Correlation between MRI cerebral white matter changes, muscle structure
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Figure 2a: Lower leg MRI was performed on Siemens
3T Trio scanner using an acquisition protocol
previously reported?®. MRI-based assessment 81
included: T1 for volume measures, T2, and FF
quantification with 3-point Dixon imaging. For
muscle volume measures, T1 images (A) were used
to trace the surface area of a standardized slice then
multiplied by the slice thickness (7mm). B. Regions
of interest (ROI). C. Eroded ROI were used for T2

Abstract

Objective: Assess the correlation between muscle structure/function and global cerebral white matter
abnormalities.

Methods: Classical DM1 subjects were compared to healthy age/sex matched controls. Disease duration
(DD) and muscle impairment rating scale (MIRS) were obtained. A 3T MRI was used to acquire
standardized limb images. Muscle volume was derived using Tl images. T2 relaxometry was used to
assess the structural organization of biological water within the muscle. Fat fraction (FF) quantification was
performed using 3 point Dixon acquisition. Established protocols using a custom force measurement
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apparatus were used to evaluate soleus force and fatigue. A custom design neuromuscular control measures. 0 —— . . 0.6 ' ' ' . 0.0 . . . .
evaluation system (lower extremity tracking task; LETT) was used to perform a functional weight bearing o e o e e e oo o e
movement assessment. Diffusion weighted imaging was used to measure global cerebral fractional Figure 2b: DM1 patients (red) had : o _ . _
anisotropy (FA). Low FA measures indicate abnormalities in white matter structure. lower muscle volume (A), higher 30 £ Miscle Volme 40— 8- Fat Fraction C. T2 Relaxation time Figure 5. Linear regression analysis comparing brain FA to muscle functional measurements. Brain FA
e[ (e DL S seets (s, 0= 408 Bl 200 & ah DD 122y, o= 1248 Wl L4, 50= 222) FF (B) and higher T2 (C) 7 ngcbrrelates vg\]/ith both forz:/e (A) anpd er?or rate in the lower extremity tracking task (C). Lower
were compared to controls (34-54y0, X = 42.8, BMI 24.9 + 4.8). DM1 subjects had lower soleus muscle compared to controls (blue). 20 5 o Brg']olinyFA (higher white matter abnormality) correlates with lower muscle force arzld higher grror rate.
volume, a higher FF, and higher T2 relaxation times (T2). Besides abnormalities in muscle force/fatigue Variability was likely attributed to 9 , §50 | g y g '
measures of DM1 subjects, abnormalities were seen in LETT which is considered to be governed by both mild (MIRS 1) versus severe 10 £
peripheral and central mechanisms. Higher T2 correlated with lower muscle force and higher CTG repeats. (MIRS 4) impairment. Groups -
Compared to controls, DM1 subjects had a lower FA. A lower global brain FA correlated with diminished compared using ANOVA. Bars = ConCI usions
muscle volume, increased FF, higher T2, decreased muscle force and quantitative muscle function SD. *p<0.07, **p<0.03 §’ éo" .5'5 é” £§’
measures. _ _ _ S é%’ g S & Consistent with previous studies®’, DM1 brain FA was significantly lower than controls
Conclusions: Correlations bet'ween global cerebral FA and muscle structure/function suggests a CNS role in < © indicating global abnormalities in cerebral white matter. Overall, DM1 subjects had lower calf
DL DR UEi e bl Eysileier muscle volume, higher FF and higher T2. These were large effect sizes in a small sample
- (n=5) with some measures reaching significance, thus supporting sensitivity to changes from
I ntrOdUCtlon Table 2. Muscle structure vs brain FA** _ 509 o - g o @ control DM1 pathology with MRI lower leg imaging. With muscle function/physiology testing, DM1
Myotonic dystrophy type | (DM1) is a progressive, multisystem, autosomal dominant disorder e Vialurne || Bl Braetar T2 e @ fp=o007 ¢ owi subjects had lower force, increased fatigue, and increased error when performing the LETT
