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Magnetic resonance elastography

Magnetic resonance elastography (MRE) is a non-invasive medical imaging technique that measures
the mechanical properties (stiffness) of soft tissues by introducing shear waves and imaging their
propagation using MRI. Pathological tissues are often stiffer than the surrounding normal tissue. For
instance, malignant breast tumors are much harder than healthy fibro-glandular tissue. This
characteristic has been used by physicians for screening and diagnosis of many diseases, through
palpation. MRE calculates the mechanical parameter as elicited by palpation, in a non-invasive and
objective way.

Magnetic resonance elastography works by using an additional gradient waveform in the pulse
sequence to sensitize the MRI scan to shear waves in the tissue. The shear waves are generated by
an electromechanical transducer on the surface of the skin. Both the mechanical excitation and the
motion sensitizing gradient are at the same frequency. This encodes the amplitude of the shear wave
in the tissue in the phase of the MRI image. An algorithm can be used to extract a quantitative
measure of tissue stiffness from the MRI in an elastogram.

Magnetic resonance elastography was first introduced by Muthupillai et al. in 1995 and is being
investigated to be used for a multitude of diseases that affect tissue stiffness.

MRE at 30 and 40 Hz provides diagnostic wave images and reliable measurements of pancreatic
stiffness in healthy volunteers. MRE at 30-60 Hz is acceptable for PDACs (IQS ≥ 3, ICC and κ ≥ 0.80) 1).
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Magnetic resonance elastography (MRE) is a novel imaging modality allowing quantification of tissue
consistency. Multiple trials have focused on the use of MRE to describe meningioma consistency prior
to surgery and on improving diagnostic accuracy of normal pressure hydrocephalus and other
dementias. MRE shows promising results, but still lacks direct clinical translational value. Within
neurosurgery and neurosciences MRE could contribute and improve decision-making, diagnosis and

https://neurosurgerywiki.com/wiki/doku.php?id=magnetic_resonance
https://neurosurgerywiki.com/wiki/doku.php?id=elastography
https://neurosurgerywiki.com/wiki/doku.php?id=imaging
https://neurosurgerywiki.com/wiki/doku.php?id=soft_tissue
https://neurosurgerywiki.com/wiki/doku.php?id=mri
https://pubmed.ncbi.nlm.nih.gov/40448379/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/40384694/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/40372143/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/40372143/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39818007/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39818007/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39726606/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39726606/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39482208/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39467307/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39467307/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39324003/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414
https://pubmed.ncbi.nlm.nih.gov/39324003/?utm_source=Other&utm_medium=rss&utm_campaign=pubmed-2&utm_content=1jEeR5JuI6vOn5etp6mGLSkOOcYt-enUEoxD59SpSTTLSdWE8I&fc=20240126063733&ff=20250704035945&v=2.18.0.post9+e462414


Last update:
2024/06/07 02:55 magnetic_resonance_elastography https://neurosurgerywiki.com/wiki/doku.php?id=magnetic_resonance_elastography

https://neurosurgerywiki.com/wiki/ Printed on 2025/07/04 07:59

treatment. Furthermore, the use of MRE will improve the basic understanding of neuroanatomy,
physiology and pathology 2).

Normal pressure hydrocephalus

Magnetic resonance elastography for normal pressure hydrocephalus.

Glioblastoma

Glioblastoma are generally less viscous and softer than healthy brain parenchyma. Unrelated to the
morphology-based contrast of standard magnetic resonance imaging, elastography provides an
entirely new neuroradiological and contrast related to the biomechanical properties of tumors 3).

Meningioma

Fifteen meningiomas in 14 patients underwent MRE. Tumors with regions of distinctly different
stiffness were considered heterogeneous. Intratumoral portions were considered hard if there was a
significant area ≥6 kPa. A 5-point scale graded intraoperative consistency. A durometer
semiquantitatively measured surgical specimen hardness. Statistics included χ, sensitivity, specificity,
positive and negative predicative values, and Spearman rank correlation coefficient.

For MRE and surgery, 9 (60%) and 7 (47%) tumors were homogeneous, 6 (40%) and 8 (53%) tumors
were heterogeneous, 6 (40%) and 10 (67%) tumors had hard portions, and 14 (93%) and 12 (80%)
tumors had soft portions, respectively. MRE sensitivity, specificity, and positive and negative
predictive values were as follows: for heterogeneity, 75%, 100%, 100%, and 87%; for hardness, 60%,
100%, 100%, and 56%; and for softness, 100%, 33%, 86%, and 100%. Overall, 10 tumors (67%)
matched well with MRE and intraoperative consistency and correlated between intraoperative
observations (P = .02) and durometer readings (P = .03). Tumor size ≤3.5 cm or vascular tumors
were more likely to be inconsistent (P < .05).

MRE was excellent at ruling in heterogeneity with hard portions but less effective in ruling out
heterogeneity and hard portions, particularly in tumors more vascular or <3.5 cm. MRE is the first
technology capable of prospectively evaluating intratumoral stiffness and, with further refinement,
will likely prove useful in preoperative planning 4).

Respiratory arrest

Respiratory arrest is a major life-threatening condition leading to cessation of vital functions and
hypoxic-anoxic injury of the brain. The progressive structural tissue changes characterizing the dying
brain biophysically are unknown. Bertalan et al. used noninvasive magnetic resonance elastography
to show that biomechanical tissue properties are highly sensitive to alterations in the brain in the
critical period before death. Our findings demonstrate that brain stiffness increases after respiratory
arrest even when cardiac function is still preserved. Within 5 minutes of cardiac arrest, cerebral
stiffness further increases by up to 30%. This early mechanical signature of the dying brain can be
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explained by water accumulation and redistribution from extracellular spaces into cells. These
processes, together, increase interstitial and intracellular pressure as revealed by magnetic
resonance spectroscopy and diffusion-weighted imaging. Our data suggest that the fast response of
cerebral stiffness to respiratory arrest enables the monitoring of life-threatening brain pathology using
noninvasive in vivo imaging 5)
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