Objective: It is well-established that the fluid attenuated inversion recovery (FLAIR) sequence 
is superior for visualizing leptomeningeal lesions. However, in clinical practice, contrast-enhanced T1-weighted 
imaging (T1WI) is routinely used to image leptomeningeal metastasis (LM) because of its greater sensitivity and 
specificity. Potential misestimation may arise from interference by adjacent fat tissues. In this study, we aimed 
to compare the diagnostic efficacy of contrast-enhanced T1WI-Fat saturation (T1WI-FS) vs. contrast-enhanced 
T2WI-FLAIR-FS for detecting LM. 

Patients and Methods: Patients diagnosed with LM by either clinical evaluation or cerebrospinal fluid (CSF) cy-
tology were included. Contrast-enhanced T1WI-FS and T2WI-FLAIR-FS were performed sequentially in all cases. 

Results: Contrast-enhanced T2WI-FLAIR-FS demonstrated superior LM visibility (p < 0.0001) and depicted le-
sions more clearly (p < 0.0001) than contrast-enhanced T1WI-FS.  

Conclusions: Contrast-enhanced T2WI-FLAIR-FS demonstrated superiority over contrast-enhanced T1WI-FS 
for LM imaging.
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FLAIR could have greater sensitivity than contrast-enhanced T1WI for the detection of LM. Nevertheless, Singh 
et al11 found that contrast-enhanced T1WI had greater sensitivity and specificity than contrast-enhanced FLAIR. 
Given the proximity of the leptomeninges to the skull, which contains yellow bone marrow, we hypothesized 
that fat tissue might cause interference. Fat produces high signal intensity on both sequences, similar to that 
of leptomeningeal lesions, which can mask the lesions and potentially exacerbate motion artefacts. To address 
this issue, we added a fat-saturation (FS) technique, which can further improve image resolution and better 
highlight any differences between the two sequences. Therefore, in the present study, we aimed to compare 
the diagnostic value of contrast-enhanced T1WI-FS versus contrast-enhanced T2WI-FLAIR-FS for LM detection. 

PATIENTS AND METHODS

Patients 

We included patients with confirmed LM who were treated at our hospital from April 2017 to November 
2023. LM diagnosis was based either on positive CSF cytology or on clear clinical signs of central nervous 
system involvement that showed marked improvement after whole-brain radiotherapy combined with 
relevant targeted therapy (if available)12,13. All subjects provided written informed consent for inclusion 
before they participated in the study. This study was conducted in accordance with the Declaration of 
Helsinki of 1975 (as revised in 2013), and the protocol was reviewed and approved by the Institutional 
Review Board of Changzhou Cancer Hospital (2017KY‑018‑01) on 7 April 2017. 

Imaging procedures

All enrolled patients underwent a contrast-enhanced T1WI-FS scan followed by a contrast-enhanced T2WI-FLAIR-
FS scan. Scans were performed using a Siemens Verio 3.0 T superconducting MRI scanner (Siemens Healthineers, 
Erlangen, Germany) with a head coil. Gadopentetate dimeglumine (0.2 mmol/kg) was administered intravenously 
as the contrast agent. Scan parameters were as follows: for T1WI, repetition time (TR) = 1200 ms and echo time 
(TE) = 9.5 ms; for T2WI, TR = 4000 ms and TE = 76 ms; for T2WI-FLAIR-FS, TR = 8500 ms, TE = 108 ms, and inversion 
time (TI) = 2400 ms. The field of view (FOV) was 230 × 230 mm, with a slice thickness of 6 mm and an inter-slice gap 
of 1.2 mm. The contrast-enhanced scans used the same parameters as the non-enhanced scans.

Evaluation Procedures

Images were independently evaluated by two senior neurologists who were blinded to patient identities 
and outcomes. They graded LM visibility on a 0-3 scale: 0 = not visible; 1 = visible; 2 = moderately visible; 3 
= clearly visible. In cases of disagreement, a third senior physician determined the final grade by majority 
opinion. We also measured the signal intensity of the leptomeningeal lesions and adjacent white matter. 
The ratio of lesion intensity to adjacent healthy tissue intensity was defined as the signal intensity ratio 
(SIR). A higher SIR indicates stronger contrast and better detectability. Measurements were performed 
using a Picture Archiving and Communication System (PACS). 

Statistical Analysis

Data are presented as counts or mean ± standard deviation. The visibility grades of leptomeningeal le-
sions were compared using a chi-square test, and SIR values were compared using paired t-tests. Graph-
Pad Prism 9 (GraphPad Software, San Diego, CA, USA) was used for all statistical analyses. A two-tailed 
p-value < 0.05 was considered statistically significant.

RESULTS

Clinical Characteristics

A total of 98 patients were enrolled (45 males and 53 females), with ages ranging from 43 to 79 years 
(mean age 65 years). The majority of patients (74/98) had lung cancer. Detailed information is provided 
in the Supplementary Table 1. Most patients presented with symptoms of raised intracranial pressure, 

https://www.wcrj.net/wp-content/uploads/sites/5/2025/10/Supplementary-Table-1.pdf
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such as dizziness, headache, nausea, and vomiting. Other symptoms included diplopia, facial paralysis, 
gait difficulty, ptosis, visual field defects, seizures, altered consciousness, and cognitive impairment.