resulting from a CTG repeat expansion in the dystrophia myotonica protein kinase (DMPK) _ c £ 0 C which is governed by both peripheral and central mechanisms. Brain FA correlated with
gene. Although the primary Symptoms of classical DM1 are myotonia and muscle Weakness’ Anterior 0.657 (005) -0.267 (048) -0.466 (021) S ::l 60 B many measures in this p”Ot StUdy. LO.W brain FA was associated with lower m.USCIG VOIUme,
patients may have reduced intelligence, progressive cognitive impairment, Cluster C Soleus | 0.424 (0.26) | -0.326 (0.39) | -0.631 (0.07) > g' . higher T2, lower force, increased fatigue, and increased error when performing the LETT.
personality traits, attention deficit (hyperactivity) disorder and/or mood disorders. Overall, S . e Although it is important to highlight that these correlations do not prove causality, they
DM1 pathophysiology is complex and the origin of cognitive, psychosocial and motor Gastroc | 0.735(0.02) | -0.301(0.43) | -0.822(0.01) 5 o G Dy suggest the CNS may contribute to DM1 neuromuscular dysfunction.
impairment remains unclear. Brain MRI findings vary among DM1 patients ranging from no **Pearson partial correlation coefficient (p-value) U : : : : o : : : :
abnormalities to marked brain atrophy with severe white matter involvement!-2. MRI studies, 0.28 0.2 0.2 0.2 3.26 0.20 0.22 0.24 0.26 0.28
using various techniques have shown abnormal white matter integrity in multiple tracts, Table 2: This table represents the correlation between Hrain_FA Brain_FA Refe rences
. : o e : : : Jablé ¢
including mo.tor pathways="’. Dn‘fgsmn tensor imaging has shown 'correlatlons betwegn the Brain FA and MRI leg measurements (muscle structure). Fiqure 3a: Linear regression analysis comparing gastrocnemius muscle | | | | |
level of white matter abnormality (i.e. corticospinal, corticostriatal, etc.) and disease Brain FA tended to correlate with lower muscle volume to global brain FA. Brain FA (greater white matter abnormality) 1. Conforti R, de Cristofaro M, Cristofano A, Brogna B, Sardaro A, Tedeschi G, et al. Brain MRI
duration,’ clinical disability,> muscular impairment,2® and motor performance®. A recent study }[/h0|umeS and f;i%hef T2;j|':ji3 imtportant to higlf_l[”gf_:_ththat highly correlates with lower muscle volume. abnormalities in the adult form of myotonic dystrophy type 1: a longitudinal case series study. Neuroradiol
using functional MRI showed DM1 subjects with grip myotonia had greater cerebral blood ese are correlations and do not prove causality. 1hese J. 2016;29:36-45.
oxygen level signals during a grip task in high-order cortical motor control areas EEBUES WEY el B9 FERIEE i Uity BIL Figure 3b: Linear regression analysis comparing gastrocnemius muscle T2 to 2. Wozniak JR, Mueller BA, Lim KO, Hemmy LS, Day JW. Tractography reveals diffuse white matter
(supplementary motor, dorsal anterior cingulate)?. Collectively, these studies lend support for pathology but not directly related to each other. global brain FA. Brain FA (greater white matter abnormality) highly SlSROIEIES D FYEUERE Esitipn) Wpe & J NEWe) Sel ZMNEdies, |
CNS involvement in DM1 motor function. More importantly, CNS abnormalites may correlates with higher T2 (greater muscle abnormality). 3. Fukuda H, Horiguchi J, Ono C, Ohshita T, Takaba J, Ito K. Diffusion tensor imaging of cerebral white
: . . matter in patients with myotonic dystrophy. Acta Radiol. 2005;46:104-9.
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DD: years since symptom onset technique.® Global brain FA was lower in DM1
DMA1: x = 43.8y0; BMI 24.4 + 4.9 subjects compared to controls. Bars = SEM,

Control: x = 42.8yo; BMI 24.9 + 4.8 *p = 0.004

performing the task. *ANCOVA controlling for Age. X = cross, Err = error
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