Evaluation of LM’s Visibility Using Two Sequences

The distribution of lesion visibility grades for the two sequences is shown in Table 1. Eleven cases had 
Grade 0 (not visible) lesions on contrast-enhanced T1WI-FS, whereas none were Grade 0 on contrast-en-
hanced T2WI-FLAIR-FS. With T1WI-FS, 35 cases were graded 1, whereas only 13 cases were graded 1 
with T2WI-FLAIR-FS. For Grade 2 lesions, there were 42 cases on T1WI-FS vs. 37 on T2WI-FLAIR-FS. At 
Grade 3, there were 10 cases on T1WI-FS compared to 48 on T2WI-FLAIR-FS. Overall, the lesion visibility 
was significantly higher with T2WI-FLAIR-FS than with T1WI-FS (p < 0.0001). In 88 patients (90%), lesions 
were assigned a higher visibility grade on T2WI-FLAIR-FS than on T1WI-FS. Inter-rater agreement was 
very high for both sequences. For T1WI-FS, exact agreement was 95.9% (κ = 0.94, 95% CI: 0.88-0.99; 
weighted κ = 0.97, 95% CI: 0.94-0.99). For T2WI-FLAIR-FS, exact agreement was 99.0% (κ = 0.98, 95% CI: 
0.95-1.00; weighted κ = 0.99, 95% CI: 0.97-1.00). Representative images are shown in Figures 1-3.

Table 1. Comparison of leptomeningeal lesion visibility in 98 patients using contrast-enhanced 
T1WI-FS and contrast-enhanced T2WI-FLAIR-FS.

Grade	 Contrast-enhanced	 Contrast-enhanced
	 T1WI-FS	 T2WI-FLAIR-FS

 0	 11	 –
 1	 35	 13
 2	 42	 37
 3	 10	 48

T1WI-FS: T1-weighted imaging-Fat Saturation; T2WI-FLAIR-FS: T2-weighted imaging-Fluid Attenuated 
Inversion Recovery-Fat Saturation.

Figure 1. Representative MRI images of the patient classified as Grade 0 using contrast-enhanced T1WI-
FS but as Grade 1 with contrast-enhanced T2WI-FLAIR-FS. A, No evident abnormal enhancement in 
T1WI-FS image. B, Fine linear enhancement within the cerebral sulci of frontal and parietal lobes in the 
same level image using T2WI-FLAIR-FS.
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Figure 2. Symbolic MRI images of the Grade 1 patient based on contrast-enhanced T1WI-FS whose 
lesion was categorized as Grade 2 when adopting contrast-enhanced T2WI-FLAIR-FS. A, Linear enhance-
ment within the sulci of the left fronto-occipital lobe in T1WI-FS image. B, Linear and nodular enhance-
ments within the cerebral sulci of both hemispheres displayed in the T2WI-FLAIR-FS image, with more 
pronounced and extensive enhancements on the left side compared to that in T1WI-FS.

Figure 3. Typical MRI images of the Grade 2 ranked lesion displayed by contrast-enhanced T1WI-FS 
but considered Grade 3 employing contrast-enhanced T2WI-FLAIR-FS. A-B, Linear and small nodular 
enhancements in the cerebellum and the sulci of the bilateral frontal, temporal, and occipital lobes in 
images with T1WI-FS or T2WI-FLAIR-FS, but clearer, more pronounced, and larger enhancements using 
T2WI-FLAIR-FS.
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Evaluation of LM’s Contrast Against Healthy Tissues Using Two Sequences

For T1WI-FS, the mean signal intensity of LM lesions was 698.51 ± 135.21, whereas that of adjacent 
white matter was 621.94 ± 84.35, yielding an SIR of 1.13 ± 0.20. For T2WI-FLAIR-FS, the mean lesion 
intensity was 566.65 ± 146.24, and adjacent healthy tissue intensity was 334.24 ± 71.02, giving an SIR of 
1.72 ± 0.39. T2WI-FLAIR-FS images showed significantly higher lesion-to-normal contrast (p < 0.0001). 
Subgroup analysis showed a higher SIR for T2WI-FLAIR-FS compared to T1WI-FS in both lung cancer pa-
tients (1.12 ± 0.18 vs. 1.69 ± 0.37, p < 0.0001) and breast cancer patients (1.186 ± 0.14 vs. 1.85 ± 0.40, p 
= 0.011). Detailed data are provided in Supplementary Table 1.

DISCUSSION

LM is a life-threatening complication of cancer. It leads to severe central nervous system dysfunction, 
and many drugs have limited efficacy because the brain acts as a pharmacological sanctuary. Thus, early 
diagnosis of LM is crucial in order to initiate treatment promptly, slow cancer progression, and pre-
vent neurological deterioration. Imaging plays an increasingly important role because it is non-invasive, 
and CSF examinations can yield false-negative results. Therefore, identifying the most effective imaging 
strategy is of great clinical significance. In the current study, we demonstrated that contrast-enhanced 
T2WI-FLAIR-FS has greater sensitivity for LM compared to contrast-enhanced T1WI-FS. These findings 
highlight the practical value of FLAIR in detecting LM and suggest an added benefit from incorporating 
FS.

The meninges, from innermost to outermost, consist of the pia mater, arachnoid mater, and dura 
mater. The pia mater closely adheres to the brain surface, extending into sulci, cisterns, and fissures. 
Normally, the pia mater does not enhance after gadolinium administration. However, in LM, vascular 
dilation, lesion congestion, and blood-brain barrier disruption can lead to abnormal enhancement.

On MRI, LM typically appears as meningeal thickening with linear or nodular enhancement extend-
ing into adjacent sulci, cisterns, and fissures. These enhancements can be focal or diffuse and may 
be asymmetrical or symmetrical. Contrast-enhanced T1WI is routinely used to detect LM, but it has 
several limitations, including excessive vascular enhancement, poor contrast between CSF and lesions, 
and inflow enhancement artefacts, all of which can result in missed diagnoses14. In contrast, the FLAIR 
sequence (with an appropriate inversion time) reduces interference from CSF signals, thereby highlight-
ing areas of LM15. FLAIR exploits differences in tissue T1 relaxation times. It uses a 180° inversion pulse 
followed by a 90° excitation pulse, with a specific inversion time between them. At this inversion time, 
the longitudinal magnetization of CSF is 0, so CSF produces no signal. In contrast, tissues with shorter T1 
(such as brain parenchyma) have almost fully recovered their magnetization and can produce a signal. 
Thus, it was somewhat surprising that Singh et al11 reported contrast-enhanced T1WI to be superior to 
contrast-enhanced FLAIR. 

The leptomeninges are adjacent to the skull. After about age 30, the skull’s bone marrow is primar-
ily yellow marrow, consisting of approximately 15% water, 5% protein, and 80% fat. Consequently, it 
appears hyperintense on both contrast-enhanced T1WI and T2WI-FLAIR, mimicking LM and reducing 
image contrast. Moreover, fat can contribute to increased motion artefacts. This interference could be 
even more pronounced in the presence of other nearby high-intensity tissues. Therefore, we incorporat-
ed an additional FS technique, which exploits the chemical shift between fat and water. This technique 
primarily suppresses signals from fat with minimal effect on other tissues, and it can be applied on high-
field MRI units16,17. Unlike the findings of Singh et al11, our results demonstrated that contrast-enhanced 
T2WI-FLAIR-FS provides higher diagnostic accuracy and allows visualization of a broader range of lesions 
than contrast-enhanced T1WI-FS. This advantage was also evident in the lung cancer and breast cancer 
subgroup, suggesting the value of contrast-enhanced T2WI-FLAIR-FS in this specific cancer type. We 
propose that the discrepancy between our study and Singh’s may be due to the presence of fat, which 
can degrade image quality and obscure the true benefits of T2WI-FLAIR. 

The improved diagnostic performance of contrast-enhanced T2WI-FLAIR-FS could help clinicians 
manage patients more effectively. In our cohort, 11 cases were misdiagnosed when using contrast-en-
hanced T1WI-FS. The higher sensitivity of T2WI-FLAIR-FS means that subtle disease manifestations can 
be detected earlier, allowing prompt initiation of therapy. Our results also showed more lesions and 
greater clarity on contrast-enhanced T2WI-FLAIR-FS. The number of metastatic brain lesions is a critical 
factor in deciding treatment: patients with a single metastasis are often treated with surgical resection 
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plus targeted radiotherapy, whereas multiple metastases (>3) typically warrant whole brain radiother-
apy18. Yuh et al19 reported that up to 50% of patients with brain metastases may have only a single 
lesion visible on routine imaging, so improved detection of occult metastases is necessary for optimal 
treatment planning. Another benefit of T2WI-FLAIR-FS was the clearer delineation of lesion margins. 
This could help neurosurgeons achieve more complete resections and assist radiation oncologists in 
accurately targeting the tumor while sparing normal tissue.

Limitations

However, our study has limitations. All patients underwent T1WI-FS followed by T2WI-FLAIR-FS in a 
fixed sequence order. Nevertheless, both sequences were acquired approximately 10 minutes after 
contrast administration, with only about a 1-minute interval between them. Given the relatively stable 
enhancement phase at that time20, this fixed sequence order is unlikely to have introduced significant 
bias in lesion conspicuity or detection. Further research is needed to clarify the impact of timing and 
sequence order on lesion detection. 

CONCLUSIONS

Our findings indicate that contrast-enhanced T2WI-FLAIR-FS offers superior accuracy and lesion detec-
tion compared to contrast-enhanced T1WI-FS. Adopting this sequence could reduce the risk of missed 
diagnoses and ensure a prompt, accurate evaluation of the disease, which in turn should improve pa-
tient outcomes and quality of life. 
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